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Mili Citatelia,

pred dvomi rokmi som sa vam prihovdrala v editoridli ndsho Casopisu s nadSenim, Ze po velmi dlhom obdo-
bi oakdvania sa kone€ne rozbehla vystavba dialniénych tunelov na Slovensku. Zaroven som vyslovila Zelanie,
aby sa na strankach nasho Casopisu objavovalo viac ¢lankov zo Slovenska. Dnes mam tu Cest pisat’editorial pre
historicky prvé ¢islo Tunela, ktoré obsahuje vylu¢ne ¢lanky o slovenskych tuneloch realizovanych v stcasnos-
ti. Zaroven je toto ¢islo venované dvom vyznamnym slovenskym firmam, ktoré sa zaoberaji projektovanim
a vystavbou tunelov — Terraprojekt a.s., a Doprastav, a.s.

Asymetria v obsahu tohto &fsla je vSak pravdepodobne zapri¢inend aktudlnym stavom rozostavanosti, ked
v CR je v st&asnosti rozostavany iba jeden tunel, kym na Slovensku je ich rozostavanych sedem. A tak mam pri
pisani tohto editoridlu naozaj zmieSané pocity. Te$im sa, Ze sa ndm, na Slovensku, konecne dari a Ze okrem uZz
rozostavanych dialni¢nych tunelov mdme aj iné tunely (napr. Zelezni¢né), ktoré sa v najblizSich mesiacoch zacnu razit alebo ich stav-
ba sa pripravuje pre daliie obdobie. Zaroveii mi je viak Iiito, 7e v Cechéch je historicky najniz§i poget tunelovych stavieb za 25 rokov
existencie nasho Casopisu. Prajem preto ¢eskym kolegom, aby aj ich v dohladnom case zastihol podobny pozitivny prelom v rozosta-
vanosti tunelov, aky aktudlne zaznamenavame v SR. V Cisle ¢asopisu, ktoré prave drzite v rukdch, sa dozviete zaujimavé informacie
o Styroch tuneloch, ktoré sa v sti¢asnosti realizuji v okolf Ziliny, ako aj o pripravovanom tuneli Presov. Napriek tomu, Ze tunely Zilina,
Ovciarsko, Visiiové a Polana su od seba vzdialené len niekolko kilometrov, je kazdy z nich budovany vo vyrazne odli$nych geologic-
kych podmienkach, a m4 aj svoje vlastné Specifika.

Prvy &lanok o tuneli Zilina opisuje naroéné geologické podmienky, ktoré sa vyskytli pocas razenia, a ktorych zvladnutie si vyZaduje
pouzitie kombindcie vystrojovacich prostriedkov, doteraz na Slovensku nepouzitych. Taktiez sa docitate o komplikacidch pri razeni
nedalekého tunela Ovéiarsko, s ktorymi sa realiza¢ny tim musel operativne zaoberat a priebezne ich riesit. V tuneli Polana bolo dokon-
¢ené sekundarne ostenie a o zaujimavostiach z jeho realizdcie sa dozviete v druhom ¢lanku. Na stranky nasho casopisu sa konecne
dostdva aj komplexnd informdcia o razeni najdlhSieho slovenského tunela Visnové, kde je prvykrdt v nasich zemepisnych Sirkach pou-
zZitd metéda ADECO. Difam, Ze rovnako vds zaujme aj ¢lanok o pripravovanom tuneli PreSov, ktorého vystavba by sa mala zacat’
v najblizsich tyzdnoch.

Mili citatelia, prajem vam prijemné predvianocné ¢itanie ¢ldnkov o stavbe dialni¢nych tunelov na Slovensku a verim, Ze aj v budi-
com roku vdm prinesieme zaujimavé informacie zo sveta podzemnych stavieb tak zo Slovenska, ako aj z Ciech.

Podzemnému stavebnictvu Boh zdaru daj

Ing. VIKTORIA CHOMOVA, lenka redakéni rady

Dear readers,

Two years ago I enthusiastically wrote in the editorial of our journal that, after a very long period of waiting, the construction of
motorway tunnels in Slovakia had finally commenced. At the same time I expressed my wish that more papers from Slovakia appeared
on the pages of our journal. Today I have the honour to write the editorial for the historically first TUNEL journal issue containing exc-
lusively papers on Slovak tunnels being currently under construction. At the same time, this journal issue is dedicated to two important
Slovak companies — Terraprojekt a.s. and Doprastav, a.s.

The asymmetry in the contents of this issue is probably caused by the current status of the ongoing projects, because only one tun-
nel is under construction in the Czech Republic, whilst seven tunnels are under construction in Slovakia. So my feelings when writing
this editorial are really mixed. I am delighted that we are finally prospering in Slovakia and have even other tunnels (for example rail-
way ones) in addition to the motorway tunnels already under construction. Their construction will commence in the coming months or
is under preparation for the next period. Anyway, I am sorry that the number of tunnel construction projects in the Czech Republic is
historically the lowest in the 25 years of the existence of our journal. For that reason I wish my Czech colleagues to experience in the
foreseeable future a similar positive break in the projects underway as we are currently experiencing in the Slovak Republic. In this
journal issue, you will find interesting information about four tunnels currently under construction in the surroundings of Zilina and the
PreSov tunnel, which is under preparation. Despite the fact that the Zilina, Ov&iarsko, Visiiové and Polana tunnels are spaced apart by
only several kilometres, each of them is constructed in significantly different geological conditions and has its own specifics.

The first paper on the Zilina tunnel describes the complicated geological conditions which were encountered during the course of the
tunnel excavation, coping with which requires the use of a combination of the means of excavation support until now not used in
Slovakia. In addition you will read about complications encountered during the course of the nearby Ociarisko tunnel with which the
realisation team had to operatively deal and continually solve them. The secondary lining was finished in the Polana tunnel. You will
find interesting things from the course of its realisation in the second paper. Comprehensive information on the excavation of the lon-
gest Slovak tunnel, the Visnové, where the ADECO method is used for the first time in our geographical latitudes, is finally getting to
the pages of our journal. I believe that the paper on the PreSov tunnel, the construction of which should commence in the coming weeks,
will attract your attention equally.

Dear readers, I wish you pleasant Christmas reading of papers about the construction of motorway tunnels in Slovakia and believe
that we will bring interesting information from the world of underground construction both from Slovakia and the Czech Republic even
in the future.

God speed underground construction

Ing. VIKTORIA CHOMOVA, member of Editorial Board




TuoufHel

VAZENI CITATELIA,

mozno si niektor{ z vds spoment na moj prihovor v tomto
Casopise priblizne spred roka, v ktorom som vyjadril spokoj-
nost’ s aktudlnou rozostavanostou dialnic a rychlostnych
komunikécif na Slovensku, vritane vysokého poctu budova-
nych tunelov na tychto tsekoch. Vyjadril som aj urcité obavy
z toho, ¢i médme dostatocny pocet kvalifikovanych odborni-
kov na tunely — raziace prdce, betondZ ostenia, vozovky Ci
montdz technologického vybavenia. Prax ukdzala, Ze ich
v tejto oblasti mame dostatok, nakolko slovenské a Ceské sta-
vebné spolocnosti, ktoré tunely na Slovensku realizujd, pre-
sunuli na ich vystavbu skuto¢nych odbornikov.

V tomto ¢&isle vam, Citatelom, za spolocnost Doprastav priblizime infor-
mdcie a zaujimavosti z vystavby tunela Polana na stavbe D3 Svr¢inovec —
Skalité, kde je ukoncend beténovd vozovka a finiSujeme s technoldgiami
v tuneli tak, aby tunel mohol byt dokonceny v zmysle zmluvného harmo-
nogramu. TaktieZ tu ndjdete ¢ldnok o pokracujicom postupe razenia tune-
la Zilina na dseku D1 Hri¢ovské Podhradie — Lietavskd Licka, kde rieime
pri tomto nie dlhom tuneli momentélne asi najzloZitejSie technické postu-
py. Vsetko nase Usilie smeruje k tomu, aby sme v tomto roku obidve tune-
lové riiry, budované v mimoriadne zloZitych geologickych podmienkach,
prerazili.

Ako to vyzerd s tunelovou vystavbou na Slovensku v najblizsej budtic-
nosti? Z dialhi¢nych tunelov bude pokracovat’ vystavba tunela Ovciarsko
na D1 a Povazsky Chlmec na D3 ako aj nd§ najdlhsi tunel Vi$nové na DI.
Mrzi ma situdcia okolo tunela Cebrat'pri Ruzomberku, kde z dévodu zlych
hydrogeologickych podmienok bolo potrebné preprojektovat vedenie trasy
tunela, ¢im sa vyrazne predlzi vystavba tseku D1 Hubovd — Ivachnova.
Mimoriadne zlozitd je aj situdcia v hladani trasy dseku D1 Turany —
Hubova, pri¢om sa tento proces netimerne natahuje. Najnovsie informa-
cie hovoria o zacatf tejto stavby najskdr v roku 2020, pricom finanéné
prostriedky na fu zatial nemédme. Zostdva ndm aspon sa tesit'zo skutoc-
nosti, Ze pred nami je vystavba novych Zelezni¢nych tunelov — Milochov
a Diel — na useku Pichov — Povazskd Tepld a v blizkej budicnosti aj dia-
Ini¢ny tunel Presov na obchvate mesta Presov.

Pre buddcnost'stavebnych firiem je klti¢ovou otdzkou vytvorenie zdviz-
nej koncepcie postupu dobudovania dopravnej infrastruktiry na
Slovensku, vratane zabezpeCenia jej financovania. Vela sa hovorf o tom, Ze
prostriedkov je dost’ je vSak otdzkou, kolko tdsekov bude mozné este stavat’
cez projekty PPP a aké prostriedky bude mozné presunit z inych operac-
nych programov do infrastruktdry (OPIT). Momentdlny aktudlny stav, ked
je prioritou prakticky vSetko, pritom bez redlneho financovania je neudrza-
telny a nikam nevedie. NemdZeme klast na jednu droven vystavbu tunela
Karpaty v rdmci obchvatu Bratislavy, dobudovanie tseku D1 Turany —
Hubova, chybajice tri stavby na tahu D3, pokracovanie R1 cez Hiadlovské
sedlo do Ruzomberka, ¢i budovanie dolezitych tsekov na R2 okolo
Lucenca, tunela Soroska, useku do Kosic ako aj juzného thhu na Nové
Zimky bez presného urcenia priorit a financovania. Pokial nebude ,,na
stole odstihlasend koncepcia aj s financovanim jednotlivych tsekov, bude-
me stdle tdpat’a budeme svedkami meniacich sa priorit tak, ako sme toho
svedkami v tomto obdobi. y

V Ceskej republike investor Reditelstvi silnic a ddlnic vypisal uzsie
a otvorené stitaze na desiatky stavieb isekov modernizdcif a novostavieb
usekov dialnic a ciest. Je pochopitelné, Ze pozornost stavebnych firiem, a to
aj niektorych zo Slovenska, sa sdstredi na Cesky trh. Rozhodujtce su pri
dopravnych stavbach firmy, ktoré dielo zrealizuju, a to urcite budd firmy
prevazne z Ciech, a verim, 7e aj zo Slovenska. Napriek zdujmu o tento trh
zostane pre mna kli¢ovou otdzkou slovensky trh a ambicia uspiet'v sttazi-
ach stavieb na niom. Preto chcem verit' tomu, Ze nds aj na
Slovensku ¢akd v blizkom obdobf viacero zaujimavych stita-
7i na stavby, ktorych sti¢astou budd narocné tunely a zauji-
mavé mostné objekty. Zvladnut naro¢né obdobie najblizsich
rokov je pre nds vsetkych vyzvou.

(y
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DEAR READERS,

Some of you may remember my speech published in this journal
approximately a year ago, in which I expressed my satisfaction with the
existing motorway and fast highway construction projects underway in
Slovakia, including the high number of tunnels under construction in
these sections. But [ also expressed certain concerns whether we have
a sufficient number of experts on tunnels — tunnel excavation, casting
of concrete linings and roadways or installation of tunnel equipment.
The practice has shown that we have enough experts in this field becau-
se the Slovak and Czech civil engineering companies which realise tun-
nels in Slovakia have transferred real experts to the construction sites.

In this journal issue we will bring to you, the journal readers, on behalf of Doprastav,
a. s., information and interesting facts about the construction of the Polana tunnel on
the Svr¢inovec — Skalité section of the D3 motorway, where the concrete roadway sur-
face has been finished and we are finishing with the installation of tunnel equipment
so that the tunnel can be completely handed over to the project owner to be put into
service in a month. In addition, you will find here a paper on the continuing progress
of the excavation of the Zilina tunnel in the Hri¢ovské Podhradie — Lietavska Licka
section of the D1 motorway, where we are solving currently probably the most com-
plicated technical procedures for this not long tunnel. All our efforts are focused on bre-
aking through the two tunnel tubes in the exceptionally complicated geological condi-
tions this year.

What is the status of the development of tunnels in Slovakia in the nearest future?
Regarding the motorway tunnels, the construction work will continue on the
Ovdiarisko tunnel on the D1 motorway and the Povazsky Chlmec tunnel on the D3
motorway, as well as our longest tunnel, the Visiiové on the D1 motorway. I regret the
situation around the Cebrat'tunnel near RuZomberok, where it was necessary to chan-
ge the tunnel route design due to poor hydrogeological conditions. As a consequence,
the duration of the construction of the Hubové — Ivachnova section of the D1 motor-
way will be significantly extended. The situation about seeking the alignment for the
Turany — Hubovd section of the D1 motorway is extremely complicated and this pro-
cess is being inadequately protracted. The newest information speaks about commen-
cing this construction work at the latest in 2020 and for the time being, we do not have
financial means for it. The fact has at least been left to us that we can look forward to
the construction of new railway tunnels, the Milochov and the Diel, in the Pichov —
Povazska Tepld section and, in the near future, even the PreSov motorway tunnel on the
bypass of the town of PreSov.

The creation of a binding concept of the process of completing the transport infrast-
ructure in Slovakia including providing the funds is the key question for the future of
construction firms. A lot of talking is underway about the fact that the funding sources
are sufficient, but there is a question how many sections can be developed through PPP
projects and which means can be transferred from other operating programs to the
infrastructure (OPI) in the future. The current state, where virtually everything is a pri-
ority, is unsustainable without real funding and it leads nowhere. Without precise deter-
mination of priorities and funding we cannot equate the development of the Karpaty
tunnel within the framework of the Bratislava City bypass, the completion of the con-
struction of the Turany — Hubovd section of the D1 motorway, the three structures mis-
sing on the D3 motorway route, the continuation of the R1 fast highway across the
Hiadlov pass to Ruzomberok or the development of important sections on the R2 fast
highway around the town of Lucenec, the Soroska tunnel, the section leading to the
town of KoSice as well as the southern route to the town of Nové zdmky. Without the
agreed concept available “on the table” including the funding for individual sections,
we will continue to grope and be witnesses to changing priorities as we are witnesses
to in this period of time.

In the Czech Republic, the Road and Motorway Directorate has invited bids for clo-
ser and open competitions for tens of projects on the modernisation as well as con-
struction of new motorway and road sections. It is understandable that construction
firms, even those from Slovakia, will focus their efforts on the Czech market. Firms
capable of realising transportation projects will be privileged. These firms will certain-
ly be based in the Czech Republic, and I believe, also in Slovakia. Despite the interest
in this market, the Slovak market and the ambition to succeed in com-
petitions on this market will remain the key question for me. For that
reason [ want to believe that more interesting competitions for projects
the parts of which will be complicated tunnels and interesting bridge
structures, wait for us even in Slovakia in the near future. Coping with
the demanding period of the nearest years is a challenge for all of us.

ING. JURAJ ANDROVIC

predseda predstavenstva a generalny riaditel Doprastav, a.s.
Chairman of the Board of Directors and General Manager of Doprastav, a.s.
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VAZENI CITATELIA CASOPISU TUNEL,
KOLEGYNE A KOLEGOVIA,

je pre mna poteSenim a ctou oslovit' vas pri prilezi-
tosti dvadsiateho vyro¢ia zaloZenia spolocnosti
Terraprojekt a.s., Bratislava. Chcel by som sa pri tejto
prilezitosti s vami podelit o spomienky na niektoré
rozhodujice okamziky a uspesné projekty z oblasti
tunelového stavitelstva, ktoré je od vzniku spolo¢nos-
ti az podnes jednou z hlavnych a najispesnejSich
oblasti ndSho pdsobenia.

Pribeh Terraprojektu sa zacal pred dvomi dekddami, v Case
dlho ocakdvaného zaciatku vystavby dialnicnych tunelov na
Slovensku. Zakladatelom naSej spolo¢nosti bola rakisko-nemec-
kd inzinierska a konzultacnd spolo¢nost ILF Consulting
Engineers, ktord disponovala znanymi skisenostami v oblasti
navrhovania tunelov a podzemnych stavieb.

Modernd vystavba slovenskych tunelov zacala v roku 1996
realizdciou prvého dialnicného tunela Branisko. Terraprojekt sa
na tejto stavbe stal spracovatefom dokumentdcie na realizdciu
stavby pre zhotovitela a neskor aj konzultantom pre technologic-
ké vybavenie pre investora stavby. K ziskaniu tychto pozicii
velmi pomohlo, Ze Terraprojekt okrem budovania vlastnych
kapacit disponoval odbornou podporou a kapacitami kanceldrii
ILF Consulting Engineers v Innsbrucku a v Prahe. Stavba tunela
Branisko rozhodne nebola technicky jednoduchd, preto prenos
know-how z rakiiskeho prostredia bol velkou pomocou. Zaroven
boli takto vytvorené Standardy, ktoré slovenské tunelové stavi-
telstvo vyuzilo pri nasledujicich tunelovych projektoch.

Dal$im dolezitym milnikom pre Terraprojekt bola stavba dial-
ni¢ného tunela Sitina v obdobi rokov 2003-2007, pri ktorom sme
si vyskusali spolupracu s japonskym zdkaznikom, a to opit
v pozicii projektanta zhotovitela. Bola to stavba, na ktorej doslo
k ziroCeniu skusenosti nadobudnutych pri vystavbe Braniska,
a to tak na strane investora, zhotovitela ako aj projektanta.

VelImi zaujimavym projektom bola modernizicia elektrickové-
ho tunela pod hradom v Bratislave, ktord nds postavila pred nové
ulohy a vzhladom na absenciu predpisov aj ndro¢né hladanie
konsenzu v oblasti prevddzkovej bezpeénosti tunela. Z dalsich
realizovanych projektov spomeniem dialni¢ny tunel Borik a cest-
ny tunel Komofany na prazskom mestskom obchvate, kde
Terraprojekt pdsobil v pozicii projektanta vybranych Casti stavby.

V sticasnosti nasa spolo¢nost’ participuje na projektovej pripra-
ve a vystavbe najdlhSieho slovenského tunela Visnové v zdruze-
ni s talianskymi projektovymi spolo¢nostami, na zdklade zmluvy
so zhotovitelom stavby. Tejto stavbe, ktord je vo viacerych
aspektoch velkou technickou vyzvou, je venovany aj jeden
z naSich prispevkov v tomto ¢isle ¢asopisu.

Okrem spomenutych projektov sme sa zucastnili projektovej
pripravy viacerych zatial nerealizovanych tunelovych stavieb.
Prikladom je dialhi¢ny tunel PreSov, ktorému je venovany druhy
z nasich odbornych prispevkov.

Na zdver mi dovolte vyjadrit’ presvedCenie, ze podobne ako
minulost’ aj budicnost’ ndm poskytne dostatok odborne aj
obchodne zaujimavych prileZitosti na vyuZitie sku-
senosti, ktoré sme pocas svojej dvadsatro¢nej his-
torie ziskali.

\
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DEAR TUNEL JOURNAL READERS,
DEAR COLLEAGUES,

It is a pleasure and honour for me to address you on the
occasion of the twentieth anniversary of the foundation of
the company of Terraprojekt a.s. Bratislava. I would like
to share with you my memories of some deciding
moments and successful projects from the field of tunnel
construction engineering, which have been ones of the
main and most successful fields of our activities since the
origination of the company until today.

The Terraprojekt story commenced two decades ago, at the time of
the long awaited beginning of the construction of motorway tunnels in
Slovakia. Our company was founded by ILF Consulting Engineers, an
Austro-German company possessing significant experience in the field
of designing tunnels and underground structures.

The modern development of Slovak tunnels commenced in 1996 by
the construction of the first motorway tunnel, the Branisko.
Terraprojekt became the author of the detailed design for the project
contractor and later, even the consulting engineer for the tunnel equip-
ment for the project owner. The fact that Terraprojekt possessed pro-
fessional support and had the capacities of ILF Consulting Engineers
offices in Innsbruck and Prague available in addition to its own capaci-
ties significantly contributed to obtaining these positions. The con-
struction of the Branisko tunnel certainly was not technically simple.
For that reason the transfer of know-how from the Austrian environ-
ment was a great help. At the same time, the standards which were
established in this way, were used by the Slovak tunnel construction
engineering at subsequent tunnelling projects.

Another milestone important for Terraprojekt was the construction of
the Sitina tunnel, which was carried out in the 2003-2007 period of
time. In this case we tested our collaboration with a Japan client, again
in the position of the designer for the contractor. It was a project at which
the experience gained during the Branisko tunnel construction was capi-
talised on by the project owner, contractor as well as the designer.

The modernisation of the tramway tunnel under the Bratislava castle
was a very interesting project. It posed new tasks in front of us and,
with respect to the lack of regulations, it was associated with the com-
plicated process of seeking consensus in the field of the operation safe-
ty in the tunnel. Of other realised projects, I will bring back to your
minds the Borik motorway tunnel and the Komorany road tunnel on the
Prague city ring road, where Terraprojekt worked in the position of
a designer for selected parts of the construction.

At the moment, our company is participating in the preparation of the
design and the construction of the longest Slovak tunnel, the Visnové,
in a consortium with Italian designing companies, on the basis of a con-
tract with the project owner. One of our papers in this journal issue is
even dedicated to this project, which is a great technical challenge from
more aspects.

Apart from the above-mentioned projects, we participated in design
stages of several until now not realised tunnel projects. The PreSov
motorway tunnel, the second of our technical papers is dedicated to, can
be used as an example.

To conclude, allow me to express my persuasion that the future, simi-
larly to the past, will offer us enough professionally and
commercially interesting opportunities for using the expe-
rience we have gained during the twenty-year history.

N

ING. MILOSLAV FRANKOVSKY

predseda predstavenstva a riaditel Terraprojekt a. s., Bratislava
Chairman of the Board of Directors and Director of Terraprojekt a. s., Bratislava
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RAZENIE TUNELA ZILINA - PREDPOKLAD VERZUS REALITA
ZILINA TUNNEL EXCAVATION - ASSUMPTIONS VERSUS REALITY

MARTIN VALKO, MICHAL FUCIK, IVETA SNAUKOVA

ABSTRAKT

Jednym z tunelov vo vystavbe, ktoré sii sii¢astou dialnice D1, je tunel Zilina. Dizkou ani metédou razenia nie Jje nic¢im vynimocny. Tunel
Zilina sa viak razi vo velmi zloZitom inZinierskogeologickom a hydrogeologickom prostredi, &im sa v kombindcii s nizkym nadloZim radi
medzi najzloZitejsie tunelové stavby na Slovensku. Zastihnuté geologické prostredie sa ukdzalo komplikovanejsie, ako uvddzali predpo-
klady projektu. To si vyZaduje neustdle modifikovanie postupu razenia, sposobu vystrojovania a predovsetkym zaistovania stability celby.
Cldnok opisuje rozdiely medzi projektovanymi predpokladmi a skutoéne zastihnutymi geotechnickymi podmienkami, dosledky tychto roz-
dielov pre vystavbu tunela a spdsob, akym sa s nimi zhotovitel’' vyrovndva.

ABSTRACT

The Zilina tunnel is one of the tunnels currently under construction which are parts of the DI motorway. The tunnel is not too excep-
tional as far as the length and tunnelling method are concerned. Nevertheless, it is being driven through a very complex engineering
geological and hydrogeological environment. Owing to this fact, combined with the low overburden, it ranks among the most complica-
ted tunnel structures in Slovakia. The geological environment encountered turned out to be more complicated than the environment pre-
sented in the design assumptions. This situation requires permanent modifying the tunnelling procedure, the excavation support system
and, in the first place, ensuring the stability of the excavation face. The paper describes differences between design assumptions and the
actually encountered geotechnical conditions, consequences of the differences for the tunnel construction and the way in which the con-

tractor copes with them.

ZAKLADNE INFORMACIE O TUNELI ZILINA

Usek dialhice D1 Hricovské Podhradie — Lietavskd Lucka
obchédza z juznej strany mesto Zilina a vdaka naroénej morfo-
16gii terénu si vyZaduje vystavbu 11 mostov a dvoch tunelov —
Ov¢iarsko (2367 m) a Zilina (687 m).

Kategoria tunela: 2T-8,0 [STN 73 7507]
Néavrhova rychlost: 99,6 km/h [STN 73 7507]
Dizkova kategoria tunela:  stredny [STN 73 7507]

Dizka tunela: severna tunelova rara (STR) 684 m,
z toho razena Cast 648,5 m

juzna tunelova rara (JTR) 687 m,

z toho razena ¢ast 657 m

Prie¢ne prepojenia: 2, prechodné
Objednavatel

a buduci spravca:

Zhotovitel tunela:

Narodna dialni¢na spolocnost, a. s.
Doprastav, a.s., Bratislava,
Metrostav a.s.

Basler & Hofmann Slovakia s.r.o.
GEOFOS, s.r.0., ARCADIS CZ a.s.

Projektant tunela:
Geotechnicky monitoring:

Névrhova rychlost’ v tuneli 99,6 km nie je Standardna.
Navrhovéa rychlost’ v tuneli bola na Ziadost objednavatela
dodato¢ne menend z 80 km/h na 100 km/h. Vzhladom na
poziadavku dodrzat polohu portdlov a dodrzat’ trasovanie
dialnice pred a za tunelom nebolo mozné smerové vedenie
v tuneli upravit’ tak, aby sa dosiahla rychlost” 100 km/h.
Preto sa pristipilo k rychlosti, ktortd bolo max. mozné dosi-
ahnut.

TECHNICKE RIESENIE TUNELA NA ZAKLADE
DOKUMENTACIE POSKYTNUTEJ V SUTAZNYCH
PODKLADOCH

Tunel Zilina, ktory nie je nijak zaujimavy svojou dizkou ani
metédou razenia, sa vdaka velmi komplikovanym inZinierskoge-
ologickym pomerom stal vyzvou pre projektanta a preveruje
odbornt zru¢nost’ zhotovitela.

BASIC INFORMATION ABOUT THE ZILINA TUNNEL

The Hricovské Podhradie — Lietavska Lucka section of the D1
motorway bypasses the town of Zilina from the southern side.
Owing to the complicated terrain morphology, it requires the con-

struction of 11 bridges and two tunnels — the Ovciarisko (2367m)
and the Zilina (687m).

Tunnel category: 2T-8.0 [STN 73 7507]
Design speed: 99.6km/h [STN 73 7507]
Tunnel length category: ~ medium [STN 73 7507]

Tunnel length: northern tunel tube (NTT) 684m,
of that the mined part 648.5m
southern tunel tube (STT) 687m,
of that the mined part 657m
Cross passages: 2, passable for pedestrians
Project owner and
future administrator:
Contractor for tunnel
construction:

Tunnel designer:

Geotechnical monitoring:

Narodna dialnicna spolo¢nost, a. s.
Doprastav, a.s., Bratislava
Metrostav a.s.

Basler & Hofmann Slovakia s.r.o.
GEOFQS, s.r.0., ARCADIS CZ a.s.

The design speed of 99.6km/h in the tunnel is not standard. The
design speed in the tunnel was additionally changed at the project
owner’s request from 80km/h to 100km/h. It was impossible to
modify the horizontal alignment in the tunnel to achieve the speed of
100km/h with respect to the requirement for maintaining the locati-
ons of portals and the motorway alignment in front of and behind the
tunnel. For that reason the maximum achievable speed was applied.

TECHNICAL SOLUTION TO THE TUNNEL BASED
ON DOCUMENTATION PROVIDED IN TENDER DOCUMENTS

The Zilina tunnel, which is not too interesting as far as its
length and tunnelling method are concerned, has become a chal-
lenge for the designer and examines contractor’s professional
skills with respect to the very complicated engineering geologi-
cal conditions.
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VYSVETLIVKY
EXPLANATORY NOTES

|:| ily terasové terrace clay

Strk ilovity az Strk s primesou jemnozrnnej zeminy
clayey gravel to gravel with fine-grained soil
addition

flovcové suvrstvie s ojedinelymi polohami siltovcov a pieskovcov

claystone layers with isolated siltstone and sandstone interlayers
pieskovcovo-ilovcové suvrstvie s prevahou ilovcov nad siltovcami a pieskovcami
sandstone-claystone series of layers with claystone predominance over siltstone
and sandstone

Obr. 1 Pozdifny ininierskogeologicky profil tunela Zilina a pévodné rozdelenie kvizihomogénnych blokov — siicast’sithinych podkladov

Geofos, s.r.o0.

Fig. 1 Longitudinal engineering geological profile of the Zilina tunnel and the original division of the quasi-homogeneous blocks — a part of the competition

source documents

InZinierskogeologické pomery poskytnuté zhotovitelovi
Vv stitaznych podkiadoch

InZinierskogeologicky prieskum pre tunel Zilina sa postupne
realizoval v rokoch 1996 az 2010. Vysledky z tychto prieskumov
boli stcastou sttaznych podkladov, z ktorych zhotovitel vypra-
coval svoje technické rieSenie a stanovil ponukovi cenu. Na
technické rieSenie samozrejme nadvédzoval harmonogram préc,
tak aby bola dodrzand doba vystavby na prerazenie tunela 395
dni.

Na zdklade inZinierskogeologického prieskumu, ktory bol
zhotovitelovi poskytnuty v sttaznych podkladoch, mal byt tunel
Zilina situovany v horninovom masive budovanom paleogén-
nym sudvrstvim {lovcov a pieskovcov, s prevahou {lovcov
v celom hodnotenom tdseku. Od vychodného portdlu mala paleo-
gén prekryvat formdcia kvartérnych pokryvnych ttvarov repre-
zentovanych terasovym a deluvidlnym komplexom. Kvartér bol
reprezentovany predovsetkym Strkom ilovitym az Strkom s pri-
mesou jemnozrnnej zeminy. Tdto formdcia mala zasahovat’ do
vzdialenosti cca 165 m od vychodného portdlu do profilu kaloty
(obr. 1).

Podla poskytnutého inZinierskogeologického prieskumu z6na
zvetrania zasahovala do hibky viac ako 10 m od povrchu paleo-
génneho suvrstvia. V tejto zoéne zvetrdvanie degradovali polo-
skalné horniny paleogénu na zeminy. To pri malej vyske nadlo-
7ia tunela (5-28 m) znamenalo, Ze 48 % diiky tunela bude raze-
né v zemindch. Vo zvysnej dizke, ktord je situovand v strednej
Casti tunela, prebiehala zona zvetrania tesne nad klenbou kaloty.

Vysledky inZinierskogeologického prieskumu taktieZ zdoku-
mentovali viaceré tektonické zony, ktorymi je horninové prostre-
die v trase tunela poruSené. Predpokladalo sa, Ze tektonicky
porusené zony budu prestriedané v celom useku tunela, vyraz-
nejSie v jeho zdpadnej Casti.

Hladina podzemnej vody bola zadefinovand v celej trase tune-
la nad projektovanou niveletou. Vo vSeobecnosti je flovec hod-
noteny ako madlo priepustnd hornina, Comu nasvedcoval aj sta-
noveny koeficient filtracie k; < 10®m.s!. Stazené podmienky
razenia spdsobené podzemnou vodou bolo mozné ocakdvat’ na
kontakte tektonickych portch, kde sa predpokladal vyskyt
sustrednych pritokov podzemnej vody.

Rozdelenie kvazimomogénnych blokov
v trase podla sutaznych podkladov

V sitaznych podkladoch bola trasa tunela rozdelend do troch
kvéazihomogénnych blokov s oznacenim G1, G2, G3. Kazdy
blok mal zadefinovand dizku a boli mu pridelené na zdklade

Engineering geological conditions provided
for the contractor in competition source documents

The engineering geological survey for the Zilina tunnel was gra-
dually realised from 1996 to 2010. The results of these surveys were
parts of the competition source documents, from which the con-
tractor prepared its technical solution and set the bid price. Of cour-
se, the construction schedule, which was required to comply with
the construction time of 395 days allotted to breaking the tunnel
through, built on the technical solution.

Based on the engineering geological survey the contractor was
provided with in the competition source documents, the Zilina tun-
nel was to be located in a Palacogene formation consisting of clays-
tone and sandstone series of strata with the predominance of clays-
tone throughout the length of the assessed section. From the eastern
portal, the Palacogene formation was expected to be overlain by
Quaternary superficial deposits represented by a terrace and deluvi-
al complex. The Quaternary complex was represented mainly by
clayey gravel to gravel with addition of fine-grained soil. This for-
mation was expected to extend into the top heading profile up to the
distance of approximately 165m from the eastern portal (see Fig. 1).

According to the engineering geological survey submitted to the
contractor, the zone of weathering extended to the depth exceeding
10m under the surface of the Palacogene formation. In this weathe-
ring zone the Palacogene semi-rock degraded to soils. It meant that,
at the low depth of the tunnel overburden (5-28m), 48% of the tun-
nel length would be driven through soils. In the remaining length,
which is located in the middle part of the tunnel, the weathering
zone was found just above the top heading crown.

The results of the engineering geological survey in addition docu-
mented numerous fault zones the rock environment along the tun-
nel route is disturbed with. It was assumed that the tectonically dis-
turbed zones would alternate throughout the tunnel length, more
distinctly in the western part.

The water table level was defined above the vertical alignment
designed. In general, claystone is assessed as little permeable rock.
This was even suggested by the filtration coefficient determined at
k; < 108m.s”!. Worsened tunnel excavation conditions caused by
groundwater could be expected at the contact with faults, where the
occurrence of concentrated groundwater inflows was expected.
Division of quasi-homogeneous blocks along the tunnel
alignment according to competition source documents

In the competition source documents, the tunnel alignment
was divided into three quasi-homogenous blocks marked G1, G2
and G3. The length was defined for each block and characteris-
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vysledkov IG prieskumu charakteristické geotechnické paramet- tic geotechnical parameters were assigned to each block on the
re. Percentudlne zastipenie jednotlivych kvadzihomogénnych basis of the results of the engineering geological survey. The fol-
blokov bolo z dokumentov poskytnutych v sitaznych podkla- lowing percentage of the representation of individual quasi-
doch nasledovné: homogeneous blocks was determined on the basis of the compe-

* G1 - najnepriaznivejsi blok — 2,4 %; tition source documents:

e G2 -558 %; ¢ G1 - the most unfavourable block — 2.4%;

* G3 — najpriaznivejsi blok — 41,8 %. * G2 -55.8%;

V blokoch G1 a G2 bolo mozné ofakédvat’ nestabilitu vyrubu * G3 - the most favourable block —41.8%.
spojenu s vyskytom tlacivych ilovitych a flovcovych hornin zvy- In blocks G1 and G2, it was possible to expect the excavation
razneni pritokmi vody do tunelovej riry. V uvedenych tisekoch instability associated with the occurrence of squeezing clayey and
bolo preto mozné ocakévat' dlhodobo prebiehajiice a doznievaji- claystone ground types, accentuated by groundwater inflows into
ce deformicie. the tunnel tube. It was therefore possible to expect long-term defor-

Geotechnicky blok G3 bol definovany ako najlepsi, ale aj tu mations and fading deformations in the above-mentioned sections.
boli geotechnické parametre pomerne nepriaznivé: y, = 21,6 Geotechnical block G3 was defined as the best one. Nevertheless,
KN/m3, Eger = 110 MPa, E = 250 MPa, ¢ = 32°, ¢ = 25 kPa, v = relatively unfavourable geotechnical parameters existed even there:
0,26, 6, = 15 MPa. Yn = 21.6kN/m3, Eger = 110MPa, E = 250MPa, ¢ = 32°, ¢ = 25kPa,

Navrh vystrojovacich tried podia IG pomerov v =026, 6. = 15MPa.

v stitaznych podkiadoch Designing excavation support classes according
to the EG conditions presented

in the competition source documents

During the work on its offer, the contractor studied in detail the
source documents provided by the project owner and, subsequent-
ly, proposed excavation support classes for each block.

It seemed according to the source documents provided for the
competition purposes that the biggest problem during the tunnel
construction would be in the soft and yielding ground with all con-
sequences following from that fact — large deformations of the
excavated opening and subsiding (sinking) of the entire tunnel
structure. The tunnel cross-section geometry and the method state-
ment for the tunnel construction were proposed on the basis of this
assumption with the objective to eliminate the anticipated unfavou-
rable influences as much as possible, namely:

The tunnel cross-section with an invert was designed for the
whole tunnel length so that it approximated circular geometry as
much as possible. Enlarged-width top heading footings were desig-
ned taking into consideration the soft and plastic ground environ-
ment. A deep invert was designed for 4% of the tunnel length assig-
ned the worst excavation support class.

The basic condition prescribed by the method statement for the
tunnel construction was that the whole excavated profile had to be
closed as quickly as possible.

Eight excavation support classes arose from the structural analy-
sis. The categorisation was carried out in the meaning of the TP 06-
1/2006 specifications. The following division of excavation support

V Case spracovavania sutaznej ponuky zhotovitel podrobne
prestudoval objedndvatelom poskytnuté podklady a ndsledne pre
kazdy blok navrhol vystrojovacie triedy.

Podla podkladov poskytnutych v sttazi sa javilo, Ze najvacsim
problémom pri vystavbe tunela bude mikkd, poddajnd hornina
so vSetkymi jej dosledkami — vysokymi deformdciami vyrubu,
sadanim (zabdranim) celej stavby. Na zdklade tohto predpokladu
bol navrhnuty tvar priecneho rezu, ako aj technologicky postup
vystavby tunela takym sposobom, aby sa ¢o najviac eliminovali
oCakdvané nepriaznivé vplyvy. A to:

Priecny rez tunela bol skonStruovany v celej dizke so spodnou
klenbou tak, aby sa ¢o najviac priblizoval kruhovému tvaru.
Vzhladom na mikkeé, plastické horninové prostredie navrhovali
sa roz§irené pity kaloty. Na 4 % diiky tunela, v najhorsej vystro-
jovacej triede, bola navrhnuta hlbokd spodnd klenba.

Zakladnou podmienkou technologickej vystavby tunela bolo
¢o najrychlejSie uzatvdranie celého profilu vyrubu.

Zo statického postdenia vzi§lo osem vystrojovacich tried
(VT). Zatriedenie do VT bolo v zmysle TP 06-1/2006.
Rozdelenie vystrojovacich tried v jednotlivych geotechnickych
blokoch bolo nasledovné:

e G1-VT7/1,VT7/2,VT7/3,VT 7/4,VT TMP;

e G2-VT7/1,VT7/2,VT7/3,VT 7/4;

e G3-VT5,VT6/1,VT 6/2,VT 7/1,VT 7/2.

Vystrojovacia trieda VT 7 MP — razenie pod ochranou mikro-

pilotového ddzdnika, bola navrhovand len na portaloch, z kazdej classes (ESC) in individual geotechnical blocks was designed:

strany v dlzke 15 m. « G1-ESC 7/1,ESC 7/2, ESC 7/3, ESC 7/4, ESC TMP;
Plocha vyrubu sa pohybovala od 104 m? vo VT 5, 107 m? vo « G2—ESC 7/1,ESC 7/2, ESC 7/3, ESC 7/4:

VT 6, 110 m? vo VT 7. Vo VT 7/4, kde je navrhovana hlbokd e G3—ESC 5,ESC 6/1, ESC 6/2, ESC 7/1, ESC 7/2.

Spoqné klenba, bola plocha vyrubu 117 m?. The excavation support class ESC 7MP — excavation under the
Dlzka zaberu bola navrhnutd od 1,7 m po 1 m s ohfadom na protection of canopy tube pre-support, was designed to be at the

dand vystrojovaciu triedu. Primdrne ostenie je tvorené strieka- portals, at the length of 15m on either side.

nym beténom pevnostnej triedy C 25/30 hribky 200 mm az The excavated cross-section area ranged from 104m? in the case

350 mm. Striekany bet6n je vystuZeny dvoma vrstvami KARI | of excavation support class ESC 5, 107m? in the case of ESC 6 and

sieti, ocelovym priehradovym nosnikom a radidlnymi kotvami. 110m? in the case of ESC 7. In the case of the excavation support

Radidlne kotvy boli navrhované v dvoch typoch — maltované classes ESC 7/4, where the deep invert is designed, the excavated

s cementovym tmelom a samozdvrtné. Zaistenie klenby kaloty cross-section area is 117m?.

proti nadmernému nadvylomu zabezpecovali maltované a samo- The excavation advance round ranging from 1.7m to 1m was

zavrtné ihly. Ochranu Celby proti vypaddvaniu horniny zabezpe- designed (with respect to the particular excavation support class).

Coval striekany betén hribky 50 aZ 100 mm vo vSetkych vystro- The primary lining is formed by a 200mm to 350mm thick layer of

jovacich triedach a ¢elbové kotvy vo vystrojovacich triedach 7. C 25/30-grade shotcrete. The shotcrete is reinforced with two lay-
Celt realizdciu vystavby tunela zhotovitel' v ponuke uvaZzoval ers of KARI mesh, a steel lattice girder and radial anchors. Two

dovrchnym razenim zo zdpadného portélu, o bolo dokladované types of the radial anchors were proposed — cement-grouted and

predloZzenym harmonogramom prac. Tomu bolo prispdsobené self-drilling ones. The top heading vault was secured against exces-
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Obr. 2 Dodatoc¢né dokotvenie pozdfinej trhliny, stanicenie km 0,209
Fig. 2 Additional anchoring of the longitudinal crack, chainage km 0.209

umiestnenie zariadenia staveniska, umiestnenie a velkost depd-
nie, plocha na uskladnenie materidlu, pocet strojnych zostdv ako
aj pocet razi¢skych skupin.

RAZENIE TUNELA V SKUTOCNE ZASTIHNUTYCH IG
POMEROCH

Zapadny portal - razenie severnej tunelovej rury

S realizdciou vlastného razenia sa zacalo zo zdpadného portd-
Iu v novembri 2014. Ako prva sa zacala vystavba severnej tune-
lovej rury. Prvych 12,5 m bolo budované pod ochrannou Zelezo-
beténovou klenbou, v praxi zndmou pod ndzvom ,korytnacka®.
Nisledne sa razilo v silade s vystrojovacimi triedami v projek-
tovej dokumentdcii — tj. VT 7/2 a VT 7/3.

Hned po zadati razenia vo VT 7/2 sa viak predpoklady dekla-
rované v zdveroch inZinierskogeologickej spravy, ktord bola
sucastou sttaznych podkladov, nepotvrdili. Zhotovitel musel
zapasit’ s nepriaznivymi geologickymi podmienkami a ich pre-
javmi:

» Razenie prebiehalo v rozlozenych flovcoch extrémne nizkej
pevnosti R6. Vysokd plasticita horniny sa prejavovala
nadmernymi deformdciami, ktoré dosahovali hodnoty aZ cca
200 mm. V ddsledku rychleho sadania kaloty vznikla pozdii-
na trhlina v primarnom osteni v mieste spoja kalota — stupen
(obr. 2).

* Okamzite po otvoreni vyrubu sa prejavovala vysoka nesta-
bilita vrchnej Casti kaloty. Tt tvoril iplne zvetrany ilovec az
charakteru zemin.

Zhotovitel okamzite v spolupraci s projektantom prehodnotil
vzniknutd situdciu a zareagoval na zastihnuté inZinierskogeolo-
gické pomery urychlenym uzatvaranim celého profilu 12-16 m
od Celby kaloty. Taktiez vyrub kaloty sa zacal realizovat’ po Cas-
tiach s okamzitym stabilizaénym ndstrekom otvorenej plochy
(obr. 3). Dika zdberu sa skritila z 1 m na 0,8 m.

Podrla objednédvatelom poskytnutych vysledkov IG prieskumu
sa o¢akdvalo, Ze sa zastihnutd hornina bude chovat plasticky, ¢o
potvrdzovali aj redlne, v tuneli namerané, nadmerné deformdacie
primdrneho ostenia. Na tento variant bol zhotovitel pripraveny.
Co viak bolo neolakdvané a nedalo sa vopred predpokladat,
bolo nadmerné vysypdavanie horninového materidlu z celby kalo-
ty (obr. 4). Vysypdvanie horniny nijak nezodpovedalo deklaro-
vanému plastickému chovaniu horninového prostredia. Hornina
sa hlavne vo vrchnej Casti kaloty zacala chovat’ ako sypky, nesu-
drzny materidl. Zabezpecenie kaloty kotvami z betondrskej ocele

Obr. 3 Otvdranie vyrubu po Castiach s okamZitym stabilizacnym ndstrekom
otvorenej plochy, stanicenie km 0,215

Fig. 3 Sequential opening of excavation with immediate application of shotc-
rete to the exposed surface, chainage km 0.215

sive excavation by cement-grouted and self-drilling spiles. The pro-
tection of the excavation face against falling off of ground was
secured in all excavation support classes by a 50mm to 100mm
thick layer of shotcrete and, in excavation classes 7, by anchors
installed ahead of the excavation face.

In the offer, the contractor planned to drive the entire tunnel
uphill from the western portal. The intention was documented by
the submitted construction schedule. The construction site arrange-
ment, the location and size of the tunnel muck stockpile, the mate-
rial storage area, the number of mechanical equipment sets as well
as the number of tunnelling crews were accommodated to this plan.

DRIVING THE TUNNEL IN ACTUALLY
ENCOUNTERED CONDITIONS

Western portal - the northern tunnel tube excavation

The tunnel excavation from the western portal started in
November 2014. The northern tunnel tube excavation commenced
first. The initial length of 12.5m was carried out under the protecti-
on of a reinforced concrete vault, known in praxis as the “tortoise
shell”. Subsequently the excavation proceeded in compliance with
excavation support classes defined in the design documents —
i.e. ESC 7/2 and ESC 7/3.

However, the assumptions declared in the conclusions of the
engineering geological report which were parts of the competition
source documents were not confirmed just after the commencement
of the excavation in ESC 7/2. The contractor had to struggle with
unfavourable geological conditions and their manifestations:

e The excavation passed through decomposed claystone with
extremely low strength R6. The high plasticity of the ground
manifested itself by excessive deformations with the values
reaching up to ca 200mm. A longitudinal crack developed in
the primary lining in the location of the joint between the top
heading and the bench as a result of the rapid sinking of the top
heading (see Fig. 2).

 High instability of the upper part of the top heading manifested
itself immediately after opening the excavated space. The
upper part of the top heading was located in completely weat-
hered claystone even with the character of soils.

The contractor, in collaboration with the designer, immediately

reassessed the originating situation and responded to the encounte-
red engineering geological conditions by accelerated closing of the
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Obr. 4 Vysypdvanie materidlu z Celby kaloty, stanicenie km 0,240
Fig. 4 Pouring of material off from the top heading excavation face, chaina-
ge km 0.240

ako aj zaistenie klenby kaloty ihlami sa ukdzalo ako netcinne.
Drobné tdlomky zvetraného ilovca sa vysypavali medzi ihlami
a ich vysypdvanie z Celby znemoZnovalo stabilizany ndstrek
strickanym beténom. Nastal problém s vrtmi pre ihly a kotvy,
ktoré sa uz pocCas vitania zacali zavalovat’ a nebolo ich mozné
pouzit na instaldciu vystrojovacich prvkov. Nepriaznivé chova-
nie horninového prostredia nastipilo prakticky okamZite po
skoncenf razenia pod ,.korytnackou* koncom novembra 2014.
Zastihnuté nepriaznivé chovanie horniny v okoli vyrubu postu-
povalo velmi rychlo, az na zaciatku janudra 2015 vyustilo do
mimoriadnej udalosti — zdvalu. K zdvalu, ktorého dosah bol az
na povrch terénu, doslo po vyrazeni 58,92 m.

Z4aval zastavil razenie v severnej tunelovej rire na 6 mesiacov.
V tomto Case prebiehalo zmdhanie zavalu prostrednictvom beto-
naze kratera a tryskovej injektdZe z povrchu terénu.

V Case zmdhania zdvalu neustdle prebiehali odborné diskusie
na strane zhotovitela, projektanta ako aj timu prizvanych odbor-
nikov, ktorych cielom bolo ndjst spdsob dalsieho postupu raze-
nia tak, aby uz dal$ia mimoriadna udalost nevznikla. Prioritou sa
stalo zabezpecCit stabilitu vyrubu a ¢elby bez ohladu na finanénu
narocnost’ prijatych opatreni. VSetky tri menované skupiny sa
zhodli na tom, Ze horninovy masiv sa chova inak, ako je dekla-
rované v stitaznych podkladoch. Preto bolo pre ndvrh dalSieho
postupu prac nutné realizovat' doplnkovy IG prieskum. IG pries-
kum bol nésledne na Ziadost zhotovitela realizovany vo februdri
2015.

Cielom prieskumu bola realizdcia a vyhodnotenie:

e vrtov pre realizdciu presiometrickych skiok v osi juZnej

tunelovej riry;

 odobratie technologickych vzoriek zemin/hornin na stano-

venie fyzikdlnych vlastnosti a geotechnickych parametrov;

e vrtov so zabudovanim inklinodeformetrov;

» geofyzikdlnych merani za tcelom spresnenia geologickej

stavby horninového masivu.

Vysledky prieskumu boli spracované v maji 2015 (obr. 5, obr.
6). I ked paleogénne stivrstvie nie je v zdsade nepriaznivé pre
vystavbu tunelov, zvetravanie zasahujice do velkych hibok, tek-
tonicky porusené zény a pritomnost’ podzemnej vody ho vyrazne
degraduje. V oblasti tunela Zilina sa vietky tieto tri Cinitele
vyrazne podpisali na zmene kvality horninového prostredia, ¢o
potvrdil aj doplnkovy IG prieskum.

25. rocnik - €. 4/2016

whole profile at the distance of 12-16m behind the top heading
excavation face. They even started to divide the top heading exca-
vation sequence and immediately apply shotcrete to the exposed
surfaces to stabilise them (see Fig. 3). The excavation advance
length was reduced from 1m to 0.8m.

It was expected according to the results of the EG survey provi-
ded by the project owner that the ground encountered would beha-
ve plastically, which fact was confirmed in reality by excessive
deformations of the primary lining measured inside the tunnel. The
contractor was prepared for this fact. However, what was unexpec-
ted and could not be anticipated in advance was the excessive fal-
ling off of the ground material spilling from the top heading face
(see Fig. 4). The spilling of ground not at all corresponded to the
plastic behaviour of the ground environment declared in the EG sur-
vey report. The ground, first of all in the upper part, began to beha-
ve as a bulk, cohesionless material. The top heading excavation
support using concrete reinforcement rods for anchoring as well as
the top heading vault stabilisation with spiles turned out to be inef-
fective. Small fragments of weathered claystone fell down between
the spiles and the fact that they fell off from the excavation face
made the application of stabilising shotcrete impossible. A problem
with drilling holes for spiles and anchors occurred. They began to
collapse and could not be used for the installation of the excavation
support elements. The unfavourable behaviour of the ground appe-
ared at the end of November 2014, virtually immediately after the
completion of the tunnel excavation under the “tortoise shell”. The
unfavourable behaviour of the ground mass encountered in the sur-
roundings of the excavated opening worsened very quickly and led
to an extraordinary event — an excavation collapse at the beginning
of January 2015. The collapse, reaching up to the terrain surface,
took place after completing 58.92m of the excavation.

The collapse suspended the excavation in the northern tunnel
tube for 6 months. During this time the collapsed tunnel was being
recovered by casting concrete into the crater and jet grouting from
the terrain surface.

Technical discussions were permanently held on the side of the
contractor, designer and a team of invited professionals, with the
aim of finding a subsequent excavation procedure preventing the
development of another extraordinary event. The task to ensure the
stability of the excavation and the excavation face irrespective of
the financial demands of the adopted measures became the priority.
All three above-mentioned teams agreed that the ground mass beha-
ved in another way than declared in the competition source docu-
ments. For that reason it was necessary for the subsequent work
progress to carry out a supplementary engineering geological sur-
vey. The EG survey was subsequently carried out at the request of
the contractor, in February 2015.

The objective of the survey was to carry out and assess:

e the boreholes for pressuremeter tests carried out on the centre

line of the southern tunnel tube;

e technological samples of ground mass / rock mass to be taken
for the purpose of the determination of physical properties and
geotechnical parameters;

¢ boreholes with inclinodeformeters installed in them;

e geophysical measurements designed to refine the information
about the geological structure of the ground mass.

The results of the survey were processed in May 2015 (see
Figures 5 and 6). Even though the Palacogene formation is in prin-
ciple not unfavourable for the construction of tunnels, the weathe-
ring process reaching to great depths, the faulted zones and the pre-
sence of groundwater significantly degrade it. In the Zilina tunnel
area all of the three factors significantly contributed to the change
in the ground environment quality. This fact was even confirmed by
the supplementary EG survey.
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Obr. 5 Pozdfiny inZinierskogeologicky profil juZnej tunelovej riry spracovany na zdklade doplnkového prieskumu v roku 2015

Geofos, s.r.o.

Fig. 5 Longitudinal engineering geological profile of the southern tunnel tube processed on the basis of the supplementary survey in 2015

Vysledky doplnkového IG prieskumu poukdzali na zdsadni
zmenu dizok kvazihomogénnych blokov v pozdiinom smere
tunela. Rozdiel v dizkach kvazihomogénnych blokov poskytnu-
tych v sutaznych podkladoch (IG prieskum z roku 2008) a dizok
blokov na zdklade doplnkového prieskumu (r. 2015) je doku-
mentovany v tab. 1. Tabulka popisuje rozdiel zmeny dizok blo-
kov v prvych 245 m zo strany zdpadného portdlu z celkovej
diiky tunela 657 m.

Désledkom silného tektonického porusenia horninového masi-
vu bol aj fakt, Ze sa ilovec, ktory je v podstate nepriepustny,
zmenil na vysoko priepustni horninu. Identifikovat’” miesta
nadmernych pritokov podzemnej vody, pripadne zvodnené
SoSovky sa vSak ani doplnkovym prieskumom nepodarilo.

Geotechnické charakteristiky horninového materidlu sa v jed-
notlivych blokoch zdsadne nezmenili. Jedinou zmenou v kvézi-
homogénnom bloku G1 bolo zniZenie sdidrZnosti , ktord bola
nulova a zniZil sa taktieZ uhol vnitorného trenia. Takéto vysled-
ky potvrdzovalo aj vysypdvanie horniny z ¢elby pred zdvalom.

S prerozdelenim kvadzihomogénnych blokov stvisi taktieZ vplyv
vysky nadlozia v kvdzihomogénnom bloku G1 na vystrojovacie
triedy. Napriek tomu, Ze si geotechnické charakteristiky v celom
bloku rovnaké, vyssie nadloZie si v dosledku vécSieho geostatic-
kého napitia vyZiadalo zmenu/zosilnenie primdrneho ostenia.
Vystrojovacie triedy v G1 boli teda rozdelené do dvoch skupin:

The supplementary EG survey results pointed out the fundamen-
tal change in the lengths of the quasi-homogenous blocks in the lon-
gitudinal direction of the tunnel. The differences in the lengths of
the quasi-homogeneous blocks provided in the competition source
documents (the EG survey carried out in 2008) and the lengths of
the blocks based on the supplementary survey (2015) are documen-
ted in Table 1. The Table describes the difference in the lengths of
the blocks in the initial 245m of the total tunnel excavation length
of 657m carried out from the western portal side.

Another consequence of the heavy tectonic disturbance of the
rock mass was the fact that claystone, which is essentially imper-
meable, converted to a highly permeable ground mass. However,
even the attempt to identify the locations of the excessive ground-
water inflows or water-charged lentils by the supplementary survey
failed.

Geotechnical characteristics of the ground material in the indivi-
dual blocks did not substantially change. The only change in quasi-
homogeneous block G1 was the fact that the cohesion was reduced
(zero cohesion); the angle of internal friction was also reduced.
Such the results were in addition confirmed by falling of ground off
the excavation face prior to the collapse.

The influence of the overburden height in quasi-homogeneous
block G1 on the excavation support classes is also associated with
the redistribution of the quasi-homogenous blocks. Despite the fact

Tab.1 Zmena dizky kvdzihomogénnych blokov v dizke 245 m od zdpadného portdlu
Table 1 Changes in the lengths of quasi-homogeneous blocks within the lenght of 245m from the western portal

kvazihomogénny blok G1 G1-G2 G2 G3
[dizka v m] [dizka v m] [dizka v m] [dizka v m]

quasi-homogeneous block G1 G1-G2 G2 G3
[length in m] [length in m] [length in m] [length in m]

kvazihomogénny blok

(IG p.r|eskum z roku 2008, sutazné podklady) 18 0 100 197

quasi-homogeneous block (EG survey from 2008,

competition source documents)

kvazihomogénny blok 2015

(uprava z vysledkov z geofyziky) 138 77 30 0

quasi-homogeneous block 2015

(modification based on results of geophysics)
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inverzny odporovy model
inverse resistance model

** G1 G1-G2 G2

G2 G3 G2 G2 (G1-G2) G1

VYSVETLIVKY / EXPLANATORY NOTES

* geotechnicky blok (priemet osi tunela 2008) [ 1 ly, hliny flovité clay, clayey soils
|| piescité ily az piesky ilovité sandy clay to clayey sand
ilovité Strky clayey gravel
piescité Strky sandy gravel
"7 lovce claystone

geotechnical block (projection of the tunnel axis 2008)

. geotechnicky blok (Uprava z vysledkov geofyziky 2015) |~
geotechnical block (modification based on results T
of geophysics 2015) EEl

ilovec so zvySenym podielom piescitej alebo
|| vapnitej primesy claystone with increased
proportion of sandy or clayey addition
porusend zona faulted zone
v waw Svahové deformacie, Smykové zony
slope deformations, shear zones

Obr. 6 Pozdiiny inZinierskogeologicky profil severnej tunelovej riiry spracovany na zdklade doplnkového prieskumu v roku 2015

Geofos, s.r. 0.

Fig. 6 Longitudinal engineering geological profile of the northern tunnel tube processed on the basis of the supplementary survey in 2015

 pre vysky nadloZia do 7 m, tak ako bolo uvaZované v pdvod-
nej dokumentacii;

e pre vySku nadlozia od 25 do 30 m, na zdklade vysledkov
doplnkového prieskumu, pre tito oblast'bola doplnena nova
vystrojovacia trieda VT 8, tato trieda je urcend do extrém-
nych zlych podmienok.

Na zdklade skisenosti z priebehu razenia a vysledkov dopln-
kového prieskumu bolo zrejmé, Ze je nutné venovat zvySend
pozornost zaisteniu stability horninového prostredia pred ¢elbou.
Dévodom bola nie len pritomnost’ zvodnenych malo stidrznych
hornin pred celbou, ale taktiez skutocnost, Ze uzatvdranie vyru-
bu v kratkej vzdialenosti za ¢elbou — opatrenie na zabezpecenie
stability ostenia, paradoxne zvySovalo nestabilitu Celby.

Pretoze zdval sa stal v mieste s vySkou nadloZia cca 9 m,
nepreukdzala sa potreba pouzit’ vystrojovacie triedy VT 8. Na
zdklade redlne zastihnutych IG pomerov boli v tomto dseku
modifikované uz existujice VT triedy. A to VT 7/3 a VT 7/4 na
triedy VT 7/5, 7/5 mod 1 a 7/5 mod 2. Modifikdcia spocivala
v nasledujicich krokoch:

* Realizdcii doCasnej protiklenby kaloty. Protiklenba zamed-

zovala vznik nadmernych deformdcii bokov kaloty.

* Zmene kotvenia Celby kaloty, ktoré bolo teraz zabezpecova-
né 70 ks sklolamindtovych kotiev diiky 16 m.

e Vysledky systematického geotechnického monitoringu
naznacovali, Ze neustdle dochddza k sadaniu uz vystrojené-
ho vyrubu. Kvéli zamedzeniu sadania dna tunela sa pristi-
pilo k vertikdlnemu kotveniu dna. Kotvy diiky 40 m
v tomto pripade plnili funkciu pilét. Sadanie uz vystrojené-
ho vyrubu malo taktieZ za pri¢inu vznik pozdiinych trhlin
v urovni kalota — stupen. Pre zamedzenie vzniku pozdii—
nych trhlin bola v drovni kalota — stupen doplnend §mykova
VyStuz.

» Technologicky postup vystavby bol upraveny tak, aby uza-
tvorenie profilu tunela bolo v max. vzdialenosti 12 m od
Celby kaloty.

Takymto spdsobom sa deformdcie primdrneho ostenia podari-
lo postupne stabilizovat. Nadalej vSak ostdvala problematickd
nestabilita celby. T4 bola podporovana stdle sa zvySujicimi pri-
tokmi podzemnej vody.

Nadmerny pritok podzemnej vody v kombindcii s nesidrznou
horninou bol aj pri¢inou dalSieho zdvalu, ktory nastal v novembri

that the geotechnical characteristics are the same throughout the
block, the higher overburden called for a change in the primary
lining design (increasing the thickness) as the consequence of the
higher geostatic stress. For that reason excavation support class G1
was divided into two groups:

e a group for the overburden heights up to 7m, as planned in the
original documentation;

* a group for the overburden heights ranging from 25m to 30m,
on the basis of the results of the supplementary survey; the new
excavation support class EST 8 was added for this area, this
class is designed for extremely poor conditions.

It was obvious on the basis of the experience gained during the
tunnel excavation and the results of the supplementary survey that
it was necessary to pay increased attention to ensuring the ground
environment stability of the face-advance core. The reason lies not
only in the presence of little cohesive ground in advance of the hea-
ding, but also in the fact that closing the excavated opening lining
at a short distance from the excavation face (a measure intended to
ensure the stability of the lining) paradoxically increased the exca-
vation face instability.

Because the excavation collapse happened in a location where the
overburden was 9m high, the need for the excavation support class
ESC 8 was not proved. The already existing ESC classes were modi-
fied on the basis of the actually encountered EG conditions, namely
ESC 7/3 and ESC 7/4 were modified to ESC 7/5, ESC 7/5 mod 1 and
ESC 7/5 mod 2. The modification lay in the following steps:

e The realisation of a top heading temporary infert. The invert
prevented the origination of excessive deformations of side
walls of the top heading.

* A change in the top heading excavation face anchoring system,
which had been ensured by 70 pieces of 16m long glassfibre
reinforced plastic anchors.

e The results of the systematic geotechnical monitoring sug-
gested that the settlement of the excavated opening already
provided with the support continues. Vertical anchors were
installed into the bottom to prevent the sinking of the tunnel
bottom. The 4.0m long anchors fulfilled the function of
piles in this particular case. Sinking of the excavated space
already provided with the support in addition caused the
development of longitudinal cracks at the level of the joint
between the top heading and the bench. Shear reinforcement
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Obr. 7 Zdval, november 2015, vtecenie zvodnelého materidlu do priestoru
tunela, stani¢enie km 0,313

Fig. 7 The collapse, November 2015, flowing of the saturated material into
the tunnel space, chainage km 0.313

2015. Stalo sa tak po vyrazeni 135 m. Vplyvom pradiacej vody
sa nepodarilo zastabilizovat’ ¢iastkovy vyrub v klenbe kaloty.
Doslo k prelomeniu stropu tunela, k jeho vysypaniu a ndsledné-
mu vteceniu zvodnelého materidlu do priestoru tunela (obr. 7).
Prelomeniu stropu tunela predchddzal sdstredeny pritok vody
cca 0,2 I/s z okolia vrtov pre ihly. Vyraznejsi ststredeny pritok
podzemnych vod cez ilovcovy masiv bol pravdepodobne
dosledkom rozvolnenej zény v okoli tektonickej poruchy.
V désledku vyraznejSieho zvetravania doslo k naslednému roz-
volheniu porusenych flovcov, s ¢astym vypaddvanim tlomkov
a tvorbou nadvylomu. Pridovym pdsobenim podzemnej vody
a jej suféznymi ucinkami doslo k ndslednej deStrukcii masivu.
Kombindcia nepriaznivych faktorov ako tektonické porusenie
masivu, zvacSujici sa dosah ucinkov zvetrdvania, degradicia
masivu a zvySenda pritomnost’ podzemnej vody, mala negativny
vplyv na stabilitu vyrubu a bola pri¢inou kolapsu ¢elby tunela.

Zmdhanie zdvalu zastavilo vystavbu severnej tunelovej
riry na dalSie cca 2 mesiace. Zhotovitel' opitovne v spolu-
priaci s projektantom, geolégom a prizvanymi expertmi
v oblasti zlepSovania kvalit horninového prostredia prehod-
notil spdsob vystrojovania. Po zabezpeceni a prekonani
oblasti zdvalu sa pristipilo v razeni severnej tunelovej rary
vo VT 8, ktord bola navrhnutd pre extrémne zloZité inZinier-
skogeologické pomery.

VT 8 sd navrhnuté s upravenou geometriou priecneho rezu
a so zvacsSenou hribkou ostenia z 30 aZ 35 ¢cm na 40 cm,
dizka zdberu sa skratila na 0,6-0,8 m. Velkost’ plochy vyrubu
sa v dosledku zviacsSenia hribky primarneho ostenia zvysila
z pévodnych max. 117 m2 na 119 m2. Vo VT 8 sa pristipilo
k systematickému razeniu pod ochranou mikropilétovym
dézdnikom, systematickému masivnemu kotveniu celby sklo-
lamindtovymi kotvami diiky 16 m (obr. 8) a uzatvdraniu dna
kaloty docasnou protiklenbou (obr. 9). Vrty sa kvoli zastabi-
lizovaniu stien vrtov a Ciastocnému preinjektovaniu okolia
vrtov zadali vitat's cementovym vyplachom. Po viacerych
odbornych diskusidch a skiskach na Celbe tunela sa pristipi-
lo k vysokotlakovym injektdZam mikropilotového ddZdnika
a sklolamindatovych cCelbovych kotiev. Pocet injektovanych
kotiev na celbe sa menil v zdvislosti od aktudlne zastihnutej
situdcie na Celbe. Pre odvodnenie horninového prostredia
pred Zelbou sa zacali vitat' 3 ks odvodiiovacich vrtov dizky
20 m.
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was added at the top heading — bench joint level to prevent
the origination of longitudinal cracks.

e The construction means and methods design was modified so
that the maximum distance of the closed tunnel profile from
the top heading excavation face did not exceed 12m.

In this way the deformations of the primary lining were gradual-
ly successfully stabilised. Nevertheless, the instability of the exca-
vation face remains problematic. It was even aggravated by increa-
sing groundwater inflows.

The excessive groundwater inflow combined with cohesionless
ground was even the cause of the other collapse which happened in
November 2015. It happened after the completion of 135m of the
excavation. An attempt to stabilise a partial overbreak in the vault
of the top heading failed because of flowing groundwater. The tun-
nel roof collapsed, the ground fell down and the saturated material
subsequently flew into the tunnel space (see Fig. 7). The collapse of
the tunnel roof was preceded by a concentrated inflow of water
from the surroundings of the boreholes for spiles at the rate of ca
0.2L/s. A more distinctive inflow of groundwater through the clays-
tone massif probably resulted from the existence of a zone of loose
rock in the neighbourhood of the tectonic disturbance. The more
distinct weathering resulted into subsequent loosening of the dis-
turbed claystone associated with frequent falling off of fragments
and the development of an overbreak. The action of the groundwa-
ter flow and its suffusion effects led to the subsequent destruction
of the massif. The combination of adverse factors, such as the tec-
tonic disturbance of the massif, the increasing reach of weathering
effects, the rock mass degradation and the increased presence of
groundwater, negatively affected the excavation stability and cau-
sed the collapse of the tunnel excavation face.

Removing overbreak debris and rehabilitation of the excavation
suspended the construction of the northern tunnel tube for additio-
nal ca 2 months. The contractor, in collaboration with the designer,
geologist and invited experts in the field of improving rock envi-
ronment quality, repeatedly reassessed the excavation support sys-
tem. After securing and overcoming the collapse area, the excavati-
on for the northern tunnel tube proceeded through ground mass
categorised as ESC 8 class, which was designed for extremely com-
plex engineering geological conditions.

The excavation support classes ESC 8 are designed with the
cross-section geometry modified, the thickness of the lining increa-
sed from 30-35c¢m to 40cm and the excavation round length redu-
ced to 0.6-0.8m. The size of the excavated cross-sectional area inc-
reased due to the increase in the primary lining thickness from the
original maximum of 117m?2 to 119m?2. In ESC 8 ground mass, the
contractor proceeded to systematic excavation under the protection
of canopy tube pre-support, systematic massive anchoring of the
excavation face with 16m long glassfibre reinforced plastic anchors
(see Fig. 8) and closing the top heading bottom with a temporary
invert (see Fig. 9). Cement flush began to be used for drilling with
the aim of stabilising the borehole walls and the partial penetration
of the flush into borehole surroundings. High-pressure grouting to
the canopy tube pre-support and the glassfibre reinforced plastic
face-supporting anchors started to be applied after numerous tech-
nical discussions and tests at the tunnel excavation face. The num-
ber of the grouted face-supporting anchors varied depending on the
situation at the face encountered. The rock environment ahead of
the excavation face started to be drained by drilling 3 pieces of 20m
long drainage boreholes into the advance core.

The above-mentioned stabilisation measures turned out to be effec-
tive. The work on the canopy tube pre-support, the face-supporting
anchors and the high-pressure grouting is carried according to a 9-day
schedule. This fact slows down the progress of the northern tunnel
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Obr. 8 VT 8 — zabezpecenie celby mikropilotovym ddZdnikom a sklolamindto-
vymi kotvami

Fig.8 ESC 8 - securing the excavation face with the canopy tube pre-support
and glassfibre reinforced plastic anchors

Vyssie uvedené zabezpecovacie opatrenia sa ukdzali ako G¢in-
né. Realizdcia mikropilotového ddzdnika a celbovych kotiev aj
s vysokotlakou injektdZou prebieha v ¢asovom harmonograme 9
dni. To vyrazne spomaluje postup razenia severnej tunelovej
riry. Rychlost’razenia vo VT 8 je cca 14 m/mesiac.

V Case pisania prispevku, v jili 2016, je severnd tunelova rira
zo strany zdpadného portdlu vyrazend v dizke cca 200 m, z toho
vo VT 8 je razenych 69 m (pod mikropil6tovym dazdnikom).
Razenie v tejto triede pokracuje dalej.

Zapadny portal — razenie juznej tunelovej rury

S razenim juZnej tunelovej riry sa zaCalo koncom februdra
2015. Pri ndvrhu vystrojenia a postupoch razenia sa zdrocili sku-
senosti zo severnej tunelovej rdry. Po vyrazeni priportdlového
useku diiky 15 m pod mikropilétovym ddzdnikom sa pristipilo
hned k razeniu v modifikovanych triedach VT 7 mod.
Modifikdcia spociva v doplneni docasnej protiklenby kaloty
a s tym aj k prispdsobeniu vzdialenosti uzatvdrania Celby, verti-
kalneho kotvenia dna a sposobu kotvenia Celby sklolaminatovy-
mi kotvami. Na zdklade reinterpretdcie geoldgie zo severnej
tunelovej riry, v kombindcii s narastajicou vyskou nadloZia (cca
20 m), sa automaticky preslo k razeniu vo VT 8§ (obr. 10).
Zhotovitel pri razeni juznej tunelovej riry vyuzil vSetky skise-
nosti z razenia v severnej tunelovej rire a razenie tu prebieha bez
vyraznejSich problémov. Nepriaznivy je vSak pomaly postup
razenia, ktory vSak z technologického hladiska, vzhladom na
kratku dizku zdberu, vitanie a injektdZ mikropilotového dédzdni-
ka a ¢elbovych kotiev, nie je mozné urychlit.

V Case pisania prispevku sa geologické pomery v trase zlepsi-
li, ¢o by mohlo nasvedCovat prechodu do lepsich geologickych
podmienok, ktoré su zadefinované aj v pozdiinom geologickom
profile upravenom doplnkovym prieskumom. Postupné zlepso-
vanie geolégie umoznilo prechod do vystrojovacej triedy VT
7/5.V juznej tunelovej rire je v Case pisania prispevku vyraze-
nych cca 260 m. Rychlost' razenia je zhodnd s razenim v sever-
nej rire, t.j. cca 14 m/mesiac.

V tab. 2 je prehlad dizok vystrojovacich tried, ktoré boli navr-
hované na zaklade sitaznych podkladov a vystrojovacich tried
redlne razenych. Tabulka je spracovand pre tuseky vyrazené
v JTR a STR zo zdpadného portdlu.
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tube excavation. The excavation advance rate in ESC 8 ground mass
is ca 14 metres per month.

At the time of writing this paper, July 2016, the excavation of the
northern tunnel tube from the western portal side has been finished
at the length of ca 200m; the excavation of 69m of that length pas-
sed through ESC 8 ground mass (under the protection of canopy
tube pre-support). The excavation through this class ground mass
continues.

Western portal = the southern tunnel tube excavation

The work on the excavation of the southern tunnel tube started at
the end of February 2015. When designing the excavation support
system and the excavation procedure, the designer capitalised on
the experience gained in the northern tunnel tube. After completing
the 15m long excavation of the tunnel portal section under the pro-
tection of the canopy tube pre-support, the excavation immediately
proceeded through modified classes ESC 7 mod rock mass. The
modification lay in adding a temporary invert in the top heading and
adjusting the distance of closing the top heading profile from the
excavation face, installing vertical anchoring of the bottom and
applying the system of anchoring the excavation face with glassfib-
re reinforced plastic anchors. The excavation procedure was auto-
matically switched over on the basis of the reinterpretation of the
geology encountered in the northern tunnel tube, in combination
with the growing overburden height (ca 20m), to the system desig-
ned for class ESC 8 (see Fig. 10). The contractor applied all the
experience gained from the excavation in the northern tunnel tube
to the excavation of the southern tunnel tube and the excavation
proceeds here without more significant problems. Nevertheless, the
slow advance rate is unfavourable. It however cannot be accelera-
ted from the aspect of technology with respect to the short excava-
tion round lengths and drilling and grouting for the canopy tube pre-
support and face-supporting anchors.

At the time of writing this paper, geological conditions on the
tunnel alignment improved, which fact could indicate transition to
the better geological conditions which are even defined in the lon-
gitudinal geological section modified according to the results of the
supplementary survey. The gradually improving geology allowed
for the transition to excavation support class ESC 7/5. The length of
ca 260m of excavation has been finished in the southern tunnel tube
at the time of writing this paper. The excavation advance rate is
identical with the excavation advance rate in the northern tunnel
tube, i.e. ca 14m per month.

An overview of the excavation support classes which had been
designed on the basis of competition source documents and the
excavation support classes of rock mass driven through in reality is
presented in Table 2. The table is processed for the sections exca-
vated in the STT and NTT from the western portal.

Tunnel excavation from the eastern portal

Because of the fact that the advance rates of the excavation from
the western portal significantly impaired the construction schedule,
the contractor proceeded even to driving the tunnel from the eastern
portal (see Fig. 11). The excavation from the eastern portal com-
menced in the southern tunnel tube and the northern tunnel tube at
the end of February 2015 and February 2016, respectively.

The supplementary EG survey at the eastern portal only mini-
mally affected the change in the lengths of the geotechnical blocks
and the change in excavation support classes. As significant plastic
behaviour of the ground mass as that at the western portal was not
expected. This fact was confirmed during the course of the work.

The initial length of 15m was driven in each tunnel tube under the
protection of canopy tube pre-support. Subsequently the excavation
proceeded through ESC 7 ground mass. The presence of Quaternary
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Obr. 9 VT 8 - ¢lenenie vyrubu tunela s docasnou protiklenbou dna kaloty
Fig. 9 ESC 8 - tunnel excavation sequence comprising the temporary invert
at the top heading bottom

Razenie z vychodného portalu

PretoZe pomalé postupy razenia zo zdpadného portdlu znacne
naru$ili harmonogram stavebnych prdc, pristipil zhotovitel aj
k razeniu z vychodného portdlu (obr. 11). Razit'z vychodného
portdlu sa zaCalo koncom oktébra 2015 v juZnej tunelovej rire
a vo februdri 2016 v severnej tunelovej rure.

Doplnkovy IG prieskum na vychodnom portdli mal len mini-
mélny vplyv na zmenu diiky geotechnickych blokov, ako aj

Obr. 10 VT 8 - realizdcia dna
Fig. 10 ESC 8 - realisation of the bottom

gravel was expected in the top heading crown when driving the tun-
nel from this side. The expectation was confirmed during the cour-
se of the work. For that reason chemical grouting and high-pressu-
re cement grouting was used for strengthening the excavation face
and the ground environment ahead of the excavation face just from
the beginning of excavation. The high-pressure cement grouting
proceeded on the recommendation of the supplementary EG survey.
The excavation face is supported with 23 pieces of 16m long glass-
fibre reinforced plastic anchors. The number of the high-pressure
grouted anchors varies on the basis of the geology encountered, up
to 14 anchors in the top heading vault crown as the minimum. Such
the procedure acquitted itself and the excavation from the eastern
portal has not caused more significant problems.

Tab. 2 Porovnanie dizok navrhovanych a skutocne realizovanych vystrojovacich tried v STR a JTR
Table 2 Comparison of the designed and actually realised lengths of excavation through excavation support classes in the NTT and STT

vystrojovacia trieda STR 200 m JTR 260 m

predpoklad [m] skutocnost [m] predpoklad [m] skutocnost [m]
excavation support NTT 200 m STT 260 m
class assumption [m] reality [m] assumption [m] reality [m]
VT 7 MP ESC 7MP 15,00 15.00 15,60 15.60
VT 5 ESC5 40,00 40.00 40,00 40.00
VT 6/1 ESC 6/1 50,00 50.00 56,00 56.00
VT 6/2 ESC 6/2 47,00 47.00 57,00 57.00
VT 71 ESC 71 27,00 27.00 31,00 31.00
VT 7/2 ESC 7/2 36,00 36.00 1,70 1.70 42,00 42.00
VT 7/3 ESC 7/3 32,40 32.40 19,00 19.00
VT 7/Z1 ESC 7/Z1 8,20 8.20
VT 7/6 ESC 7/6 10,00 10.00
VT 7/5 ESC 7/5 30,00 30.00 58,50 58.50
VT 7/5mod 1 ESC 7/5 mod 1 20,00 20.00 9,10 9.10
VT 7/5 mod 2 ESC mod 2 10,00 10.00 52,20 52.20
VT 8/23 ESC 8/Z3 8,70 8.70
VT 8/Z4 ESC 8/Z4 9,00 9.00
VT 8/9 ESC 8/9 70,00 70.00 42,30 42.30
VT 7/2 mod 1 ESC 7/2 mod 1 23,50 23.50
VT 7/2 mod 2 ESC 7/2 mod 2 24,90 24.90
VT 8/6 ESC 8/6 6,50 6.50
VT 8/7 ESC 8/7 10,40 10.40
VT 8/8 mod 1 ESC 8/8 mod 1 17,00 17.00
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zmenu vystrojovacich tried. Neocakdvalo sa tak vyrazné plastic-
ké chovanie horninového masivu ako na zdpadnom portdli, ¢o sa
aj v priebehu prac potvrdilo.

Prvych 15 m v kazdej rire sa razilo pod ochranou mikropilo-
tového ddzdnika. Nésledne sa pokracovalo vo VT 7. Z tejto stra-
ny sa oCakavala pritomnost’ kvartérnych Strkov v klenbe kaloty,
¢o sa aj pocas razenia potvrdilo. Preto sa hned od zaciatku raze-
nia pouzivala na spevnenie celby a horninového prostredia pred
Celbou chemickd, ako aj cementovd vysokotlakovd injektdz.
K vysokotlakovej cementovej injektdZi sa pristipilo v dosledku
odport¢ani doplnkového IG prieskumu. Celbu zabezpeuje
23 ks sklolaminatovych kotiev diiky 16 m. Pocet vysokotlakovo
injektovanych kotiev sa pohybuje na zdklade zastihnutej geolo-
gie od preinjektovania vSetkych kotiev Celby, po preinjektovanie
min. 14 ks kotiev vo vrchole klenby kaloty. Takyto postup sa
osvedcil a razenie z vychodného portdlu nespdsobuje vyraznej-
Sie problémy.

V juli 2016 je z vychodného portdlu v severnej tunelovej rire
vyrazenych cca 170 m a v juZnej tunelovej rire cca 240 m.
Rychlost’ razenia opit’ spomaluje vysokotlakova injektdz celbo-
vych kotiev, ale vzhladom na to, Ze pocet kotiev je redukovany na
23 ks, postup je rychlejsi ako na zdpadnom portéli. Rychlost'raze-
nia sa pohybuje priemerne 25 m/mesiac v kazdej tunelovej rire.

ZAVER

Tunel Zilina sa vdaka zastihnutej geoldgii zaradil medzi naj-
ndrocnejSie tunelové diela budované na Slovensku. Do preraze-
nia tunela chybalo v jili 2016 v STR 278,5 m, v JTR 157 m.

Priebeh realizovanych prac predstihol obavy, ktoré boli dekla-
rované uz pocas projekénych prac. Prostredie, v ktorom je tunel
razeny, sa ukdzalo ako extrémne ndro¢né. Prekvapivé bolo cho-
vanie flovcového horninového masivu. Napriek tomu, Ze
v dosledku silného zvetrania mal charakter az mékkej plastické
zeminy, s dlhodobo doznievajicimi deformdciami, pre podzem-
nd vodu len mélo priepustnej, mal na celbe charakter nestidrz-
nych zemin, s nulovou stidrznostou, nizkym uhlom vniitorného
trenia a vysokou priepustnostou az so ststredenymi pritokmi
podzemnej vody. Prace v takomto prostredi si vyZaduji opera-
tivny pristup medzi zhotovitelom, projektantom a stavebnym
dozorom. Od zhotovitela je potrebnd taktiezZ vysokd davka sku-
senosti s razenim v mékkych hornindch, ako aj cit pre sledova-
nie a hlavne vyhodnotenie odozvy horninového prostredia na
jednotlivé pracovné operacie, podporené znalostami geoldgie,
geotechniky a dobrej orientdcii v pozadovanych technologic-
kych postupoch. Dékazom toho, Ze zhotovitel vSetky vysSie uve-
dené poZiadavky spiﬁa, je skutocnost, Ze razenie napriek tomu,
Ze sa horninové prostredie vyrazne nezlepSilo, pokracuje bez
dalgich zdvalov, ako aj to, Ze si oba zdvaly nevyZziadali Ziadne
zranenia ani $kodu na strojnom zariadeni.

Na zaver je nutné podotkniit, Ze masivne zabezpecenie profilu
vyrubu a razenie zatial cca tretiny tunela pod ochranou mikropi-
16tovym dazdnikom so zabezpecenim Celby vysokotlakou injek-
tazou je na Slovensku realizované prvykrat. NeStandardny
spOsob razenia sa vSak odrdZa na zvySenych ndkladoch stavby
ako aj na prediiem’ ¢asového harmonogramu razenia.
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Obr. 11 Vychodny portdl tunela Zilina
Fig. 11 Eastern portal of the Zilina tunnel

As of July 2016, 170m of the excavation in the northern tunnel
tube and ca 240m in the southern tunnel tube have been finished
from the eastern portal. The excavation advance rate has again been
reduced due to the high-pressure grouting of face-supporting
anchors. Nevertheless, taking into consideration the fact that the
number of the anchors is reduced to 23, the advance rate is faster
than that at the western portal. The average excavation advance rate
fluctuates about 25m per month in each tunnel tube.

CONCLUSION

Owing to the geology encountered, the Zilina tunnel has ranked
itself among the most difficult tunnel constructions carried out in
Slovakia. In July 2016, 278.5m and 157m were missing to the bre-
akthrough in the NTT and STT, respectively.

The course of the work operations exceeded the fears which had
been declared already during the designing work. The environment
through which the tunnel is being driven turned out to be extreme-
ly demanding. The behaviour of the claystone rock mass was surp-
rising. Despite the fact that, as a result of heavy weathering, it had
the character of up to soft plastic soil with long fading deformati-
ons, only little permeable for groundwater, at the heading. It had the
character of cohesionless soils with zero cohesion, low angle of
internal friction and high permeability with up to concentrated
groundwater inflows. Working in such an environment requires an
operative approach among the contractor, designer and client’s
supervising engineer. The contractor is required to have a high dose
of experience with tunnelling through soft ground and a sense of
observing and first of all assessing the response of ground environ-
ment to individual working operations, supported by the knowled-
ge of geology, geotechnics and good orientation in the required
technological procedures. The fact that the excavation proceeds
without other collapses and that the two collapses claimed neither
injuries nor damage to mechanical equipment.

To conclude, it is necessary to point out that the massive support of
the excavated opening and driving the so far completed ca one third
of the tunnel excavation under the protection of canopy tube pre-sup-
port with the stabilisation of the excavation face by high-pressure
grouting is being realised in Slovakia for the first time. Nevertheless,
the non-standard excavation method reflects itself in increased con-
struction costs and an extended excavation time schedule.
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REALIZACIA SEKUNDARNEHO OSTENIA TUNELA POLANA
REALISATION OF POLANA TUNNEL SECONDARY LINING

VLADIMIR DURSA

ABSTRAKT

Od zaciatku vystavby v roku 2014 s pribiidajiicim ¢asom na stavbe D3 Svrcinovec — Skalité nastal zjavne viditelny pokrok v pro-
cese vystavby, ¢i uZ pre zainteresovanych, alebo aj verejnost, ktord prechddza regionom Kysiic. Tak ako sa dvihali mosty od zalo-
Zenia na pilotach k najvyssim pilierom na Slovensku, tak aj oba tunely Polana a Svrcinovec presli od razenia k findlnej podobe
tunela — sekunddrnemu osteniu. V tomto ¢ldnku sa uvddza samotny postup vystavby tunela Polana, navrhované riesenia, technic-
ké parametre a drobné Specifikd, ako je vinikovd stolna v trase budiicej tunelovej riiry, niidzové zdlivy po oboch strandch vozovky
— v stredne dlhom tuneli. Tunely na trase D3 Svrcéinovec — Skalité si prvé, ktoré sa podarilo vybudovat pocas tuneldrskeho
 boomu“ v Zilinskom regione, kde naraz prebiehala vystavba Siestich tunelov, ¢o malo tieZ vplyv na projektovanie, logistiku a rea-
lizdciu. Tunel je vo fdze dokoncievania stavebnych prdc a montdzZe technologii, aby mohol byt coskoro pripraveny na odovzdanie
a ndsledné spristupnenie pre Siroku verejnost.

ABSTRACT

Visible progress in the construction process became evident with the time growing from the beginning of the work on the
Svréinovec — Skalité section of the D3 motorway project in 2014. It can be seen not only by the interested parties but also by the
public passing through the region of Kysuce. Similarly to the process of raising bridges from the foundation on piles to the tops of
the highest piers in Slovakia, the work on two tunnels, the Polana and the Svréinovec, moved from the excavation to providing the
final look of the tunnels - the final tunnel lining. This paper presents the Polana construction process, the solutions designed, tech-
nical parameters and minor specifics, such as the escape gallery along the alignment of the future tunnel tube, emergency lay-bys
on both sides of the roadway — in the medium-length tunnel. The tunnels on the Svrc¢inovec — Skalité section of the D3 motorway
are the first tunnels which were successfully built during the tunnelling boom in the region of Zilina, where the construction of six
tunnels was simultaneously underway. This fact also influenced the designing, logistic and realisation processes. The tunnel is now
in the phase of completing civil engineering works and installing tunnel equipment so that it can be prepared for handing to the
project owner and subsequent opening to the wide public.

STAVEBNO-TECHNICKE RIESENIE STAVBY PRAVEJ
TUNELOVEJ RURY (PTR) TUNELA POLANA

Cely tunel Polana, ktory ma dizku 898,1 m, je projektova-

STRUCTURAL DESIGN FOR THE CONSTRUCTION
OF THE RIGHT-HAND TUNNEL TUBE (RTT)
OF THE POLANA TUNNEL

The entire 898.1m long Polana tunnel is designed for
motorway traffic, as a temporarily single-tube tunnel for
bidirectional traffic, with an escape gallery and three cross
passages. In the future it will be designed as a twin-tube tun-
nel with separate tunnel tubes, each for one direction of traf-
fic. The second tunnel tube construction is assumed to be
carried out after 40 years, when the traffic carrying capacity
is fulfilled. The escape gallery structure is also designed for
this state.

The tunnel tube technical solution is designed to comply
with the requirement for the minimum service life of 100
years (the secondary lining). It is in addition designed in
a way guaranteeing that the RTT and escape routes will com-
ply with requirements of applicable regulations.

When the dimensions and geometry of the tunnel were
being designed, the designer started from the dimensional
parameters of the 2T — 8.0 category clearance profile tempo-
rarily carrying bidirectional traffic, which is defined in STN
73 7507 Slovak standard “Road tunnel design”.

ny pre dialni¢nd dopravu, doCasne s jednou tunelovou rirou
pre obojsmernt dopravu, tinikovou §t6liou a tromi prie¢nymi
prepojeniami, a aZz v neskorSom obdobi ako tunel s dvomi
tunelovymi rdrami, kazdd pre jeden smer dopravy.
Predpoklad dostavby druhej tunelovej rdry je po naplneni
kapacity dopravy o 40 rokov, na ¢o je svojou konStrukciou
projektovana aj tnikova $tdlna.

Technické rieSenie tunelovej riry je navrhnuté tak, aby
zodpovedalo poziadavke na Zivotnost min. 100 rokov (sekun-
darne ostenie tunela). TaktieZ je navrhnuté tak, aby PTR
a unikové cesty z hladiska bezpecnosti a riadenia prevadzky
zodpovedali poziadavkdm platnych predpisov.

Pri ndvrhu velkosti a tvaru tunela sa vychddzalo z rozme-
rovych parametrov prejazdného prierezu kategérie 2T — 8,0
s doc¢asnou obojsmernou premdvkou, definovaného v STN 73
7507 — Projektovanie cestnych tunelov.

Po zrealizovani primdrneho ostenia a dosiahnuti maximal-
nych rychlosti ndrastu deformdcie (stanovené v TKP 26

Tunely) a po profildcii primarneho ostenia tunela bolo moZzné
zalat’ s realizaciou sekundarneho ostenia tunela. Najprv sa
pristipilo k betondZi zdkladov, ndsledne sa zrealizovalo dre-
ndZne odvodnenie tunela a hydroizoldcia a na zaver samotné
sekunddrne ostenie hornej klenby.

Po dobudovani sekunddrneho ostenia sa prikrocilo
k vystavbe konStrukcii vnitorného vybavenia tunela (vozov-
ka, chodniky, odvodnenie vozovky atd.).

It was possible after completing the primary lining and
reaching the maximum rate of the increase in deformations
(defined in the TKP 26 specifications “Tunnels”) and profi-
ling the primary lining of the tunnel to start to realise the
secondary lining. The concrete foundation was cast first, the
tunnel drainage and the waterproofing system were carried
out subsequently and, finally, the secondary lining of the

upper vault was carried out.
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primarne ostenie (striekany betdn)
primary lining (shotcrete)
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PE or PVC 2mm thick aerial waterproofing
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kablovy kandl cable duct 20% | tlakové potrubie pre pozar-
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drainage of |nlerlmed|ate fiitracny betén porous concrete
waterproofing layer drendz medzilahkej izolécie
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drendz plane PVC DN 150
PVC DN 150 drainage of sub-base

spodnd Klenba betdn STN 206-1 C25/30-XA1, XC3 (SK)
STN 206-1 C25/30-XA1, XC3 (SK) concrete invert

cementobetdvova dvojvrstvové vozovka s podkladnymi vrstvami
double-layer concrete roadway structure with bedding layers

Obr. 1 Vzorovy priecny rez
Fig. 1 Typical cross-section

Po ukonceni hlavnych stavebnych prdac sa predpokladd
zaCatie montdze technologického vybavenia tunela.

ZALOZENIE SEKUNDARNEHO OSTENIA — ZAKLADY

Z povodne uvazovanych typov zaloZenia tunela— zdklado-
vé pdsy na kvalitnom podloZi bez ochrany pévodného vyru-
bu, zdkladové pdsy na ochrannej protiklenbe (prosty betén),
alebo na protiklenbe (Zelezobetén) — sa kvoli neocakdvanym
geologickym podmienkam mohli pouzit’ len posledné dva
typy spodnych klenieb a dplne sa vynechal variant zaloZenia
iba na zdkladovych pdsoch. Ich percentudlne zastipenie
(tab. 1) poukazuje na nestalost geologického prostredia.

Sekundarne ostenie tunela — zdklady — sd navrhnuté
ako zelezobeténové z beténu C25/30-XC3, XAl (SK) — Cl

Tab. 1 Prehlud vystuZenia a mnoZstva betonu spodnej klenby
Table 1 Overview of the amount of reinforcement and concrete for the invert

typ zaloZenia pocet blokov

% zastupenie

Ing. Robert Zwilling, Basler&Hofmann

After the completion of the secondary lining, the work on
the internal tunnel structures (the roadway, walkways, road-
way drainage etc.) commenced.

The installation of technological equipment of the tunnel is
assumed to start after the completion of the civil engineering
operations.

SECONDARY LINING FOUNDATION - FOUNDATIONS

Of the originally discussed tunnel foundation types — conc-
rete footings on good quality sub-grade without the protection
of the original excavation, concrete footings on the unreinfor-
ced concrete protective invert or on the reinforced concrete
invert, only the latter two types of inverted arches could be
used. The variant of foundation on footings was completely

hmotnost
vystuze [t]

teoreticka vymera
betonu [m3]

stupen
vystuzenia [kg/m?]

foundation type number of blocks percentage theoretical amount reinforcement  reinforcement
[%] of concrete [m?] weight [t]  content [kg/m3]
zékladové pésy s ochranou dna 29 29 40,8 40.8 20,7 20.7 1,13 1.13 558585
footings with protection of bottom
pasy s protiklenbou 42 42 59,2 59.2 109,3 109.3 74 7.4 68 68

footings with invert
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0,20-Dmax16-S4. Dizka blokov je navrhnutd max. 12,5 m
pre Standardny profil tunela a profil nidzového zdlivu. Za-
kladové pdsy su tvaru skoseného obdl7nika vySky 0,6 m
a Sirky 1,41 m. V celej dizke tunela si zdklady navrhované
ako vystuzZené. Typ vystuZenia zdvisi na geotechnickych pa-
rametroch jednotlivych kvdzihomogénnych tsekov. Vystuz
neprechddzala do hornej klenby, ¢im vzniklo kibové spojenie
medzi zdkladom a hornou klenbou.

Pasy, resp. protiklenba, su vystuzené ocelovymi sietami
a prutovou vystuzou. Pouzitd ocel je triedy B 500 B na vSet-
ku vystuz sekunddarneho ostenia. Minimadlne krytie vystuze
je 70 mm. Sucastou zdkladovych pdsov je aj ochrana proti
bludnym pridom, ktord bola po celej dizke tunela rozdelend
na tri obvody, a pozostdvala z prevarenia dvoch pritov
vystuze & 20 po celej dlzke zékladového pésu, a v urcitych
miestach bol vyvedeny zemniaci FeZn pasik. Sondy na sle-
dovanie kordzie vystuze si umiestnené v portdlovych blo-
koch a daliie vyvody sd v prieénych prepojeniach tunela
a §tolne.

IZOLACIA A DRENAZNE ODVODNENIE

Odvodnovaci systém ostenia pravej tunelovej rdry bol
navrhnuty a zrealizovany ako otvoreny, kde sa hydroizolacia
realizovala iba v hornej klenbe. Horninovd voda, ktord preni-
kd k vyrubu tunela, sa zachytiva medzilahlym plastom
z ochrannej a drendZnej geotextilie s minimdlnou ploSnou
hmotnostou 900 g/m? a hydroizolatnej PVC f6lie s minimdl-
nou hribkou 2 mm (plus signaliza¢nd vrstva 0,2 mm), umiest-
nenym medzi primarnym a sekunddarnym ostenim. Horninova
voda sa odvddza cez drendznu vrstvu hydroizoldcie do
postrannej drendZze DN 200 mm. Z toho ddvodu sa v tuneli
nerealizovala stredovd kanalizdcia a drendZna voda je gravi-
tane zvedend pred zdpadny portdl tunela.

Ukoncenie hydroizoldcie v prie¢nych prepojeniach bolo
zrealizované za vybeténovanym ziarodkom priecneho
prepojenia, kde nadvidzovala striekand hydroizoldcia na
dizke 10 m. Zvys$na Cast prie¢neho prepojenia ma len pri-
marne ostenie bez izolacie, s ochrannou vrstvou striekané-
ho beténu.

Kanaliza¢né drendZne perforované potrubie PP DN 200,
SN8 s perfordaciou 116° na odvodnenie PTR, je uloZené
v rdmci budovania ostenia na podkladny betén C16/20.
Obetoénovanie bolo vyhotovené az do vysSky perfordcie

fotolphoto Ing Radovan Kusnierik

Obr. 2 Hydroizoldcie tunela Polana
Fig. 2 Polana tunnel waterproofing

abandoned because of encountering unexpected geological
conditions.

C25/30-XC3, XAl (SK) — Cl 0.20-Dmax16-S4 concrete
grade is designed for the secondary tunnel lining — foundati-
ons. The maximum length of the blocks is designed for the
standard tunnel profile and the profile of emergency lay-bys.
The geometry of footings is that of a skewed rectangle 0.6m
high and 1.41m wide. Reinforced concrete is designed for
the footings throughout the tunnel length. The reinforcement
type depends on geotechnical parameters of individual
quasi-homogeneous sections. The reinforcement did not pass
to the upper vault, which fact gave rise to an articulated joint
between the foundation and the upper vault.

The footings and the invert, respectively, are reinforced
with welded mesh and steel bars. All reinforcement of the
secondary lining is from B 500 B steel grade. The minimum
concrete cover on the reinforcement is 70mm. Protection
against corrosion caused by stray current is part of the foun-
dation footings throughout the tunnel length. The system is
divided into three circuits. It comprises welding of two & 20
reinforcing rods together throughout the particular foundati-
on footing length and a FeZn grounding strip is brought to
the footing surface in certain points. Probes for monitoring
the reinforcement corrosion are located in portal blocks and
other outlets are in cross passages and the gallery.

WATERPROOFING AND DRAINAGE

The right-hand tunnel tube drainage was designed and rea-
lised as an open system, where the waterproofing was appli-
ed only to the upper vault. The groundwater which penetra-
tes to the tunnel excavation is caught by an intermediate jac-
ket formed by the protection and drainage geotextile with the
minimum aerial weight of 900g/m? and a waterproofing PVC
membrane 2mm thick as the minimum (plus 0.2mm thick
signalling layer) installed between the primary and seconda-
ry liners. Groundwater is evacuated along the waterproofing
drainage layer to DN 200mm side drainage. For that reason
no central drainage was carried out in the tunnel and draina-
ge water is gravitationally evacuated before the western por-
tal of the tunnel.

The termination of the waterproofing layers in cross pas-
sages was carried out behind a concrete-lined germ of the
cross passage, where the spray-on waterproofing layer follo-
wed along the length of 10m. The remaining part of the cross
passage is provided only with a primary lining without
waterproofing and a protective shotcrete layer.

Perforated drainage tubes PP DN 200, SN8 with the perfo-
ration up to 116° of the circumference, which are used for
draining the RTT, is placed on a C16/20 blinding concrete
layer carried out within the framework of the work on the
lining. The tubes were encased in concrete up to the level of
the perforation and the tube was covered with porous conc-
rete with 16-32mm fraction of grain size and blast-furnace
sulphate cement-based binder.

Perforated drainage pipes PP DN 150 SN8 with 116° per-
foration were placed within the framework of carrying out
the roadway to provide its draining between the lower vault
mass fill concrete and the crushed gravel layer. The pipeline
is padded by a CG 0-32, 0-45 drainage and frost blanket
course, which at the same time forms a part of the roadway



a obsyp potrubia bol medzerovitym beténom frakcie,
16-32 mm so spojivom z vysokopecného siranového
cementu.

Drendzne perforované potrubie PP DN 150 SN8 s perfora-
ciou 116° bolo uloZené v rdmci budovania konStrukcie
vozovky kvdli jej odvodneniu medzi vrstvou vyplnového
beténu spodnej klenby a vrstvou Strkodrvy. Obsyp potrubia je
vyhotoveny drendZnou a protimrazovou vrstvou zo SD 0-32,
0-45, ktord tvori zdroven Cast konStrukcie vozovky. Od-
vodnenie podkladnych vrstiev vozovky bolo vedené v najniz-
Som mieste prie¢neho sklonu vozovky a zaudstené do Cistiace-
ho vyklenku cez zdkladovy pds. Vdaka takémuto rieSeniu sa
odbirali problémy pri realizdcii, kde stredova drendZz obmed-
zuje prejazdnost profilu pocas vystavby, a taktiez aj z pohla-
du prevadzky, kedZe rieSenie bez kanalizdcie a poklopov
v konStrukcii vozovky je menej ndro¢né na ddrzbu a predlzu-
je zivotnost.

DrendzZne potrubie inikovej §tdlne a priecnych prepojeni
odvddza prebytocnd vodu z pldne Stélne a lokdlne priesaky
cez ostenie Unikovej §tolne. Horninovad voda v mieste dna
Stolne je smerovand k stredovej drendZzi, kde sa nachddza
perforované potrubie PVC DN 200, a priblizne kazdych
60 m je umiestnena Cistiaca Sachta. Pripadné priesaky vody
cez ostenie $tolne su zvedené prieCnym sklonom chodnika
k odvodnovaciemu Zliabku Sirky 100 mm umiestnenému
pri lavej strane ostenia a kazdych 30 m zatstené sustrede-
nymi zvodmi do stredovej drendze. Pred oboma portdlmi su
situované horské vpuste, ktoré vodu z drendZneho odvod-
nenia zachytdvaji a ndsledne odvadzajui do kanalizacie dia-
Inice.

BETONAZE HORNEJ KLENBY

Prava tunelova rudra je rozdelend na 12,5 m dlhé bloky bet6-
nované pomocou ocelovej samohybnej hydraulicky ovlada-
nej formy, vratane blokov nidzovych zalivov. Vynimku tvor{
prvy blok na zdpadnom portdli, na hranici razenej a hibenej
Casti tunela, ktory ma dizku 10,6 m. A tie? bloky pred a za
nudzovymi zdlivmi, ktoré maji dizku 6,25 m. Celkovy pocet
blokov sekundarneho ostenia je 75, z toho 4 bloky su v hibe-
nej Casti tunela.

Hribka hornej klenby bezného profilu je min. 300 mm vo
vrchole klenby a smerom k pidtdm sa zvidcsuje. Hribka hornej
klenby nidzového zdlivu je min. 400 mm vo vrchole klenby
a smerom k pdtdm sa zvicSuje.

Okrem typickych prierezov sekunddrneho ostenia sa
v tuneli nachddzajd bloky s vyklenkami:

e CV - distiaci vyklenok;

e ZV — zdruzeny vyklenok (SOS hlaska + hydrant + Cisti-

aca Sachta drenaze);

e zéarodok UC — blok so zarodkom pre priecne prepojenia;

e ostenie tunela je navrhnuté z beténu C30/37- XC4, XD2,

XF4, (SK) — C1 0,20 — Dmax 16 — S4.

Betény boli vyrdbané v mobilnej betondrke, ktord bola
postavend priamo na zariadeni staveniska pred zdpadnym
portdlom. Navrhnuté betény pre hornd klenbu spiﬁali poza-
dované pevnosti a boli odolné voci posypovym soliam a mra-
zuvzdornosti.

Ostenie je vystuZené ocelovymi sietami, pritovou vystuzou
a pomocnymi priechradovymi nosnikmi. Pouzitd ocel je triedy
B 500 B pre vsetku vystuz sekundarneho ostenia. Minimalne
krytie vystuze je 50 mm.
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structure. The drainage of the sub-base was placed in the
lowest point of the roadway cross slope and was connected
to the drainage-cleaning niche through the strip footings.
Thanks to such the solution, problems during the course of
the realisation, where the central drainage would have
restricted the passability for vehicles, and problems associa-
ted with the maintenance and durability, where the solution
without the central drainage and manhole covers is less
demanding, were eliminated.

The drainage pipelines in the escape gallery and cross pas-
sages evacuate excessive water from the gallery sub-grade
and points of local seepage through the escape gallery lining.
Groundwater found in the location of the gallery bottom is
directed toward the central drain, where there is the perfora-
ted PVC pipeline DN 200 laid and inspection shafts are loca-
ted approximately at 60m spacing. Contingent leaks of water
through the gallery lining are directed by the walkway cross-
fall to a 100mm wide drainage trough located on the left side
of the lining, which is connected to the central drainage
through collection pipes every 30m. Mountain gullies col-
lecting the water from the drainage system and evacuating it
to the motorway drainage are located in front of both portals.

UPPER CONCRETE VAULT CASTING

The right-hand tunnel tube is divided into 12.5m long cas-
ting blocks. Concrete is cast using hydraulically controlled
steel travelling formwork, even in the cases of the blocks in
emergency lay-bys. The initial 10.6m long block at the wes-
tern portal at the contact between the mined part and the cut-
and-cover part constitutes an exception. The blocks before
and behind the emergency lay-bys are also exceptional. They
are 6.25m long. The total number of the secondary lining
blocks amounts to 75. Four blocks of that number are in the
cut-and-cover part of the tunnel.

The minimum thickness of the common-profile upper
vault in the crown is 300mm. The thickness increases in the
direction of the footings. The minimum thickness of the
upper vault of an emergency lay-by is 400mm and it increa-
ses in the direction of the footings.

In addition to typical secondary lining cross-sections there
are the following blocks with niches in the tunnel:

e CV — drainage cleaning niche;

e ZV — combined niche (SOS phone + hydrant + drainage

inspection manhole);

e UC germ — block with a cross passage germ;

e concrete grade C30/37- XC4, XD2, XF4, (SK) — C1 0,20

— Dmax 16 — S4 is designed for the tunnel lining.

Concrete was produced in a mobile mixing plant, which
was installed directly on the construction site in front of the
western portal. The concrete designed for the upper vault
met the required strength requirements and was resistant to
road salts and frost.

The lining is reinforced with welded mesh, reinforcement
bars and auxiliary lattice girders. Steel grade B 500 B is used
for all reinforcement of the secondary lining. The minimum
concrete cover for reinforcement is 50mm.

The realisation of the secondary tunnel lining started only
after the stabilisation of the primary lining convergences in
the meaning of the TKP 26 specification “Tunnels”. The con-
struction tolerance for the linings is + 30 mm.
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Sekundérne ostenie tunela sa zacalo realizovat’ aZ po usta-
leni konvergencii primdrneho ostenia v zmysle TKP 26
Tunely. Stavebna tolerancia ostenia je + 30 mm.

Po ukonceni prace na hydroizolacii daného bloku a vyko-
nani potrebnych skisok na tesnosti zvarov sa mohlo pristui-
pit' k uloZeniu betondrskej vystuZe. To prebichalo z armo-
vacej ploSiny, ktord mala dizku ako samotny blok 12,5 m.
Najprv sa ulozila prvé vrstva sieti, ktoré mali atypické roz-
mery a presahy na koncoch. Medzi prvu a druht vrstvu sieti
sa montovali priechradové obliky, ktoré pozostavali z pia-
tich dielov a vzdjomne sa spdjali pomocou lanovych spo-
jok. V standardnom bloku bolo umiestenych 9 ks priehra-
dovych oblikov o hmotnosti 0,29 t v osovej vzdialenosti
1,35 m. Druh4d vrstva sieti bola taktiez atypickd a kopirova-
la pozadovany tvar oblika hornej klenby. Zlozitost’ geolo-
gického prostredia mala vplyv aj na to, Ze tunel musel byt
vystuzeny v celej dizke a ndsledne sa naprojektovali vari-
antné typy vystuze, kde dochddzalo k zmene poctu prilozi-
ek. Celkova hmotnost’ vystuze hornej klenby v razenej Casti
je priblizné 797 t ocele.

Samotné betondz prebiehala pomocou ocelovej samohyb-
nej hydraulicky ovlddanej formy. Prace spojené s betondzou
prebiehali iba v dennej smene a Casovo vychddzala betonaz
raz za 48 hodin. Oddebnovanie bolo technologickym postu-
pom stanovené po dosiahnuti hodnoty pevnosti 10-12 MPa
po priblizne 10 hodindch. Nésledne sa pristipilo k ocisteniu
formy, presunu do dalSieho bloku, osadeniu do sprdvnej
polohy za asistencie geodeta a zadebneniu Celnej stienky. Pri
osadzovani sa muselo dbat aj na spravnu polohu ,,zuba®,
ktory je po oboch strandch v spodnej Casti a slizi na osade-
nie zdkrytovych dosiek chodnika. Betén bol tlaceny do roz-
vodov formy pomocou stabilného beténového Cerpadla, kde
bezproblémové dodavky z vlastnej staveniskovej betondrky
zaruCili obmedzenie vzniku vyraznejSich lokdlnych beténo-
vych hniezd.

Dal3im zaujimavym faktorom sa ukdzali aj nedoznené kon-
vergencie a nadvylomy primarneho ostenia, ktoré sa prejavi-
li najmid v dvode betondZe a priemernd hodnota spotreby
beténu nad teoretickd hodnotu sa pohybovala cca 52 m? bet6-
nu na jeden blok ostenia. Teoretickd vymera beténu na
12,5 m dlhy blok bola 92,5 m?.

Tab. 2 Prehlad vystuZenia a mnozZstva betonu hornej klenby

fotolphoto Ing Radovan Kusnierik
Obr. 3 VyztuZ sekunddrneho ostenia pravej tunelovej riiry
Fig. 3 RTT secondary lining reinforcement

After finishing the installation of the waterproofing system
on a particular block and conducting required testing of
welds it was possible to proceed to placing the concrete rein-
forcement. Reinforcement was placed from a travelling scaf-
fold with the length of 12.5m identical with the length of the
block. In the first step the first layer of welded mesh was
installed. The mesh had atypical dimensions and overlaps at
the ends. Lattice girders were installed between the first and
second layer of mesh. They consisted of five segments con-
nected with each other by means of rope couplers. There
were nine 0.29t lattice girders spaced at 1.35m in a standard
block. The second layer of mesh was also atypical and it
copied the required geometry of the upper vault. The com-
plexness of the geological environment in addition influen-
ced the tunnel reinforcement. The tunnel had to be provided
with reinforcement throughout its length. Reinforcement
variants where the number of splice bars varied were desig-
ned subsequently. The total weight of the steel reinforcement
of the upper vault in the mined part of the tunnel amounts
approximately to 797t.

Table 2 Overview of the amount of reinforcement and concrete for the upper vault

typ hornej klenby pocet blokov % zastupenie teoreticka priemerna hmotnost stupen vystu-
vymera beténu [m°] vymera beténu [m®]  vystuze [t] Zenia [kg/m®]
upper vault type number of blocks percentage theoretical volume  average volume reinforc. reinfforc.
[%] of concrete [m°] of concrete [m°] weight [t]  content [kg/m?]
lahko vystuzeny blok 27 38,0 92,5 9,47 102
slightly reinforced block 27 38.0 92.5 9.47 102
stredne vystuzeny blok 28 39,4 92,5 126,17 11,02 119
medium reinforced block 28 39.4 92.5 126.17 11.02 119
tazsie vystuzeny blok 8 11,3 92,5 134,53 11,91 129
heavier reinforced block 8 11.3 92.5 134.53 11.91 129
lahko vystuzeny zéliv 3 42 133,66 13,27 99
slightly reinforced lay-by 3 4.2 133.66 13.27 99
tazsie vystuzeny zaliv 5 7,1 133,66 160,64 17,16 128
heavier reinforced lay-by 5 7.1 133.66 160.64 17.16 128
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Obr. 4 Roztvorenie formy v beZnom profile a v zdlive
Fig. 4 Unfolding of the formwork in a common profile and in a lay-by

Medzi ndrocnejSie Casti vystavby sekunddrneho ostenia
patrila aj betondZ nidzovych zalivov. Podla zaddvacich pod-
mienok bolo pozadované kvdli obojsmernej premavke, aby
bol nddzovy zéliv po oboch strandch tunela. Prvotné rieSenie
s jednym obojstrannym zdlivom sa pre velké geotechnické
riziko vyplyvajice z prili§ velkého profilu ¢elby prehodnoti-
lo na vybudovanie dvoch jednostrannych zdlivov. Tie sa
nachddzaji v mieste priecnych prepojeni v osovej vzdiale-
nosti 250 m a kraje zalivu k portdlom tunela st vo vzdiale-
nosti 373 m na zdpade a 211 m na vychode.

Casovy faktor dodrzania zmluvnych terminov doniitil zho-
tovitela na realizdciu nidzovych zdlivov pouZit dalsiu ocelo-
vi formu, kde sa nezdvisle mohlo pokracovat' v betondzi bez-
ného profilu. Tento problém sa podarilo vyrieSit' zmontova-
nim ocelovej samohybnej hydraulicky ovlddanej formy, ktora
bola schopnd prejst’ beznym profilom v transportnom stave,
a v nddzovom zdlive sa dostat’ z osi bezného profilu do osi
nudzového zalivu, roztvorit'sa, a pripravit' na betondz. Tento
zlozity dkon sa musel zopakovat’ eSte dvakrat, aby sa podari-
lo zabeténovat’ vsetkych 8 blokov nidzovych zalivov.

Sucastou tunela Polana je aj unikova $t6lna, kde sekundar-
na ochrana nie je tvorend monolitickym beténom, ale iba sta-
vebnou upravou zo strieckaného beténu. PretoZe tnikova
§télna je navrhnutd ako docasnd konStrukcia so Zivotnostou

Ing. Peter Fekete

Concrete was cast by means of hydraulically controlled
travelling steel formwork. Work operations associated with
the casting of concrete were carried out during day shifts. As
far as time is concerned, the concrete casting operations
were repeated once in 48 hours. The formwork stripping was
permitted by the method statement after the strength value
10-12MPa, 10 hours.
Subsequently the formwork was cleaned, moved to the next

reached approximately after
block and set to the correct position with the assistance of
a surveyor; a stop end was fixed to it. During the formwork
installation it was necessary to take care of the correct posi-
tion of the “dent”, which is on both sides in the bottom part
and is used for the installation of the walkway covering
slabs. Concrete was pressed to the formwork distribution
system by means of a stable concrete pump, where smooth
supplies of concrete from an on-site mixing plant guaranteed
the limitation of the origination of more significant local
concrete honeycombed areas.

Another interesting factor appeared in the form of linge-
ring primary lining convergences and overbreaks, which
manifested themselves mainly at the beginning of casting
concrete and the average consumption of concrete exceeding
the theoretical value fluctuated about 52m3 per one lining
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fotolphoto Peter Dini¢
Obr. 5 Definitivne ostenie zo striekaného beténu — tinikovd $toliia
Fig. 5 Shotcrete final lining — escape gallery

min. 40 rokov, je navrhnutd ochrannd a zosilnujica vrstva
primédrneho ostenia zo striekaného beténu C25/30 hrubky
100 mm s rozptylenou nekovovou vystuZou. Tdto vrstva
bude sluzit’ tiez na zlepSenie statickej tnosnosti prierezu
Stolne. Nekovovd vystuz je tvorend plastovymi makrovlak-
nami z polypropylénu (PP) s tahovou pevnostou min.
500 MPa.

STAVEBNO-TECHNICKE RIESENIE HLBENYCH CAST(

Technické rieSenie hibenej Casti pravej tunelovej rary je
navrhnuté tak, aby zodpovedalo poZiadavke na Zivotnost min.
100 rokov. Technické rieSenie hibenej Casti Unikovej $tdlne je
navrhnuté tak, aby zodpovedalo poziadavke docasnej konst-
rukcie navrhnutej na Zivotnost' min. 40 rokov.

Ostenie tunela je navrhnuté ako monolitické, Zelezobetono-
vé, s hriabkou ostenia min. 0,4 m, ktora sa smerom k zakla-
dovej doske zvicSuje. Zdkladova doska je hribky minimdalne
0,72 m. Portdlové bloky na zdpadnej aj vychodnej strane su
rovnakej diiky 18,75 m, blok susediaci s razenou ¢astou ma
8,75 m, a ivodny blok je diiky 10 m. Rozdielne je vyhotove-
nie Cela portdlovych blokov, kde na zdpadnom portali je celo
zrezané v klenbe so sklonom 1:1 a vychodny portdl ma celo
kolmé, ¢o umoznilo dodrzat hranicu trvalého zdberu nad por-
tdlom.

Horna klenba je navrhnutd z beténu triedy C30/37-XF4,
XC3, XD1(SK). Zdkladova doska je navrhnutd z beténu trie-
dy C25/30-XA1, XC3(SK). Podkladovy betén bude triedy
C12/15 - XO.

Bloky st vystuzené iba pritovou vystuZou. Pouzitd ocel je
triedy B 500 B. Minimdlne krytie vystuze zo strany vniitra
tunela je 50 mm. Pred betondZou portdlového bloku bolo
potrebné vlozit'do ostenia zdmok zvodidla, aby mohli zvodidla
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block. The theoretical amount of concrete for the 12.5m long
block was 92.5m?3.

Casting of the concrete secondary lining in emergency lay-
bys also belonged among the more demanding parts of the
construction. According to the tender conditions the lay-bys
were to be carried out on both sides of the tunnel because of
the bidirectional traffic. The initial solution with one double-
sided lay-by was reassessed with respect to the high risk fol-
lowing from the too large profile of the excavated face and
was changed to two one-sided lay-bys. The lay-bys are loca-
ted at the cross passages at axial spacing of 250m and the
distances of the lay-by edges from western and eastern tun-
nel portals are 373m and 211m, respectively.

The time factor associated with the obligation to adhere to
the contract forced the contractor to use additional steel
formwork for the realisation of the lay-bys so that the casting
of concrete in common profiles could independently conti-
nue. This problem was successfully solved by assembling
hydraulically controlled steel travelling formwork, which
was capable of passing through the common profile in the
transport condition and getting from the common profile axis
to the axis of the emergency lay-by, expanding there and get-
ting prepared for the concrete casting operation. This com-
plicated action had to be repeated twice more so that all 8
emergency lay-by blocks could be cast.

The escape gallery where the secondary support is provi-
ded only by shotcrete instead of cast-in-situ concrete is also
part of the Polana tunnel. Because of the fact that the escape
gallery is designed as a temporary structure with the mini-
mum service life of 40 years, a 100mm thick protective and
reinforcing primary lining layer from C25/30-grade non-
metallic fibre reinforced shotcrete is designed. This layer
will in addition provide improved structural load-bearing
capacity of the gallery cross-section. The non-metallic rein-
forcement is formed by plastic polypropylene macro-fibres
with the minimum tensile strength of S00MPa.

STRUCTURAL DESIGN FOR CONSTRUCTION
OF CUT-AND-COVER PARTS

The technical solution to the cut-and-cover part of the
right-hand tunnel tube is proposed in a way allowing for
meeting the requirement for the minimum service life of 100
years. The technical solution to the escape gallery is propo-
sed in a way allowing for meeting the requirement for the
minimum service life of a temporary structure, i.e. 40 years.

The tunnel lining is designed as a cast-in-situ reinforced
concrete structure with the minimum thickness of 0.4m inc-
reasing in the direction of the base slab. The base slab is
0.72m thick as the minimum. The lengths of the portal
blocks on the western and eastern sides are identical,
18.75m. The block adjoining the mined section is 8.75m
long, while the initial block is 10m long. The solutions to the
front ends of the portal blocks are different. At the western
portal the front end is cut at the vault, slanting at 1:1, whilst
the front end of the eastern portal is perpendicular. This solu-
tion allowed for keeping to the border of the permanent land
acquisition above the portal.

C30/37-XF4, XC3, XD1(SK) concrete grade is designed
for the upper vault, whilst C25/30-XA1. XC3(SK) concrete
grade is designed for the base slab. C12/15 — X0 concrete

grade will be used for blinding concrete.
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ako zachytné bezpeCnostné zariadenia pokraCovat' z vy- The blocks are reinforced only with reinforcing bars. B
dstenia tunela na samotnu trasu dialnice. 500 B grade steel is used. The minimum concrete cover from

Bloky boli beténované na vychodnom portdli pomocou the side of the tunnel interior is 50mm. It was necessary
vnitorného posuvného (ocelovej formy) a vonkaj$ieho deb- before casting the concrete portal block to insert a crash bar-

rier lock into the lining so that the crash barriers as the safe-
ty means of restraint can continue from the tunnel mouth to

nenia. Zapadny portdl sa beténoval pomocou systémového

debnenia a vonkajSieho debnenia. Styk blokov hibeného
the motorway route.

At the eastern portal, the concrete blocks were cast using
internal travelling formwork (steel one) and external form-
work. A forming system and external formwork were used at
the western portal. The contact between the upper vault of

tunela v mieste hornej klenby je navrhnuty ako dilata¢nd
Skara. Tiez styk hornej klenby medzi blokom hibenej a raze-
nej Casti tunela je navrhnuty ako dilata¢na Skdra. Do dilatac-
nej skdry bol vlozeny extrudovany polystyrén hriabky 20 mm,

mikroporézny povrazec priemeru 30 mm a nehorlavy trvale | (e cut-and-cover tunnel block and the mined block is desig-

pruzny tmel na baze polyuretanu. ned as an expansion joint. Extruded polystyrene 20mm thick,
Ostenie S$t6lne je navrhnuté ako rdmova konStrukcia a microporous rope 30mm in diameter and a polyurethane-

z monolitického Zelezobeténu. Rozdelenie blokov je: jeden based non-flammable, permanently elastic sealant were

blok dizky 8,9 m (I1L) na zdpadnom portdli a 3 bloky na | inserted into the joint,

vychodnom portéli. Diiky blokov sd 2x10 m (2L a 3L) The gallery lining is designed as a cast-in-situ reinforced

a 5218 m (4L). Hornd doska m4 premennd hribku 0,35 — concrete frame. The division of the blocks is as follows: one

8.9m long block (1L) at the western portal and 3 blocks at
the eastern portal. The blocks are 2x10m (2L and 3L) res-
pectively 5.218m (4L) long. The thickness of the upper slab
varies from 0.35 to 0.40m. The walls are 0.35m thick. The
whole structure is founded on a 0.7m thick base slab.

0,40 m. Steny su hribky 0,35 m. Cela konStrukcia je zaloZe-
nd na zdkladovej doske hribky 0,7 m.

ZAVER
V auguste 2016, presne po roku ako sa zacalo s betondZou
zdkladovych pdsov, bol tunel Polana po stavebnej Casti tak- CONCLUSION

mer hotovy. Zrealizovalo sa sekunddrne ostenie, vratane In August 2016, exactly one year after the beginning of
drendZneho odvodnenia, vyhotovila sa CB vozovka, ktorej casting the concrete footings, the civil engineering part of
predchddzalo uloZenie obrubnikov a Strbinovych ZTlabov, the Polana tunnel was nearly completed. The secondary
a tak vSetko bolo pripravené na dokoncovacie priace a mon- lining including the drainage system was finished, the conc-
td7 technoldgii. Aby vietky tieto &innosti boli dokongené | rete roadway was completed with the kerbs and slotted drain
v zmluvnych terminoch, bolo potrebné vynaloZit znainé pipes placed in advance. It means that everything was prepa-

red for finishing work operations and the installation of the
tunnel equipment. It was necessary to make considerable
efforts to coordinate the work operations, technical services
and professional expertise of interested workers to finish all
of these activities on the contractual schedule. The loss of
time due to worsened geological conditions encountered
during the tunnel excavation was even transferred to the rea-

dsilie na koordindciu prac, technické zabezpecenie a profe-
sijni odbornost zainteresovanych pracovnikov. Casova stra-
ta zo zhorSenych geologickych podmienok pocas raziacich
priac sa preniesla aj na realizdciu sekunddrneho ostenia
a zhotovitel’ musel hladat' moznosti ako sa s tym vyrovnat.
RieSenim sa ukdzala prdca na troch pracoviskdch stcasne.

Na zdpadnom portéli sa beténovali hlbené Casti systémo- lisation of the secondary lining and the contractor had to
vym debnenim, v nidzovom zélive sa pracovalo pomocou | seek options for coping with it. Working simultaneously at
Specidlne upravenej ocelovej formy a v beznom profile three workplaces turned out to be the solution. The cut-and-
pokracCovali betondZe, aby mohla byt ocelovd samohybna cover concrete parts at the western portal were cast using
forma k dispozicii na dokoncenie blokov hibenej Casti na a forming system; specially modified steel formwork was
vychodnom portdli. Aj takéto opatrenia dopomohli k tomu, used in the emergency lay-by. The concrete casting operati-

ons continued in the common profile so that the steel travel-
ling formwork could be available for the completion of the
blocks in the cut-and-cover part at the eastern portal. Even
those measures helped the tunnel construction to be prepared
in time to pass the final testing after the completion of the
tunnel equipment installation and be available for the use
within the framework of the D3 motorway.

aby bol tunel vcas pripraveny po zmontovani technoldgie
prejst’ funkénymi skdskami a byt k dispozicii pre uzivanie
v ramci dialnice D3.

Ing. VLADIMIR lV)URﬁA, dursa@doprastav.sk,
Doprastav, a.s., Zilina plant
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NAJDLHSI SLOVENSKY TUNEL VISNOVE VO VYSTAVBE
THE LONGEST SLOVAK TUNNEL, VISNOVE, UNDER CONSTRUCTION

MILOSLAV FRANKOVSKY, PETR MITRENGA

ABSTRAKT

Tunel Visiiové je siicastou dialnicného tiseku D1 Lietavskd Liicka — Visiiové — Dubnd Skala s celkovou dizkou 13,5 km, vedeného juzZne
od krajského mesta Zilina. Tunel dlzky priblizne 7,5 km je budovany v plnom profile s dvomi tunelovymi riirami. Prdce na jeho vystav-
be zacali v roku 2014, pricom sa ich ukoncenie predpokladd na konci roku 2019.V siicasnosti prebiehajii prdce na razent tunela v oboch
tunelovych riirach od oboch portdlov. Ak v§etko pdjde podla predpokladov, v roku 2020 sa tunel Visniové stane najdlhsim slovenskym dia-
[nicnym tunelom v prevddzke, cim prevezme tento primdt od tunela Branisko.

ABSTRACT

The Visnové tunnel is part of the 13.5km long Lietavskd Liicka — Visnové — Dubnd Skala section of the DI motorway, running in the
south of the seat of the region Zilina. The approximately 7.5km long tunnel is being excavated full-face with two tunnel tubes. The con-
struction work commenced in 2014 and the completion is expected at the end of 2019. Currently the work on the tunnel excavation pro-
ceeds from both portals in both tunnel tubes. If all goes according to assumptions in 2020, the Visiové tunnel will become the longest
Slovak motorway tunnel in operation. It will take over this primacy from the Branisko tunnel.

ovob

Histéria projektovej pripravy a vystavby dialni¢ného tune-
la Visnové zacala pred priblizne dvomi dekddami. Podla
zaverecného stanoviska Ministerstva Zivotného prostredia SR
vydaného v roku 1997 v rdmci procesu EIA bol pre dalsiu pri-
pravu dialnice D1 v tseku Visnové — Martin odporuceny
tunelovy subvariant T1 s tunelom ViSnové diiky 7,7 km.
V nasledovnom obdobi bola spracovand dokumentdcia pre
tizemné rozhodnutie a v rokoch 1998 az 2002 sa vykonal
podrobny inZinierskogeologicky prieskum pomocou razenia
prieskumnej §tolne v celej dizke tunela. Podla dokumentécie
na dzemné rozhodnutie mal mat tunel jednu tunelovid riru

sliziacu obojsmernej premavke a prieskumna $télna mala byt

vyuzitd ako unikovd, podobne ako to bolo realizované
v prvom slovenskom dialni¢nom tuneli Branisko. Po prehod-
noteni dopravnych prognéz bolo rieSenie zmenené na tunel
s dvomi rdrami s jednosmernou premavkou, ¢im boli splnené
poziadavky eurdpskej smernice ¢. 2004/54 o minimélnych
poziadavkach na bezpeénost cestnych tunelov. Na toto riese-
nie bolo v roku 2009 vydané stavebné povolenie. Dialni¢ny
usek s tunelom bol v tomto obdobi stucastou tzv. 3. balika
projektov verejno-stikromného partnerstva (PPP projektov).
Po pred¢asnom ukonceni PPP projektov v roku 2010 bolo uz
v nasledujicom roku 2011 zacaté verejné obstardvanie na
vystavbu tohto dialni¢ného useku, ktoré bolo po velmi kom-
plikovanom priebehu ukoncené podpisanim zmluvy s vybra-
nym uchddzacom v roku 2014.

ZAKLADNE UDAIJE

Tunel Visnové je sdicastou dialni¢ného useku D1 Lietavska
Licka — Visiiové — Dubn4 Skala s celkovou dizkou 13,5 km,
vedeného juzne od krajského mesta Zilina (obr. 1). Tunel
diiky priblizne 7.5 km je budovany v plnom profile s dvomi
tunelovymi rdrami. Investorom stavby je Narodnd dialhi¢nd
spolo¢nost, zhotovitefom stavby je taliansko-slovenské zdru-
Zenie Salini Impregilo — Diha. Financovanie stavby je zabez-
pecené kombindciou fondov Eurépskej tnie a Stdtneho roz-
poctu Slovenskej republiky. Ako zmluvné podmienky na
vystavbu boli pouZité podmienky tzv. Zltej knihy medzina-
rodnej federdcie konzulta¢nych inzinierov FIDIC, kde je

INTRODUCTION

The history of the design preparation and construction of the
Visnové motorway tunnel commenced approximately two deca-
des ago. According to the final opinion of the Ministry of
Environment of the SR issued in 1997 within the EIA process,
the sub-variant T1 with the 7.7km long Visnové tunnel was
recommended for the subsequent preparation of the motorway in
the Visnové — Martin section. In the following period the design
documentation for issuance of zoning and planning decision was
carried out and, in 1998 through to 2002, the detailed enginee-
ring geological survey was carried out using an exploratory gal-
lery driven throughout the tunnel length. According to the design
documentation for issuance of zoning and planning decision, the
tunnel was to have one tunnel tube to be used for unidirectional
traffic, and the exploration gallery was to be used as an escape
gallery, similarly to the solution realised on the first Slovak
motorway tunnel Branisko. After reassessing the traffic progno-
ses, the solution was changed to the tunnel with two tubes carry-
ing unidirectional traffic. In this way, requirements of the
European Directive No. 2004/54 on minimum safety require-
ments for road tunnels were met. The construction permit for this
solution was issued in 2009. The motorway section containing
the tunnel was at that time part of the so-called 3rd package of
the Public — Private Partnership projects (PPP projects). After the
premature termination of the PPP projects in 2010, the public
procurement proceeding commenced just in the next year 2011.
It was completed in 2014, after a very complicated course, by
signing the contract with the winning bidder.

BASIC DATA

The Visnové tunnel is part of the Lietavskd Lucka — Visnové —
Dubnd Skala section of the D1 motorway with the total length of
13.5km, running in the south of the regional seat of Zilina (see
Fig. 1). The approximately 7.5km long tunnel is being built full-
face, with two tunnel tubes. The project owner is Narodna dia-
Ihi¢na spolo¢nost’ (the National Motorway Company), the con-
tractor is a consortium formed by companies Salini Impregilo
and Duha a. s. Project funding is ensured by a combination of
European Union funds and the budget of the Slovak Republic.
The contract conditions of the Yellow Book of the FIDIC, the
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Obr. 1 Situdcia tseku dialhice s tunelom Visiiové, v pravej Casti cesta 1/18 cez Stre¢niansku tiesnavu
Fig. 1 Layout of the motorway section containing the Vi§tiové tunnel; the 1/18 road through the Stre¢no Gorge on the right side

pouzitou metdda ,,Naprojektuj a postav®, pri ktorej je zhoto- international federation of consultation engineers, were used,
vitel zodpovedny aj za projektové prace a technické rieSenie. where the “Design and Build method was applied, where the
Zmluvnym partnerom zhotovitela pre projektovi dokumen- contractor is responsible also for designing and the technical
taciu tunela je zdruZenie tvorené slovenskym Terraprojektom solution. Contractor’s contract partner for the tunnel design is
a talianskymi spolo¢nostami Rocksoil a Ferro Ingegneria. a consortium consisting of Slovak Terraprojekt and Italian com-

, , anies Rocksoil and Ferro Ingegneria.
Zakladné parametre tunela: P e

$irkovéa kategoria tunela podla STN 73 7507: 2T 7,5/100 Basic tunnel parameters:
druh tunela podia dizky: dlhy tunel tunnel width category according to STN 73 7507: 2T 7.5/100
dizka tunela: 7 503,1 m (severna tunelova rira) tunnel type by length: long tunnel
7 537,1 m (juzné tunelova rira) tunnel length: 7,503.1m (northern tunnel tube)
$irka vozovky medzi obrubnikmi: 7,5m cerb o ke road i 7,537.1m (southern tunnel tub7e)5
vyékg prejazdného prierezu: ) 4,80 m cgara%c:rprc:?iﬁe n’:éx{' ‘ 4 8 02
pozdizny sklon: 2,29 % (vo vacsine dizky tunela) — B L
sp6sob prevadzky: jednosmernéa longitudinal gradient: 2.29% (alotnhg t?enrr:walulorrl]ty”c])f
vetranie: pozdizne s bodovym odsavanim traffic system: € Lljni d?re(?tic?na)l
nayth Xa rychlosf:’ , 100 km/n ventilation: longitudinal with point extraction
najvy$sia dovolena rychlost: 100 km/h design speed: 100km/h
dopravné prognc?za 2025: 37 949 voz/24 h maximum permissible speed: 100km/h
dopravna prognoza 2035: 47973 voz/24 h traffic volume prognosis 2025: 37,949 vehicles per 24h
traffic volume prognosis 2035: 47,973 vehicles per 24h

GEOLOGICKE POMERY
Tunel Vi$nové sa nachddza na dzemi pohoria Mald Fatra. GEOLOGICAL CONDITIONS

Mald Fatra je 55 km dlhé horské pasmo v severozdpadnej The Visnové tunnel is located in the area of the Little Fatra.

Casti Slovenska, rozprestierajiice sa na juhovychod od Ziliny The Little Fatra is a 55km long mountain range in the north-wes-
v linii hlavného oblika Zdpadnych Karpét. Hlavny hreben tern part of Slovakia, spreading southeast of Zilina in the line of
smeruje od juhozdpadu na severovychod. Stred horského the main Western Carpathian arc. The main crest heads from the
pdsma je rozdeleny korytom rieky Véh. Na tomto mieste southwest to the northeast. In the middle, the mountain range is
vytvorila rieka 12 km dlhé uzke tdolie zndime pod menom | divided by the Véh river bed. In this location the river created
Stre¢nianska tiesnava. Nadmorskd vySka horského pdsma na a 12km long valley known under the name of Stre¢no Gorge.
projektovanej trase tunela sa pohybuje v rozmedzi od 800 do The altitude of the mountain range on the tunnel design align-
1300 m. ment varies from 800m to 1300m a.s.l.
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Geologické podmienky na trase tunela boli overené pries-
kumnou §t6liou razenou v rokoch 1998 a7z 2002 v celej dizke
tunela. Stolia sa razila dvomi rozdielnymi metédami, pri¢om
razenie prebiehalo sicasne od obidvoch portdlov. Od zapad-
ného portdlu v dizke 3,12 km konven¢nou metédou vrtno-
trhacim prdcami a vystrojovanim podla principov Novej
rakiskej tunelovacej metddy, kym od vychodného portdlu
v dizke 4,36 km v kruhovom profile metédou strojného raze-
nia s pouzitim plnoprofilového tunelovacieho stroja s prie-
merom vrtnej hlavy 3,5 m.

Na zéklade vykonanych prieskumnych prac bolo konstato-
vané, Ze horninovy masiv je budovany tymito formdaciami:

 flySovou formdciou zastipenou {lovcovym komplexom
centrdlno-karpatského paleogénu;

 pieskovcovo-slienovcovo-vdpencovou formaciou kom-
plexu vrchného triasu a spodnej jury;

e véapencovo-dolomitickou formdciou, zastipenou kom-
plexom triasovych karbonatickych hornin kriznanského
prikrovu Malej Fatry v zdpadnej Casti trasy tunela;

* spodnou terigénnou formdciou spodného triasu obalovej,
malofatranskej jednotky;

e formdciou variskych granitoidov, ktord je reprezentova-
nd jadrom Malej Fatry.

Vyraznym prvkom pri razeni $tdlne bola pritomnost’ pod-
zemnej vody v pomerne znacnych mnozstvach. Po prerdzke
$tolne celkové mnozstvo vytekajicej vody na vychodnom
portdli predstavovalo 150-220 I/s.

Ocakavalo sa, Ze podmienky pri razeni tunelovej riry budud
ovplyvnené zmenami hydrogeologickych podmienok.
NajsilnejSie pritoky vody v tunelovej rire sa predpokladaji
v z6ne karbondtovych hornin. Trvaly pritok vody sa tieZ
predpokladd na kontakte mezozoika a poruchového pdsma
medzi mezozoikom a kryStalinikom. Pocita sa, Ze v zavislos-
ti od intenzity atmosferickych zrdZok pdjde o pritok v rozsa-
hu 20 az 100 I/s. V dseku krystalinika sa oCakdvaju vydatné
pritoky v tunelovej rure v jednotlivych usekoch v rozsahu
nad 10 az 20 I/s.

TECHNICKE RIESENIE TUNELA

Dokumentdcia na stavebné povolenie pre tunel spracovand
v roku 2008 nebola pre uchddzacov vo verejnej sitazi zaviz-
nd. Vzhladom na vyvoj technickych predpisov, ale aj ndzorov
na jednotlivé prvky technického rieSenia tunela, boli poZia-
davky objednavatela formulované pomerne volne a poskyto-
vali uchddzacom priestor na optimalizdciu ndvrhov a hlada-
nie technicky aj ekonomicky vyvazenych rieSeni. Takzvané
predbezné technické rieSenie tunela bolo spracované a pred-
kladané uchadzacmi v sttazi, pricom muselo spiﬁat’ poZia-
davky objedndvatela formulované v sitaznych podkladoch.
Nesplnenie poziadaviek objedndvatela mohlo mat za nésle-
dok vylidcenie uchadzaca zo sttaze.

Po podpisani zmluvy projektant zhotovitela rozpracovédval
predbezné technické rieSenie do jednotlivych stupnov projek-
tovej dokumentacie, ktorymi si formular technického postde-
nia, dokumentdcia na zmenu stavby pred dokoncenim (zmena
stavebného povolenia) a dokumenticia na realizdciu stavby.
Medzi zmluvné povinnosti zhotovitela a jeho projektanta patri
aj zabezpecenie zmien prislusnych stavebnych povoleni.
Prieskumna §t6liia, smerové a vyskové vedenie
tunelovych rur

Ako uZ bolo uvedené, v profile juZnej tunelovej riry bola
vybudovand prieskumnd $t6lna, ktord mala neskor sldzit’ ako

TuHel

Geological conditions along the tunnel alignment were verifi-
ed by an exploratory gallery driven throughout the length from
1998 to 2002. The gallery was driven from both portals, using
two different methods. From the western portal it was driven at
the length of 3.12km using the drill-and-blast conventional met-
hod and the excavation support according to the New Austrian
Tunnelling Method principles, whilst from the eastern portal it
was driven at the length of 4.36km full-face. The circular cross-
section was driven using a TBM with the cutterhead diameter of
3.5m.

It was stated on the basis of the completed survey that the rock
massif is formed by the following formations:

e a flysh formation represented by a Central Palaeogene

claystone complex;

e a sand-marlite-limestone formation of the Upper Triassic

and Lower Jurassic period;

 a limestone-dolomite formation represented by a complex

of Triassic carbonate rock types of the Kriznany overthrust
sheet of the Little Fatra range in the western part of the tun-
nel alignment;

e a lower terrigenous formation of the Lower Triassic period

of the Little Fatra envelope unit;

* a formation of Variscan granitoids, which is represented by

the Little Fatra core.

The presence of groundwater in relatively large amounts was
a distinct element encountered during the work on the gallery.
After the gallery breakthrough the total amount of water flowing
from the eastern portal reached 150-220L/s.

It was expected that the conditions during the excavation of
the tunnel tube would be influenced by changes in the hydroge-
ological conditions. The strongest water inflows in the tunnel
tube are anticipated to be in the carbonate rock zone. A perma-
nent water inflow is in addition expected on contact between the
Mesozoic formation and the fault zone between the Mesozoic
and crystalline complexes. It is expected that the inflow rate will
range from 20 to 100L/s, depending on the intensity of precipi-
tation. Plentiful inflows are expected in the crystalline complex
section in individual sections of the tunnel tube, ranging over 10
to 20L/s.

TECHNICAL SOLUTION TO THE TUNNEL

The documentation for building permit for the tunnel prepared
in 2008 were not binding for bidders in the public procurement
proceedings. With respect to the development of technical regu-
lations, but also opinions on particular elements of the technical
solution to the tunnel, project owner’s requirements were for-
mulated relatively freely and gave the bidders a space for opti-
mising their proposals and seeking technically and an economi-
cally balanced solution. The so-called preliminary technical
solution to the tunnel was prepared and submitted by the bidders
in the competition, whilst it had to meet the project owner’s
requirements formulated in the tender documents. A failure in
meeting project owner’s requirements could have resulted into
the exclusion of the bidder from the competition.

After signing the contract, the contractor’s designer processed
the preliminary technical solution into particular design stages,
namely the technical approval form, documents for changes in
the project prior to the completion (change of the building per-
mit) and the detailed design. The contractual obligations of the
contractor and his designer even contain securing relevant con-

struction permits.




Obr. 2 Zdpadny portdl tunela
Fig. 2 Western portal of the tunnel

unikova chodba. Prehodnotenie dopravnej prognézy zmenilo
koncepciu vystavby tunela na tunel s dvomi rdrami s jedno-
smernou premavkou. V dokumentacii na stavebné povolenie
z roku 2008 sa predpokladalo, Ze juznd tunelova rdra bude
razend v profile existujicej prieskumnej $tdlne a tato bude
vystavbou tunela zlikvidovand v celom rozsahu.

Pocas pripravnych prdc PPP projektu bol vybudovany
zdpadny portdl tunela Visnové (obr. 2). V ramci pripravy na
razenie bola koncesiondrom preStudovand a potvrdend moz-
nost’ zachovania $tdlne a jej vyuzitia na ucely odvodnenia
masivu. S touto myslienkou sa neskor stotoznila aj Ndarodna
dialni¢nd spolo¢nost. V poziadavkiach objednavatela ako
stcasti sutaznych podkladov z roku 2011 bola uvedena for-
muldcia o zachovani prieskumnej §télne a jej vyuziti na ucely
odvodnenia horninového masivu pocas razenia tunelovych
rir ako aj poc¢as prevadzky tunela.

Vzhladom na tito poziadavku bolo nevyhnutné upravit
smerové aj vySkové vedenie oboch tunelovych rir v dseku
medzi portdlmi tunela tak, aby v prevaznej Casti diiky tunela
bola §tdlna situovand pribliZzne v strede medzi rdrami a zdro-
ven vySkovo pod troviiou tunelovych rdr (obr. 3). V oboch
priportalovych dsekoch bolo potrebné vybudovat nové krat-
ke useky $tolne, nakolko tdto je Ciastocne zlikvidovana raze-
nim juZnej tunelovej rury (obr. 4).

Vetranie

Vzhladom na dizku tunela je hlavnym prvkom urcujicim
stavebné usporiadanie tunela koncepcia jeho prevadzkového
aj nidzového vetrania. V dokumentdcii pre stavebné povole-
nie bolo predpokladané prie¢ne vetranie tunelovych rdr so
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Exploratory gallery, horizontal and vertical
alignments of tunnel tubes

As we have already mentioned, an exploratory gallery planned
to be later used as an escape gallery was carried out within the
southern tunnel tube profile. The fact of reconsidering the traffic
prognosis changed the tunnel construction concept to a twin-
tube tunnel carrying unidirectional traffic. It was assumed in the
final design from 2008 that the southern tunnel tube would be
driven by expanding the profile of the existing exploratory gal-
lery and the gallery would be completely liquidated by the tun-
nel construction.

The western portal of the Vi$nové tunnel was constructed
during the course of the preparatory work operations on the PPP
project (see Fig. 2). During the preparation for the tunnel exca-
vation, the concessionaire studied and confirmed the possibility
of preserving the gallery and using it for the purposes of draining
the rock mass. The National Motorway Company later identifi-
ed itself with this idea. A formulation about preserving the
exploratory gallery and using it for draining the rock mass
during the course of the excavation of the tunnel tubes and in the
course of the tunnel operation was contained in project owner’s
requirements, which were part of the tender documents from
2011.

With respect to this requirement it was unavoidable to modify
the horizontal and vertical alignments of both tunnel tubes in the
section between the tunnel portals so that the gallery was situa-
ted approximately in the middle between the tunnel tubes and, at
the same time, was under the level of the tubes in the major part
of the tunnel length (see Fig. 3). It was necessary to excavate
new short sections of the gallery in both portal sections because
the gallery was partly liquidated by the excavation of the sout-
hern tunnel tube (see Fig. 4).

Ventilation

With respect to the tunnel length, the main element determi-
ning the structural arrangements of the tunnel is the concept of
its operating and emergency ventilation. A transverse ventilation
system with ventilation ducts for both the supply and extraction
of air above the road space was assumed in the final design.

The valid version of the TP 12/2011 specifications applicable
to the ventilation design allows taking into account the concept
of longitudinal ventilation or longitudinal ventilation with point
extraction of smoke and combustion products even for tunnels
longer than 3km with small risk of congestion. A proposal for
the ventilation had to be prepared and submitted by each com-
petitor as a part of the preliminary technical solution to the tun-
nel which was part of their competition tenders.

severnd tunelova rira northern tunnel tube

juznd tunelova rdra southern tunnel tube
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Obr. 3 Upravend poloha §télne voci tunelovym riram spolu s rieSenim odvddzania horninovych vod
Fig. 3 Modified location of the gallery relative to the tunnel tubes together with the solution to the evacuation of groundwater
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Obr. 4 Novy iisek odvodiiovacej $tolne pri zdpadnom portdli tunela
Fig. 4 The new section of the drainage gallery at the western portal of the tunnel

vzduchotechnickymi kandlmi na privod aj odvod vzduchu
nad dopravnym priestorom.

Platné znenie predpisu pre ndvrh vetrania TP 12/2011
umoznuje aj pre tunely diiky nad 3 km s malym rizikom kon-
gescie uvazovat’ koncept pozdiineho vetrania, pripadne
pozdiineho vetrania s bodovym odsdvanim dymu a splodin
poziaru. V sitaznych podkladoch bola objednavatelom pred-
pisand koncepcia pozdiineho vetrania s bodovym odsdvanim
so vzdialenostou bodov odsdvania maximalne 3 km. Navrh
vetrania musel kazdy uchddzaé spracovat’ a predlozit’ ako
sucast’ predbezného technického rieSenia tunela, ktoré bolo
sucastou ponuky uchdadzacov.

Navrhnutd koncepcia vetrania tunela Visnové v plnej miere
dodrZiava uvedené poziadavky. Prvy odsdvaci bod je tvoreny
vetracou Sachtou umiestnenou vo vzdialenosti cca 1,8 km od
zapadného portdlu. Odsdvacie ventildtory pre tento bod budi
umiestnené v budove nad Sachtou. Druhy odsdvaci dsek
diiky cca 2,8 km je situovany pri vychodnom portdli tunela
a je tvoreny vetracim kandlom v hornej Casti prierezu tunela
s odsdvacimi klapkami v medzistrope kazdych 100 m.
Odsdvacie ventildtory pre tento tusek budd umiestnené
v budove na vychodnom portdli. Okrem odsdvacich axidl-
nych ventildtorov budu v tuneli inStalované aj priddové venti-
latory, ktoré budud zabezpeéovat’pozdiine vetranie po¢as nor-
malnej prevadzky a okrem toho budd vyuZzité pri riadeni
pozdiineho pridenia v tuneli pocas nidzovej situdcie.
Razenie a vystrojenie tunela

Pre tunel Visnové nebola v sitaznych podkladoch defino-
vand zavizna technoldgia razenia. Okrem konvencného raze-
nia s vrtno-trhacim rozpojovanim bola v sttaznych podkla-
doch explicitne uvedend aj moznost’ vystavby kontinudlnou
metédou za pouzitia tunelovacieho stroja TBM. Vzhladom
na prevddzkové podmienky a Specifikd dialni¢ného tunela
bolo pozadované aj pre tito metédu dvojvrstvové ostenie
s medzilahlou izoldciou. Tuto moznost nevyuzil ani jeden
z uchddzacov v sutazi.

Na rozdiel od obvykle vyuZivanej Novej rakiskej tunelo-
vacej metddy, ktord bola predpokladand v dokumentdcii na
stavebné povolenie, zhotovitel stavby navrhol vyuzitie kon-
vencnej metdédy vystavby podla principov ADECO-RS.

The concept proposed for the Visnové tunnel ventilation sys-
tem fully complies with the above-mentioned requirements.
The first extraction point is formed by a ventilation shaft loca-
ted at the distance of 1.8km from the western portal. The
exhaust fans designed for this point will be located in a buil-
ding above the shaft. The second extraction section, about
2.8km long, is located at the eastern portal of the tunnel. It is
formed by a ventilation duct in the upper part of the tunnel
cross-section, with suction outlets (dampers) installed in the
intermediate deck every 100m. The suction fans designed for
this section will be located in a building at the eastern portal.
In addition to the suction fans, there will also be jet fans instal-
led in the tunnel. They will provide longitudinal ventilation
during normal tunnel operation and, in addition, will be used in
controlling the longitudinal flow of air during emergency situ-
ations.

Tunnel excavation and excavation support

The binding excavation technology for the Visnové tunnel
excavation was not defined in the competition documents.
Apart from a conventional method with the application of the
drill-and-blast technique, even the possibility of the applicati-
on of a continual construction method using a tunnel boring
machine, TBM, was permitted. With respect to the operating
conditions and specifics of a motorway tunnel, a double-shell
lining with an intermediate waterproofing layer was required
even for this method. This possibility was not used by either of
the candidates in the tender.

In contrast with the usually used New Austrian Tunnelling
Method which was expected in the building permit design, the
contractor proposed the use of the conventional method accor-
ding to the ADECO-RS principles. Salini Impregilo, the largest
Italian construction company, is the leader of the consortium.
It has had long and large experience with the application of this
tunnelling method.

When we speak about the basic concept of the ADECO-RS
design approach, we mean full-face conventional tunnelling
where the main feature of the design is focusing mainly on the
deformational response of the ground mass in relation to the
effects of the tunnel excavation activities. The deformational
response is analysed and predicted using various tools (in-situ




Obr. 5 Konsolidacéné opatrenia v Celbe tunela vo vystrojovacej triede B0/3
Fig. 5 Consolidation measures at the tunnel heading through excavation
support class B0/3

.....

spolo¢nost’ Salini Impregilo, ktora ma s aplikdciou tejto tune-
larskej metédy bohaté a dlhoro¢né skisenosti.

Ak hovorime o zdkladnej koncepcii navrhového pristupu
ADECO-RS, mdme na mysli plnoprofilové konvencné raze-
nie, kde hlavnou ¢rtou ndvrhu je zameranie predovsetkym na
deformacni odozvu masivu vo vztahu k t¢inkom raziacich
prac. Deformacnd odozva je analyzovand a prognézovand za
pouZzitia r6znych ndstrojov (testov in situ, laboratérnych sku-
Sok, matematickych modelov a pod.) a potom je riadend
pomocou vhodnych stabilizaénych opatreni. Na rozdiel od
tradi¢nych pristupov, ktoré berd do dvahy prevazne deforma-
ciu za Celbou, pri pristupe ADECO-RS sa velmi starostlivo
skima deformacénd odozva masivu uz od jej vzniku pred cel-
bou. V dbsledku tohto sa riadi odozva deformdcie predovset-
kym pred celbou, za pouzitia roznych zaistovacich opatren{
aplikovanych v predstihu z ¢elby tunela (obr. 5).
Sekundarne ostenie a stavebné bezpednostné prvky

V nadvéznosti na rieSenie vetrania uvedené v predoSlom
odstavci je navrhnuty prie¢ny rez tunela odliSny v tdseku
diiky cca 4,7 km od zdpadného portdlu, kde je tunel bez
medzistropu a v useku cca 2,8 km od vychodného portdlu,
kde je vytvoreny vetraci kandl nad medzistropom (obr. 6).
Sekunddrne ostenie tunela je navrhnuté v prevaznej dizke
ako nevystuzené, resp. len s lokdlnou vystuZou, napr. so sie-
tovou vystuzou v strope tunela ako opatrenim voci pozdii—
nym trhlindm. VystuZené sekunddrne ostenie je navrhnuté
v usekoch s hor§imi geotechnickymi podmienkami, a tieZ
v miestach napojenia priecnych prepojeni. Bloky sekundar-
neho ostenia majui pravidelni dizku 12 m. Hribka hornej
klenby ostenia je 30 cm, okrem vystrojovacich tried B2, kde
je navrhnutd zvicSend hribka 50 cm a B2V, kde je hribka
premenlivd vzhladom na razenie tunelovej riry pod ochranou
mikropilétového ddzdnika s koénicky rozSirenym tvarom
vyrubu.

V kazdej tunelovej rire bude situovanych 10 nidzovych
zélivov so vzdjomnou vzdialenostou max. 750 m (obr. 7).
V mieste zdlivov ako aj medzi nimi bude umiestnenych 29
prieCnych prepojeni vo vzdjomnej vzdialenosti spravidla
250 m. Okrem funkcie priechodnych prepojeni a prepojeni
pre zdsahové jednotky bude Cast prepojeni slizit’ aj na umie-
stnenie technologickych zariadeni. Po pravej strane v smere
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and laboratory tests, mathematical models etc.) and subsequ-
ently is controlled by means of appropriate stabilisation measu-
res. In contrast with traditional approaches, taking into conside-
ration mainly the deformation behind the excavation face, the
ground mass deformational response is carefully examined as
early as its origination ahead of the excavation face in the case
of the ADECO-RS approach. As a result, the deformational res-
ponse is controlled first of all in advance of the tunnel face,
using various stabilisation measures applied in advance of the
tunnel excavation face (see Fig. 5).

Secondary lining and structural safety elements

Following the solution to the ventilation described in the pre-
ceding paragraph, the proposed tunnel cross-section design is
completely different in a approximately 4.7km long section
behind the western portal, where the tunnel without the inter-
mediate deck is designed, and a section stretching approxima-
tely 2.8km from the eastern portal, where the ventilation duct
is created above the intermediate deck (see Fig. 6). The major
part of the secondary lining length is designed as an unreinfor-
ced concrete structure, only with local reinforcement, for
example welded mesh in the tunnel roof as a measure against
longitudinal cracking. Reinforced concrete secondary lining is
designed for sections with worse geotechnical conditions and
for locations of the connections of cross passages. The secon-
dary lining blocks are regularly 12m long. The upper vault of
the lining is 30cm thick, with the exception of excavation sup-
port classes B2, where increased thickness of 50cm is desig-
ned, and B2V, where the thickness is variable with respect to
the tunnel tube excavation under the protection of micropilote
umbrella with conically expanded excavation geometry.

Each tunnel tube will have 10 emergency lay-bys spaced at
750m as the maximum (see Fig. 7). There will be 29 cross pas-
sages in the locations of the emergency lay-bys and between
them. Their spacing will usually be 250m. In addition to the
function of connections passable for pedestrians and connecti-
ons for emergency services, a part of the cross passages will be
even used for the installation of technological equipment.
Combined niches for emergency call stations, SOS cabins and
fire hydrants are designed to be on the right-hand side in the
direction of travel.

The drainage gallery will not be used as an escape route; the
vertical connection with the cross passages will be realised
only in selected locations to allow for quick access to the gal-
lery for the needs of operating and maintenance teams.

CURRENT CONSTRUCTION CONDITION

Driving the tunnel tubes

The tunnel excavation operations commenced in April 2015
by driving the northern tunnel tube from the western portal.
The work on the initial sections of the northern tunnel tube
continued to be carried out using the New Austrian Tunnelling
Method, whilst the material and mechanical resources allowed
the contractor to switch to the ADECO-RS tunnelling method.
The work using the ADECO-RS method started in August 2015.
It gradually started in the following four months from both por-
tals at four faces in the tunnel tubes and at two faces in the dra-
inage gallery, which means 6 working places in total. As of the
end of August 2016, the excavation of over Skm of tunnel tubes
had been finished, with ca 2.4km completed from the western
portal (1284m and 1142m respectively in the northern and sout-
hern tunnel tube) and ca 2.6km from the eastern portal (1432m
and 1201m respectively in the northern and southern tunnel
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Obr. 6 Vzorové priecne rezy tunela Visniové, vlavo v tiseku bez medzistropu, vpravo tisek s medzistropom
Fig. 6 Standard cross-sections through the Vistiové tunnel, without the intermediate deck on the left side, with the intermediate deck on the right side

jazdy st navrhnuté zdruzené vyklenky nidzového volania
s SOS kabinami a hydrantmi poZziarneho vodovodu.

Odvodnovacia $tdlna nebude vyuZivana ako unikova cesta,
vertikdlne spojenie s prie¢nymi prepojeniami bude realizova-
né len vo vybranych miestach z dovodu umoZnenia rychleho
pristupu do $tdlne pre potreby prevadzky a ddrzby.

SUCASNY STAV VYSTAVBY

Razenie tunelovych rar

Raziace préace zacali v aprili 2015 razenim severnej tunelo-
vej riry od zdpadného portdlu. Prace na prvych usekoch
severnej tunelovej rdry boli eSte vykondvané Novou rakds-
kou tunelovacou metédou, kym materidlové a strojné zabez-
peCenie umoZnilo zhotovitelovi prejst na metodu razenia
ADECO-RS. Od augusta 2015 uz zacali pridce metdédou
ADECO-RS a v nasledovnych mesiacoch postupne nabieha-
1i na Styroch celbach tunelovych rir od oboch portédlov ako aj
na dvoch Celbdach odvodnovacej §tdlne, spolu teda na 6 pra-
coviskdch. Na konci augusta 2016 je spolu vyrazenych viac
ako 5 km tunelovych rir, pricom cca 2,4 km je vyrazenych
od zdpadného portédlu (1284 m v severnej a 1142 m v juZnej
tunelovej rire) a cca 2,6 km od vychodného portédlu (1432 m

tube). It means that nearly 10km of tunnel tubes in total still
remain to be driven.

The so far encountered geological conditions can be included
in several units or formations. In the initial part 105m long from
the western portal, where the excavation still proceeded accor-
ding to the New Austrian Tunnelling Method principles, there
were conditions formed by Palacogene rock types of the flysh
zone. In the following section between chainages m 105 and
240, it was a Mesozoic complex formed by dark-grey clayey
limestone and marly shales. From the chainage m of approxima-
tely 240 the massif is formed by the Kriznany overthrust rock
types, dolomitic limestone, quartzose sandstone, claystone and
marlite. Similar conditions are expected up to chainage m app-
roximately 1350, where the transition to a crystalline complex
formed by granitoids and mylonites is anticipated. As expected,
mostly biotite granitoids (Fig. 9) were encountered from the eas-
tern portal (Fig. 8).

The application of excavation support classes proceeds in
compliance with the rules contained in the manual which is part
of the means and methods design. The ground mass along the
route of the tunnel tubes is divided into 7 geotechnical types,
which were assigned characteristic properties (see Fig. 10).
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vetracia Sachta = typ rezu 1 - Standartny profil bez medzistropu section type 1 - section without ceiling
ventilation shaft
== typ rezu 1a - nldzovy zliv bez medzistropu section type 1a — lay-by without ceiling
=3 typ rezu 2 - Standartny profil s medzistropom  section type 2 — section with ceiling
=

typ rezu 2a — nudzovy zdliv s medzistropom section type 2a - lay-by with ceiling

Obr. 7 Schéma tunela Visiiové s roznymi typmi priecnych rezov
Fig. 7 Visniové tunnel schema with various types of cross-sections
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Obr. 8 Vychodny portdl tunela
Fig. 8 Eastern portal of the tunnel

v severnej a 1201 m v juZnej tunelovej rure). Znamena to, Ze
zostdva eSte vyrazit'v sucte takmer 10 km tunelovych rur.

Doposial' zastihnuté geotechnické podmienky je moZzZné
zahrnit' do niekolkych celkov, resp. formdcii. V ivodnej Casti
diiky 105 m od zdpadného portdlu, kde razenie eSte prebie-
halo podla zdsad Novej rakiiskej tunelovacej metddy, to boli
podmienky paleogénnych hornin fly§ového pasma. V dalsom
useku medzi stani¢enim 105 az 240 m to bol komplex mezo-
zoika tvoreny tmavosSedymi ilovitymi vdpencami a slienitymi
bridlicami. Od stanicenia priblizne 240 m je masiv tvoreny
horninami krizinanského prikrovu, dolomitickymi védpenca-
mi, kremitymi pieskovcami, {lovcami a slienovcami.
Obdobné podmienky sa ocakdvaji az do stanicenia pribliZne
1350 m, kde sa predpoklada prechod do krystalinika tvorené-
ho granitoidmi a mylonitmi. Od vychodného portédlu (obr.8)
boli v silade s predpokladmi zastihnuté najma biotitické gra-
nitoidy (obr.9).

Aplikdcia vystrojovacich tried prebieha v silade s pravi-
dlami uvedenymi v prirucke, ktord je sicastou dokumentacie
na realizdciu prac. Horninovy masiv v trase tunelovych rir je
rozdeleny do 7 geotechnickych typov, ktorym boli priradené
charakteristické vlastnosti (obr. 10).

Geologicka dokumenticia a vyhodnocovanie horninovych
podmienok v kaZdom zdbere patria medzi hlavné podklady
pre stanovenie stability ¢elby. Stabilita sa opisuje ako A — sta-
bilna (lokdlne Struktirne opaddvanie z Celby); B — docasne
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Obr. 9 Razenie profilu nidzového zdlivu v hornindch krystalinika od vychod-
ného portdlu

Fig. 9 Excavation of the emergency lay-by profile through crystalline rock
complex from the eastern portal

Geological documentation and assessment of ground conditi-
ons for each advance step belong among the main source docu-
ments for the determination of the excavation face stability. The
stability is described as A — stable (local structural flaking from
the face); B — temporarily stable (unfavourable dipping of lay-
ers, clay filling); C instable (weathered fragments in clay filling,
excavation face extrusion). A condition for the face assessment
is that the QTS and RMR values (Tesar, 1989; Bienawski, 1989)
have to be determined following tunnel classification principles.
The assessment and proposals for excavation support classes are
further regularly presented at contractor’s progress meetings and
the next excavation progress is updated with respect to the
results of geotechnical monitoring with an outlook for a ca 10m
long front zone.

The excavation design divides the excavation support into
three groups according to the excavation stability, namely the A-
group of classes — (excavation support classes AO/1,A0/2,Al/1,
A1/2) for geotechnical types G1-G4; the B-group of classes —
(excavation support classes BO/1, B0/2, B0/3, BOV/1, BOV/2)
for G4-G5 and the C-group of classes — (excavation support
classes B2, B2/V) for G6a and G6b. Variability of the applicati-
on (minimum and maximum) differing in the excavation round
length and the quantity of the means of excavation support, e.g.
rock bolts, is defined for each class. The extent of the elements
for the excavation support class BO2 is presented as an example
in Table 1.

section (Tesar, 1989) (Bieniawski, 1989) (kN/m?) (kPa) (°) (/) (MPa) (MPa) (MPa)
1 > 84 81=100 271 1000 60 013 | 10000 | 5000 120
2 68 = 84 61= 80 271 900 60 015 | 4400 | 2200 100
3 54 = 68 41+ 60 27,1 800 54 017 | 2500 | 1200 80
4 40 = 54+ 212140 2,9 600 45 019 | 1700 | 750 ()
5 ~ 40 =20 28 400 40 021 1000 | 400 50
6a > 84 <20 24 20 B | 0% | e 2 2 | POt
6 <40 <20 28 100 30 025 500 200 40 poruchove 20ny

Obr. 10 Rozdelenie masivu do geotechnickych typov
Fig. 10 Ground mass division into geotechnical types
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Obr. 11 Vystrojovacia trieda B0/2
Fig. 11 Excavation support class B0/2

stabilnd (nepriaznivé uklonenie vrstiev, flové vyplne); C —
nestabilnd (zvetrané fragmenty v ilovej vyplni, extrizie
Celby). Podmienkou pre vyhodnotenie je stanovenie hodnoty
QTS a RMR podla zdsad tunelovych klasifikacii (Tesar, 1989;
Bienawski, 1989). Hodnotenie a ndvrhy vystrojovacich tried
sd dalej pravidelne predkladané na vyrobnych poradédch zho-
tovitela a s ohladom na vysledky geotechnického monitorin-
gu je aktualizovany dal§i postup razenia s vyhladom na cca
10 m dlhé predpolie Celby.

Projekt razenia rozdeluje vystrojenie do troch skupin tried
podla stability vyrubu, ktorymi sd skupina tried A (vystrojo-
vacie triedy AO/1, A0/2, A1/1, A1/2) pre geotechnické typy
G1-G4; skupina tried B (vystrojovacie triedy BO/1, B0/2,

Tab. 1 Vystrojovacia trieda B0/2 - rozsah opatreni
Table 1 Excavation support class B0/2 — the extent of measures

vystrojovacia trieda B0/2 excavation support class B0/2

Other work operations on the tunnel structures
underway

Driving cross passages is underway in parallel with the excava-
tion of tunnel tubes. There are 29 cross passages of various types
in total designed for the tunnel. The smallest profile is designed
for escaping persons, the medium size allows for the arrival of
intervention units and at the same time for placing the rooms hou-
sing technical equipment, whilst transformer stations are designed
to be installed in the largest profile. As of the end of August 2016,
the excavation of the total of 9 cross passages had been either
completed or underway. The work on the excavation of portal sec-
tions of the drainage gallery at the total length of ca 750m has also
been finished. The realisation of the secondary lining commenced

opatrenie measure

minimalny rozsah * minimum extent *

maximalny rozsah ** maximum extent **

dizka zaberu 1,40 m 1,20 m
advance step 1.40m 1.20m
striekany betén na obvod vyrubu 20,0 cm 20,0 cm
shotcrete on the excavation surface circumference 20.0cm 20.0cm

striekany betén na ¢elbu
shotcrete on face

ocelové skruze
steel ribs

pozdizne = 1,40 m
longitudinally = 1.40m

pozdizne = 1,20 m
longitudinally = 1.20m

vzdialenost zakladov od ¢elby
distance of footings from the face

nedefinovana
undefined

nedefinovana
undefined

vzdialenost sekundarneho ostenia od ¢elby
distance of secondary lining from the face

nedefinovana
undefined

nedefinovana
undefined

* opatrenia pre najpriaznivejSie geotechnické podmienky v rdmci vystrojovacej triedy

** opatrenia pre najnepriaznivejSie geotechnické podmienky v ramci vystrojovacej triedy

* measures for the most favourable geotechnical conditions within the excavation support class
** measures for the most adverse geotechnical conditions within the excavation support class
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B0/3,B0V/1, BOV/2) pre G4-G5 a skupina tried C — (vystro-
jovacie triedy B2, B2/V) pre G6a, G6b. Pre kazdu triedu st
definované variability aplikdcie (minimdlna a maximadlna),
ktoré sa odliSujui v dizke zaberu ako aj v mnozstve vystrojova-
cich prostriedkov, napr. svornikov. V tab. 1 je ako priklad uve-
deny rozsah prvkov pre vystrojovaciu triedu B0/2.
Dalsie prebiehajiice prace na tunelovych objektoch
Paralelne s razenim tunelovych rir prebieha aj razenie
prie¢nych prepojeni. V tuneli je navrhnutych celkom 29 prepo-
jeni troch rdznych typov, najmensi profil je uréeny pre unikaj-
uce osoby, stredny umoznuje prijazd zdsahovych jednotiek
a zdroven umiestnenie miestnosti s technologickym vybavenim
a v najvicsom profile je, okrem toho, navrhnuté umiestnenie
trafostanic. Na konci augusta 2016 bolo prerazenych alebo
v §tddiu razenia celkom 9 priecnych prepojeni. Ukoncené tieZ
boli prace na razeni priportdlovych tsekov odvodnovacej §tol-
ne v celkovej dizke cca 750 m. Realizdcia sekunddrneho oste-
nia sa zacala v juli 2016 betondZou prvych blokov v juznej
tunelovej rdare v Useku pri vychodnom portdli (obr. 12).
Vystavba vetracej Sachty by sa mala zacat v jesennych
mesiacoch roku 2016 pripravnymi prdcami v mieste jej vy-
dstenia, kde bude potrebné vybudovat svahovand jamu
a v dotknutom useku preloZit potok. Nasledne by mali prace
pokracovat’ hibenfm samotnej Sachty, pricom na vertikdlne
premiestnenie ribaniny bude vyuZzity vetraci komin priemeru
1 m vybudovany pocas razenia prieskumnej $tdlne, ktory je
umiestneny v profile budiicej vetracej Sachty.

ZAVER

Ak budd prace na razeni tunelovych rir pokracovat’ podla
predpokladov, mali by byt ukoncené v decembri 2017.
V nasledovnom roku 2018 by mali byt ukon¢ené definitivne
stavebné konstrukcie vrdatane vozovky ako aj vonkajSie
objekty tunela tak, aby v dalSom roku mohli byt realizované
prdce suvisiace s jeho technologickym vybavenim. Zmluvné
ukoncenie préc je stanovené na december 2019, takze redlne
uvedenie tunela Visnové do prevadzky sa dd oCakdvat zaCiat-
kom roku 2020. V tomto ¢ase bude moct’ uzivatel dialnice D1
v smere na vychod koneéne nahradit’ prejazd mestom Zilina
a cestou I/18 cez Stre¢niansku tiesfiavu jazdou cez uceleny
usek dialnice od Hricovského Podhradia az po Turany
s tunelmi Ovéiarsko, Zilina a Visfiové. Pravdepodobne ale
prejde este niekolko dalsich rokov, kym bude ukoncené
pokracovanie dialhice medzi Turanmi a Ivachnovou a aZ
potom dialhi¢né spojenie Bratislava — KoSice bude tplné.
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Obr. 12 Betond? sekunddrneho ostenia
Fig. 12 Casting of concrete secondary lining

in July 2016 by casting first concrete blocks in the southern tun-
nel tube, in the section at the eastern portal (see Fig. 12).

The construction of the ventilation shaft should start in the
autumn of 2016 by the enabling work operations in the location
of the shaft outlet to the surface, where it will be necessary to
build a sloped pit and to divert a stream. Subsequently the work
should proceed by excavating the shaft. A Im-diameter ventila-
tion stack built during the course of the excavation of the explo-
ratory gallery, which is located within the profile of the future
ventilation shaft, will be used for the vertical transport of muck.

CONCLUSION

If the work on the excavation of the tunnel tubes proceeds
according to assumptions, it should be finished in December
2017. In the next year 2018, the definite structures, including the
roadway, and outer tunnel structures should be finished so that
the work associated with the tunnel equipment could be perfor-
med during the next year. The contractual works completion
deadline is set for December 2019, which means that the real
opening of the Visniové tunnel to traffic can be expected at the
beginning of 2020. At that time the user of the D1 motorway tra-
velling eastward will finally be able to replace the passage
through the town of Zilina and along the 1/18 road through the
Stre¢no Gorge by driving along a complete section of the motor-
way from HriCovské Podhradie up to Turany, containing the
Ov&iarsko, Zilina and Vistiové tunnels. Several additional years
will probably pass before the continuation of the motorway bet-
ween Turany and Ivachnovd will be finished. Only then the
Bratislava — KoSice motorway connection will be complete.
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TUNEL PRESOV, JEDEN Z CHYBAJUCICH TUNELOV NA DIALNICI D1

PRESOV TUNNEL, ONE OF THE TUNNELS MISSING
ON D1 MOTORWAY

ROMAN SALY, MILOSLAV FRANKOVSKY, FILIP JIRIENY

ABSTRAKT

Tunel PreSov dfzvky priblizne 2,2 km je siucastou projektovaného iseku dialnice DI PreSov zdpad — PreSov juh, tvoriaceho
obchvat krajského mesta PreSov z jeho juZnej strany. Tunel bude vybudovany s dvomi riirami s jednosmernou premdvkou, pricom
bude razeny v prostredi prevazne paleogénnych hornin flySu — iflovcov a pieskovcov. Na vystavbu dialni¢ného useku s tunelom
Presov v siicasnosti prebieha verejné obstardvanie, pricom sa v krdtkom case ocakdva podpis zmluvy a ndsledne zaciatok prdc.

ABSTRACT

The approximately 2.2km long Presov tunnel is part of the PresSov West — Presov South section of the D1 motorway under
design, forming a by-pass of the county seat of Presov from the southern side of the town. The tunnel will be developed as a twin-
tube structure with unidirectional traffic operation. It will be driven through an environment mainly formed by flysh — claysto-
ne and sandstone Palaeogene rock types. The public procurement for the construction on the motorway section containing the
PreSov tunnel is currently underway. The contract signature is waited for and the commencement of the works is expected sub-

sequently.

uvoD

Velmi &asto, ked sa hovorilo o findlnom termine dokonde-
nia dialhice D1 Bratislava — KoSice, akoby sa zabudalo na
stale chybajici dialni¢ny obchvat krajského mesta PreSov.
Ked v médiach zneli vo vyrokoch politikov roky ako 2010
alebo 2013, nikdy sa nebral do dvahy tento tsek, na ktory
bolo izemné rozhodnutie vydané az v roku 2009. V nasledo-
vnom obdobi bola spracovand dokumentdcia na stavebné
povolenie a na jej zdklade bolo v roku 2015 vydané stavebné
povolenie. ESte v tom istom roku Narodna dialni¢nd spoloc-
nost’ zacala verejné obstardvanie na zhotovitela stavby, pri-
¢om obdlky s ponukami boli otvorené na jar 2016. V stcas-
nosti sa o€akdva uzatvorenie zmluvy s vitaznym uchddza-
¢om. Ak by k nemu doslo, stavebné prace by pravdepodobne
mohli zacat' v roku 2017.

Na rozdiel od siedmich dialhi¢nych tunelov, ktoré su
v sticasnosti na Slovensku vo vystavbe, tento tunel nebude
budovany v zmluvnom reZime Naprojektuj a postav. Zmluva
na vystavbu dialhice bude uzatvorend podla podmienok cer-
venej knihy FIDIC, nakolko dokumentdcia na ponuku bola
spracovand v podrobnosti dokumentacie pre realizdciu stav-
by. Projektantom stavby je Dopravoprojekt, a. s., pricom pro-
jektové rieSenie stavebnej cCasti tunela spracovdval
Terraprojekt a. s. a rieSenie technologickej casti METRO-
PROJEKT Praha a.s.

ZAKLADNE PARAMETRE TUNELA

Tunel Presov bude sucastou useku dialnice D1 PreSov zdpad
— PreSov juh, ktord vytvori dialni¢ny obchvat mesta z jeho
juznej strany (obr. 1). Dialni¢ny dsek s celkovou dizkou
7,870 km nadvédzuje na predchddzajici usek dialnice D1
Svinia — PreSov v kriZovatke Vydumanec. Na vychodnej stra-
ne navrhovany usek kon¢i v mieste kriZovatky Petrovany, kde
sa dialnica napdja na existujice dialni¢né spojenie PreSov —
Kosice. Doprava bude v tuneli vedend dvomi tunelovymi
rirami, pricom zdkladne parametre tunela si nasledovné:

INTRODUCTION

It is a very frequent case that the still missing by-pass of
the county seat of PreSov seemed to be forgotten when the
final deadline for finishing the Bratislava — KoSice section of
the D1 motorway was being discussed. When statements of
politicians about the years 2010 or 2013 were heard in the
media, nobody took into consideration this section for which
the zoning and planning decision was issued as late as 2009.
In the following period the final design was carried out. The
project permit was issued on its basis in 2015. It was still in
the same year that the Narodna dialni¢na spolo¢nost’ (the
National Motorway Company) opened the public procure-
ment proceedings for construction. The envelopes contai-
ning the tenders were opened in the spring 2016. Concluding
the contract with the winning bidder is currently being
expected. If it happens, the construction work could probab-
ly start in 2017.

In contrast with the seven motorway tunnels which are cur-
rently under construction, this tunnel will not be developed in
the Design-Build contract regime. The contract for the con-
struction of the motorway will be concluded in compliance with
the FIDIC Red Book since the tender documents were carried
out in a detail corresponding to the detail design. The construc-
tion is being designed by Dopravoprojekt a. s., with the civil
engineering part of the tunnel design being carried out by
Terraprojekt a. s. and the solution to the technological part
being designed by METROPROJEKT Praha a.s.

BASIC TUNNEL PARAMETERS

The PreSov tunnel will be part of the PreSov West — PreSov
East part of the D1 motorway, forming the by-pass of the
town from the eastern side (see Fig. 1). The motorway secti-
on with the total length of 7.870km is a follow-up to the pre-
ceding Svina — PreSov section of the D1 motorway at the
Vydumanec intersection. On the eastern side, the section
being designed ends at the location of the Petrovany inter-
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Obr. 1 Situdcia dialhi¢ného obchvatu PreSova
Fig. 1 PreSov motorway by-pass layout

section, where the motorway is connected to the existing

Sirkova kategoria tunela podia STN 73 7507 2T 7,5/100 PreSov — Kogice motorway link. Traffic will run in the tun-
druh tunela poda dizky: stredny tunel nel through two tunnel tubes. The basic parameters of the
dizka tunela: severna tunelova rara (STR) 2230,5 m tunnel are as follows:
juzna tunelova rara (JTR) 2244 m

$irka vozovky medzi obrubnikmi: 75m tunnel width according to STN 73 7507 2T 7.5/100
vyika prejazdného prierezu: 480 m tunnel type according to the width: medium-length tunnel
pozdizny sklon: 2.80 % tunnel length: northern tunel tube (NTT) 2230,5m
vetranie: pozdizne so.uthern.tunel tube (STT) 2244m
) .. , kerb-to-kerb carriage width: 7.5m
navrhova rychlost: 100 km/h clearance height: 4.80m
najvy$sia dovolena rychlost: 100 km/h longitudinal gradient: 2.80%
dopravna progndza 2025: 14 234 voz/24 h ventilation system: longitudinal
dopravna prognoza 2035: 16 863 voz/24 h design speed: 100km/h
maximum permissible speed: 100km/h

GEOLOGICKE A GEOTECHNICKE POMERY traffic volume prognosis 2025: 14,234 vehicles per 24 hours

.. L . . traffic volume prognosis 2035: 16,863 vehicles per 24 hours
InZinierskogeologickym prieskumom trasy tunela boli ove-

rené: kvartérny deluvidlny komplex, zosuvné deldvium s blo-

kovymi deforméciami v oblasti vychodného portdlu a pod- GEOLOGICAL AND GEOTECHNICAL CONDITIONS

loZné paleogénne flySové komplexy zubereckého stvrstvia. The engineering and geotechnical investigation of the tun-
Vplyvom vertikdlnych a horizontdlnych pohybov jednotli- nel route verified the following information: a Quaternary

vych blokov hornin pozdii zlomov sa do drovne nivelety deluyial .complex, a landslide diluvium with blocky.defor-

tunela dostali sdvrstvia s rdznym zastipenim flovcov a pies- mations in the area of the eastern portal and underlying the

kovcov. Z uvedeného dovodu bolo v zmysle TP 06-1/2006 Palacogene flysh complexes of the Zuberec Member.

. . Formations with various percentages of claystone and
vyclenenych niekolko druhov horninového masivu:

= . B} - o sandstone got to the tunnel alignment level due to vertical
* deluvidlne zeminy a zosuvné delivium v portdlovych and horizontal movements of individual blocks of rock along

tsekoch tunelovych rir; faults. For the above-mentioned reason, the following
* ilovcovo-pieskoveové vrstvy s prevahou ilovcov nad ground mass types were determined in accordance with the
pieskovcami; TP 06-1/2006 specifications:
* {lovcovo-pieskovcové vrstvy s prevahou pieskovcov nad e deluvial soils and landslide deluvium in the portal secti-

ilovcami; ons of the tunnel tubes;
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» pieskovcové vrstvy s lokdlnymi polohami {lovcov;

e {lovcové vrstvy s lokdlnymi polohami pieskovcov;

e zlepencové vrstvy s vloZzkami pieskovcov a flovcov.

Hydrogeologické pomery su ovplyvnené geologickou
stavbou, pricom vnitorna stavba masivu je postihnutd tek-
tonikou. FlySoidné sdvrstvie predstavuje ako celok maélo
zvodnené a velmi nizko priepustné prostredie s puklinovou
priepustnostou vo velmi silne zvetranych aZ rozloZenych
polohach.

Horninové prostredie, v ktorom bude razeny tunel
PreSov, bolo v podrobnom inZinierskogeologickom pries-
kume charakterizované po diel¢ich celkoch — kvazihomo-
génnych udsekoch, s charakteristickymi vlastnostami podla
klasifikdcie horninového masivu Z. T. Bieniawskeho
(1976, 1989). Triedy horninového masivu boli zostavené
podla ratingového bodového ohodnotenia RMR zohladnuj-
uceho pevnost hornin v prostom tlaku, index kvality hor-
nin RQD, vzdialenost’ a charakter diskontinuit, vplyv pod-
zemnej vody a smer i tklon diskontinuit, hlavne vrstevna-
tosti k osi a smeru razenia.

TECHNICKE RIESENIE RAZENEHO TUNELA

Trasa tunela je tvorend dvomi nezavislymi trasami sme-
rovych pdsov dialnice, kazdy pre jednu tunelovd riru.
Smerovo je trasa vedend v tvare prediieného »S¢, zlozené-
ho z kruhovych oblikov s prechodnicami a priamky
v strednej Casti tunela. Tvar trasy umoziiuje vhodné situo-
vanie portdlov vo vztahu ku morfoldgii terénu a tiez vhod-
né svetelné pomery pri vjazde a vyjazde z tunela. VySkové
vedenie oboch tunelovych rir je definované jednosmer-
nym pozdiinym sklonom od zdpadného portdlu smerom
k vychodnému portdlu v sklone 2,80 %.

Svetly priecny profil tunela je na lici sekunddrneho oste-
nia definovany zloZenym kruhovym oblikom okolo pre-
jazdného prierezu. Zaroven su vedla a nad prejazdnym
prierezom vytvorené priestory na umiestnenie technologic-
kého vybavenia tunela (dopravné znacky, ventilatory, svie-
tidl4 atd’.). V rdmci spracovania dokumentécie na stavebné
povolenie bolo ako prvy dokument spracované technicko-
ekonomické a bezpecnostné hodnotenie dvoch Sirkovych
kategorii tunela, kategérie 2T 7,5 a 2T 8,0. Na zdklade
vysledkov hodnotenia bola zvolena kategoria 2T 7,5, Cize
tunel bude mat’ Sirku vozovky medzi obrubnikmi 7,5 m
(obr. 2), podobne ako viaceré dalSie tunely na dialnici D1
(tunely Visnové, Borik a Branisko).

Vzhladom na smerové vedenie trasy a hodnoty polome-
rov smerovych oblikov je potrebnd zmena prie¢neho sklo-
nu vozovky v oboch tunelovych rdrach. Spolu s prekldpa-
nim vozovky sa prekldpa cely profil tunela, ¢im je optima-
lizovana plocha vyrubu.

Nosnd konStrukcia tunela je tvorend primdrnym ostenim
s do¢asnou statickou funkciou a sekundarnym ostenim ako
definitivnou nosnou konStrukciou. Sekunddrne ostenie
v dlhodobom ¢asovom obdobi prenesie zatazenie od horni-
nového masivu po postupnej degraddcii prvkov primdarne-
ho ostenia.

Razenie a primarne ostenie

Razenie a vystrojenie tunela podla principov Novej
rakdskej tunelovacej metddy je rozdelené do Siestich
vystrojovacich tried, navrhnutych a oznacenych v silade

TuHel

 claystone-sandstone layers with claystone proportion

exceeding sandstone;

e claystone-sandstone layers with the proportion of sand-

stone exceeding the proportion of claystone;
 sandstone layers with local claystone interbeds;

* claystone layers with local sandstone interbeds;

e conglomerate layers with sandstone and claystone inter-

beds.

Hydrogeological conditions are influenced by the geologi-
cal structure, where the inner structure of the rock mass is
affected by faulting. The flysh-type member as the whole is
little water-bearing and very little permeable, with fissure
permeability in very heavily weathered up to decomposed
interbeds.

The rock environment the PreSov tunnel will be driven
through was characterised in the detailed engineering geolo-
gical survey separately in partial units — quasi-homogeneous
sections with characteristic properties classified according to
Z. T. Bienawski (1976, 1989) rock mass classification met-
hod. The rock mass classes were determined according to the
RMR rating method, taking into consideration the unconfi-
ned compressive strength, the RQD point-based classificati-
on, the spacing and character of discontinuities, the influen-
ce of groundwater and the trend and dip of discontinuities,
first of all the bedding related to the axis and direction of the
tunnel excavation.

TECHNICAL SOLUTION TO THE DRIVEN TUNNEL

The tunnel route is formed by two independent motorway
carriageways, each for one tunnel tube. The horizontal align-
ment has the shape of an extended “S” consisting of circular
curves with transition curves and a straight part in the cent-
ral part of the tunnel. The geometry of the alignment allows
for appropriate placing of portals in relation to the terrain
morphology and suitable lighting conditions at the tunnel
entrance and exit. The vertical alignment of the two tunnel
tubes is defined by the unidirectional 2.80% longitudinal
gradient descending from the western portal toward the eas-
tern portal.

The net tunnel cross-section at the inner surface of the
secondary lining is defined by a compound circular curve
around the clearance profile. At the same time spaces for the
placement of tunnel equipment (traffic signs, fans, tunnel
luminaries etc.) are created on the side and above the clea-
rance profile. The technical, economic and safety assess-
ments of two tunnel width categories, 2T 7.5 and 2T 8.0,
were prepared as the first document within the framework of
the preparation of the final design. The 2T 7.5 category was
selected on the basis of the results of the assessment, where
the kerb-to-kerb width will amount to 7.5m (see Fig. 2),
similarly to several other tunnels on the D1 motorway (the
Visnové, Borik and Branisko tunnels).

With respect to the horizontal alignment of the route and
the values of the radii of horizontal curves, it is necessary to
change the roadway crossfall in both tunnel tubes. The
whole tunnel cross-section is revolved together with the
roadway revolution. The excavated area is optimised in this
way.

The carrying structure of the tunnel consists of the prima-
ry lining with a temporary static function and the secondary
lining forming the definite load-bearing structure. The
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Fig. 2 Cross-sections through tunnel tubes

s TP 06-1/2006 Cyklické razenie, vystrojovacie triedy.
Navrhnuté s vystrojovacie triedy s oznacenim 3, 4, 5A,
5B, 6 a 7. Vystrojenie jednotlivych tried, teda primarne
ostenie, je kombindciou striekaného beténu s ocelovou
rozptylenou vystuzou alebo vystuzou sietami, kotiev mal-
tovanych alebo hydraulicky upinanych, priehradovych
nosnikov a zaistenim Cela pomocou striekaného beténu
a samozdvrtnych sklolamindtovych kotiev. Pociato¢ny
usek tunelovych rir na oboch portdloch bude razeny pod
ochranou mikropilétovych ddZdnikov (vystrojovacia trieda
7). Pre razenie nidzovych zdlivov si navrhnuté vystrojo-
vacie triedy ¢. 4,5 a 6.

Vyrub tunela je horizontdlne rozdeleny na kalotu a stu-
pen, v menej priaznivych pomeroch na spodnd klenbu.
Vyska kaloty je cca 6 m, vzajomnd vzdialenost’ (odstup)
kaloty a stupna, pripadne spodnej klenby sd uréené vykre-
sovou dokumentdciou pre jednotlivé vystrojovacie triedy.

Navrh primdrneho ostenia je realizovany v stlade so
zasadami rakiskej Smernice pre geotechnicky ndvrh pod-
zemnych konStrukcii razenych cyklickym spdsobom.
Kvéazihomogénne celky, do ktorych bol horninovy masiv
roz€leneny v rdmci IG prieskumu, boli zoskupené do tdse-
kov, v ktorych je predpokladand obdobna odozva hornino-
vého masivu na razenie tunela. Rozdelenie tunela na dseky
bolo vykonané s prihliadnutim na geomechanické para-
metre jednotlivych druhov horninového masivu, primarnu
napitost, vzajomnu orientdciu tunela a horninovych $truk-
tdr a vplyv podzemnej vody. Na zdklade predpokladanej
odozvy horninového prostredia na razenie tunela boli
k jednotlivym dsekom priradené vystrojovacie triedy.

MnozZstvo a kvalita navrhnutych vystrojovacich prostried-
kov je posudend spolu s overenim odozvy horninového
masivu na razenie tunela, pomocou analytickych a nume-
rickych metdd. Na overenie stability celby tunela a dalSich
lokalnych namahani boli pouzité metédy medznej rovnova-
hy. Pre posddenie navrhnutych vystrojovacich prostriedkov
prenaSajuicich zatazenia hlavne v prieénom smere tunela

secondary lining in the long-term will carry the load impo-
sed by the rock mass after the gradual degradation of the ele-
ments of the primary lining.

Tunnel excavation and the primary lining

The tunnel excavation and support designed according to
the New Austrian Tunnelling Method is divided into six
excavation support classes, which are designed and marked
in compliance with the TP 06-1/2006 specifications titled
Cyclical Tunnelling, Excavation Support Classes.
Excavation classes marked as 3,4, 5A,5B, 6 and 7 are desig-
ned for the tunnel. The excavation support for individual
classes, i.e. the primary lining, is a combination of shotcrete
reinforced with steel fibres or welded mesh, grouted or hyd-
raulically expanded rock bolts and lattice girders with the
excavation face supported with shotcrete and self-drilling
glassfibre reinforced plastic (GRP) anchor bolts. The initial
sections of the tunnel tubes at both portals will be driven
under the protection of micropiles umbrella (excavation sup-
port class 7). Excavation support classes 4, 5 and 6 are desig-
ned for the excavation of emergency lay-bys.

The tunnel excavation sequence is divided horizontally
into top heading and bench, with an invert in less favourab-
le conditions. The top heading is ca 6m high, the distances
between the top heading and the bench or even the invert are
determined by design drawings for individual excavation
support classes.

The primary lining design is carried out in compliance
with principles of the Austrian guidelines for Geotechnical
Design of Underground Structures with Conventional
Excavation. The quasi-homogeneous units into which the
rock massif was divided within the framework of the EG sur-
vey were grouped into sections where a similar response to
the tunnel excavation is assumed. The tunnel was divided
into the sections taking into consideration the geomechanical
properties of individual rock mass types, the state of stress,
the orientation of rock mass structures in relation to the tun-
nel and the influence of groundwater. The excavation sup-
port classes were assigned to the individual sections on the
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a overenie reakcie horninového masivu na razenie bola pou-
zita metdda konecnych prvkov (MKP). Na zdklade vysled-
kov analyz boli urobené tpravy vystrojovacich prostriedkov
v jednotlivych vystrojovacich triedach. Kombindcia pouZi-
tia analytickych a numerickych metéd umoznuje nielen posu-
denie a optimalizdciu navrhnutych vystrojovacich prostried-
kov, ale aj realizdciu predikcie chovania systému horninovy
masiv — primdrne ostenie na medzi prijatelnosti, z ktorej su
nésledne odvodené varovné stavy.

Sekundarne ostenie

Hornd klenba definitivneho ostenia je navrhnutd na
zdklade vysledkov statického vypoctu zo Zelezobeténu
alebo z prostého beténu. Vo vystuZzenych blokoch je dopl-
nend pozdiina protizmraStovacia vystuZ v spodnej casti
profilu. Ostenie tunela bude vystuZené v tsekoch s nizkym
nadloZim, v tdsekoch geologickych portich a nadmernych
nameranych, resp. neustdlenych deformadcii vyrubu pocas
razenia. VystuZené bude tieZ ostenie nidzovych zdlivov
a blokov s napojenim prie¢nych prepojeni. Vystuz vyklen-
kov v osteni je navrhnutd ako doplnkova, pricom sa inSta-
luje v blokoch ostenia z prostého beténu ako aj z vystuze-
ného beténu. Vzhladom na technolégiu vystavby sekun-
darneho ostenia tunela je zvolend pravidelna dizka bloku
12 m. Hribka sekunddrneho ostenia je navrhnutd 250
a 300 mm v Standardnom priereze a 400 mm v nidzovom
zélive.

V prie¢nom reze bez spodnej klenby si navrhnuté zakla-
dové pasy z prostého betonu. V prie¢nom reze so spodnou
klenbou pre vystrojovaciu triedu 5A a 5B je navrhnutd
monolitickd spodnd klenba z prostého betoénu a trieda 5B aj
s primdrnym ostenim. Pre ostatné triedy je navrhnutd
vystuzend spodnd klenba hribky 500 mm.

Navrh sekundarneho ostenia je rieSeny podla STN EN
1997-1. Posddenie vystuzeného a nevystuzeného beténu je
vykonané podla STN EN 1992-1-1. Pre tcely stanovenia
namdahania je sekunddrne ostenie tunela modelované pruz-
ne uloZenym pritovym modelom, pricom pruzné uloZenie
pOsobi len v pripade deformécii tunela smerom do masivu.
Velkost tuhosti uloZenia je stanovena na zdklade tuhosti
horninového masivu a krivosti sekunddrneho ostenia.
Smykové spolupdsobenie systému ostenie — horninovy
masiv je z vypoctu vylicené z dovodu féliovej hydroizola-
cie umiestnenej na rube ostenia. ZataZenie sekundarneho
ostenia horninovym tlakom je stanovené na zdklade vypo-
¢tov MKP realizovanych pre posidenie a overenie chova-
nia primarneho ostenia s uvdZenim degraddcie primarneho
ostenia.

Pre postdenie sekunddrneho ostenia tunela z nevystuZe-
ného beténu je pouzity vypoctovy postup vystihujici cho-
vanie nevystuzeného beténu — umoznujici simuldciu vzni-
ku trhlin v beténe a s tym suvisiace preskupenie napiti
v sekunddrnom osten{ tunela.

Na zdklade poziadavky TP 11/2011, ktoré boli platné
v Case spracovania dokumenticie, je overené chovanie
sekundarneho ostenia v pripade poziaru v tuneli. Overenie
chovania vystuZeného ostenia je urobené pomocou zjedno-
duSenej metédy podla STN EN 1992-1-2 Navrhovanie
beténovych konitrukcii Cast 1-2 Vieobecné pravidld —
navrhovanie konStrukcif na dcinky poZiaru.

TuHel

basis of the anticipated response of the rock mass to the tun-
nel excavation.

The quantity and quality of the means of the excavation
support is assessed, together with the verification of the rock
mass response to the tunnel excavation, using analytical and
numerical methods. The stability of the excavation face was
verified using the Limit Equilibrium Method. The Finite
Element Method (FEM) was used for assessing the means of
support designed for carrying the loads acting in the first
place in the transversal direction of the tunnel and for veri-
fying the rock mass response to the excavation. The means
of support were modified for particular excavation support
classes on the basis of the results of the analyses. The com-
bination of the application of analytical and numerical met-
hods not only to the assessment and optimisation of the pro-
posed means of support, but also to the realisation of the pre-
diction of of the rock mass — primary lining system behavi-
our at the ultimate acceptability level, from which the war-
ning states are subsequently derived.

Secondary lining

Reinforced concrete or unreinforced concrete is designed
for the upper vault of the final lining on the basis of the
structural analysis results. Anti-shrinkage longitudinal rein-
forcement is added in the bottom part of the profile in the
reinforced blocks. The tunnel lining concrete will be rein-
forced in sections with low overburden, geological failure
sections and sections with excessive measured deformations
or non-stabilised deformations during the course of driving
the tunnel. The concrete lining of emergency lay-bys and
the blocks where cross passages are to be connected will
also be reinforced. The concrete reinforcement at recesses
in the lining is designed as a supplementary element for
both unreinforced and reinforced concrete lining blocks.
With respect to the technology of the construction of the
secondary tunnel lining, the length of 12m was selected for
the length of concrete casting blocks. The secondary lining
thickness of 250mm and 300mm, respectively, is designed
for the standard cross-section and 400mm for an emergency
lay-by.

Unreinforced concrete strip footings are designed for the
cross-section without the invert. Unreinforced concrete
invert is designed for the excavation support classes SA and
5B.It is in addition provided with a primary lining in exca-
vation rock mass support class 5B. A 500mm thick reinfor-
ced concrete invert is designed for the other classes.

The secondary lining design is solved in compliance with
the STN EN 1997-1 standard. The assessment of the reinfor-
ced and unreinforced concrete is carried out according to the
STN EN 1992-1-1 standard. For the purpose of the determi-
nation of the stress, the secondary lining of the tunnel is
modelled as an elastically born beam-based model, where
the elastic bearing acts only in the case of the tunnel defor-
mation in the direction toward the rock mass. The magnitu-
de of the bearing toughness is determined on the basis of the
rock mass toughness and the curvature of the secondary
lining. The ground-structure shear interaction is excluded
from the calculation because of the waterproofing membra-
ne installed on the outer surface of the lining. The load on
the secondary lining induced by the rock mass pressure is
determined on the basis of the FEM analyses realised for the




Bezpecnostné stavebné prvky

Bezpecnostné stavebné prvky su tvorené viacerymi prv-
kami v zmysle ¢ldnkov STN 73 7507, ktorych tcel priamo
suvisi so zabezpecenim prevadzkovej bezpecnosti v tuneli.
Ndvrh bezpecnostnych stavebnych dprav zodpoveda poZi-
adavkam nariadenia vlady ¢. 344/2006 a tieZ poZiadavkdm
TP 11/2011 Protipoziarna bezpecnost cestnych tunelov.
Vzéjomné vzdialenosti jednotlivych bezpecnostnych sta-
vebnych dprav si ndsobkami diiky bloku sekundarneho
ostenia, tj. 12 m.

Nudzové zdlivy si navrhnuté s maximdlnou vzdjomnou
vzdialenostou, resp. vzdialenostou od portdlov v hodnote
748 m, pricom STN 73 7507 pozaduje vzdialenost
500-750 m. Sirka pruhu nidzového zilivu je 3 m. Horné
ohrani¢enie priechodného prierezu je vo vySke 4,2 m.
Vzhladom na potrebu umiestnenia tlmica ndrazu pred cel-
nou stenou zalivu su zélivy prediiené na dizku 52 m. Na
zaCiatku zdlivu v smere jazdy je umiestnend SOS kabina
vytvorend zo Zelezobetdénovych stien.

Razené tunelové riry su navzdjom prepojené Osmimi
prie¢nymi prepojeniami tvoriacimi chrdnené unikové
cesty. Ich vzdjomna vzdialenost je 240 aZ 252 m. Priecne
prepojenia s navrhnuté nasledovne:

e priechodné prepojenie 2 ks
e priechodné prepojenie
s technologickymi miestnostami 3 ks
e priechodné prepojenie s miestnostami pre redukciu
tlaku v poZiarnom vodovode 1 ks
e prejazdné prepojenie 2 ks

Utelom SOS vyklenkov je umiestnenie zariadenia nid-
zového volania (SOS kabina) a daliich sivisiacich tech-
nickych zariadeni, akymi su napr. hasiace pristroje a pro-
striedky prvej pomoci. SOS vyklenky si Standardne
vytvorené v sekunddrnom osteni tunela po pravej strane
profilu v smere jazdy. V nidzovom zilive je SOS kabina
umiestnend v priestore vytvorenom vertikdlnymi beténo-
vymi prieCkami. Svetlé rozmery vyklenkov su: Sirka
1,8 m, vySka 2,3 m a hibka 1,5 m. Vnutorny priestor
vyklenku je od dopravného priestoru oddeleny Zelezobe-
ténovou prieckou. Vzdjomna vzdialenost’ SOS vyklenkov
je 108 az 140 m, pricom nariadenie vlady ¢. 344/2006
pozaduje maximalnu vzdialenost’ 150 m. Celkovy pocet
SOS vyklenkov je 17 v severnej tunelovej rire a 17 v juz-
nej tunelovej rdre.

V poziarnych vyklenkoch st umiestnené hydranty poziar-
neho vodovodu. PoZiarne vyklenky su Standardne vytvore-
né v sekunddrnom osteni tunela po lavej strane vozovky
v smere jazdy. Svetlé rozmery vyklenkov su: Sirka 2,2 m,
vyska2,3 ma hibka 1 m. Vyklenok je v stilade so vzorovy-
mi listami VL 5 navrhnuty ako otvoreny, bez umiestnenia
vybavy. Vybava bude nahradend vystrojom v zmysle ¢&l.
11.4.5 TP 11/2011 umiestnenym v prie¢nych prepojeniach.
Vzajomna vzdialenost poziarnych vyklenkov je 108 az 140
m, pricom TP 11/2011 pozaduje maximadlnu vzdialenost
150 m. Celkovy pocet poZiarnych vyklenkov je 17 v sever-
nej tunelovej rdre a 17 v juznej tunelovej rure.
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purpose of assessing and verifying the behaviour of the
primary lining taking into account the primary lining degra-
dation.

A calculation procedure giving a true picture of the beha-
viour of unreinforced concrete was applied to the assessment
of the tunnel secondary lining. It allowed for the simulation
of the origination of cracks in concrete and the stress redi-
stribution in the tunnel lining associated with it.

The behaviour of the secondary lining in the case of a fire
is verified on the basis of requirements of the TP 11/2011
specifications applicable at the time of the work on the docu-
ments. The verification of the reinforced concrete lining is
carried out using the simplified method according to the
STN EN 1992-1-2 standard: Design of concrete structures
Part 1-2 General rules — structural fire design.

Safety construction elements

Safety construction elements are formed by several ele-
ments in the meaning of the paragraphs of the STN 73 7507
standard the purpose of which is directly related to the ope-
rational safety in tunnels. The safety construction works
design corresponds to the requirements of the Decree of the
Government No. 344/2066 and also requirements of the TP
11/2011 specifications on Fire Safety in Road Tunnels. The
spacing between individual construction safety structures
corresponds to multiples of the secondary lining casting
block length of 12m.

The maximum spacing and the distance from portals, res-
pectively, of the emergency lay-bys are designed at the
value of 748m, whilst the STN 73 7507 standard requires
500-750m. The emergency lay-by is 3m wide. The upper
boundary of the transition cross section is 4.2m high. With
respect to the need for installing crash cushions in front of
the front wall of the lay-by, the lengths of the lay-bys are
extended to 52m. An SOS cabin formed by reinforced conc-
rete walls is located at the beginning of the lay-by in the
direction of travel.

The driven tunnel tubes are interconnected with cross pas-
sages, forming protected escape routes. Their spacing ranges
from 240m to 252m. The cross passages are designed as fol-
lows:

e cross passage passable for pedestrians 2 pcs
e cross passage passable for pedestrians,
with technical rooms 3 pcs

e cross passage passable for pedestrians,

with rooms for the reduction of pressure

in the fire main 1 pc
e cross passage passable for vehicles 2 pcs

The purpose of the SOS recesses is to allow placing the
emergency call facilities (SOS cabins) and other associated
technical equipment, such as extinguishers and the means of
first aid. SOS recesses are created in the secondary lining of
the tunnel as a standard on the right-hand side of the profile
(in the direction of travel). In the emergency lay-bys, SOS
cabins are located in a space formed by vertical concrete par-
titions. The net dimensions of the recesses are as follows: the
width of 1.8m, the height of 2.3m and the depth of 1.5m. The
inner space of the recess is separated from the road space by
a reinforced concrete partition. The spacing of the SOS
cabins ranges from 108 to 140m, with the Decree of the
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Obr. 3 Odvodnenie vozovky — podorys a pozdiiny rez Strbinového Zlabu v mieste zhybky
Fig. 3 Roadway surface drainage — ground plan and cross-section through the slotted drainage trough in the location of the inverted siphon

Dalsie casti stavby

Technické rieSenia odli$né od v minulosti navrhovanych
st navrhnuté vo viacerych dalsich Castiach stavby, napri-
klad v drendZnom odvodneni, odvodneni vozovky alebo
v rie§eni portélov.

Vzhladom na ocakdvané pomerne malé mnoZstvd vody
pritekajice z horninového masivu je hlavny zberac dre-
naznych voéd DN 400 navrhnuty iba v jednej tretine diiky
tunela, a preto su potrubia bo¢nych drendzi navrhnuté ako
prieto¢né DN 300. Konec¢nd dizka zberaca by mala byt'rea-
lizovana na zdklade skuto¢ne nameranych pritokov pocas
razenia. Vyhodou je absencia reviznych Sachiet vo vozov-
ke vo velkej Casti tunela.

Odvodnenie vozovky je navrhnuté z masivneho Strbino-
vého Zzl'abu s kruhovym prierezom potrubia s nepriebeZnou
Strbinou, spdjanym pomocou neoprénového tesnenia.
Namiesto sifénovych Sachiet si navrhnuté rirové zhybky
(obr.3). Odvodnenie vozovky je v mieste zmeny prie¢neho
sklonu navrhnuté zdvojené.

Pre uzatvorenie definitivnych dprav v mieste tunelovych
portalov bol zvoleny odlisny postup ako v minulosti. Po
skusenostiach so strmymi zelenymi svahmi (tunely Sitina
a Borik), kotvenym opornym mudrom (tunel Horelica), Ci
ukoncenim portdlovou budovou (tunel Branisko), bol pre
tunel PreSov navrhnuty oporny mur z gabiénovej stavebni-

Government No. 344/2006 requiring the maximum distance
to be 150m. The total number of the SOS cabins amounts to
17 in the northern tunnel tube and 17 in the southern tunnel
tube.

The fire protection niches house hydrants installed on the
fire main. The fire protection niches are created in the secon-
dary lining on the left-hand side of the roadway (viewed in
the direction of travel). The net dimensions of the niches are
as follows: the width of 2.2m, the height of 2.3m and the
depth of 1m. The niche is designed in compliance with the
VL 5 standard sheets as an open structure without equipment
installed in it. The equipment will be replaced with installa-
tions in the meaning of paragraph 11.4.5 of the TP 11/2011
specifications located in cross passages. The spacing of fire
protection recesses ranges from 108m to 140m, whereas the
TP 11/2011 specifications require the maximum spacing to
be 150m. The total number of fire protection niches is 17 in
the northern tunnel tube and 17 in the southern tunnel tube.
Other construction parts

Technical solutions different from the solutions designed
in the past are designed for several other parts of the con-
struction, for example in the drainage system, roadway drai-
nage or in the solution to portals.

With respect to the anticipated relatively small amount of
water flowing from the rock mass, the main DN 400 draina-
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Obr. 4 Pohlad na rieSenie portdlu tunela s gabionovym opornym miirom
Fig. 4 A view of the tunnel portal design with the gabion retaining wall
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Obr. 5 Vizualizdcia vychodného portdlu tunela PreSov
Fig. 5 Visualisation of the eastern portal of the PreSov tunnel

ce so Sikmym celom, v kombindcii s kamennym opevne-
nim (obr. 4). Podobné rieSenie je realizované na tuneli
Sibenik, s tym rozdielom, Ze pre tunel Prefov je oporny
mur navrhnuty priblizne do dvoch tretin vysky tunelovej
riry (obr. 5).

ZAVER

Pocas realizdcie slovenskych dialniénych tunelov
v minulosti dochddzalo ku zmendam technického riesenia
spravidla sposobenym technologickymi mozZnostami zho-
tovitela, ktoré sa museli riesit zmenami stavby pred jej
dokoncenim zmenami stavebného povolenia v zmysle sta-
vebného zdkona. Tak tomu bolo pri vystavbe tunelov
Branisko, Horelica, Sitina aj Borik, ktoré boli budované
podla zmluvnych podmienok cervenej knihy FIDIC, resp.
porovnatelnych starSich zmluvnych podmienok. Obdobnd
je tieZ situdcia pri vystavbe tunelov podla zmluvnych pod-
mienok Zltej knihy FIDIC, kde technické rieSenia podla
platnych stavebnych povoleni nie si zdvdzné a skutocné
rieSenia tunelov sa od nich niekedy aj velmi vyrazne odli-
Suju. Pri vystavbe tunela PreSov sa pochopitelne déd pred-
pokladat’ urcitd miera odliSnosti vyplyvajica zo skutocne
zastihnutych geotechnickych podmienok. Bude vSak zauji-
mavé, ¢i sa tunel PreSov stane prvym slovenskym dialnic-
nym tunelom, ktory bude realizovany a kolaudovany
v stlade s pdvodne vydanym stavebnym povolenim.
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ge water collector is designed only for one third
of the tunnel length. For that reason DN 300 pipes
are designed for the side drains. The final length
of the collector should be realised on the basis of
inflows actually measured during the course of
the tunnel excavation. The advantage lies in the
absence of manholes in the roadway in a large
part of the tunnel.

The roadway surface drainage is designed to be
formed by a massive slotted drainage trough with
a circular cross-section and a discontinuous slot.
The trough elements will be joined with neoprene
sealing sleeves. Tubular inverted siphons are
designed instead of inverted siphon manholes
(see Fig. 3). A different procedure than in the past
was chosen for closing the final works at tunnel
portals. With the experience with steep green slo-
pes (the Sitina and Borik tunnels), an anchored retaining
wall (the Horelica tunnel) or the termination provided by
a portal building (the Branisko tunnel) using a gabion buil-
ding set with an inclined front end, in combination with
masonry facing (see Fig. 4) was designed for the PreSov tun-
nel. A similar solution is being realised at the Sibenik tunnel.
The difference is that the retaining wall for the PreSov tunnel
is designed up to the height of approximately two thirds of
the tunnel tube height (see Fig. 5).

CONCLUSION

During the realisation of Slovak motorway tunnels in the
past, the technical solution was changed usually with respect
to the technological capability of the contractor. The changes
had to be solved by modifications of the project before its
completion using change of the building permit in the mea-
ning of the Building Code. It was so during the construction
of the Branisko, Horelica, Sitina and Borik tunnels, which
were constructed according to the FIDIC Red Book conditi-
ons of contract or comparable older conditions of contract.
The situation in the construction of tunnels according to the
FIDIC Yellow Book contract conditions, where technical
solutions according to valid buliding permits are not obliga-
tory and the real solutions to tunnels sometimes very signifi-
cantly differ from them, is similar. Naturally, a certain mea-
sure of difference following from the geotechnical conditi-
ons encountered can be assumed during the PreSov tunnel
construction. Nevertheless, we will be curious whether the
PreSov tunnel will become the first Slovak motorway tunnel
to be realised and to pass the final inspection in compliance
with originally issued building permit.
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POZNATKY Z ADAPTACIE RAZENIA NA IN SITU PODMIENKY
V TUNELI OVCIARSKO

LESSONS LEARNED FROM THE ADAPTATION OF EXCAVATION
TO THE IN-SITU CONDITIONS IN OVCIARSKO TUNNEL

ICOR JURIK, MARTIN UDIC, LADISLAV GREGA, JOZEF VALKO,
PETER JANEGA

ABSTRAKT

Redlne zastihnuté inZinierskogeologické podmienky horninového masivu v plnom profile tunela Ovciarsko mali za ndsledok vy-
uZitie vystrojovacdch tried, ktoré vo fdze dokumentdcie na realizdciu stavby neboli projektované. Zodpovedny projektant tunela
pocas vlastného razenia naprojektoval v zmysle TP 021, Cast’ 1: Cyklické razenie, dodatocné vystrojovacie triedy 4/1 a 4/2 pre
zlepSené inZinierskogeologické prostredie horninového masivu a vystrojovacie triedy 8/1, 8/I1MP a 7MPZ pre priportdlové iiseky
od vychodného portdlu, kde horninovy masiv bol lokdlne aZ charakteru zemin. Prispevok sa zaoberd vyuZitim novo naprojekto-
vanych vystrojovacich tried. balej prispevok riesi realizdciu sandcie portdlovej steny od vychodného portdlu, ktord bola nutnd
z dovodu vzniku vertikdlnej praskliny po vyrazeni 4,95 metra v juZnej tunelovej riire a realizdciou zmdhania mimoriadnej udalosti
v km 2,575 600 trasy.

ABSTRACT

The actually encountered engineering geological conditions of the ground mass in the full profile of the Ovciarsko tunnel led to
the application of excavation support classes which had not been designed in the phase of the work on the design of means and
methods. The responsible tunnel designer designed additional excavation support classes in the meaning of the TP 021 specifica-
tions, Part 1: Cyclical tunnelling during the course of the tunnel excavation, namely classes 4/1 and 4/2 for improved engineering
geological conditions of the ground mass and excavation support classes 8/1, 8/IMP and 7 MPZ for portal sections from the eas-
tern portal, where the ground mass had locally even the character of soils. The paper deals with the use of the newly designed
excavation support classes. In addition the paper solves the realisation of the stabilisation of the portal wall at the eastern por-
tal, which was necessary because of the origination of a vertical crack after completing the excavation of 4.95 metres in the sout-
hern tunnel tube and as a result of the realisation of the recovery of the tunnel after an extraordinary event at chainage km

2.575600 of the motorway route.

ZAKLADNE CHARAKTERISTIKY TUNELA OVCIARSKO

Dialni¢ny tunel Ovciarsko je stcastou tdseku dialnice D1
Hricovské Podhradie — Lietavskd Lucka, ktory sa nachddza
v Zilinskom okrese. Celkové projektovand dizka tunela vritane
hiben}’/ch Casti predstavuje 2356,1 m, ¢im sa tunel podla STN 73
7507 radi do diikovej kategérie stredne dlhé tunely. Postup
vystavby sa riadi Novou rakuiskou tunelovacou metédou (NRTM).

Tunel je realizovany dvomi samostatnymi tunelovymi rdrami,
dalej pozostdva z piatich prechodnych a troch prejazdnych prie¢-
nych prepojeni. Zaroven si v kazdej tunelovej rure tri jedno-
stranné nudzové zalivy diiky 50 m. Zo zapadného portdlu sa razi
dovrchne; v severnej tunelovej rire (STR) je vyskové vedenie
trasy 1,68 % a v juznej tunelovej rdare (JTR) 1,70 %. Priecny
sklon je v rozsahu od 0,0 % po max. 4,7 %.

Investorom vystavby je Narodnd dialnicnd spolocnost, a. s.,
zhotovitelom ZdruZenie Ovciarsko a podzhotovitelom, realizato-
rom samotnej vystavby tunela Ovciarsko je spolo¢nost Uranpres,
spol. s r. 0., PreSov.

INZINIERSKOGEOLOGICKA A HYDROGEOLOGICKA
CHARAKTERISTIKA HORNINOVEHO MASIVU

Opis geologickej stavby masivu a zhodnotenie inZinierskogeo-
logickych a hydrogeologickych pomerov vychddza z regiondl-
nych i miestnych prieskumov realizovanych v minulosti.
Podrobny inZinierskogeologicky a hydrogeologicky prieskum
(IGHP) pre tunel Ovciarsko bol realizovany formou prieskumne;j
§tolne (PS) v rozmedzi rokov 1996 az 1998.

BASIC CHARACTERISTICS OF THE OVCIARSKO TUNNEL

The Ovciarsko motorway tunnel is part of the Hricovské
Podhradie — Lietavska Liicka section of the D1 motorway, which is
located in the district of Zilina. The aggregate design length of the
tunnel including cut-and-cover parts amounts to 2356.1m, which
means that the tunnel is categorised in terms of the length according
to the STN 73 7507 standard as a medium-long tunnel. The con-
struction procedure follows the New Austrian Tunnelling Method
(the NATM).

The tunnel is formed by two separate tunnel tubes and, in additi-
on, consists of five cross passages for pedestrians and three cross
passages passable for vehicles. At the same time there are three 50m
long, one-sided emergency lay-bys in each tunnel tube. The tunnel
is being driven uphill from the western portal; the vertical alignment
in the northern tunnel tube (NTT) and the southern tunnel tube is on
the gradient of 1.68% and 1.70%, respectively. The crossfall ranges
from 0.0% to the maximum of 4.7%.

The project owner is Narodnd Dialni¢nd Spolo¢nost, a. s. (the
National Motorway Society), the contractor is ZdruZenie Ovciarsko
(Ovciarsko Consortium) and the sub-contractor for the realisation of
the Ovciarsko tunnel construction is Uranpres, spol. s . 0., PreSov.

ENGINEERING GEOLOGICAL AND HYDROGEOLOGICAL
CHARACTERISTICS OF THE GROUND MASS

The description of the geological structure of the ground mass and
the assessment of the engineering geological and hydrogeological



Obr. 1 PrerdZka severnej tunelovej riiry
Fig. 1 Northern tunnel tube breakthrough

V zéverelnej sprave ,,Podrobny IGHP formou PS pre tunel
Ovciarsko“ (Matejcek, A. et al., 1998) bolo vyclenenych 9
zékladnych kvdzihomogénnych geotechnickych blokov a ich
podbloky. Na zdklade tychto blokov boli ndsledne vyclenené
zdruzené geotechnické bloky GO az G3, pricom symbol GO repre-
zentoval portdlové oblasti tunela.

Geotechnicky udsek Gl je charakterizovany ako horninovy
masiv najviac tektonicky porusenych hornin (min. 1 m), s nepri-
aznivou orientdciou ploch nespojitosti smerom do vyrubu.
PoruSené horniny a lokdlne horniny charakteru zemin si vyrazne
nestabilné, pri styku s vodou meniace svoje geomechanické
(hlavne objemové) charakteristiky.

Usek G2 predstavuje tektonicky malo aZ stredne porusené
stvrstvia so Sirkou min. 0,1 m, lokdlne min. 1 m. Horniny vyka-
zuju aj vyrazne vyssiu pevnost oproti predchadzajicemu tseku.

V geotechnickom tuseku G3 je masiv charakterizovany ako
masiv s ojedinelymi tektonicky poruSenymi zénami Sirky max.
min. 0,1 m a pevnosti horninového materidlu az do 50-90 MPa.
V tomto tseku prevldda zastipenie pieskovcov, zlepencov nad
flovcami a slienovcami s roznym stupriom litifikdcie a druhom
tmelu.

PREDPOKLADANE A SKUTOCNE REALIZOVANE
VYSTROJOVACIE TRIEDY

Ako klasifikacnd metéda hodnotenia kvality horninového
masivu pocas prieskumu realizovaného PS bola vyuZitd metéda
podla Tesara (QTS) a hodnotenie vyé&lenenych kvdzihomogén-
nych blokov a podblokov na zdklade rakiskej normy ONORM
2203-1 (obdobie platnosti od roku 1993 do 2001).

Detailné zhodnotenie horninového masivu bolo zdkladom
predpokladu vystrojovacich tried pre razenie tunela Ovciarsko
pocas projektovej fazy dokumentécie na realizdciu stavby (DRS).
Na zdklade bodovej charakteristiky masivu a statickych vypoctov
zodpovedny projektant stavby navrhol v zmysle TP 021, Cast’ 1:
Cyklické razenie, vystrojovacie triedy (starSie oznaCenie TP 06-
1/2006) od najlahsich, po najtazsie nasledujice vystrojovacie tri-
edy: 5/1,5/2,6/1,6/2,6/3,6/4,6/5,7/1,7/2 a TMP pre bezny pro-
fil tunela a vystrojovacie triedy 5/1, 6/1, 6/4 a 7/1 pre profil nid-
zového zalivu.

Razenie tunela Ovciarsko zacalo v STR 22. 7. 2014 a v JTR
7.8.2014. Oficidlna prerdzka STR (obr. 1) bola realizovana dna
28. 4. 2016 v staniCeni trasy 2,04058 km a tunelovom metri
(TM) 1751,58 m od zapadného portdlu (ZP). Prerdzka JTR bola
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conditions is based on regional and local surveys carried out in the
past. A detailed engineering geological and hydrogeological survey
(EGHS) for the Ovciarsko tunnel was carried by driving an explorato-
ry gallery (ExG) between 1996 and 1998.

Nine basic quasi-homogeneous geotechnical blocks and their
sub-blocks were determined in the final report “Podrobny IGHP
formou PS pre tunel Ovéiarsko” (Matejéek, A. et al., 1998)
(“Detailed EGHS for the Ovciarsko tunnel in the form of an ExG”).
Combined geotechnical blocks GO through to G3 were subsequent-
ly determined on the basis of those blocks, where symbol GO repre-
sented portal areas of the tunnel.

Geotechnical section G1 is characterised as a ground massif formed
by tectonically most disturbed rock types (min. 1 m) with unfavourab-
le orientation of discontinuity surfaces heading inside the excavated
opening. The disturbed rock types and local ground mass with the cha-
racter of soils are significantly instable, changing their geomechanical
(above all volumetric) characteristics on contact with water.

Section G2 represents tectonically little to medium disturbed series
of layers min. 0.1m, locally min. 1m. The rock types exhibit even sig-
nificantly higher strength in comparison with the preceding section.

In geotechnical section G3 the rock massif is characterised as
a massif with isolated tectonically disturbed zones with the thick-
ness of min. 0.lm and the strength of the rock material up to
50-90MPa. The representation of sandstone and conglomerates pre-
vails over claystone and marlite with various degree of lithification
and various types of cement.

ASSUMED AND ACTUALLY REALISED EXCAVATION
SUPPORT CLASSES

The QTS classification method according to Tesar was applied to
the assessment of the rock mass quality during the survey realised by
means of the exploratory gallery and the assessment of quasi-homo-
geneous blocks and sub-blocks carried out on the basis of the Austrian
ONORM 2203-1standard (the validity period from 1993 to 2001).

The detailed assessment of the rock mass was the basis for the
assumption for excavation support classes for driving the Ovciarsko
tunnel during the means and methods designing phase. On the basis
of point characteristics of the rock mass and structural analyses, the
responsible construction designer proposed the following support
classes, in the meaning of the TP 021 specifications, Part 1: Cyclic
tunnelling, Excavation support classes (older marking TP 06-
1/2006). The classes were arranged from the easiest to the most dif-
ficult one: 5/1,5/2, 6/1, 6/2, 6/3, 6/4, 6/5,7/1, 7/2 and 7TMP for the
common tunnel profile and excavation support classes 5/1, 6/1, 6/4
and 7/1 for the emergency lay-by profile.

The excavation of the Ovc¢iarsko tunnel commenced in the NTT on
22nd July 2014 and in the STT on 7th August 2014. The official NTT
breakthrough (see Fig. 1) took place on 28t April 2016 at the motor-
way chainage km 2.04058 and the tunnel chainage meter 1751.58
(measured from the western portal). The STT breakthrough was reali-
sed on 12t July 2016 at the motorway chainage km 2.22969 and the
tunnel chainage meter 1967.69 (measured from the western portal).

Several changes in comparison with the original design relating
to excavation support classes were carried out during the course of
the tunnel construction. These changes were caused by the actually
encountered conditions of the rock mass, first of all by the reach of
tectonics within the larger — full tunnel profile. But it is necessary to
say that the lithological and hydrogeological structure nearly com-
pletely corresponded to the survey results. For that reason additio-
nal excavation support classes 4/1, 4/2, 8/1, 8/1 MP (canopy tube
pre-support) and 7MPZ (canopy tube pre-support under the sinking
terrain) were designed during the course of the excavation.
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Obr. 2 Charakteristickd celba siilbvskych zlepencov, kde sa realizovali najdlh-
Sie zdbery v kalote

Fig. 2 Characteristic excavation face in Siilov conglomerates, where the lon-
gest excavation advance rounds were realised at the top heading

realizovand dna 12. 7. 2016 v stanicenf trasy 2,22969 km a TM
1967,69 od ZP.

Pocas vlastnej vystavby tunela doslo k niekolkym zmendm
oproti povodnému projektu, tykajicich sa vystrojovacich tried
razenia. Tieto zmeny boli spdsobené redlne zastihnutym stavom
horninového masivu a hlavne dosahom tektoniky vo vdcSom —
plnom profile tunela. Je vSak nutné povedat, Ze litologicka a hyd-
rogeologickd stavba takmer plne odpovedala vysledkom z pries-
kumu. Z tohto dovodu boli v priebehu razenia dodatocne dopro-
jektované vystrojovacie triedy 4/1, 4/2, 8/1, 8/1 MP (mikropilo-
tovy ddzdnik) a 7MPZ (mikropilotovy ddzdnik pod prepadom
terénu).

VYBRANE ASPEKTY RAZENIA V TUNELI OVCIARSKO

Vystrojovacia trieda 4/2 bola v STR a JTR pouzitd v dseku
najpriaznivejSich inZinierskogeologickych charakteristik horni-
nového masivu, kde horninovy masiv bol tvoreny prevazne
sulovskymi zlepencami a stvrstvim zlepencov, pieskovcov a sil-
tovcov. Horniny vykazovali vysoku pevnost (zlepence az 50-90
MPa), nizky stupen zvetrania, nizky stupen rozpukanosti (RQD
lokdlne az 100 %) a zdroven priaznivd orientdciu ploch nespoji-
tosti voci smeru razenia (obr. 2). Takéto geologické podmienky
umoznovali realizovat' najdlhSie postupy na kalote (do 2,2 m) vo
vystrojovacej triede 4/2.

Dodatocne naprojektovand vystrojovacia trieda 4/1 bez pouzi-
tia oblikovej vystuZe nebola pri vystavbe tunela realizovana.

Aplikécia vystrojovacich tried 8/1, 8/1 MP a 7TMPZ je spojena
s razenim v tuneli Ov¢iarsko od vychodného portdlu (VP).

Na VP boli price na vystavbe zacaté razenim JTR v auguste
2014. Po vyrazeni 4,95 m v kalote doSlo k vzniku trhlin na por-
tdlovej stene a sadnutiu celej portdlovej steny o cca 5 cm vo ver-
tikdlnom smere. Z tohto dévodu stavebny dozor (SD) a projektant
zastavili prace na JTR a zdroven na celom VP tunela Ov¢iarsko.

Je nutné dodat, Ze portdlové steny tak od ZP, ako aj od VP boli
vybudované v rdmci pripravnych pric projektov PPP v roku
2010, kde nasledne neboli dostupné vsetky podklady z existuju-
cej konstrukcie VP.

Po vypracovani projektu sandcie portdlovej steny doslo
k samotnej realizdcii prac.

Postup prac sandcie portdlu bol nasledovny (obr. 3, 4):

e precistenie existujicich odvodnovacich vrtov;

TuHel

SELECTED ASPECTS OF OVCIARSKO TUNNEL EXCAVATION

Excavation support class 4/2was used in both the NTT and STT in
the section of the most unfavourable engineering geological characte-
ristics of the rock mass, where the rock massif was formed mainly by
Stlov conglomerates and a conglomerate, sandstone and siltstone for-
mation. The rocks exhibited high strengths (conglomerates up to
50-90MPa), low degree of weathering, low degree of fracturing (RQD
locally up to 100%) and, at the same time, favourable orientation of
discontinuity surfaces relative to the direction of the tunnel excavation
(see Fig. 2). Such the geological conditions allowed for the realisation
of the longest advance rounds at the top heading (up to 2.2m) in exca-
vation support class 4/2.

The additionally designed excavation support class 4/1 without the
application of curved steel ribs was not realised during the tunnel con-
struction.

The application of excavation support classes 8/1, 8/1 MP
and 7MPZ is associated with the excavation of the Ovciarsko tunnel
from the eastern portal.

The work from the eastern portal started by the excavation of the
STT in August 2014. After completing the excavation of 4.95m at the
top heading, cracks developed in the portal wall and the whole portal
wall settled vertically about Scm. For that reason the project owner’s
supervising engineer and the designer stopped the work on the STT
and, at the same time, on the whole eastern portal of the Ov¢iarsko
tunnel.

It is necessary to add that portal walls of both the western portal and
eastern portal were built within the framework of the enabling work
operations for the PPP in 2010, where not all source documents from
the existing eastern portal structure were subsequently available.

The realisation of the work took place after the design for the stabi-
lisation of the portal wall was completed.

Obr. 3 Miesto porusSenia portdlovej steny (Sipky ukazujii na miesto praskliny)

Fig. 3 Portal wall break location (arrows indicate the crack location)




TuoufHel 25. rocnik - ¢. 4/2016

M1:200

sandcia trhliny crack repair
* SBhr. 100 mm SC 100mm thick
« siefovina 1 x 8/150 x 8/150
welded mesh 1 x 8/150 x 8/150
¢ IBOR32, dl. 8 m, raster 1,0 x 1,0 m IBO
R32 8m long, 1.0 x 1.0m grid

cca 1,5m od trhliny
ca. 1.5m from
crack

docasné kotvy
\ temporary anchors existujuca pilotova stolna
Uroven kotvenia ! = existing pilot tunnel

anchor level

0s juZna tunela
axis south tube

|_+0s severného tunela
' It north tunel tube axis

samozavriné kotvy '
selfdrilling rock =
anchors —
a=20°L=80m ~

samozavrtné kotvy
selfdrilling rock
anchors e
a=20°L=100m

"1 docasny drenazny rigol
i temporary dewatering
| trench
:
n

¢elnd stena stavebného portdlu © | | 1
-4 front slope of portal -+

N ,r
Celnd stena stavebného portalu |
front slope of portal

Celné stena stavebného portélu

A front slope of portal

mikropiléty 89/10, 4 0,7 m, L=9 m
* canopy tubes 89/10, & 0.7m, L=9m

FERAALT BB IR RN EREREONN

W
i
sl In
]
9

mikropiléty 89/10, & 0,7 m, L=9 m
canopy tubes 89/10, & 0.7m, L=9m

mikropiléty 89/10, 2 0,7 m, L=9 m
* canopy tubes 89/10, & 0.7m, L=9m

Obr. 4 Pohlud na portdlovii stenu s dodatocnymi sanacnymi opatreniami
Fig. 4 A view of the portal wall with the additional stabilisation measures

e realizdcia Siestich subhorizontdlnych odvodnovacich vrtov
dizky 120 m;

* podchytenie portdlovej steny kotevnymi prahmi (C30/37 +
B500B) zaloZenymi na mikropilétach 89/10 di. 9 m 35 ks;

e v mieste vertikdlnej praskliny: striekany betén (SB) C25/30,
osadené kari siete 8x150 a samozavrtné svorniky typu IBO
R32di.8m (raster 1x1 m);

 prekotvenie lanovymi kotvami 14 ks, di. 25 m;

* nad hranou portdlu cementova injektdz.

Po realizdcii sana¢nych prac na portdlovej stene sa vlastné razi-
ace prdce zacali v marci 2015 v STR a v JTR sa price zacali
v juni 2015.

V désledku velmi nepriaznivych inzinierskogeologickych cha-
rakteristik horninového masivu pri nadvédzujicom razeni JTR od
VP, kde horniny boli az charakteru zeminy, doslo dna 7. 8. 2015
k vytlaceniu Celby kaloty do tunelovej riry. Pri otvdrani zdberu
zaroven doslo k prelomeniu rdr ochranného mikropilétového

Obr. 5 Vytlacenie horninového materidlu do tunelovej riiry s deformdciou rir
mikropilotového daZdnika a priehradovych nosnikov
Fig. 5 Ground material extrusion into the tunnel tube; deformation of cano-
Py tubes and lattice girders

The following process of the portal stabilisation was applied (see
Figures 3 and 4):
e clearing the existing drainage boreholes;
e carrying out six 120m long sub-horizontal drainage boreholes;
e underpinning the portal wall with anchoring beams (C30/37 +
B500B) founded on 35 pieces of 9m long micropiles 89/10;

¢ in the location of the vertical crack: shotcrete C25/30 reinforced
with KARI welded mesh 8x150mm and 8m long self-drilling
rock bolts IBO R32 (1 x 1m grid);

e new anchoring with 14 pieces of 25m long cable anchors;

e cement grouting above the portal edge.

The tunnel excavation work commenced in the NTT and the STT in
March 2015 and June 2015, respectively, after the completion of the
portal wall stabilisation operations.

As aresult of the very unfavourable engineering geological charac-
teristics of the rock mass during the course of the subsequent excava-
tion of the STT from the eastern portal, where the ground even had the
character of soils, the top heading excavation face was extruded into
the tunnel tube on 7th August 2015. The protective canopy tube pre-
support and steel ribs broke down and a “daylight” collapse of the
ground material developed (see Fig. 5) when the new round of exca-
vation was being opened

The following work procedure was chosen with respect to the need
for the immediate stabilisation the collapsed material:

* covering the complete surface of the collapse cone with shotcrete;

* installing two layers of welded mesh 8x8x150;

* applying shotcrete to the upper part of the top heading excavation face;

e installing 8m long IBO R32 self-drilling rock bolts on a 1.5x1.5m

grid and subsequently filling the boreholes with cement grout.

The work on the removal of the tunnel collapse was carried out on
the basis of the design: “Rehabilitation of the tunnel after the extra-
ordinary event at chainage km 2.575600” .

The initial phase of the design is described above. Its objective was
to immediately stabilise the collapsed ground material. The second
phase related to the realisation of the rehabilitation of the sunk terrain
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Obr. 6 Povrchovd depresia vzniknutd prepadom terénu
Fig. 6 Surface depression developed by sinking of terrain

dazdnika (MPD), prelomeniu nosnikov a ,,vykominovaniu* hor-
ninového materialu aZ na povrch (obr. 5).

Z dovodu potreby okamZitej stabilizdcie vypadnutého materia-
Iu bol zvoleny nasledujtici postup préc:
e celoplosny néstrek zdvalového kuzela SB;
¢ osadenie dvoch vrstiev ocelovych sieti 8x8x150;
* nastrek SB do hornej Casti celby kaloty;
e osadenie Celbovych samozavrtnych svornikov IBO R32
diiky 8 m v rastri 1,5x1,5 m a ich nédsledné zacementovanie.
Vlastnd realizdcia zmdhania prepadu terénu bola vykonand na
zdklade projektu: ,,Sandcia mimoriadnej udalosti v km 2,575 600“.

Prva faza projektu bola opisand vyssie, kde jej cielom bola oka-
mZitd stabilizdcia vypadnutého horninového materidlu. Druhd
faza sa tykala samotnej realizdcie zmdhania prepadu terénu
v tunelovej rire (obr. 6,7 a 8).
Postup préc bol nasledujici:
e navrtanie sklolamindtovych svornikov diiky 16 m do celby
v pocte 40 ks s tinosnostou 300 kN, prekotvenie po 10 m;
e navrtanie dvojradového MPD priemeru 114,3 mm s hribkou
steny 10 mm v pocte 46 ks diiky 15 m;
* na podchytenie MPD boli zabudované dva nosniky
126/22/32, ktoré boli nasledne zastriekané SB spolu s ocelo-
vymi sietami;
e vyplnenie vzniknutej depresie na povrchu liatym beténom
typu C16/20 v mnoZstve zhruba 100 m3;
e technologickd prestdvka pre vytvrdnutie beténu na povrchu.
Realizécia razenia pod MPD vo vystrojovacej triede (VT)
7MPZ bola s postupnym ¢lenenym vylomom celby kaloty a oka-
mzitym ndstrekom SB. Hribka SB bola zvolend 0,3 m. Ako radi-
alne svorniky boli pouzité samozdvrtné svorniky typu IBO
R32/280kN dlzky 6 m.

Razenie vo VT 7MPZ bolo pri rovnakom postupe prac opako-
vané celkovo dvakrit v dizke 19,14 m.

ZAVER

Ako bolo v prispevku uvedené, pocas vlastnej vystavby tunela
doslo k dodato¢nému doprojektovaniu vystrojovacich tried. Tieto
dodatocné zmeny boli spdsobené redlne zachytenym stavom horni-
nového masivu, kde pri interpretdcii geologickych podmienok ziste-
nych pri razeni celého profilu tunela lokdlne dochddza k odliSnosti-
am oproti interpretacii podla realizovanej PS. Z tohto dévodu boli
v priebehu vlastného razenia dodato¢ne doprojektované vystrojova-
cie triedy 4/1, 4/2 pre priaznivé inZinierskogeologické podmienky

TuofHel

inside the tunnel tube (see
Figures 6, 7 and 8).

The following work procedure

was used:

e drilling 40 holes into the
excavation face for 16m
long glassfibre reinforced
plastic rock bolts with the
load capacity of 300kN;
repeated bolting after 10m;

e drilling holes for a double-
row canopy tube pre-support
with 46 pieces 15m long
tubes 114.3mm in diameter
and walls 10mm thick;

e two beams 126/22/32 were
incorporated into the struc-
ture to underpin the canopy
tubes; they were subsequ-
ently covered with shotcre-
te reinforced with steel mesh;

e filling the depression originated on the surface with about 100 m?
of C16/20-grade poured concrete.

A technological break for hardening the concrete on the surface.

The excavation under the canopy tube pre-support was realised in

excavation support class 7MPZ, with the top heading excavated sequ-
entially and the excavation face immediately covered with shotcrete.
The thickness of 0.3m was selected for the shotcrete. Self-drilling IBO
R32/280kN rock bolts 6m long were used as radial bolts.

The excavation in excavation support class 7MPZ at the length of

19.14m was repeated twice, using the same procedure.

CONCLUSION

As mentioned above in this paper, additional excavation support
classes were designed during the course of the tunnel construction.
The additional changes were caused by the actually identified condi-
tion of the ground mass, where deviations from the interpretation car-
ried out according to the realised exploratory gallery were locally
found by the interpretation of geological conditions carried out during
the excavation of the whole tunnel profile. For that reason excavation
support classes 4/1 and 4/2 were additionally designed during the

Obr. 7 Pohlud na zaistenii celbu, sklolamindtové svorniky celby, dvojradovy
mikropilotovy ddZdnik

Fig. 7 A view of the stabilised excavation face, glassfibre reinforced plastic
rock bolts installed into the excavation face, the double-row canopy tube pre-

support
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Obr. 8 Rez po uzavreti profilu VI 7MPZ
Fig. 8 Cross-section after closing the profile, excavation support class 7TMPZ

horninového masivu a triedy 8/1, 8/1MP a 7MPZ pre masiv tunela
tvoreny poruSenymi horninami, resp. horninami az charakteru
zemin v priportdlovych tsekoch tunela od vychodného portélu.

VyraznejSie problémy pri samotnej vystavbe tunela Ovciarsko
boli spésobené zastihnutou geolégiou od VP, kde horniny az cha-
rakteru zemin predstavovali pre realizdciu vlastného razenia
nepriaznivé prostredie.

Vznik mimoriadnej udalosti v JTR od VP bol spdsobeny nepred-
vidatelnym spravanim sa horninového masivu pri otvdrani celby.
Vhodne zvolené okamzité zaistovacie prace prepadu terénu zabez-
pecili pracovisko a hlavne bezpecnost pracovnikov. Vykonané
prace na zmédhani prepadu terénu boli realizované v sulade s pro-
jektom ,,Sandcia mimoriadnej udalosti km 2,575 600“. Realizécia
prebehla v silade s poziadavkami na zaistenie bezpecnosti na
pracovisku.

Spravne zvoleny metodicky pristup, dodrZiavanie technologic-
kej discipliny a tizka vzdjomnd spoluprdca vykonnych a dozoruj-
Ucich zloziek znamenala bezproblémové a bezpecné prekonanie
nepredvidatelnych okolnosti pri vlastnej vystavbe tunela.
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tunnel excavation for favourable engineering geological conditions of
the rock mass, whilst classes 8/1, 8/1MP and 7MPZ were additional-
ly designed for the tunnel massif formed by fractured rock or ground
with the character of up to soils in the portal sections of the tunnel
behind the eastern portal.

More significant problems during the Ovciarsko tunnel construction
were caused by the geology encountered when driving from the eastern
portal, where ground types with the character of up to soils represented
environment unfavourable for the realisation of the tunnel excavation.

The development of the extraordinary event in the STT driven from
the eastern portal was caused by the unpredictable behaviour of the
ground mass when the heading was being opened. Appropriately
selected immediate work on the stabilisation of the sinkhole in the ter-
rain secured the working place and, first of all, the safety of workers.
The work on the sinkhole in the terrain was carried out in compliance
with the design “Rehabilitation of the tunnel after the extraordinary
event at chainage km 2.575600” . The work was carried out in accor-
dance with requirements for ensuring safety in the workplace.

The correctly selected methodical approach, maintaining technolo-
gical discipline and the narrow cooperation of executive and supervi-
sing branches meant problem-free and safe overcoming of unpredic-
table events during the tunnel excavation.

Ing. IGOR JURIK, jurik@uranpres.sk,

Ing. MARTIN UDIC', Ph.D., udic@uranpres.sk,

Ing. LADISLAV GREGA, Ph.D, grega@uranpres.sk,

Ing. JOZEF VALKO, valko@uranpres.sk,

URANPRESS, spol. s r.o.,

Ing. PETER JANEGA, janega@ekofinas.sk, EKOFIN a.s.
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FOTOREPORTAZ 2 EXKURZE CZTA NA STAVBU
TUNELU CANNSTATT VE STUTTGARTU

PICTURE REPORT FROM CZTA EXCURSION TO CANNSTATT
TUNNEL CONSTRUCTION SITE IN STUTTGART

(FOTO/PHOTO COURTESSY OF ING. LIBOR MARIK)

Obr. 1 Stavebni jama pred nddrazim Obr. 2 Sachta na dopravu materidlu a rubaniny
Fig. 1 Construction pit in front of the railway station Fig. 2 Material and muck transporting shaft

Obr. 3 Zajisteni stability Eelby a pristropi Obr. 4 Nuzky na bourdni osténi boénich $tol
Fig. 3 Securing the stability of excavation face and top heading Fig. 4 Shears for the demolition of linings of sidewall drifts

Obr. 5 Razba v zemindch s vertikdlnim &lenénim — pocéva bez vody a vymolu
Fig. 5 Tunnelling through soils using the so-called vertical excavation sequence — tunnel bottom without water and potholes




FOTOREPORTAZ Z EXKURZE CZTA NA STAVBU TUNELU
FILDER VE STUTTGARTU

PICTURE REPORT FROM CZTA EXCURSION TO FILDER TUNNEL
CONSTRUCTION SITE IN STUTTGART

(FOTO/PHOTO COURTESSY OF ING. LIBOR MARIK)

Obr. 1 Celkovy pohled na predportilovy tisek tunelu
Fig. 1 General view of the pre-portal tunnel section

Obr. 2 Sklad dilcu prefabrikovaného osténi Obr. 3 Pohled na raZeny portdl s minimdlnim horninovym pilirem
Fig. 2 Precast lining segments stocking facility Fig. 3 A view of the mined portal with a minimum rock pillar

e

Obr. 4 Kolejovd doprava, konvenéné razeny iisek tunelu
Fig. 4 Track haulage, a conventionally driven tunnel section Fig. 5 Conveyor belt storage unit and TBM excavation background
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA

B Druhy asek razby Stitem tunelu Filder zahajen

V Tunelu €. 1/2015 bylo zminéno, Ze v Cervenci 2014 byla
zahdjena razba tunelu Filder délky 9.5 km, ktery je soucasti
vysokorychlostni Zeleznice ze Stuttgartu do Ulmu. Tunel
stoupd od Stuttgartu na ndhorni planinu Filder a priblizné
uprostred je 1150 m dlouhy dsek s proménlivymi geotechnic-
kymi vlastnostmi, ktery d€li tunel na spodni (délky 3630 m)
a horni ¢ast (délky 4035 m). Tunel se z vetsi ¢asti razi tune-
lovacim §titem firmy Herrenknecht (horni ¢ast v uzavieném,
dolni v otevieném mddu) a mezilehla prechodovd zéna se
razi konven¢né z bo¢niho pristupového tunelu.

Razba Stitem probiha ve Ctyrech fazich, mezi kterymi pro-
behnou jeho presuny pripadné ¢dsteéna demontdz a ndslednd
montéz. Po vyrazeni horniho tunelu vychodni trouby smérem
od horniho portdlu Filder byla ¢elni ¢dst §titu v konvencné
vyrazené stfedni ¢dsti tunelu demontovéna. Pak byl §tit pro-
tazen zpet hotovym tunelem k portdlu Filder, kde byl oto¢en
a presunut do pozice, ze které bude razit horni tunel zdpadni
roury. Po dokonéeni montdze byl stroj v ¢ervnu 2016 pripra-
ven k zahdjeni razby. AZ razbu horniho tunelu zdpadni trou-
by dokonéi, bude protazen konvelné vyraZenym stfednim
usekem, prestrojen na otevieny méd a ndsledné zahdji razbu
spodniho tunelu smérem k portdlu u Stuttgartu. Tam bude
opét Casteéné demontovén a pri nové montazi otoen o 180°

do pozice, ze které bude dovrchné razit ve Ctvrté fazi spodni

tunel vychodni trouby. Ve stfedni konven¢né vyrazené Casti

bude jeho Celni ¢dst opét demontovana a $tit bude protaZen

hornim tunelem vychodni trouby za portal Filder.

B Vyhodnocovani nabidek na italské ¢asti Brennerského
bazového tunelu (BBT)

SoutéZ na doddvku ¢dsti BBT Mauls 2, 3 na italské strané
mezi Brennerem a Mittewaldem pobliZ Franzenfeste byla
vyhlaSena 31. Cervence 2015. Dodavka zahrne razbu 40,3 km
hlavnich tuneli a 14,7 km tunelu prizkumnych.

Vybérova komise po obdrzeni nabidek zahdjila svou praci
26. listopadu 2015 a po intenzivni tfiimesi¢ni préci oficidlné
ozndmila v Bolzanu zacatkem brezna 2016 provizorni poradi
vybranych nabidek.

Prvni poradi z Sesti konsorcii, kterd nabidky podala, ziska-
lo konsorcium vedené spole¢nosti Astaldi spa. Jeho nabidka
technického feSeni, ¢asového planu a ceny, kterd ¢inni 992,93
milionu eur, byla podle soutéZnich podminek ohodnocena
nejvyssim poctem boda.

Nyni musi konsorcium prokdzat splnéni vSech potfebnych
pravnich poZadavku a pfiméfenost nabidkové ceny. Ndsledovat
bude urychlené uzavieni smlouvy a preddni staveniS$t€ pro
zahéjeni praci.
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B Prace na vSech castech bazového tunelu Semmering
byly zahajeny

Bazovy tunel Semmering délky 27,3 km je rozdelen na tri
Casti. Prostfedni je nazvdna Tunel Froschnitzgraben a dodava
ji konsorcium spolecnosti Swietelsky, Tunnelbau BmbH
a Implenia AG. Z délky 13 km této ¢asti bude 9 km smérem
ke Gloggnitz (smér k Vidni) razeno dvéma S$tity a 4 km
v opa¢ném sméru se budou razit konvencné.

Pro zpristupnéni mista rozrazky byly jiZ vyhloubeny a uve-
deny do provozu dvé Sachty hloubky 411 m o primérech
8,5 m a 11 m. V drovni jejich dna jsou také vyrazeny propo-
jovaci a startovaci kaverny. Z nich bude nejprve raZzena bez-
pecnostni stanice cca 700 m dlouha a nasledné bude zahdjena
razba tratovych tuneld.

Hloubeni Sachet probihalo od dubna 2015 do dnora 2016.
Pri provozu SBT budou Sachty slouZzit pro ventilaci.

Treti a posledni ¢ast SBT nazvand tunel Grautschenhof
délky 7 km byla v dubnu 2016 zaddna konsorciu Marti
GmbH/Marti Tunnelbau AG. Razba bude probihat v obou
smérech ze dvou sto metra hlubokych Sachet. Pfipravné préce
na stavenisti Sachet byly zahdjeny v kvétnu 2016, jejich hlou-
beni za¢ne pocatkem roku 2017.

B Tunely na nové Zeleznic¢ni trati z Osla do Ski

Nejvétsim infrastrukturnim projektem v Norsku je novd
dvojkolejnd Zelezni¢ni trat Follo délky 22 km mezi hlavnim
meéstem Oslo a na jih od néj lezicim méstem Ski. Po svém
dokonéeni zkrdti jizdni ¢as mezi obéma misty na 11 minut.

Soucasti trasy jsou dva 20 km dlouhé jednokolejné tunely,
které budou razeny v norské Zule pevnosti az 350 MPa.
Oproti tradici razba nebude probihat technologif ,.drill and
blast*, ale pomoci ¢tyf dvojitych $titt TBM o praméru 9,9 m,
které dodd firma Herrenknecht. Kazdy ze stroju vyrazi ze
startovactho mista u Asland priblizné 9,5 km tunelu, jedna
dvojice §titd smérem k Oslu, druhd ke Ski.

Vyhodou dvojitého Stitu je to, Ze kombinuje v jednom stro-
ji kotveni razici ¢dsti pomoci opér oprenych o skalni vyrub
(tzv. grippry) a jednoduchy §tit, pod jehoZ ochranou se neza-
visle na probihajici razbé montuje segmentové osténi.
Vyrazné to zvySuje vykon, podminkou vsak je dobra stabili-
ta skalniho masivu.

Vystavba v soucasnosti nejdelsiho norského Zelezni¢niho
tunelu ma byt dokoncena v roce 2021.

B Grand Paris Express

Pro zlepSeni osobni dopravy mezi Pafizi a priléhajicim
okolim ma byt do roku 2030 zprovoznéno Sest linek automa-
ticky provozovaného metra — Grand Paris Express.
Vybudovan{ této siteé si vyzadad stavbu 210 km tunelu a skoro
70 novych podzemnich stanic.

Soucasti tohoto zdméru je prodlouZeni linky 11 parizského
metra vychodnim smérem; stavba GCOl bude zahdjena
v fijnu 2016 konsorciem vedenym S$vycarskou spole¢nosti
Implenia. Tunelovaci stroj o praméru pres 9 m vyrazi 3 km
trasy, dalSich 200 m bude hloubenych. Soucdsti trasy jsou
Styfi nové stanice.

B Knizni publikace o stavbé bazového tunelu Gotthard

V poloviné kvétna byla ve $vycarském dopravnim muzeu
predstavena obsaznd publikace o vystavbé bazového tunelu
Gotthard: Tunnelling the Gotthard. Publikaci, na které praco-
valo vice nez 100 odbornika, pripravila pracovni skupina pro
podzemni stavby Svycarské tunelafské asociace (STS). Je
rozdélena na 18 tematickych &ésti, které obsahuji celkem 97

odbornych ¢lanku na celkoveé 719 strandch. Némeckou verzi
publikace lze objednat u Svycarské asociace (cena: 80 Svyc.
franku), anglickd verze bude vydédna v poloviné listopadu
2016.

Jednim ze &tyf editort je i Dipl. Ing. Heinz Ehrbar, ndm
dobre zndmy tucastnik a predndSejici na mezindrodnich kon-
ferencich Podzemni stavby Praha.

B Nistupisté ve stanici Liverpool Street byla dokonéena

Stanice Liverpool Street je soucdsti londynského projektu
Crossrail. Podobné jako na ostatnich stanicich tohoto projek-
tu je zde délka ndstupist’ 240 m, coz je zhruba dvakrat vice
nez méri ndstupisté existujicich stanic londynského metra.
Duvodem jsou 200 m dlouhé soupravy, které na trase
Crossrail budou jezdit. Vystavba nédstupist'trvala Ctyri mésice
a montovala se z vice neZ péti set kusu prefabrikdti doveze-
nych na stavenisté z 200 km vzdalené vyrobny u Sheffieldu.
B Postup razby tunelu Ulriken u Bergenu

O stavbe 7,8 km dlouhé druhé trouby Zelezni¢niho tunelu
Ulriken jsme informovali v Tunelu &. 2/2016. Je to vubec
prvni Zelezni¢ni tunel v Norsku, ktery se razi pomoci TBM
praméru 9,3 m. Je to otevieny typ stroje, jehoz razici ¢ast se
rozpira do hory. Trasa nové trouby je soubéznd se stavajicim
tunelem, ktery byl zprovoznén v roce 1964 a dnes jiz kapa-
citné nezvldda rostouci pozadavky na objem Zzeleznicni
prepravy. Novy tunel je stavén na maximdlni rychlost
160 km/hod.

TBM zahdjilo razbu v prosinci 2015, od Arna se 1,9 km
razi dovrchné ve sklonu 8,8 %o, pak se k Bergenu pokracuje
tpadné sklonem 3 .. Hned za razici Casti je stroj vybaven
pro provadéni primarniho osténi. Je pripraveno pét vyztuzo-
vacich trid, které podle podminek zahrnuji vrtani a instalaci
svorniku (kotev) délky 3 az 4 m v rozte&ich 1,5x1,5 nebo 2x2 m,
nastiikani vrstvy 8 az 20 cm vldkny vyztuzeného stiikaného
betonu pripadné vyztuzeného sit€émi nebo i prihradovymi
oblouky.

V této Cdsti stroje jsou také zarizeni na vrtani a instalaci
mikropilotového destniku délky 15 m v rozsahu 120° v pfis-
tropi, na provadéni té€snici injektdZze (véjif injektdZnich vrta
kolem celého obvodu vyrubu na délku 30 m pred celbu)
a zafizeni na vrtdni vodorovnych pruzkumnych vrti délky
50 m.

Tunel se nestavi jako vodonepropustny. Limity povolenych
prusaku jsou uréeny v rozmezi 4 az 20 1/min/100 m pro obdo-
bi razby i pro budouci provoz. Limity jsou stanoveny s ohle-
dem na hydrogeologické poméry v trase; u obou portdlu je
povolen prusak 10 1/min/100 m, pak nasleduji dseky s nej-
prisnéj$im pozadavkem 4 1/min/100 m, pro dal3i tsek ve
sméru od Bergenu plati maximum 10 1/min/100 m a nejdelsi
stfedn{ ¢ast tunelu ma povoleno max. 20 1/min/100 m.

Systematicka injektdz je provadéna v usecich s nejprisnéj-
§im limitem 4 1I/min/100 m, v ostatnich uUsecich zdlezi na
vyhodnoceni zastiZzenych hydrogeologickych podminek a ev.
provedenych pruzkumnych vrtu.

Pruzkumné vrty 50 m dlouhé se systematicky provadély
v priportalovych dsecich pres 1 km dlouhych.

Pokud jde o profil razeny TBM, vitéznd firma se jej pri
zpracovdni nabidky snaZila minimalizovat. Vysledkem byl
navrh profilu o priméru 8,7 m a ploSe 59 m2. Navrzené
sekundarni osténi bylo tvofeno dnovym prefabrikovanym
segmentem, do kterého by se nasledné kotvily Zelezniéni
koleje, a do formy betonovanym monolitickym osténim.



Zakaznik ale rozhodl o zvétSeni pruméru razeného profilu na
9,3 m (plocha 68 m?) a podle norskych zvyklosti zménil i de-
finitivni osténi, které se sklddd ze dvou vrstev stiikaného
betonu s mezilehlou prikotvenou (pénovou) izolaci. Tim po-
minul i vét$i Zivotnost dodavatelem navrzeného monolitické-
ho definitivniho osténi.

Vyuziti rubaniny je ovlivhéno mistnimi podminkami.
ProtoZze v Norsku Ize kamenivo obecné poridit lacino, zdkaz-
nik predepsal uloZeni rubaniny na meziskladku, odkud bude
pozdéji odebirana pro prilezitostné pouZiti.

Dosahované vykony po obdobi ,,zabéhu* po zahdjeni razby
v prosinci 2015 jsou dobré. Razba probihala priblizné do
dubna 2016 ve stabilni skalni hornin€, ve které byl nejlepsi
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denni postup 23,5 m/den a tydenni postup 80 m/tyden. Ho-
dinovy vykon kolisal v rozmezi 1,2 az 2,5 m/hod.
B Nedostatek techniku v Britanii po Brexitu?

ZkuSeny naborovy pracovnik britské firmy, kterd hleda a doda-
vé firmdm kvalifikované technické pracovniky, se skepticky vy-
jadiil o nedostatku vlastnich tuzemskych zkuSenych technika.
Uvedl, Ze Britdnie potrebuje do roku 2020 vice nez milion novych
inZenyra a technikd, aby se vyrovnala s bliZici se persondlni krizi.
Obdobné zdatnych a zkuSenych tuzemskych manudlnich pracov-
nikd je vyrazny nedostatek. Jak se s tim Britdnie vyporadd, pokud
by po brexitu zahrani¢ni odbornici i zkuseni manudlni pracovnici
do zemé neprichazeli z ciziny v dostate¢ném mnoZzstvi?

Ing. MILOSLAV NOVOTNY, mila_novotny@volny.cz

REKONSTRUKCE TUNELU ALTER KAISER WILHELM (AKWT) V NEMECKU SE CHYLI KE KONCI
RECONSTRUCTION OF THE ALTER KAISER WILHELM TUNNEL (AKWT) IN GERMANY COMING TO ITS END

The 4205m long AKWT tunnel is located on the Koblenz —
Perl railway track, between the town of Cochem and the muni-
cipality of Ediger-Eller in Rhineland-Palatinate federal state. It
is approximately 140 years old. The tunnel construction com-
menced in 1874. The tunnel breakthrough took place in 1874. It
was officially inaugurated in August 1879. The railway line was
electrified in 1974. The main scope of the reconstruction lies in
the incorporation of a new water retaining reinforced concrete
final lining into the original AKWT lining. The whole area of the
existing masonry vault was reprofiled; the new final lining is
now 40cm thick. The depth of the tunnel bottom was increased
by ca 1.5m and the existing dysfunctional drainage system was
replaced with a new one. Both historic listed portals with stone
eagles on them were preserved and will be rehabilitated.
Currently (the end of October 2016) all main civil engineering
activities on the AKWT project carried out by the company of
Subterra a.s. have been finished in compliance with the contrac-
tual schedule. In parallel with Subterra a.s. activities, another
contractor commenced the work on the slab track (VP0S). The

installation of the catenary system, tunnel technologies and the

courtesy of Ing. JiFi Patzdk
Obr. 1 Portdl v Cochemu — vlevo tunel NKWT (Novy tunel cisare Wilhelma)
raZeny TBM, vpravo tunel AKWT

Fig. 1 Portal in Cochem — the New Kaiser Wilhelm Tunnel (NKWT) for the
left, the AKWT tunnel for the right

interlocking system will follow. Bringing the AKWT tunnel into
service is planned for June 2017.

Tunel AKWT ma délku 4205 m a lezi na Zeleznicni trati
Koblenz — Perl mezi méstem Cochem a obci Ediger-Eller ve
spolkové zemi Poryni-Falc a jeho stéfi je priblizné 140 let. Jeho
vystavba zaCala v roce 1874 ze strany portdlu Eller, o tfi méesice
pozdéji i ze strany portdlu Cochem. Prordzka tunelu se uskutec-
nila v roce 1877, ve stejném roce byla vybudovdna obezdivka

foto | photo courtesy of Ing. Jifi Patzik
Obr. 2 Definitivni obezdivka v tunelu AKWT — pohled z portdlu v Cochemu
Fig. 2 Final lining in the AKWT tunnel — a view from the portal in Cochem



25. rocnik - €. 472016

. L
foto | photo courtesy of Ing. Jifi Patzik
Obr. 3 Portdl v Cochemu — tunel AKWT

Fig. 3 Portal in Cochem — the AKWT tunnel

tunelu z kamenného fadkového zdiva. Do provozu byl tunel ofi-
cidln¢ uveden v srpnu 1879 (zprovoznéni tratového dseku),
v roce 1974 byla trat’ elektrifikovdna. AZ do roku 1988 byl
AKWT s délkou 4205 metri nejdel§im Zelezni¢nim tunelem
v Némecku.

Hlavni obsah rekonstrukce spocivd v zabudovani nového defi-
nitivniho osténi z vodonepropustného Zelezobetonu do puvodn{
obezdivky AKWT. Za timto tcelem byla stavajici zdénd klenba
plosné reprofilovana, minimdlni tlouStka nového definitivniho

ZPRAVY Z TUNELARSKYCH KONFERENCI

15. ROCNIK KONFERENCE GEOTECHNIKA
15™ GEOTECHNICS CONFERENCE

The already 15t Geotechnics Conference was held under the
auspices of the Czech and Slovak tunnelling associations in Horni
Smokovec in the High Tatras from 215t to 22nd September 2016.
The technical focus of the conference was quite wide, even res-
ponding to some new directions for the development of the geo-
technics. The total of approximately 140 attendees from the
Slovak and Czech Republics and abroad took part in the confe-
rence.

V terminu 21-22. zdii 2016 se konal pod zstitou Ceské
i Slovenské tuneldrské asociace v Hornim Smokovci ve Vysokych
Tatrach jiz 15. ro¢nik konference Geotechnika. Konference je
pordddna kazdé dva roky firmou ORGWARE pod vedeni
Ing. Badikové a Fakultou stavebni VSB-Technické univerzity

— foto | photo courtesy of Ing. JiFi Patzik
Obr. 4 Definitivni obezdivka v tunelu AKWT — pohled z portilu v Cochemu
Fig. 4 Final lining in the AKWT tunnel — a view from the portal in Cochem

ostén{ je nyni 40 cm. Dno tunelu bylo prohloubeno o cca 1,5 m
a stavajici nefunkéni systém odvodnéni byl nahrazen novym.
Oba historické, pamdtkové chranéné portdly s kamennymi orli-
cemi byly zachovany a bude provedena jejich sanace.

V soucasné dobé (konec fijna 2016) jsou vSechny hlavni sta-
vebni ¢innosti na projektu AKWT provddéné spoleCnosti
Subterra a.s. (VP07, hruba stavba) v souladu se smluvnim har-
monogramem dokonceny. Razba spodni klenby a profilace sté-
vajici obezdivky byla dokoncena v kvétnu 2016, betonaz defini-
tivni obezdivky v tunelu v srpnu 2016, hloubend Cast severniho
portdlu v Cochemu v zdfi 2016 a sanace klenby v¢. injektdze
vrchliku a kompletace odvodnovaciho systému tunelu v fijnu
2016. Aktudlné probihd na stavbé odstranovani drobnych vad
a nedodélku a likvidace zafizeni staveni§té. Paralelné s ¢innosti
Subterra a.s. byla dal§im zhotovitelem zahdjena realizace pevné
jizdni drahy (VPO8), po které bude ndsledovat montdz trakéniho
vedeni, technologii a zabezpeCovaciho zafizeni tunelu.
Zprovoznéni tunelu AKWT je pldnovano v ¢ervnu 2017.

Ing. JAN VINTERA, jvintera@subterra.cz,
Subterra a.s.

NEWS FROM TUNNELLING CONFERENCES

Ostrava ve spolupréci s dal$imi vysokymi Skolami a vyzkumnymi
organizacemi v ramci Ceské i Slovenské republiky. Dlouholetym
odbornym garantem konference je prof. Ing. Josef Aldorf, DrSc.
Odborné zaméreni konference bylo dosti §iroké a reagovalo i na
nekteré nové sméry v oblasti rozvoje a vyvoje geotechniky.
Hlavnimi tématy letoSniho ro¢niku konference byly:
* nové technologie a materidly v geotechnickém a hornickém

stavitelstvi;
* pokrokové metody zakldddni staveb a progresivni stavebni
konstrukce;

e aktudlni problémy podzemniho a dopravniho stavitelstvi;
e environmentdlni geotechnika a hydrogeologie (sesuvy,
vysypky, protipovodnové hrdze, odkali§té, zaplavovana

uzemi, $ifeni kontaminantu);




e energetickd geotechnika (geotermdlni energie, energetické
geotechnické konstrukce, zdsobniky energetickych produktu
apod.);

e geotechnicky monitoring a rizikovd analyza v geotechnice;

e vybrané problémy inZenyrské geologie, geomechaniky
a geofyziky;

e vyuka geotechniky na vysokych Skoléch.

Celkem se konference ucastnilo cca 140 ucastniku ze

Slovenské a Ceské republiky i ze zahranici.

Po zahdjeni konference ndsledoval blok predndsek o vyuce
geotechniky i védecko-vyzkumné ¢innosti na katedrach geo-
techniky na vysokych $koldch v CR i SR. Z prednesenych
prispévku vyplynulo, mimo jiné, Ze se vSechny vysoké Skoly
potykaji v soucasné dob€ s ibytkem zdjemcu o studium tech-
nickych obort véetné studia geotechniky. Vysoké koly ve
spoluprdci s firmami realizuji ruzné aktivity ke zvySeni
zdjmu o studium tohoto oboru. Samostatny studijni obor
Geotechnika v bakaldrské, magisterské i doktorské formé
studia Ize v sou¢asné dobé studovat v ramci CR i SR pouze
na Fakulté stavebni VSB-TU Ostrava, na ostatnich vysokych
Skoldch je geotechnické zamérfeni soucasti §iteji zaméreného
oboru Konstrukce a dopravni stavby.

Nad budoucnosti geotechniky na Slovensku i ve svété se
zamySslel ve svém prispévku Ing. Téth (Amberg Engineering
Slovakia, s.r.o.), ktery poukdzal na vzrustajici vyznam geo-
vani geotermdlni energie. Autor rovnéz seznamil dcastniky
konference i s vyzkumnymi aktivitami mladych geotechnika,
které byly prezentovdny na evropskych konferencich mla-
dych geotechnickych inZenyra EYGEC.

V udvodni sekci konference vyvolal diskusi prispévek
doc. Rozsypala, ktery se vénoval problematice geotechnic-
kych rizik a norem. Autor prezentoval ndzory tykajici se pod-
minek vyuzivdni zruSenych norem, a to predevsim v praxi
stale citované zrusené normy CSN 731001. V pifspévku bylo
zduraznéno, mimo jiné, Ze identifikace a kvantifikace geo-
technickych rizik predpokldada spolupraci inZenyrskych geo-
logu a geotechniku.

Prispévek prof. Hully a kolektivu STU Bratislava se véno-
val problematice vypovidaci schopnosti vysledka vodnich
tlakovych zkouSek pri kontrole kvality injektdZnich praci tés-
nicich prvki prehrad Cierny Vih a Liptovska Mara. Vlivem
zmény hydroreZimu na stabilitu odkali$t' sanovanych pomoci
vedlejSich energetickych produkta se zabyval prispévek
kolektivu autort firmy INSET s.r.o. Se stavbou experimen-
taln{ tlakové zdtky hlubinného tdloZzisté radioaktivnich odpa-
du, kterd byla realizovdna v rdmci evropského projektu
DOPAS v Regiondlnim vyzkumném podzemnim centru
Josef, a realizovanymi vyzkumnymi aktivitami v dané aktu-
alnf oblasti sezndmila ucastniky konference Ing. Dohnalkovad
(SURAO). Problematikou vyzkumnych aktivit v podzemni
laboratori BUKOV (550 m pod povrchem), spojenych s pra-
cemi na vyvoji dloZi§té radioaktivniho odpadu v CR, se zaby-
val ptispévek kolektivu autorti z firrm SURAO a DIAMO.

Znaénd ¢dst prispévku byla vénovéna problematice stabili-
ty prirodnich (zeminovych i skalnich) i antropogennich
svahu (ndsypy, zdrezy) a jejich sanaci — byla prezentovdna
problematika sanace skalnich stén podél komunikace v oblas-
ti Certovy doliny (Minova Bohemia s.r.0.), podél pfistupové
komunikace k precerpavaci elektrarné Dlouhé Strané (SG-
GEoinzenyring, CEZ, STRIX Chomutov), skalnich masivi
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v oblasti Hrenska (Maccaferri Central Europe, STRIX
Chomutov), stability zdfezu na trase R1 Nitra zdpad —
Tekovské Nemce (STU Bratislava, ORGWARE), stability
Zelezni¢niho zédrezu v useku Devinska Novd Ves — Zohor
(STU Bratislava, Prodex), stability svahovych téles v rozsi-
fovaném useku slovenské dalnice D1 Bratislava — Trnava
(Amberg Engineering Slovakia). V oblasti stability svahu
jisté zaujal, mimo jiné, pispévek $panélskych autort z firmy
3S Geotecnia y Tecnologia, predneseny dr. Torresem, prezen-
tujici problematiku stanoveni zemniho tlaku na flexibiln{
membrany 3STUTOR Reinforced a 3STUTOR Punctual vy-
uzivané ke stabilizaci svahu.

Zajimavou problematiku zaloZeni mostnich opér pomoci
vyztuZzené zeminy s uvazovanim ndvrhu vyztuZeného zemi-
nového bloku v souladu s britskou ndvrhovou metodikou
Tieback Wedge prednesl zdstupce kolektivu autort z firmy
GEOMAT Slovakia. Monitoringem mostnich konstrukci{
a jejich podloZi se zabyval prispévek prof. Hully a Ing.
Badikové. Faktorum, urujicim spolehlivost monitoringu
pomoci plochych tlakovych bunek, a odpovidajicim experi-
mentdlnim ovérenim byl vénovén prispévek autoru z Fakulty
stavebni VSB-TU Ostrava.

Dal3i ¢dst prispévku byla smérovédna do oblasti podzemni-
ho a hornického stavitelstvi. V oblasti tunelovych staveb byla
pozornost vénovana problematice vystavby tunelu Povazsky
Chlmec (Ing. Marik, HOCHTIEF CZ a. s.), rekonstrukci
tunelu v Teplicich nad Metuji, dokumentujici, mimo jiné,
lispé$né vyuziti modernich geodetickych prostredkiu nové
generace firmy Amberg Technologies v procesu vystavby
(Dohnilek a kol., Subterra a.s.) a ddle inovativnimu spojeni
betonovych segmentu tunelového osténi v oblasti propojek
pomoci trna (patent firmy Metrostav a.s.). Nestandardnim
navrhem realizace stanice metra v Praze pomoci protlacova-
ni velké hranaté konstrukce s vyuZzitim unikdtniho anti-treci-
ho systému Ropkins, ktery dosud nebyl v podminkdch CR
vyuZit, se zabyval ve svém piispévku kolektiv autoru z firmy
METROPROJEKT Praha a.s.

Prispévky kolektivu autori Katedry geotechniky a pod-
zemniho stavitelstvi Fakulty stavebni VSB-TU Ostrava byly
zaméfeny do oblasti analyzy velikosti podpurného tlaku na
Celbu tunelu, ddle na analyzy dlouhodobého vyvoje teplot
v osténi tunelu Klimkovice, seismického namdhéani ostén{
tunelu, experimentdlnich zkouSek svornikové vyztuze s dura-
zem na vazbu mezi kotevnim prvkem a horninou, triaxidlnich
testt vysypkovych materidld z lomu Bilina v severnich
Cechéch, geotechnickych aspektd dynamickych d&inkd
dopravy i analyzy horninového prostredi ve vztahu k instala-
ci vrtaného tepelného vymeéniku.

V dalSich prispévcich byla prezentovdna problematika hor-
nické geotechniky — monitoring napétovych zmén ve velkych
hloubkach a vysledky terénnich zkouSek svornikové vyztuze
v podminkdch severoleskych uhelnych dolii (Ustav geoniky
AV CR).

V ramci konference probéhly rovnéz dvé firemni prezenta-
ce — prezentace firmy IDEA RS o moznostech vyuZziti soft-
waru MIDAS GTS k modelovani tdloh z oblasti geotechniky
a podzemniho stavitelstvi a prezentace firmy Minova
Bohemia s.r.o. tykajici se aplikace silikdtové Zivice Geoflex
v geotechnice a dopravnim stvitelstvi. Ing. Konic¢ek, Ph.D.,
viceprezident Mezindrodn{ spole¢nosti pro mechaniku hornin
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ISRM, podal rovnéZz informaci o &innosti této organizace

a o pripravované konferenci EUROCK 2017 v Ostrave.
Organizatori konference doufaji, Ze oba dva konferenéni

dny prinesly kazdému ucastnikovi nové poznatky, informace

a zkuSenosti, byly inspirativni pro dalsi praktickou i védec-

ko-vyzkumnou ¢innost a prispeji tak ke kvalitnéjsi, spolehli-

70570

vejs$i a ekonomictejsi realizaci staveb.

doc. RNDr. EVA HRUBE§OVA, Ph.D.,
eva.hrubesova@vsb.cz,
Fakulta stavebni VSB-Technickd univerzita Ostrava

KONFERENCE 10. RAKOUSKY TUNELOVY DEN A 65. GEOMECHANICKE KOLOKVIUM V SALZBURGU
10™ AUSTRIAN TUNNEL DAY CONFERENCE AND 65™ GEOMECHANICAL COLLOQUIUM IN SALZBURG

Two important geotechnical conferences were held in
Austrian Salzburg in the traditional autumn time — the 10th
Austrian Tunnel Day and the 65th Geomechanical Collo-
quium. Hundreds of professionals from Europe and even more
distant countries gathered in the conference venue. The
Austrian Tunnel Day was dominated by three fundamental
themes — special challenges of current large projects, the
application of the BIM to tunnelling projects and the already
traditional relationships in the process of construction betwe-
en the project owner and contractor from the aspects of the
project owner, contractor firms and lawyers. The Geo-
mechanical Colloquium was traditionally opened by the cha-
irman of the Austrian Society for Geomechanics, Prof. Wulf
Schubert. The first block of lectures was dedicated to large
tunnel construction projects in Austria. The programme pro-
ceeded by a theme on the use of geothermal energy in the con-
struction of tunnels and gaining it from deep underground
structures. The papers dealt both with particular projects and
the experience from already realised underground constructi-
on projects and with purely theoretical considerations on gai-
ning energy from several kilometres deep boreholes. Other
lectures dealt with geomechanical aspects in the mining
industry, both on the ground surface and underground. All
geomechanical colloquium papers were traditionally publis-
hed in the fifth issue of Geomechanics and Tunnelling journal.
The papers presented at the Austrian Tunnel Day will be
reprinted in the sixth issue of the same journal, which will be
published before the end of 2016.

V tradi¢nim podzimnim terminu se konaly v rakouském
Salzburgu hned dvé vyznamné geotechnické konference.
Shodou okolnosti obé slavily svd jubilea. Jednalo se 10.
Rakousky tuneldisky den a 65. Geomechanické kolokvium.
Do mista konén{ se sjely stovky odbornika z Evropy i vzdéle-
néjSich zemi, aby se sezndmili s novinkami ve svété tuneld
a geotechniky obecné. Rakousky tunelarsky den se kond vzdy
po dvou letech a tomu leto$Snimu dominovala tfi zdkladni
témata: Zvlastni vyzvy aktudlnich velkych projekta, vyuZiti
BIM v tunelovych stavbach a jiz tradi¢ni vztahy pfi vystavbe
mezi objednatelem a dodavatelem z pohledu investora, zhoto-
vitelskych firem a z hlediska pravniku.

V dvodu prezident rakouské ITA-AITES pan Wolfgang
Stipek predstavil i¢astnikim konference ndrodni aktivity této
organizace a seznamil pritomné s vyhledem do budoucna.
V druhé prednasce prof. Robert Galler informoval o aktivi-
tach svétové organizace ITA-AITES.

V bloku tykajicim se aktudlnich velkych projekti byl
v prvni predndsce firmy Porr predstaven projekt Stuttgart21
na prikladu tunelt Ober- a Untertiirckheim. Jedné se o kon-
venéné raZzené tunely velkych profild a razbu podzemniho

tunelového rozpletu. Druha prednaska firmy Jiger Bau se
tykala razby vodovodniho privadéce na ostroveé Kréta pomoci
TBM o pruméru 4,93 m. RaZba probihala ve védpencich
s velmi dobrymi vysledky, kdy nejlepsi tydenni vykon dosdhl
140 m (za 6 pracovnich dni) a nejlep$i denni vykon byl
34,3 m. Komplikace nastaly az pri neofekdvaném zastiZzeni
jeskyné velkych rozméru, jejiz prachod vyZzadoval mimorad-
nd opatfeni. Po dlouhych diskusich a hleddni vhodného tech-
nického reseni se zhotovitel rozhodl v jeskyni navrsit z ruba-
niny zpevnény val, kterym tunelovaci stroj proSel a pokraco-
val v razbé. Prispévek popisoval technické i smluvni problé-
my a jejich feSeni. Posledni prednd$ka firem BeMo
Tunnelling a Morgan Sindal poukazovala na mimorddna
logistickd opatfeni pri zajisténi dopravy pro odvoz rubaniny
a zdsobovéni stavebnim materidlem pfi razb€ tunelt dseku
C510 stavby Crossrail v centru Londyna. Mimoradna aZ para-
lyzujici opatfeni byla vénovana zaji§téni bezpecnosti obyvatel
pri dopraveé v ulicich Londyna. Piispévek se dale zabyval
technologickym postupem konvenéni razby tunelu s predraze-
nou pilotni Stolou a sledovanim dlouhodobych deformacnich
projevu na povrchu tzemi.

Ze BIM neni jen hudbou daleké budoucnosti, ale stdle bez-
néjsi praxi, ukdzal blok prednaSek, jejichz autory byli nejen
zastupci projekénich kanceldri, ale i zhotovitelnych firem
a investora. Zdsadni informace padla v prednd$ce Heinze
Ehrbara z némeckych drah, ktery seznamil pritomné se strate-
gif standardizovat BIM v procesu projekéni pripravy, vystav-
by i spravy dopravnich staveb némeckych drah do roku 2020.
Cely prechod na BIM probihd ve tfech etapdch. Prvni etapa
byla ukoncena v listopadu 2015 a stanovila vize, cile, strate-
gii a definovala prvni pilotni projekty. Druha etapa bude
ukoncena v ¢ervnu 2017 a jejim cilem je vyhodnocenf vysled-
ku pilotnich projektu a jejich pfinosu pro sniZeni investi¢nich
nékladu, zprehlednéni financovdani velkych staveb, upfesnéni
harmonogramu vystavby, eliminaci koliznich mist a zohled-
néni ekologickych aspektu. Ve tieti fdzi bude déle cely proces
prechodu precizovan. Po ukonceni treti faze v predpokldda-
ném terminu 12/2020 bude projektovani a vystavba umozné-
na pouze firmam, které jsou schopny poskytovat pozadované
plany a informace v procesu BIM. V soucasné dobé jiz
v tomto reZimu bezi na izemi SRN 12 velkych Zelezni¢nich
projektu. Jedna se o stavby ABS/NBS Karlsruhe — Basel (RB
Siidwest), projekt Stuttgart — Ulm, ABS 46/2 Emmerich —
Oberhausen (RB West), RRX Rhein—Ruhr-Express (RB
West), ABS Stendal — Ulzen (RB Siidost), Fehmambelt-
querung (RB Nord), 2. Gleisausbau Homburger Damm (RB
Mitte), ABS Berlin — Dresden (RB Ost), Hamburg — Altona
(RB Nord), 2. S-Bahn Stammstrecke Miinchen (RB Siid),
Hannover Hauptbahnhof a Koln-Nippes ICE Werk. Nazvy
staveb jsou uvedeny bez prekladu, aby si pfipadny zdjemce



mohl sndze vyhledat o téchto dsecich potrebné informace. Ve
druhé piednasce se autofi ze zhotovitelské firmy ZUBLIN jiz
zabyvali moZznostmi aplikace a prenositelnosti zkusenosti s BIM
v oblasti podzemnich staveb na liniové dopravni stavby, digitali-
zaci procesu vystavby s pouZitim BIM a integraci dat vznikajicich
pri realizaci podzemnich staveb do jediného systému. Posledni
prednéska tohoto bloku pripravend zdstupci projekéni kanceldre
iC Consulenten se zabyvala nasazenim BIM v projek¢ni praxi.
Spole&né pak predndsky symbolicky ukdzaly, Ze systém muze byt
funkéni pouze v pripadé, kdy je cely proces zahdjen jiz v dobé
projekéni pripravy stavby, pokraCuje pri jeji realizaci a nasledne
slouz{ investorovi pfi sprave a udrzbe dila za provozu.

Smluvnim vztahum pfi vystavbé tuneld byl vénovan zbytek
konference a téma bylo feSeno formou moderované pédiové
diskuse, které se tucastnili zdstupci projektanta, zhotovitele
i investora.

Geomechanické kolokvium s ¢islem 65 zahdjil tradi¢né predse-
da Rakouské geotechnické spolecnosti prof. Wulf Schubert. Prvni
blok prednasek ¢tvrte¢niho dopoledne byl vénovany velkym tune-
lovym projektum v Rakousku. Prvni dvé prednasky se tykaly
bazového tunelu Semmering délky 27,3 km, jehoZ vystavba byla
zahdjena v kvétnu 2016 a prvni zkuSenosti z vystavby jiZ umoz-
fiuji porovndni predpokladu zaddvaci dokumentace a skutedné
zastizenych podminek béhem vystavby. Jednd se o Zelezni¢ni
tunel, ktery tvori dve jednokolejné tunelové trouby, tunelové pro-
pojky vzddlené max. 500 m a zhruba v poloviné tunelu situovana
nouzovd stanice se dvéma vétracimi Sachtami hloubky cca 400 m
pro zajisténi Cerstvého vzduchu a odvod znedisténého vzduchu
v piipadé pozaru. Prvni prispévek se zabyva geotechnickymi
pomery v trase tunelu, principy stanoveni geotechnické prognézy
v zaddvaci dokumentaci, kterd byla vytvorena v duchu normy
ONORM B2203, dil 1 a 2. Déle popisuje rozdélenf trasy tunelu na
horninové typy a jejich parametry a geotechnické pldnovani pro
potieby realizace stavby podle smérnice OGG pro geotechnické
planovani. Kromé portdlu Gloggnitz je tunel razen jesté z pristu-
povych mist Gostritz, Froschnitzgraben a Grautschenhof. Ve dru-
hém prispévku jiz byly popisovany konkrétni podminky dseku
tunelu SBT2.1 — tunel Froschnitzgraben a specidlni feSeni hloube-
ni Sachet se specidlnim systémem odt€Zovani rubaniny a dopravy
osob do podzemi.

TUNELARSKE ODPOLEDNE 1/2016
TUNNEL AFTERNOON 1/2016

The first Tunnel Afternoon event in 2016 (a series of lectures
organised by the Czech Tunnelling Association) took place on 14th
September 2016. Its theme was titled The Blanka complex of tun-
nels, one year after. A total of five lectures were delivered during
the seminar. They gathered the knowledge gained until now from
the trial operation of the Brusnice, Dejvice and Bubene¢ tunnels.
The lecturers dedicated themselves to the trial operation of the
Blanka complex of tunnels from the aspect of the traffic and the
tunnel equipment, tunnel monitoring and the environmental
impact of the project, the automatic operation of the ventilation
system and the operational safety in this complex of tunnels.

Dne 14. zari probéhlo prvni Tuneldrské odpoledne v tomto roce
na téma Tunelovy komplex Blanka, rok poté. Zahdjil jej predseda
Ceské tuneldfské asociace Ing. Ivan Hrdina. Béhem semindfe
zaznélo celkem pét prednasek, které shrnovaly dosavadni poznatky
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Dalsi piispévky pojednavaly o Zelezni¢nich tunelech ,,tunelové-
ho fetézu®“ St. Kanzian ve velmi slozitych geotechnickych pod-
minkach a o druhém nejdelsim tunelovém systému Koralmské
drahy — ,tunelovém fetézu“ Granitztal. Piispévek o razbé druhé
tunelové trouby ddlni¢niho tunelu Gleinalm popisuje alternativni
feSeni razby tunelu pomoci NRTM, které zhotovitel uvedl
v nabidce z davodu zvySeni hospodédrnosti stavby a vétsi bezpec-
nosti ve stanoveni investi¢nich ndkladu. Posledni prispévek
z bloku velkych tunelovych projekta se tykal razby kaverny
a tunell precerpavaci elektrarny Obervermuntwerk II.

Cely odpoledni program byl vénovén vyuZiti geotermdlni ener-
gie pri vystavbe tunelu i jejiho ziskdvani z hlubokych podzemnich
dél. Prispévky se zabyvaly jak konkrétnimi stavbami a zkuSenost-
mi z jiZ realizovanych podzemnich staveb, tak Cisté teoretickymi
tivahami o ziskdvani{ energie z vrtd hloubky nékolika kilometru.
Toto téma se na geomechanickém kolokviu objevilo jiz vicekrat
a od teoretickych dvah se vyuZivdni geotermdlni energie ¢im dél
vice pfesouvd do praxe.

Pétecni dopoledné bylo vénovdno geomechanickym aspektim
v hornictvi, a to jak na povrchu tizemi, tak pod zemi. Téma ,,TBM
— oCekdvéani a skuteCnost“ vzbudilo vysoky zdjem ulastniki
a zajistilo velky pocet posluchact aZ do samého konce konferen-
ce. Piispévky hodnotily zkuSenosti z razeb tunelt pomoci TBM.
Jednalo se o velmi zajimavé projekty jako naptiklad razbu jedno-
kolejnych tunelt pro Zeleznici v dseku Unterinntal (stavebni oddil
H3-4) pomoci hydrostitu, raZbu Wienerwald,
Gotthardského bédzového tunelu nebo tunelt zelené linky metra
Doha. Blok prednasek zakoncila opét pédiova diskuse na téma
soucasné bézicich TBM tunelovych projektu v Rakousku. Leto$ni
ro¢nik tunelového dne i geomechanického kolokvia byl mimorad-
né zajimavy a nabity informacemi o velkolepych tunelovych pro-
jektech. V porovndni se situaci v oblasti podzemnich staveb
v Ceské republice se vystavba tunell nedaleko nagich hranic jevi
jako nedosaZitelny sen. VSechny prispévky geomechanického
kolokvia vysly tradiéné v patém Cisle Casopisu Geomechanics and
Tunnelling. Pispévky rakouského tunelového dne budou pretisté-
ny v Sestém Cisle téhoz Casopisu, které vyjde do konce roku 2016.

tunelu

Ing. LIBOR MARIK, libor.marik@hochtief.cz,
HOCHTIEF CZ a.s.

ze zkuSebniho provozu Brusnického, Dejvického a Bubenecského
tunelu (TKB).

Jako prvni vystoupil Ing. FrantiSek Poldk (SATRA spol. s 1. 0.)
s prednaskou Zkusebni provoz TKB — doprava. Pripomnél rozsah
TKB, ktery nepredstavuje pouze samotné tunely, ale mnoZstvi
tramvajovych trati, novych komunikaci, rekonstrukci komunikaci
a inZenyrskych siti, dva nové mosty a dva parky. Prezentoval
vyvoj intenzit dopravy v tunelech a zmény na ovlivnéné povrcho-
vé komunika¢nf siti, kde se uvedeni tunelu do zkusebniho provo-
zu v naprosté vétsiné pripadu projevilo pozitivnim zpusobem. Na
nékterych povrchovych komunikacich vSak doSlo ke zhorSeni
dopravnich podminek, v téchto pripadech upozornil na navrhova-
nd opatfeni.

Nésledovala prednaska Monitoring tunelii a vliv stavby na Zivot-
ni prostredi, kde se Ing. Alexandr Butovi¢ (SATRA spol. s 1. 0.)
vénoval rozsahu a technickym feSenim monitoringu provadéného
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pii zkuSebnim provozu. Jednd se celkem o pét druhtt méfeni, které
maji spojitost s overovanim spolehlivosti definitivnich konstrukci
a vlivem tunelt na reZim podzemnich vod. Dosavadni vysledky
neukazuji na nestandartni chovéani Zddné z konstrukci. Dale popsal
vysledky méteni vlivu stavby na Zivotn{ prostredi, mereni kvality
vypousténych vod, méfeni imisi a hluku.

Dile pripravil Ing. Miroslav Sykora (SATRA spol. s r. 0.) téma
Zkusebni provoz TKB — technologie. Jednalo se o zakladni infor-
maci o vyhodnoceni funkénosti jednotlivych technologickych
prvku a upozornil na vybrané zajimavosti — sekundérni napdjeni
tunelu, automaticky kamerovy dohled, poZir v technologickém
centru 6, apod.

Poté pokracoval Ing. Jan Porizek (SATRA spol. s r. 0.) s pred-
naskou Automaticky provoz systému vetrani TKB. Predstavil
systém provozniho vétrdni tuneli a sezndmil udcastniky
Tuneldrského odpoledne s vysledky ro¢niho vyhodnoceni provo-
zu vzduchotechniky. Ve své prednasce se soustiedil na popis zmén
v fidicim systému tuneld v ndvaznosti na vyhodnoceni reZimu

provozni vzduchotechniky a plnéni podminek stavebniho povole-
ni, kde u portdla Malovanka, Prasny most a Letnd je nafizen
,hulovy®“ vynos znecistujicich latek.

Nakonec prednesl Ing. Alexandr Butovi¢ prezentaci Ing. Lukédse
Rékosnika Bezpecnost provozu v TKB. Nejprve shrnul vSechna
opatreni stavebniho, dopravniho, technologického a organiza¢ni-
ho charakteru, kterd prispivaji k zajiSténi bezpeCnosti provozu
v tunelech. Déle upozornil na legislativni predpisy, které resi pred-
meétnou problematiku. V dals{ ¢dsti pfedndsky podrobné sezndmil
s druhy, vyskyty a ¢etnostmi jednotlivych mimoradnych udélosti
a zpusobem jejich detekce. Nakonec seznamil se zdvéry z cviceni
1ZS, ktera probéhla v dubnu a ¢ervnu 2016.

Celkem se Tunelarského odpoledne zucastnilo pres 70 osob.
Jednotlivé prezentace budou umistény na webovych strankach
CzTA www.ita-aites.cz.

Ing. ALEXANDR BUTOVIC‘, SATRA, spol. s r. 0.,
Ing. MARKETA PRUSKOVA, Ph.D., CzTA ITA-AITES, z. s.

KONFERENCE BEZPECNOST PROVOZU V SILNICNICH TUNELECH 2016
OPERATIONAL SAFETY IN ROAD TUNNELS CONFERENCE 2016

The 5th International Conference on Fire Protection and Safety
in Tunnels was held in Roznov pod Radho$tém from 13th to 14th
September 2016. The conference was attended by representatives
of companies engaged in the field of technological equipment for
road tunnels in the Czech and Slovak Republics. The conference
provided a lot of new information about safety measures, products
and approaches pursuing the aim of increasing operational safety
in road and motorway tunnels.

Ve dnech 13.9.-14.9. 2016 probéhl v Roznove pod Radhostem
V. ro¢nik mezindrodni konference poZdrni bezpeCnost tunelt
2016. Konference se zucastnili zdstupci firem zabyvajicich se
technologickym vybavenim silniénich tunelti z Ceské a Slovenské

republiky. O souasné vystavbé ddlni¢nich tunelt na Slovensku
informoval zdstupce NDS a. s. Ing. Peter Schmidt, aktudlni stav
v koncepci rizeni tunelového provozu prednesl zédstupce RSD CR
Mgr. FrantiSek Rainer. Poverend osoba podle NV ¢. 264/2009 Sb.
Ing. Ale§ Lebl informoval o bezpecnosti provozu v tunelech
v Ceské republice s ohledem na provozni a investi¢ni naklady.
Dipl. Ing. Petr Pospi3il ze Svycarska prednesl zajimavou prednas-
ku o vétrdni silni¢nich tunelu. Zavérem bylo konstatovéno, Ze
konference prinesla mnozstvi novych informaci o bezpe¢nostnich
opatrenich, vyrobcich a pristupech sledujicich zvySeni bezpeénos-
ti provozu v silni¢nich a délni¢nich tunelech.

Ing. MIROSLAV NOVAK, METROPROJEKT Praha a.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

Letni obdobi na projektu vystavby Ejpovickych tunelt bylo ve
znamen{ prfipravnych praci pro razbu severni tunelové trouby.
Bylo tfeba rozebrat tunelovaci stroj na transportovatelné Casti,
prevézt je z vyjezdového portdlu zpét na vjezdovy a opétovné
smontovat. Soucasné byly nejzatizené¢jsi dily (feznd hlava, $ne-
kovy dopravnik ¢i segmentovy podavac) repasovany.

Zaroven s pracemi strojnimi probihaly i price stavebni na
vjezdovém portalu. Pomoci popilkového stabilizatu byla pritize-
na pilotova sténa, dokonéeny betonédze ploch a kolibky, preloze-
na trasa pasového dopravniku.

Za velkého zdjmu verejnosti ji byl 10. 9. 2016 v rdmci dne
otevrenych dveri predstaven cely projekt. Zajemci méli moZnost
projit si celou délku jizni tunelové trouby a prohlédnout si kom-
pletni tunelovaci stroj Viktorie.

Ve ¢&tvrtek 22. 9. 2016 se Viktorie znovu zaborila do zemé,
¢imZ zahdjila razbu severniho tunelu. Béhem prvniho mésice se

THE CZECH REPUBLIC

MODERNISATION OF ROKYCANY - PLZEN RAILWAY
TRACK SECTION

The summer season was in the sign of preparation work operations
for the excavation of the northern tunnel tube at the project on the con-
struction of the Ejpovice tunnels. It was necessary to dismantle the tun-
nel boring machine into transportable components, transport them from
the exit portal back to the entrance portal and reassemble them. At the
same time the most burdened components (the cutterhead, screw con-
veyor or the segment erector) were refurbished.

The civil engineering work operations on the entrance portal procee-
ded simultaneously with the mechanical work operations. The pile wall
was surcharged by means of stabilising fly ash, the casting of concrete
surfaces and the cradle was finished and the belt conveyor route was
relocated.

The entire project was introduced to the public within the framework
of the Doors Open Day on 10th September 2016, meeting great interest.
Interested people had the opportunity to walk throughout the length of



ve svém snaZeni posunula o 150 metrt a zabudovala 75 prsten-
cu tunelového osténi.

Ing. JIRI MOSLER, jiri.mosler@metrostav.cz.,
Metrostay a.s.

DALNICE D8 - 0805 LOVOSICE — REHLOVICE

Vystavba ddlni¢nich tuneli Prackovice a Radej¢in na stavbé
délnice D 8 — 0805 Lovosice — Rehlovice spéje ke svému zavé-
ru. Stavebni ¢4st obou tunell je kompletné dokondena. Probéhly
technické prohlidky tunelt za dlasti specialisti objednatele
RSD CR a technické dozor&i spravy staveb ddlnice D8. Nyni se
odstranuji drobné vady plynouci z téchto technickych prohlidek.

Technologické vybaveni je z prevdzné vétSiny namontovano
a jednotlivé komponenty provoznich soubora jsou nainstalova-
ny. Déle probihaji individudlni a funk¢ni zkousky jednotlivych
provoznich souboru. Byl jiz také zahdjen zkuSebni provoz bez
dopravy, ktery bude trvat do konce listopadu 2016 a poté bude
pokracovat zkuSebnim provozem s dopravou v délce trvdni 12
mésica.

V fijnu 2016 probéhla zkouska simulace poZdru studenym
koufem. Béhem téchto zkousSek se provéfila funk&nost vSech
Cldnku tetézce pozdrné bezpeCnostnich zafizeni a jeho soulad
s pozarné bezpecnostnim reSenim stavby. Pfi funkénich zkous-
kdch se provadél monitoring a méfeni vybranych fyzikélnich
veli¢in a ovéfovalo se, zda jsou splnény parametry stanovené
projektovou dokumentaci. V priabéhu zkousek se napriklad kon-
trolovalo, zda pozdrni ventildtory splnuji podminky dosaZeni
kritické rychlosti proudéni pfi stanoveném odporu tunelu a zda
systém vétrani zachrannych cest tunelu v reZimu pozarniho vét-
rani splnuje projektované parametry.

Zhotovitel prubézné kompletuje dokladovou ¢ast dokumenta-
ce tunelu (souhrnné zdvére¢né zprdvy zhotovitele o jakosti,
dokumentace skute¢ného provedeni stavby, geodetické zaméren{
skute¢ného stavu, provozni dokumentace tunelt) a pfipravuje se
na prvni hlavni prohlidku obou tunelu Prackovice a Radejéin.

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

SLOVENSKA REPUBLIKA
TUNELY POLANA A SVRCINOVEC

Na stavbe tseku dialnice D3 Svréinovec — Skalité sticastou
stavby st aj tunely Polana (890 m) a Svr¢inovec (445 m), ktoré
sa realizuju ako jednordrové s obojsmernou prevadzkou a samo-
statnou tnikovou $t6lnou.

Tunel Polana je 898 m dlhy jednortrovy tunel na dialnicnom
useku D3 Svr¢inovec — Skalité.

S razenim sa zacalo 31. 7. 2014 a razilo sa najskor len zo zdpad-
ného portdlu. V dosledku nepriaznivych geologickych podmienok
a spomalenia razenia sa v rdmci akceleracnych opatreni neskor
zacalo s razenim aj z vychodného portdlu. Tunel bol sldvnostne
prerazeny 7.9.2015. Nasledne sa zrealizovalo sekundédrne ostenie
tunela a betondz CB krytu vozovky sa ukonéila dna 16. 7. 2016.
StbezZne sa zacalo s montdzou technologického vybavenia tunela,
ktord sa momentdlne ukoncuje. V Case 8/2016 sa zacala realizdcia
gabiénovych murov a spitného zdsypu na oboch portdloch tunela.
Na vychodnom portéli bolo osadenych celkovo 592 gabiénovych
blokov rozmerov 2x0,5 m, na zdpadnom portdli to bolo 509 gabi-
o6novych blokov rovnakych rozmerov. Prace na oboch portdloch
tunela sa ukoncuji montdZou ochrannych zdbradli.

Tunel Svr¢inovec je 420 m dlhy jednordrovy tunel, situovany
na zaciatku dialni¢ného tseku D3 Svréinovec — Skalité, tesne za
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the southern tunnel tube and see the complete Viktorie tunnel boring
machine.

On Thursday the 22" September 2016, Viktorie again bit into the
ground, thus commencing the excavation of the northern tunnel tube.
During the course of the initial month, it shifted itself in its effort by 150
metres and installed 75 tunnel lining rings

Ing. JIRI MOSLER, Jiri.mosler@metrostav.cz., Metrostay a.s.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE-REHLOVICE

The construction of the Prackovice and Radej¢in motorway tunnels on
the Lovosice — Rehlovice construction lot 0805 of the D8 motorway is
coming to its end. The civil engineering parts of both tunnels have been
completely finished. Technical inspections were conducted in the presen-
ce of specialists of the RSD CR (the Road and Motorway Directorate of
the CR) and the administration for technical supervision over structures
on the D8 motorway. Currently the minor defects following from the
above-mentioned technical inspections are being removed.

The installation of the majority of the tunnel equipment has been
finished and the installation of individual components of the operating
units has been concluded. Individual tests and tests of the function of
individual operating units are underway. Trial operation without traffic
has also commenced. It will last until the end of November 2016.
Subsequently the trial traffic operation lasting 12 months will continue.

The cold smoke simulation of fire was conducted in October 2016.
All segments of the fire safety equipment chain and their compliance
with the fire safety design for the project were verified during the tests.
During the testing of the functions, selected physical quantities were
monitored and measured and meeting the parameters prescribed by the
design documentation was verified. For example, it was verified during
the tests whether fire fans fulfil the conditions for reaching the critical
velocity of air flow at the determined tunnel resistance and whether the
system of the ventilation of rescue routes in the tunnel in the fire venti-
lation regime fulfils the prescribed parameters.

The contractor continually assembles the documents forming the
documentation of the tunnels (contractor’s summary final reports on
quality, as-built documents, survey of the as-built condition, opera-
ting documentation of the tunnels) and is preparing itself for the first
main inspection of both tunnels, the Prackovice and the Radejcin.

Ing. BORIS §EBESTA, sebesta@metrostay.cz,
Metrostay a.s.

THE SLOVAK REPUBLIC

POLANA AND SVRCINOVEC TUNNELS

There are, among other structures, the Polana (890m) and
Svrcinovec (445m) tunnels in the Svréinovec — Skalité section of the
D3 motorway. They are realised as single-tube structures with unidi-
rectional traffic and separate escape galleries.

The Polana tunnel is a 898m long tunnel in the Svréinovec —
Skalité section of the D3 motorway.

The tunnel excavation commenced on 315t July 2014. At the begin-
ning the tunnel was driven only from the western portal. As a result
of adverse geological conditions and a reduced excavation advance
rate, the tunnelling operations started later even from the eastern por-
tal (within the framework of acceleration measures). The ceremonial
tunnel breakthrough took place on 7th September 2015. Subsequently
the secondary lining was realised. The concrete roadway cover was
finished on 16th July 2016. The installation of the tunnel equipment
commenced concurrently. It is being finished now. The construction
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krizovatkou Svrcinovec. S jeho razenim sa zacalo 30. 10. 2014
a razilo sa zo zdpadného portalu.

Tunel bol sldavnostne prerazeny 23. 6. 2015. V stcasnosti je uz
kompletne zrealizované aj sekunddrne ostenie tunela, momentdl-
ne sa ukoncuje montaz technologickych zariadeni a realizujd sa
definitivne dpravy v okolf portdlov tunela.

Vystavbu useku zabezpecCuje zdruzenie Styroch spoloc¢nosti:
Viéhostav-SK, a. s., Doprastav, a. s., Strabag, a. s., a Metrostav
SK, a. s.

TUNELY OVCIARSKO A ZILINA

Na tiseku D1 Hri¢ovské Podhradie — Lietavsk4 Licka s dizkou
13,2 km sa nachddzaji dva dialnicné dvojrirové tunely:
Ovéiarsko a Zilina.

Tunel Ov&iarsko s dizkou 2367 m sa zadal razit 12. 9. 2014.
Severnd tunelova ridra diiky 2360 m bola slavnostne prerazena
29.4.2016. V sicasnom obdobi sa realizuje sekunddrne ostenie
tunela. Ku dnu 17. 10. 2016 bolo zabeténovanych 64 blokov
hornej klenby razenej Casti tunela (z celkového poctu 184 blo-
kov razenej Casti).

Juznd tunelova rdra diiky 2367m bola prerazend dna 12. 7.
2016. Realizdcia sekunddrneho ostenia sa zacala 29. 9. 2016.
K datumu 17. 10. 2016 je zabetéonovanych 7 blokov hornej klen-
by (z celkového poctu 187 blokov razenej Casti).

Tunel Zilina je 687 m dlhy dvojrirovy dialni¢ny tunel realizo-
vany na stavbe D1 Hricovské Podhradie — Lietavskd Lucka.
S razenim tunela sa zacalo 5. 11. 2014. Priamym zhotovitefom
tunela je spolo¢nost’ Doprastav, a. s., Bratislava a Metrostav a.s.

Na juZnej tunelovej rdre je k 19. 10. 2016 vyrazenych zo
zapadného portdlu 328,25 m a z vychodného portdlu 314,39 m,
spolu to je 642,64 m, Co predstavuje 97,81 % z razenej Casti
JTR, ktora ma celkovu dizku 657 m. Na prerazenie eSte zostdva
14,36 m s predpokladanym terminom prerdzZky v novembri
2016. Vzhladom na nepriaznivé geologické pomery sa dizka
zaberu v celej razenej Casti pohybovala od 0,8 do 1 m. Zo zdpad-
ného portdlu bolo vyrazenych 328 m, z ¢oho az v dizke 92 m
prebiehalo razenie pod tazkym mikropilétovym dédzdnikom.
V oblasti razenej pod mikropilétovym dazdnikom bola stabilita
Celby kaloty zabezpecCovand injektovanymi sklolamindtovymi
kotvami diiky 12 az 16 m. Pocet sklolamindtovych kotiev sa
pohyboval v intervale 41 az 70 kusov. Z vychodného portdlu
bolo vyrazenych 329 m. Z vychodnej strany bola geoldgia pri-
aznivejSia a pod tazkym miktopilétovym ddzdnikom bolo vyra-
zenych len prvych 15 m.

K datumu 19. 10. 2016 je na severnej tunelovej rire vyraze-
nych zo zdpadného portdlu 252,24 m a z vychodného portdlu
251,28 m, spolu je vyrazenych 503,52 m, ¢o predstavuje 77,64 %
z razenej Casti STR, ktord ma celkovu dizku 648.,5 m. Zostava
eSte vyrazit' 144,98 m.

Vystavbu tseku zabezpecuje zdruZenie Styroch spolocnosti:
Doprastav, a. s., Strabag, a. s., Vdhostav-SK, a. s. a Metrostav
SK, a. s.

TUNEL CEBRAT

Stcastou dialhi¢ného dseku D1 Hubova — Ivachnovd je dvoj-
rirovy tunel Cebrat (1994 m).

V uplynulych mesiacoch boli diagnostikované rozsiahle pro-
blémy so stabilitou tizemia na zdpadnom portdli tunela Cebrat’
a nadvizujicom useku dialnice, ktoré si vyZaduji rozsiahle
zmeny v technickom rieSeni. Z tohto dovodu su v sicasnosti eSte
stdle prace na tomto tuneli pozastavené.

TuHel

of gabion walls and backfilling at both tunnel portals started in
August 2016. The total of 592 gabion blocks 2x0.5m were placed at
the eastern portal, while 509 gabion blocks with the same dimensions
were placed at the western portal. The work on the two tunnel portals
is being concluded by installing the guardrails.

The Svréinovec tunnel is a 420m long single-tube structure located
at the beginning of the Svr¢inovec — Skalité section of the D3 motor-
way, just behind the Svrcinovec intersection. The tunnel excavation
started on 30th October 2014, proceeding from the western portal.

The ceremonial tunnel breakthrough took place on 23rd June 2015.
Currently the secondary lining has been completely finished, the
installation of tunnel equipment is being completed and final finishes
are being carried out in the surroundings of the tunnel portals.

The construction of this section is carried out by a consortium con-
sisting of Véhostav-SK, a. s., Doprastav, a. s., Strabag, a. s., and
Metrostav SK, a. s.

OVCIARSKO AND ZILINA TUNNELS

There are two double-tube motorway tunnels, the Ovciarisko and
the Zilina, within the 13.2km long Hricovské Podhradie — Lietavska
Licka section of the D3 motorway.

The excavation of the 2367m long Ovciarsko tunnel started on 12th
September 2014.

The ceremonial breakthrough of the 2360m long northern tunnel
tube took place on 29th April 2016. Currently the secondary lining of
the tunnel is being realised. As of 17th October 2016, the casting of
64 blocks of the upper vault have been finished in the mined part of
the tunnel (of the total number of 184 blocks of the mined section).

The breakthdough of the 2367m long southern tunnel tube took
place on 12th July 2016. The work on the secondary lining commen-
ced on 29t September 2016. As of 17t October, the casting of 7
blocks of the upper vault has been finished (of the total number of
187 blocks of the mined section).

The Zilina tunnel is a 687m long twin-tube motorway tunnel carri-
ed out within the Hri¢ovské Podhradie — Lietavska Luicka section of
the D1 motorway. The tunnel excavation operations started on 5th
November 2014. The direct contractor for the tunnel construction are
the companies of Doprastav, a. s., Bratislava and Metrostav a.s.

As of 19th October 2016, 328.5m and 314.39m of the southern tun-
nel tube excavation have been finished from the western tunnel por-
tal and the eastern tunnel portal, respectively. The total length of
642.64m represents 97.81% of the 657m long mined part of the STT.
The length of 14.36m remains to be excavated. The breakthrough is
expected to take place in November 2016. With respect to unfavou-
rable geological conditions, the length of the excavation rounds vari-
ed between 0.8m and 1m throughout the mined part length. The
length of 328m of the tunnel excavation has been finished from the
western portal. Of this length, 92m were driven under the protection
of heavy canopy tube pre-support. The stability of the excavation face
in the area driven under the protection of canopy tube pre-support
was secured by 12 to 16m long grouted glassfibre reinforced plastic
anchors. The number of the glassfibre reinforced plastic anchors vari-
ed within the interval of 41 to 70 pieces. The length of 329m was dri-
ven from the eastern portal. From the eastern side, geology was more
favourable and only initial 15m were excavated under the protection
of canopy tube pre-support.

As of 19t October 2016, 252.2m and 251.8m of the northern tun-
nel tube excavation have been finished from the western tunnel por-
tal and the eastern tunnel portal, respectively. The total excavated
length of 503.52m represents 77.64% of the 648.5m long mined part
of the NTT. The length of 144.98m remains to be excavated.
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Obr. 1 Tunel Povazsky Chlmec, zaplavovanie strednej stavebnej jamy popol-
cekom
Fig. 1 Povazisky Chlmec tunnel, inundating construction pit with fly ash

Zhotovitefom stavby je zdruZenie spolo¢nosti OHL ZS, a. s.,
a Vahostav-SK, a. s.

TUNEL POVAZSKY CHLMEC

Dvojrirovy dialni¢ny tunel Povazsky Chlmec (juZnd tunelovd
rira 2186,5 m, severnd tunelova rira 2249 m) je stcastou dialhic-
ného tseku, ktory tvori juhozdpadny obchvat mesta Zilina D3
Zilina (Strdzov) — Zilina (Brodno).

Tunel sa razi podla zdsad NRTM. V obdobi od spravy v aktuali-
tach z podzemnych stavieb v Tuneli ¢. 3/2016 bolo ukoncené raze-
nie zostdvajiceho tdseku STR, ktory bol z dévodu nedostatocne;j
mocnosti horninového piliera razeny za mimoriadnych opatreni,
a ako jediny v celom tuneli, s vertikdlnym Celby kaloty. Horninovy
pilier bol zosileny Zelezobeténovou stenou hribky 1 m do vysky
10 m, do ktorej bol votknuty mikropil6tovy rost s vrtmi nad profi-
lom kaloty kolmo k osi tunela. Poslednych 30 m tunela sa razilo od
vychodného portdlu. Definitivne ostenie je vybetonované v celej
dizke oboch tunelovych rir. Na vychodnom portdli prebieha pri-
prava beténovania portalovych blokov. Vjazd do tunela zo strednej
stavebnej jamy bol uzavrety a konStrukcia falosného priméarneho
ostenia v jame bola zaplavena popol¢ekom. Cielom tohto rieSenia
je obnovenie hydrogeologickych pomerov ddolia, v ktorom je sta-
vebnd jama situovana, a zabranenie externych pritokov povrchovej
vody v obdobf jarného topenia snehu alebo privalovych d4dzdov do
drendzného systému tunela. Fazy zaplavovania stavebnej jamy
popolcekom zobrazuje obr. 1. Od zdpadného portalu prebieha kla-
denie Strbinovych Zlabov, realizacia kdblovodov, a v priestore
pozdii kablovodu, montdZz potrubia poziarneho vodovodu. Na
zapadnom portdli je dokoncend hrub4 stavba prevddzkovo-techno-
logického objektu.

Zhotovitelom stavby je zdruzenie Eurovia a. s., HOCHTIEF CZ
a. s. a Stavby mostov Slovakia, a. s.

TUNEL VISNOVE

Razenie tunela Visniové (7537 m), ktory je sdcastou tseku D1
Lietavskd Luicka — Visnové — Dubnd Skala, sa zacalo v aprili 2015.

V sucasnosti prebieha razenie od oboch portdlov. K 30. 10.2016
je od zdpadného portdlu vyrazenych 1428 m severnej tunelovej
riry a 1388 m juZnej tunelovej riry. Od vychodného portdlu je
vyrazenych 1730 m severnej tunelovej riry a 1456 m juZnej tune-
lovej riry. Celkovo je teda koncom oktébra 2016 vyrazenych
6003 m, ¢o predstavuje viac ako 40 % z celkovej diiky razenych
tunelovych rir. Metéda razenia je plnoprofilové razenie podla
metédy ADECO - RS.
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The construction of this motorway section is carried out by a con-
sortium consisting of four companies: Doprastav, a. s., Strabag, a. s.,
Vahostav-SK, a. s. and Metrostav SK, a. s.

CEBRAT TUNNEL

The twin-tube Cebrat’ tunnel (1994m) is part of the Hubovd —
Ivachnova section of the D1 motorway.

Extensive problems with the stability of the area at the western por-
tal of the Cebrat'tunnel and the adjacent section of the motorway were
diagnosed during the past months. They require extensive changes in
the technical solution. For that reason the construction work on this
tunnel has still been suspended.

The contractor for this project is a consortium consisting of OHL
78, a.s., and Vahostav-SK, a. s.

POVAZSKY CHLMEC TUNNEL

The Povazsky Chlmec motorway tunnel (the southern tunnel tube
2186.5m long, the northern tunnel tube 2249m long) is part of the
Zilina (StréZov) — Zilina (Brodno) section of the D3 motorway for-
ming the south-western bypass of the town of Zilina.

The tunnel is driven according to the NATM principles. During
the time after the news in underground construction were published
in Tunel journal issue No 3/2016, the tunnel excavation of the rema-
ining section of the NTT was finished. This section was driven under
extraordinary measures because of the insufficient thickness of the
rock pillar and, as the only section within the whole tunnel, using the
so-called vertical excavation sequence (side drifts and central pillar
sequence) at the top heading. The rock pillar was strengthened by
a 1m thick reinforced concrete wall up to the height of 10m. Holes
for canopy pre-support tubes were bored into the concrete wall per-
pendicularly to the tunnel central line and the tubes were embedded
in them. The last 30m of the tunnel were excavated from the eastern
portal. The final concrete lining has been finished throughout the
length of both tunnel tubes. At the eastern portal, there is the prepa-
ration for casting the concrete portal blocks underway. The entrance
to the tunnel from the central construction pit was closed and the
false primary lining structure in the pit was inundated with fly ash.
The objective of this solution is to restore the hydrogeological con-
ditions in the valley which the pit is located in and prevent external
flows of surface water during spring thawing of snow or stormwater
into the tunnel drainage system. The phases of the construction pit
inundation with fly ash are shown in the Fig. 1. From the western
portal, there is placing of slotted drain pipes and cableways under-
way and the fire main pipeline is being placed in the space along the
cableway. The rough superstructure of the operation and service
building at the western portal has been finished.

The contractor for this project is a consortium consisting of
Eurovia a. s., HOCHTIEF CZ a. s. and Stavby mostov Slovakia, a. s.

VISNOVE TUNNEL

The excavation of the 7537m long Visniové tunnel, which is part of
the Lietavskd Lucka — Visnové — Dubna Skala section of the D1
motorway, commenced in April 2015.

Currently the excavation proceeds from both portals. As of 30th
October 2016, 1428m of the excavation of the northern tunnel tube and
1388m of the southern tunnel tube excavation have been finished from
the western portal. From the eastern portal, the excavation of 1730m of
the northern tunnel tube and 1456m of the southern tunnel tube has been
completed. It means that the excavation of 6003m of the length of the
mined tunnels, representing over 40% of the total length of the mined
tunnel tubes, has been finished until the end of October 2016. The tun-
nels are driven full-face, using the ADECO — RS method.
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Stcasne s razenim tunelovych rir prebieha aj razenie priecnych
prepojeni. Na konci oktobra 2016 bolo prerazenych alebo v Stadiu
razenia celkom 10 priecnych prepojeni. Realizdcia sekunddrneho
ostenia sa zacala v lete 2016 betonaZou prvych blokov v juZnej
tunelovej rdre, v dseku pri vychodnom portdli, a v stcasnosti
pokracuje aj v juznej tunelovej rire od zdpadného portalu. Na jesen
2016 zacala tiez vystavba vetracej Sachty pripravnymi pracami
v mieste jej vyustenia na povrch.

Zhotovitelom dialnicného tuseku je zdruzenie firiem Salini
Impregilo S.p.A a Duha, a. s.

Ing. MILAN MAJERCIK, milan.majercik@ndsas.sk,
NDS, a.s.,

Ing. LIBOR MARIK, libor.marik@hochtief.cz,
HOCHTIEF CZ a.s.

The cross passages are driven concurrently with driving the tunnel
tubes. The total of 10 cross passages were either broken through or in
the driving stage before the end of October 2016. The realisation of
the secondary lining commenced in the summer of 2016 by casting
initial concrete blocks in the southern tunnel tube, in the section at the
eastern portal. Currently it proceeds from the western portal even in
the southern tunnel tube. The construction of the ventilation shaft
started in the autumn of 2016 by enabling work operations in the
location of its mouth on the surface.

The contractor for the motorway 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.,

Ing. LIBOR MARIK, libor.marik@hochtief.cz,
HOCHTIEF CZ a.s.

ROZLOUCENI LAST FAREWELL

ROZLOUCENI S PETREM MATEJCKEM
FAREWELL TO PETR MATEJCEK

Dne 27. fijna 2016 nés po dlouhé
nemoci opustil ve véku 67 let Petr
Matejcek, nas byvaly kolega, spolu-
pracovnik a kamardd. Zvolil si za
svou Zivotni profesi vystavbu tunelt
ve firmé Metrostav, kam nastoupil
jiz v roce 1971, tj. v roce zaloZeni
podniku. V dobé své témér Ctyriceti-
leté kariéry se podilel na vystavbé
fady vyznamnych tunelovych sta-
veb. Ziskdval své zkuSenosti nejpr-
ve jako strojnik a tunelar na stavbé
prazského metra a nasledné v technickych pozicich na dalSich
podzemnich stavbéach. Své prvni zkuSenosti s NRTM ziskal pri
vystavbé silni¢niho tunelu Selatin v Turecku v letech 1991—
1992. Déle pusobil, jiz jako stavbyvedouci, v letech 1994-1997
na tunelu Hiebec¢, prvnim silni¢nim tunelu budovaném NRTM
v CR, poté na razbé prazského kolektoru Piikopy. Od roku 1998
fidil razby na tunelu Mrdzovka v ndro¢nych geotechnickych
podminkdch pod zdstavbou. V roce 2003 pokracoval na nejdel-
$im délni¢nim tunelu v CR — tunelu Panensk4 a od roku 2005
na Hnévkovskych Zelezni¢nich tunelech. Jeho kariéra byla pre-
ruSena nahle v prubéhu roku 2006, kdy musel prekonat a vyrov-
nat se s ndsledky tézkého trazu zpusobeného tragickou neho-
dou. V nasledujicim roce se jesté podilel na dokonceni ddlnic-
niho tunelu Klimkovice, vzhledem ke zdravotnimu hendikepu
se vSak poté rozhodl svou profesni kariéru ukoncit. Petr
Matéjcek byl zapdleny odbornik, ktery mel to Stesti, ze zazil
zlatou éru budovani prazského metra a obdobi vystavby rady
vyznanych a technicky ndro¢nych podzemnich staveb v CR.
Nejen u svych koleg, ale i u odborné vefejnosti byl povazovan
za $pi¢kového odbornika v oblasti raZenych tunelu. Své prak-
tické zkuSenosti nezi$tné preddval kolegiim i partnerim z pro-
jekénich a investorskych organizaci. Vyznamné tak prispél
k rozvoji podzemniho stavitelstvi a zavedeni Nové rakouské
tunelovaci metody u nés. Cest jeho pamitce.

Ing. JIRI MOSLER, Metrostav a.s.

Petr Matéjcek, our longtime colleague, collaborator and friend,
abandoned us after a long illness on 27th October 2016, at the age
of 67. He chose construction of tunnels as his life profession, wor-
king with Metrostav a. s., which he entered in 1971, i.e. in the year
of its foundation. During the time of his nearly forty-year career,
he participated in the construction of numerous important tunnel-
ling projects. He gathered his experience first as a machine ope-
rator and tunneller working on the Prague metro project and sub-
sequently, in technical positions, on other underground construc-
tion projects. He gained his experience with the NATM during the
construction of the Selatin tunnel in Turkey in 1991-1992. Further
on, in 1994-1997, he worked already in the position of a site
manager on the Hrebe¢ tunnel, which was the first road tunnel
developed in the Czech Republic using the NRTM. Then he wor-
ked on the excavation of the Prikopy utility tunnel in Prague.
From 1998 he managed the excavation of the Mrazovka tunnel,
which was carried out in complicated geological conditions under
existing buildings. In 2003, he continued working on the
Panenskd tunnel, the longest motorway tunnel in the Czech
Republic and, from 2005, on the Hnévkovsky railway tunnels.
His career was suspended suddenly during the course of 2006,
when he had to overcome and cope with consequences of a seri-
ous injury caused by a tragic accident. During the next year he
still participated in the completion of the Klimkovice motorway
tunnel, but with respect to his health handicap, he subsequently
decided to terminate his professional career. Petr Matéjcek was
an enthusiastic professional having the good fortune to experien-
ce the golden era of building the Prague metro and the period of
time during which numerous significant and technically deman-
ding underground structures were constructed in the Czech
Republic. He was considered to be a top expert in the field of
mined tunnels. He unselfishly shared his experience with his col-
leagues as well as partners from designing and project owning
organisations. He significantly contributed to the development of
the underground construction industry and the introduction of the
New Austrian Tunnelling Method in the Czech Republic. Honour
to his memory.

Ing. JIRI MOSLER, Metrostay a.s.
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Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY V SRN
PICTURE POST CARDS OF TUNNELS IN THE FRG

This part of the series introduces the total of seven picture post-
cards showing tunnels in the Federal Republic of Germany. All of the
presented tunnels are designed for rail-bound vehicles — mostly for
standard railway tracks, two of them are for rack railways and one for
an urban tramway track. Some localities which the presented tunnels
are found in are associated with local legends and tales. At least two
of the presented tunnels are connected with major railway accidents.
Some of these tunnels are characterised by special primacies. Two
tunnels have been out of operating service for a longer time.

V dne$nim dilu seridlu se predstavuje celkem sedm pohlednic
s tunely ve Spolkové republice Némecko. VSechny z prezentova-
nych tunell jsou urleny pro kolejovd vozidla — prevdZné pro stan-
dardni Zeleznici, dva z nich jsou horské ozubnicové, jeden pro
méstskou tramvajovou drédhu. K nékterym lokalitdm, ve kterych se
prezentované tunely nachdzeji, se vazou mistni legendy a povesti.
Nejméné dva z pfedvedenych tunelt jsou spojeny s velkymi Zelez-
ni¢nimi nestéstimi. Nekteré z téchto tunell se vyznaluji rovnéZz
charakteristickymi prvenstvimi. Dva tunely uz po delsi dobu pro-
vozu neslouZi.

TUNEL SCHLOSSBERG (PFALZ)

Jednd se o jeden ze 12 Zelezni¢nich tuneli na Ludwigsbahn ve
spolkové zemi Poryni-Falc. Tunel Schlossberg se nachazi na trato-
vém tseku Hochspeyer — Lambrecht. V délce 208 m protind seve-
rovychodni ¢dst Schlossbergu (Cesky Hradniho vrchu) se zficeni-
nou hradu Frankenstein (obr. 1).

Tunel byl stavén od r. 1845, jako jednokolejny byl otevien
v r. 1849 a v r. 1856 byl zdvoukolejnén. V r. 1960 byl jeho
profil upraven pro elektrickou trakci a v r. 2014 probéhla zatim jeho
posledni rekonstrukce.

Obr. 2 Skdla Harras s Kornerovym krizem a tunelem. Heliocolorkarte von
Ottmar Zieher, Miinchen. 1911. [sbirka autoru]

Na pohlednici je jizni portdl od Zeleznicni stanice Braunsdorf-Lichtenwalde. Po
sesuvu v r. 1913 byla podoba portdlu vyrazné zménéna. KiiZ na vrcholu skdly
byl vztycen na pamdtku bdsnika Theodora Kérnera, ktery padl r. 1813 v osvo-
bozenecké vdlce s Napoleonem.

Fig. 2 Harras Rock with Kiérner’s crucifix and a tunnel. Heliocolorkarte von
Ottmar Zieher, Miinchen. 1911. [authors’ collection]

The picture card shows the southern portal from Braunsdorf-Lichtenwalde rail-
way station. The appearance of the portal was significantly changed after
a landslide in 1913. The crucifix at the top of the rock was erected in memory
of Theodor Kirner, a poet who fell in a liberation war with Napoleon in 1813.

Ruine Frankenstein i/Pfalz

Obr. 1 ZFicenina Frankensteinu ve Falci. 9424 Postkarten-Verlag H.
Schmidt, Kaiserslautern Kaiserst. 15. 1925(?).[sbirka autorii]

Na pohlednici je vychodni, v soucasnosti pamdtkové chrdnény, portdl tunelu od
Zeleznicni stanice Weidenthal. Obdobné historizujici charakter Je typicky i pro
dalst portdly tunelii na Ludwigsbahn.

Fig. I Frankenstein castle ruins in the Palatinate. 9424 Postkarten-Verlag H.
Schmidt, Kaiserslautern Kaiserst. 15. 1925(?).[authors’ collection]

The picture card shows the eastern, currently listed, portal of the tunnel from
Weidenthal railway station. Similarly historicising character is typical even for
other tunnel portals on Ludwigsbahn track.

Encyklopedie Wikipedia uvadi jako zajimavost to, Ze jméno
Schlossberg nese v SRN celkem 12 tunell (z nich 5 Zelezniénich,
6 silni¢nich a 1 podchod), 2 tunely v Rakousku a 1 tunel ve
gvycarsku. [1,2]

TUNEL HARRAS

Jednokolejny kratky tunel (délky 85,8 m) na tratovém tdseku
Niederwisa — Hainichen ve spolkové zemi Sasko, prordzejici bdj-
nou skélu Harras nad fekou Zschopau — obr. 2. Ke skdle se vize
legenda o rytifi z Harrasu, obdobnd (i kdyz mladsi) té o Horymirovi
se Semikem na prazském VySehradu.

Stavba trati byla zahdjena r. 1867, tunel byl otevien 1. 3. 1869.
V némecké Zelezni¢ni komunité je zndmy predevsim ve spojitosti
s velkym Zelezni¢nim neStéstim. Dne 14. 12. 1913 pozdé vecer,
béhem zimni boufe, zavalilo trat' na jiznim portalu cca 100 m?
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Obr. 3 Altenbeken, tunel — vjezd. No. 1 Carl H. OdemarMagdeburs. 1918.
[sbirka autori]

Na pohlednici je v hlubokém zdrezu vidét zdpadni portdl tunelu.

Fig. 3 Altenbeken tunnel — entrance. No. 1 Carl H. OdemarMagdeburg.
1918. [authors’ collection]

The picture card shows the western portal in a deep open cut.

horniny. Do sesuvu najel osobni vlak — tragédie si vyzddala 10 mrt-
vych a 53 zranénych. [3]

TUNNEL REHBERG

Dvoukolejny Zelezni¢ni tunel Rehberg, dlouhy 1918 m, se nacha-
z{ na trati z Altenbekenu do Bad Driburg-Langenland, pod
Eggegebirge (cca 464 m n. m.) na okraji Teutoburského lesa —
obr. 3. Tato Cast trati, zvand téZ Eggebahn, se nachdzi ve spolkové
zemi Severni Poryni-Vestfalsko.

Stavba tunelu byla zahdjena 10. 9. 1861 a postupovala razbou jak
z obou portdlu, tak i ze tif mezilehlych Sachet hlubokych 30 aZ
92 m. Realizace se potykala s velmi téZkymi prirodnimi poméry —
v hore byly zastizeny Cetné kaverny a stavbu prerusovaly velké pri-
toky vody s vydatnosti az 500 1/hod. Préci narusily ¢tyfi velké zdva-
ly — zahynuli pfi nich celkem tfi pracovnici. Tunel byl uveden do
provozu 1. 10. 1864 a s ohledem na prekondvani geologickych pre-
kazek vzrostly naklady na stavbu oproti predpokladum cca 3x, a to
aZ na koneénych 788 872 tolaru.

Obr. 5 Romantické vdoli Héllental v jiznim Schwarzwaldu. Hersteller und
Verlag Schéning & Co., Liibeck. Okolo 1960(?). [sbirka autori]

V centrdlni cdsti pohlednice se nachdzi 36 m vysoky a 224 m dlouhy Zeleznicni
viadukt ,,Ravena* a pred nim, na jeho jiznim pristupu, krdtky Jednokolejny
tunel ,,Ravena“.

Ndzev lokalité (Hollental — Cesky Pekelné iidoli) iidajné dali francouzsti vojdci,
ktert tudy v r. 1796 ustupovali do Francie.

Fig. 5 Hollental, a romantic valley in southern Schwarzwald. Hersteller und
Verlag Schoning & Co., Liibeck. Around 1960(?). [authors’ collection]

The 36m high and 224m long “Ravena” railway viaduct with the “Ravena”
short single-track tunnel before it, on the southern approach to it is in the cent-
ral part of the picture postcard.

The locality was reputedly given its name (Hollental — Hell Valley in English)
by French soldiers retreating in 1796 to France.

Obr. 4 Bismarckiv tunel u Riibelandu. Harz — ozubnicovd driha
Blankenburg — Riibeland — Tanne. Oficidlni pohlednice ¢. 6. Verlag von Rud.
Stolle, Bad Harzburg. 1910. [sbirka autorii]

Pohlednice zobrazuje piivodni severovychodni portdl tunelu. Na portdlu, nad
zdklenkem, se zde nachdzela pamétni deska a nad ni busta Otto v. Bismarcka.
Fig. 4 Bismarck tunnel at Riibeland. Harz — Blankenburg — Riibeland —
Tanne rack railway. Official picture postcard No. 6. Verlag von Rud. Stolle,
Bad Harzburg. 1910. [authors’ collection]

The picture postcard shows the original north-eastern portal of the tunnel.
A memorial plate with Otto v. Bismarck bust above it used to be on the portal,
above the discharging arch.

V nedéli 23. 7. 1905, po vydatnych destich, se v misté starého
zavalu zritila obezdivka tunelu v délce cca 20 m. Do havdrie vza-
péti najel vlak a ndsledkem byl 1 mrtvy a 12 zranénych. Vzhledem
k celkove Spatnému stavu tunelu bylo poté opravovano a zesileno
352 m obezdivky. Pfi téchto pracich byli pri prutrzi vody 19. 1.
1906 usmrceni tfi tuneldri. Pro znaénou ndro¢nost se na opravach
podileli i barabové povolani z Itdlie.

V r. 1971 byla Zelezni¢ni trat elektrifikovana. V letech 1976—
1977 byl tunel opravovan, predevsim pro zlepseni funkce odvodné-
ni. Dal§i rozsahld rekonstrukce probéhla v letech 1984-1987 —
cihelnd obezdivka byla nahrazena v dl. 160 m betonem a v hore
detekované kaverny (velikosti az pres 10 m) byly vybetonovany.
Odhadované ndklady na tuto rekonstrukci v ¢dstce 4,5 mil. DM
byly prekroceny trojndsobné az na 12,5 mil. DM. Zatim posledn{
renovace tunelu se uskutecnila v r. 2013. Byl pfi ni vymenén Zelez-
ni¢ni spodek, zfizeny tnikové cesty a nouzové osvétleni, opravena
kanalizace, to vSe za 12 mil. €.

Stejné jméno — Rehberg — nese Zelezni¢ni tunel dl. 602 m, dokon-
Ceny v neddvné dobé (2010-2013) u Goldisthalu na Neue
Bahnstrecke Ebensfeld — Erfurt na opacném konci SRN. [4]

BISMARCKUV TUNEL

Pomérné krdtky jednokolejny Zelezni¢ni tunel délky 187 m na
ozubnicové trati Riibelandbahn mezi Riibelandem a Hiittenrode
v okrese Harz ve spolkové zemi Sasko-Anhaltsko — obr. 4.




Razba byla zahdjena v r. 1884 a tunel byl proraZzen k 1. 4. 1885,
a to pravé na narozeniny Otto v. Bismarcka.

V1. 1931 byl, po dokonceni nové vétve trati, tunel jiz jako nepo-
tfebny vyfazeny z provozu a zazdény. Opustény a primérené zchat-
raly tak zustdvd dodnes. [5]

HOLLENTALSKA DRAHA - TUNEL RAVENA

Hollentalskou drdhou se nazyvad Zelezni¢ni trat’ v jiznim
Schwarzwaldu, z Freiburgu pfes Hollental do Donaueschingenu, ve
spolkové zemi Badensko-Wiirtembersko. Je prevazné jednokolejna
a je povazovana za nejstrméjsi hlavni trat’ v SRN.

Vystavba trati probihala, s prestavkami, od r. 1882 do otevieni
20.8.1901. Na trase se nachaz{ 15 tunelti o délce od 15 m do 535 m
— jejich celkova délka pak ¢ini 2 901 m.

Na pohlednici (obr. 5) je nejuzsi misto drahy — Hollental, s dru-
hym nejkrat$im tunelem drdhy, ktery byl pojmenovany ,,Ravena“.
Tunel byl puvodné dlouhy 85 m, ale po rekonstrukci navazujiciho
viaduktu ,,Ravena“ byl v r. 1927 zkrdacen na pouhych 47 m. [6, 7]

DRAHA NA WENDELSTEIN

Jednokolejnd elektrickd tzkorozchodnd ozubnicovd draha
z Brannenburgu na Wendelstein ve Vdpencovych alpdch
(Kalkalpen) v Hornim Bavorsku. Dnes je jednou z pouhych &tyf
dosud provozovanych ozubnicovych drah v SRN a jako takova je
predmétem pamdtkové ochrany.

Stavba byla zahdjena 29. 3. 1910 a slavnostné otevrena 25. 5.
1912. Préce byla dilem délniku hlavné z Itlie a z Chorvatska.

Zeleznice je vedend prevazné po vychodni strané hory
Wendelstein a puvodné byla dlouhd 9,95 km. Dnes mé délku
7,66 km a prekondva vyskovy rozdil 1217,27 m. Na trase je 7 tune-
1t (a 8 galerif) — obr. 6. Tunely jsou dlouhé od 16 m do 119 m — cel-
kem se jejich délka rovnd 324 m. [8]

Roku 1922 vykolejil vlak v galerii Raindlerkessel se zranénim
vice nez 30 cestujicich.

TUNEL PODZEMNI TRAMVAJE POD REKOU SPREVOU
V TREPTOW

Tunel se nachdzi pod rekou Sprévou a spojoval Stralau (na seve-
ru) se zdbavnim parkem v Alt-Treptow v Berling (na jihu).

Byl staveén v letech 1895 az 1899 s nasazenim razictho (pneuma-
tického?) Stitu. Jde o vabec prvni Stitovany a soucasné i prvni

Obr. 7 Pohled na tunelovou drdhu pod Sprévou v Treptowé u Berlina,
v hloubce 15 m pod Sprévou, délka 450 m, jizdni doba 2 minuty.?? 1906
[sbirka autoru] .

Na pohlednici vynikd — v poméru s projiZdéjict tramvaji minimalizovany — pru-
Jezdny profil tunelu.

Fig. 7 A view of the tunnel route under the Spree River in Treptov near
Berlin, at the depth of 15m under the Spree, 450m long, journey time of
2 minutes.?? [authors’ collection]

The clearance profile dominates in the picture postcard — the tunnel clearance
profile is minimised in proportion to the tramway passing through.
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Obr. 6 Wendelsteinskd drdha. Wilh. Knarr Phot. Rosenheim. 1915. [sbirka
autoru]

S vysokou pravdépodobnosti je na pohlednici patrny vyjezd z tunelu T4
(dl.30 m) smerem k nejkratsimu z tunelii T5 (dl. 16 m). Tunely nejsou opatiené osténim.

Fig. 6 Wendelstein railway. Wilh. Knarr Phot. Rosenheim. 1915. [authors*
collection]

1t is highly probable that there is the exit from the T4 tunnel (30m long) in the
direction of the T5 tunnel (the shortest of the tunnels, 16m long) in the picture.
The tunnels are not provided with a lining.

podvodni tunel v Némecku. Délka tunelu Cinila 454 m (s rampami
potom 582 m), se (svétlou?) Sitkou kruhového profilu 3,76 m (obr.
7) a v nejhlubs§im misté se tunel nachdzel 12 m pode dnem Sprévy.

Dne 15. 2. 1932 byla tramvajova doprava zastavena, ponévadz
byly v osténi zjistény trhliny s prusaky vody. BEhem LOH 1936 byl
tunel znovu otevien, ale jen pro chodce. Za 2. svétové vilky byl
v severni ¢dsti tunelu zfizen kryt pro obyvatelstvo — jeho jizni ¢dst
(s porusenym a prosakujicim osténim) byla od krytu oddélena beto-
novymi sténami.

Po nékolika pokusech o opétné otevieni po vélce byly nakonec
rampy zasypany a dosud existujici tunel je dnes zaplaveny vodou. [9]

doc. Ing. Vladislay HORAK, CSc.,
Ing. Richard SVOBODA, Ph.D.

Podekovdni: 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 pro-
gramu Centra kompetence Technologické agentury Ceské republiky
(TACR) v rdmci projektu Centrum pro efektivni a udrZitelnou
dopravni infrastrukturu (CESTI), ¢islo projektu TEQ1020168.
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Z CINNOSTI PRACOVNICH SKUPIN CZTA CZTA WORKING GROUPS

ZPRAVA O CINNOSTI PRACOVNI SKUPINY PRO KONVENCNI TUNELOVANI
REPORT ON THE ACTIVITY OF THE WORKING GROUP FOR CONVENTIONAL TUNNELLING

The working group is currently preparing the publication of a
review of the manual from 2006 “The NATM rules and principles
as the predominant method of conventional tunnelling in the CR”.
The new “Manual for conventional tunnelling” will be focused
not only on the NATM, but also on the other conventional met-
hods, among others to allow for using the information by Czech
tunnellers abroad. Apart from expanding the scope of the manual,
individual parts of the manual will be updated with respect to new
experience with the realisation of tunnel projects and the develop-
ment of the legislation.

Pracovni skupina v soucasné dobé pripravuje vydani revize
priruéky ,,Zdsady a principy NRTM jako prevaZujici metody

konvencniho tunelovdni v CR* z roku 2006. Nov4 ., Prirucka pro
konvenéni tunelovdni“ bude zaméfena nejen na NRTM, ale také
na ostatni konven¢ni metody mj. z davodu vyuZiti informaci Ces-
kymi tuneldfi v zahrani¢i. Kromé rozsifeni zdbéru budou aktuali-
zovany jednotlivé ¢asti prirucky s ohledem na nové zkuSenosti
z realizace tunelovych projektl a na vyvoj legislativy. V pracovni
skupiné pusobi zéstupci jak z projek&nich a stavebnich firem, tak
také z investorskych organizaci, kteri projevili zdjem o spolupra-
ci. Odbornym garantem prirucky je prof. Ing. Jifi Bartdk DrSc.,
predpoklad vydani pfirucky je v prabéhu pristiho roku.

Ing. JIRI MOSLER, Jiri.mosler@metrostav.cz., Metrostav a.s.

ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz

ZPRAVA Z ODBORNEHO ZAJEZDU CZTA DO NEMECKA VE DNECH 5. AZ 8. RIJNA 2016
REPORT ON THE CZTA TECHNICAL EXCURSION TO GERMANY MADE FROM 5™ TO 8™ OCTOBER 2016

The aim of this year’s excursion was the Stuttgart 21 project.
During the course of the first excursion to the Bad Cannstatt tunnels,
the participants saw several workplaces — the top heading excavati-
on face in a tunnel driven using the so-called horizontal excavation
sequence (top heading, bench and invert), the excavation face of
a tunnel excavated using the so-called vertical excavation sequence
(side drifts and central pillar) and a concrete invert casting work
place. The second excursion visited the Fildertunnel construction
site. This partial project is interesting for the fact that, similarly to
the conditions at the Bad Cannstatt tunnel and conditions in the
whole Stuttgart basin, it faces heavily swelling anhydrites the tun-
nel alignment partially passes through. On this site, the excursion
participants could see the construction site arrangement, the portal
and the segmental lining of the finished tunnel.

Cilem letoSniho zdjezdu vedle vyjezdniho zaseddni redak¢ni rady
Casopisu Tunel byl projekt Stuttgart 21 (http://www.bahnprojekt-
stuttgart-ulm.de) s exkurzemi na tunely Bad Cannstatt a Filder-
tunnel.

Stuttgart 21 je projekt, ktery resi prestavbu stuttgartského Zelez-
ni¢niho uzlu (predev§im zménu hlavniho nadraZi z hlavového povr-
chového nddraZi na nadrazi podzemni a prujezdné) a vystavbu nové
traté ze Stuttgartu do Ulmu (vzdélenost cca 70 km). Na projektu je
celkem asi 63 km tunelti. Maximalni ndvrhovd rychlost traté je 250
km/hod. Celd stavba ma byt uvedena do provozu do roku 2022.

Novy stuttgartsky uzel a trat’do Ulmu jsou budovény jako sou-
Cast planované evropské Zelezni¢ni magistraly Pariz — Budapest' (ve
Vidni s odbockou do Bratislavy). Projekt je financovan némeckymi
drahami DB, spolkovou vlddou, vlddou spolkové zem¢ Bédensko-
Wiirttembersko, méstem Stuttgart a ¢aste¢né i Evropskou unif.

Priprava projektu nebyla jednoduchd. Bylo nezbytné presvédéit
nékteré mistni s projektem nesouhlasici obyvatele. K presvéd¢ovani
byla, kromé jiného, pouZita i vodni déla pro rozhénéni davu odpurca.

Cilem prvni exkurze byl dil¢i projekt tunel Bad Cannstatt (8,8 km
jednokolejnych tunelt raZenych konvenéné NRTM). Stavbu provadi
sdruzeni TUNNEL CANNSTATT S21 firem Hochtief + BeMo +

Wayss&Freytag.
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:] dolni ¢ast Fildertunelu, 3.630 m [:]
lower part of Fildertunel, 3.630m
(1) razby TBM horni ¢asti tunelu v uzavieném modu s t€zbou pomoci $nekoveho
dopravniku; zpétné stazeni TBM k portalu TBM excavation of the upper part of the
tunnel in a closed mode using a screw conveyor
(2] razby TBM horni €asti tunelu v uzavieném mddu s tézbou pomoci $nekového dopravniku
TBM excavation of the upper part of the tunnel in a closed mode using a screw conveyor

prechodova stfedni ¢ast, cca 1.150 m konvenénich razeb NRTM véetné spojovaci Stoly
transition middle part, ca 1150m of conventional NATM excavation

[:| horni ¢ast Fildertunelu, 4.035 m
upper part of Fildertunel, 4035m

razby TBM spodni ¢4sti tunelu v otevieném médu s tézbou pomoci pasového dopravniku
TBM excavation of the bottom part of the tunnel in an open mode using a belt conveyor

€) razby TBM spodni Casti tunelu v otevieném médu s tézbou pomoci pasového dopravniku;

demontaz TBM v tunelu TBM excavation of the bottom part of the tunnel in an open mode
using a belt conveyor; dismantling the TBM in the tunnel

Obr. 1 Schéma postupu vystavby
Fig. 1 Construction process chart

Utastnici exkurze vidéli étyfi pracoviité — elbu kaloty tunelu s vodo-
rovnym Clenénim vyrubu, kde se k rozpojovéani pouZivaji trhaci prace
(razi se v pevnych sddrovcich) a celbu dna téhoZ tunelu, kde se provadi
systematickd chemicka injektdz predpoli vyrubu, aby se zamezilo kon-
taktu vody (podzemni nebo technologické) se silné bobtnavymi anhydri-
ty pod pocvou. Dile Celbu tunelu se svisle ¢lenénym vyrubem, podobné
jako na tunelech Mrdzovka v Praze a Krdlovopolsky v Brné. Na zdvér
navstivili i pracovisté betonaZe spodni klenby. Zhotovitel pouziva bedni-
cf viiz umoznujici soucasné pracovat na dvou pasech spodni klenby (pasy
délky 10 m) tak, Ze za den se vybetonuje 20 m dna.

Na této dil¢i stavbé bylo nutno &dstené zménit technické reseni
vystavby kviili zmifiovanym odpiirciim vystavby a ekoteroristim boju-
jicim za ochranu fléry a fauny. Cdst trasy navrZené puvodné jako hlou-
beny tunel byla nahrazena tunelem raZenym kvuli ochrané shluku asi
10 stroma (hnizdi3té vzacnych brouku). Touto zménou postupu vystav-
by hodnota kaZdého z téchto stromu stoupla si o 10 mil. eur.

Celkova predpoklddand hodnota této dil¢i stavby byla asi 300 mil.
eur, aktudlné se celkové naklady pohybuji kolem 500 mil. eur.

Druhd exkurze zavedla udcastniky zdjezdu na stavbu tunelu
Fildertunnel (9,5 km dlouhy tunel sloZeny z dvou jednokolejnych tune-
10 raZenych kombinaci strojnich a konvennich metod raZeb). Stavbu
provédi sdruzeni ATCOST21 firem Porr + Hinteregger + Ostu-Stettin +
Swietelsky.

Tato dil¢i stavba je zajimavd tim, Ze se zde Celi, podobné jako na
tunelu Bad Cannstatt a v celé stuttgartské panvi, silné bobtnajicim
anhydritim, jimiZ trasa tunelu ¢dste¢né prochézi. Tunely se razi tpad-
né (s vyjimkou jednoho dseku) a nejprve prochazeji vodonosnou vrst-
vu piskovct (dsek dl. 4 km), ddle nepropustnou vrstvu jiloveu (dsek dl.
1,2 km) a konené sadrovci s polohami anhydrita (dsek dl. 3,6 km).
Aby nedochézelo k proudéni vody podél tunelu (z piskovcovych for-
maci do sédroveu s anhydrity) a vyloudilo se riziko bobtnéni anhydritu,
je ve stredni &dsti trasy razené NRTM navrZena sestava tésnicich
prstenct okolo tunelovych trub, které maji proudéni vody podél tunelu
zamezit. Prstence jsou na bazi chemické injektdze.

Obr. 2 Skupina ucastniku odborného zdjezdu
Fig. 2 A part of the technical excursion participants

s 2

Kromé této stredni Césti trasy jsou zbylé tseky razeny strojné, pomoci
konvertibilnfho tunelovaciho stroje TBM ,,Suse* o praméru 10,8 m. V pro-
stredi vodonosnych piskovcu je stroj pouZivan v uzavieném médu s vyno-
sem rubaniny z komory $nekovym dopravnikem, v prostiedi sddroven je
pouzivan v otevieném médu s vynosem rubaniny pasovym dopravnikem.
Jméno stroje Suse je akronym ze souslovi ,,Stuttgart-Ulm schneller
erreicht” (v prekladu priblizné Stuttgart — Ulm pojedeme rychleji).

Na této stavbe si tcastnici prohlédli zafizen{ staveniste, portdl a mon-
tované osténi hotového tunelu. Razby neprobihaly kvuli poruse stroje
a jeho udrzbg. Stroj aktudlné razi druhy tubus v ésti trasy v piskovcich,
prvni tubus je jiZ vyraZen.

Zajimavé je, 7e pro logistické zajisténi strojni razby je vyuZivin
pouze jeden portdl. Proto byl stroj po vyraZeni prvni ¢4sti prvniho tubu-
su v podzemi demontovan (bez pouZiti demontdZni komory) a vSechny
soucdsti stroje byly odvezeny zpét pravé vyrazenym tunelem na portal.
Kromé obdlky stroje, kterd byla nechana v podzemi. Nésledné byla
dodédna nova obdlka stroje, stroj byl smontovan a razi druhy tubus. Po
vyraZeni druhého tubusu bude stroj protazen v predstihu konvenéné
vyrazenym tsekem (s tésnicimi prstenci) a bude pokracovat v razbé for-
macemi sddrovca. Na konci trasy bude stroj v podzemi otoen a bude
razit zpét zbyvajici Gsek prvniho tubusu. Schéma postupu vystavby je
vidét na prilozeném obr. 1.

Pro naSince je zajimavosti také to, Ze sdruZeni zhotovitelt na stavbé
funguje, jak je v Némecku obvyklé, tzn., Ze je to opravdové sdruzent,
kde jsou vSichni spole¢né a nerozdilné zodpovédni za celou vystavbu,
v¢. zisku a ztrdt. Tedy nikoliv jak je zvykem v Ceskych zemich, kde si
Clenové sdruzeni rozdéli polozky/stavebni objekty a staraji se jen
0 ,,svou” ¢ast dila. A kone¢né geotechnicky monitoring si zajistiije zho-
tovitel stavby, jak je v Némecku bezné.

Kromé zajimavého odborného programu zbyl ¢as i na prohlidku
Stuttgartu. Nékteri toho vyuzili k prohlidce muzef automobilek Porsche
a Mercedes-Benz, které ve mésté sidli. Na zpétecni cest¢ potom auto-
bus zastavil v Sinsheimu, kde stoji za prohlidku technické muzeum
s letadly, kolovymi a pasovymi vozidly, v¢. legenddrnich leteckych
stroju Concorde a Tupolev TU-144 (http:/sinsheim.technik-muse-
um.de/cs/).

O podobném projektu, jako je Stuttgart 21, v naSich zemich zatim
muZe tuneldfskd komunita jen snit. Proto je dobre, Ze bylo moZno tako-
vou stavbu aspon navstivit. Technicky, tj. projekéné, stavebné, z pohle-
du technického dozoru a geotechnického monitoringu by ji nasi projek-
tanti, zhotovitelé a konzultanti ur¢ité zvladli.

Je Skoda, 7e se exkurze z celkového poctu 40 ucastniki, kde ¢dst
z nich je vidét na priloZené fotografii (obr. 2), zicastnil pouze jediny
zdstupce nasich investorskych organizaci. Autori této zpravy doufaji, 7e
jich vice nejelo pouze proto, Ze neméli ¢as, jelikoZ intenzivné pripravu-
ji tunelové stavby, na které vSichni tuzemsti tunelafi Cekaji.

Zaverem autori posilaji podékovani spole¢nostem, jejichZ zastupci
exkurze domluvili a zorganizovali, jmenovité firmdam HOCHTIEF CZ
a.s. a Metrostav a.s.

Zdaf Buh na pristim odborném tuneldiském zajezdu.

Ing. TOMAS EBERMANN, Ph.D., Ing. BORIS SEBESTA,
clenové redakcni rady
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