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Véazené Citatelky a Citatelia,

je mi ctou a poteSenim prihovorit’'sa vdm z tohto miesta po viac ako desiatich rokoch, ked moj predosly edi-
toridl vysiel v ¢isle 2/2008. Jednou z hlavnych tloh nasho Casopisu je odrazat dianie v tunelovom stavitelstve
z pohladu Ceskych a slovenskych spolo¢nosti a mne desatio¢né obdobie umoznilo priniest rekapitulaciu toho,
¢o sa za toto obdobie udialo v tuneldrskej brandZi na Slovensku. Urobil som si na tento tcel prehlad prispev-
kov slovenskych autorov, ktorych bolo za tito dekadu celkom 53. Prispevky sa okrem vSeobecnych a Specific-
kych tém z oblasti podzemného stavitelstvo ¢i bezpecnosti venovali najmi konkrétnym tunelovym stavbam.

Takymi boli prispevky prezentujiice stavby tunelov v realizdcii, medzi ktoré patrili tunely Bérik, Sibenik,
Ov¢iarsko, Zilina a Visiové na dialnici D1, tunely Polana a Povazsky Chlmec na dialnici D3 a tieZ Zelezni¢ny
tunel Turecky vrch. Viaceré z nich si uz v prevadzke, na dokoncenie niektorych sa ¢akd v najbliZsich rokoch.

Mnohé prispevky sa venovali pripravovanym tunelovym stavbam, ktorych vystavba sa z rdznych dévodov neuskutocnila, pri-
padne bola presunutd do blizSej ¢i vzdialenejSej budicnosti. Prikladmi su tunely Zelezni¢ného prepojenia TEN-T koridorov
v Bratislave, Zelezni¢né tunely na rekonStruovanej trati medzi Liptovskym MikuldSom a Popradom ¢i tunely na useku dialnice D1
Turany — Hubova.

Tretiu skupinu tvorili prispevky z podzemnych stavieb v zahrani¢i. Slovenské stavebné spoloc¢nosti boli v tomto obdob{ tspesné
na zahrani¢nych trhoch, a to sa prejavilo na publikovani prispevkov o stavbach nielen z Ceskej republiky, ale aj z Nérska, Finska,
Svédska, Gréonska, Polska, Bulharska, Svaj¢iarska ¢i Nemecka.

Myslim, ze m6zem moju ivahu zakoncit’ konStatovanim, Ze pre slovenské tunelové stavitelstvo to bola velmi tspes$nd dekada.
A budem velmi rad, ked to bude mdct zopakovat niekto z mojich nastupcov v editoridli pisanom v roku 2028.

Co sa tyka prispevkov uverejnenych v tomto &isle, tieto na rozdiel od &isla predoslého odraZaji viac situdciu na Geskom staveb-
nom trhu neZ na slovenskom.

Dva z troch prispevkov projekcnej a inZinierskej spolo¢nosti Amberg Engineering Brno sa venuji problematike existujucich tune-
lov v prevadzke. Tretou publikovanou témou je vyuzitie BIM technoldgie pri projektovani tunelovych stavieb. Spolo¢nost’ Hochtief
CZ prinasa jeden prispevok z vystavby kolektorov v Prahe, jeden zo zahrani¢nej vystavby — stavby metra v Dédnsku, a jednym sa vra-
cia na Slovensko na tunel Povazsky Chlmec, dokonéeny a uvedeny do prevadzky v predoslom roku. Siedmym, a velmi zaujimavym
prispevkom, je ¢lanok doc. Rozsypala o rozhodovacich procesoch v geotechnike poznac¢enych zna¢nymi neistotami, ktory istym spdso-
bom nadvézuje na myslienky klasika discipliny— Ralpha B. Pecka — o nezastipitelhej tlohe inZinierskeho dsudku v geotechnike.

MILOSLAV FRANKOVSKY, ¢len redakénej rady

Dear readers,

It is my honour and pleasure to be allowed to address you from this place after more than ten years, when my previous editorial
was published in TUNEL issue No. 2/2008. One of the main tasks of our journal is to reflect events in the tunnel construction engi-
neering from the aspect of Czech and Slovak companies. These ten years allowed me to produce this recapitulation of the events
which happened in the tunnel construction industry during this period of time in Slovakia. For this purpose, I have prepared an ove-
rview of papers by Slovakian authors published during this decade. The number amounted to 53. With the exception of general and
specific themes from the field of the underground construction engineering or safety, the papers were first of all dedicated to spe-
cific tunnel construction projects.

Such papers presented, for example, tunnelling projects at that time under construction. The Borik, Sibenik, Ovéiarsko, Zilina and
Visnové tunnels on the D1 motorway, the Polana and Povazsky Chlmec tunnels on the D3 motorway and the Turecky Vrch railway
tunnel were among them. Many of them are already in operation and the completion of some of them is expected in the coming
years.

Many papers were dedicated to tunnel construction projects the realisation of which did not take place for various reasons or was
shifted to the nearer or more distant future. As the examples, I can mention the tunnels on the TEN-T linking of railway corridors
in Bratislava, railway tunnels on the line between Liptovsky Mikulds§ and Poprad designed to be reconstructed or tunnels in the
Turany - Hubova section of the D1 motorway.

The third group was formed by papers on underground construction sites abroad. Slovak construction companies were success-
ful on foreign markets in this period of time and this fact was manifested in publishing papers on construction projects not only in
the Czech Republic, but also in Norway, Finland, Sweden, Greenland, Poland, Bulgaria, Switzerland or Germany.

I suppose that I can end my rumination by stating that this decade was very successful for the Slovak tunnel construction indust-
ry. I will be happy if any of my successors will be able to repeat it in an editorial written in 2028.

As far as the papers published in this TUNEL issue are concerned, they reflect, in contrast with the previous issue, more the situ-
ation on the Czech construction market than on the Slovakian market.

Two of the three papers submitted by the designing and engineering company of Amberg Engineering Brno are dedicated to pro-
blems of existing tunnels in operation. The third theme published in this TUNEL issue is the application of the BIM technology to
designing tunnel structures. The company of Hochtief CZ presents one paper from the development of utility tunnels in Prague, one
paper from a construction site abroad — the construction of metro in Denmark, returns to Slovakia by one paper — the Povazsky
Chlmec tunnel, which was completed and inaugurated last year. The seventh, very interesting, contribution is the paper by
Doc. Rozsypal on decision-making processes in geotechnics affected by significant uncertainties. The paper, in a certain way, fol-
lows on to the ideas of Ralph B. Peck, a classic of the discipline, regarding the non-substitutable role of engineering intuition in
geotechnics.

MILOSLAV FRANKOVSKY , Editorial Board member




VAZENE DAMY A PANOVE,
VAZENI PROFESNI PRATELE,

jsem poctén nejen za spole¢nost HOCHTIEF CZ,
ale i za sebe, Ze mohu mit dvodni slovo k vydani
Casopisu Tunel, jehoZ Cdst je vénovdna prezentaci
¢innosti na$i stavebni spolecnosti.

Spole¢nost HOCHTIEF CZ patfi mezi lidry na
stavebnim trhu, a to jak v segmentu pozemniho,
tak i dopravniho stavitelstvi a s nim spjatou praci
v podzemi, kterou povazujeme za jednu z naSich
klicovych kompetenci. Toto odborné know-how rozvijime
v na$i divizi Dopravni stavby, ktera se za dvandct let své exi-
stence podilela na fadé vyznamnych tunelovych projektt.
Hned v pocétcich se spolupodilela na realizaci silni¢niho
okruhu kolem Prahy, dseku 514 Lahovice — Slivenec. Na
tomto projektu jsme byli ve sdruZeni odpovédni za realizaci
Lochkovského tunelu a Lochkovského mostu. SOKP 514 se
pro nds stal pilotnim projektem, kde jsme potvrdili schopnost
realizovat i takto narocnou stavbu. Dale jsme se podileli na
vystavbé tunelu Blanka v Gdsti Prainy most — Spejchar nebo
jsme jako ¢len dodavatelského sdruzeni realizovali nové pro-
dlouZenfi trasy prazského metra V.A vetné stanic Bofislavka
a nemocnice Motol. V oblasti Zelezni¢nich staveb se pak jed-
nalo o dvoukolejné tunely Osek a Voticky tunel.

NaSe obchodni kompetence pokryvaji také slovensky trh
a ve spolupraci s naSi dcefinou spolecnosti HOCHTIEF SK
jsme vloni dokonéili nd§ zatim nejvétsi tuneldisky projekt
tunel Povazsky Chlmec na dseku ddlnice D3, Zilina (Strazov)
— Zilina (Brodno), ktery byl neddvno ocenén titulem ,,Stavba
roka 2017, V rdmci realizace tohoto projektu jsme ve spolec-
nosti vybudovali vlastni tym specializovanych projektantd.
Takto vytvorend kompetenéni skupina se zabyvd nejen pro-
jekénimi pracemi na tunelech, ale mimo jiné ve spolupraci
s na§imi némeckymi kompetenénimi centry pracuje na nckte-
rych inovativnich technologiich, mezi které se radi napiiklad
optimalizace provadéni nevyztuZeného sekunddrniho osténi
nebo stifkaného vldknobetonu. Nabyté zkuSenosti umoznuji
fad€ naSich zaméstnancu pasobit i na zahrani¢nich tunelovych
stavbdch na8i materské spole¢nosti provadénych jak konvenc-
nimi metodami, tak pomoci stroji TBM. Za vSechny je moZné
uvést projekt Stuttgart 21 v Némecku nebo projektovou pri-
pravu trasy nového metra v Sydney linky City a South West.

Nase tymy tak mohou vyuzivat odbornou podporu poskyto-
vanou kompetenénimi centry na$i matefské spolecnosti, jejiz
stavitelska historie je del$i nez 140 let. Koncernové know-how
ziskané na projektech, jako je Gotthardsky bazovy tunel nebo
most pies Bosporsky pruliv v Turecku &i na fadé dalSich dél
provadénych po celém svété naSimi sesterskymi spole¢nostmi
CIMIC, Flatiron nebo Thiess, jsme schopni predstavit a ziro-
¢it i u nds.

Zavérem bych rad Ceské tunelafské asociaci podékoval za
jeji odbornou praci a popral mnoho velmi kvalitnich a podnét-
nych setkdni. Také véfim, Ze i toto aktudlni vyddni Casopisu
Tunel pfinese viem jeho ¢tenafum fadu zajimavych informaci.
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DEAR LADIES AND GENTLEMEN,
DEAR PROFESSIONAL FRIENDS,

I am honoured not only on behalf of the company of
HOCHTIEF CZ but also on my behalf that I am allowed
to have an introductory word to this TUNEL journal
issue a part of which is dedicated to the presentation of
activities of our civil engineering company.

The company of HOCHTIEF CZ belongs among lea-
ders on the construction market, both in the segment of
building and the segment of traffic construction engine-
ering and the work in the underground, which we consider to be one
of our crucial competences, associated with it. We develop this pro-
fessional know-how in our division Traffic Construction Projects,
which participated during the twelve years of its existence in a num-
ber of important tunnel construction projects. In the very beginning,
it participated in the realisation of the Prague City Ring Road pro-
ject, section 514 Lahovice — Slivenec. At this project we were res-
ponsible in a consortium for the realisation of the Lochkov tunnel
and the Lochkov bridge. The Prague City Ring Road section No. 514
became a pilot project for us, where we confirmed our ability to rea-
lise even so complicated construction project. Further on, we parti-
cipated in the construction of the Pragny Most - Spejchar part of the
Blanka tunnel or we realised, as a member of the consortium of con-
tractors, the new extension of the Prague metro, line V.A, including
Borislavka station and Nemocnice Motol station. In the field of
railway construction projects, we realised the Osek double-track
tunnels and the Votice tunnel.

Our business competences cover also the Slovak market and, in
collaboration with our daughter company HOCHTIEF SK, we finis-
hed last year our until now the largest tunnel construction project,
the Povazsky Chlmec tunnel in the Zilina (StréZov) — Zilina
(Brodno) section of the D3 motorway. The tunnel was recently awar-
ded the title of “The construction of the year 2017”. We have built
our own team of specialised designers in our company within the
framework of the realisation of this project. The competence group
created in this way deals not only with designing work on tunnels,
but, among others, works in collaboration with our German compe-
tence centres on some innovative technologies, among them, for
example, the optimisation of the execution of non-reinforced secon-
dary linings or sprayed fibre-reinforced concrete. The gathered
experience allows a number of our employees to work even on tun-
nel construction projects of our mother company abroad, carried out
using conventional methods as well as TBMs, for example the
Stuttgart 21 project in Germany or engineering for the new City and
South West lines of Sydney metro.

In this way, our teams can use the professional support provided by
competence centres of our mother company, the building history of
which is over 140 years long. We are able to introduce and make pro-
fit from the know-how gathered by our concern on such projects as the
Gotthard Base Tunnel or the bridge over Bosphorus Strait in Turkey
or many other projects implemented all over the world by our sister
companies of CIMIC, Flatiron or Thiess even in the Czech Republic.

To conclude, I would like to thank the Czech Tunnelling
Association for their professional work and wish them many good
quality and inspiring meetings. I also believe that even the current
issue of TUNEL journal will bring lots of interesting information to
all its readers.

s

ING. TOMAS KORANDA

predseda predstavenstva spolecnosti HOCHTIEF CZ a. s.
Chairman of the Board of Directors of HOCHTIEF CZ a. s.
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VAZENI CTENARI,

spole¢nost AMBERG Engineering Brno, a.s. se muZe v letos-
nim roce zatadit mezi firmy, které za sebou maji jiz Ctvrtstoleti
lispé§ného pusobeni na trhu projektovéni tunelt a podzemnich
staveb. Stejné vyroci si dovoluji slavit i ja osobné. Akciova spo-
le¢nost AMBERG Engineering Brno, a.s. byla zaloZena v zafi
1993 jako prvni zahrani¢ni filidlka Svycarské spolecnosti
AMBERG ENGINEERING AG a stala se tak soucdsti skupiny
firem AMBERG Group AG. Ta dnes vlastni ndsledujici spolec-
nosti — skupinu projekénich a inZenyrskych kanceldiif AMBERG
ENGINEERING, AMBERG LOGLAY AG, AMBERG TECHNOLOGIES
AG a Versuchsstollen Hagerbach AG. Z toho zminénd skupina AMBERG
ENGINEERING predstavuje Sest samostatnych filidlek v Sesti ruznych
zemich svéta (§V}’fcarsko, éesko, Slovensko, §panélsko, Norsko a Indie).
Celosvétove zameéstnavi AMBERG Group pres 400 lidi.

Jadrem kazdé inZenyrské kanceldre a tzv. rodinnym stifbrem, o které je nutné
obzvlast peovat, jsou jednoznacné erudovani zaméstnanci, schopni navrhnout
standardni a efektivni, ale i nestandardni a inovativni technicka feSen nejruz-
néj§ich problémi podzemnich (a nejen podzemnich) staveb, prosadit je
a ndsledné se i podilet na jejich realizaci. Fluktuace projektantd je hrobem
tspéSnosti projekéni kancelare. Prumérnd doba setrvani zaméstnanct u spole¢-
nosti AMBERG Engineering Brno, a.s. se pohybuje nad hranicf deseti let. Pro
ilustraci kontinuity lze uvést hned prvni tspé$ny projekt Pisdreckého tunelu
v Brmé, prvniho dvoutubusového silni¢niho tunelu v CR, u ného byla diisled-
né aplikovdna observaéni metoda razby. U tohoto tunelu bylo pouZito zcela
novatorské tesent, kdy trvalym nosnym prvkem osténi tunelu je primdrni osté-
ni ze stifkaného betonu spolené s vyztuZenou horninou (plné v duchu NRTM)
a sekunddrnf osténi z prostého betonu zde plni funkci pouze samonosné ,.este-
tické obezdivky*. Dodnes nebylo toto Tesen nikde v CR pouZito, ale nase kan-
celdf s nim opét pocitd u aktudlné pripravovaného prvniho razeného tramvajo-
vého tunelu v CR, ktery bude v Brné pod skdlou Wilsonova lesa
v Zabovieskdch. Zahdjeni stavby tohoto tunelu se predpoklddd v pristim roce,
pokud se nevyskytnou dnes bohuzel obvyklé administrativni komplikace a pru-
tahy. Vyjmenovdvat zde dals{ dspésné zakédzky by bylo asi zbyteCnym plytva-
nim mista, dovolim si na tomto misté zminit pouze ty nejvyznamnéjsi projekty
poslednich let, na kterych se nase spolecnost podilela. Vzhledem k jakési podiv-
né ag6nii na trhu tunelovych staveb v CR, kdy se v zemich Koruny Ceské dnes
nerazi prakticky zddné podzemnf dilo, a v hlubokém ttlumu pfipravy tunelo-
vych staveb v minulych letech se musela nase spolecnost orientovat vice do
zahrani¢i. Ve spoluprici s kolegy z AMBERG ENGINEERING AG ve
Svycarsku jsme se v poslednich letech podileli a dodnes podilime na velkych
projektech bazovych tuneld. Jde o Zeleznién{ tunel Semmering v Rakousku
a severni ¢dst nejdelstho Zelezni¢niho tunelu na svété, tedy Brennerského bézo-
vého tunelu. Obé tato tunelov dila tedy ponesou nasi Ceskou stopu.

Jako vétSina projekénich kanceldi se dnes potykdme s nedostatkem kvalit-
niho persondlu. O projektovani je bohuzel maly zdjem v dusledku situace
v minulych letech, kdy byly ceny projektu sraZeny na minimum a ohodnoce-
ni projektantu je od té doby ve srovndni s ostatnimi profesemi hluboce pod-
cenovéano. RovnéZ systém Skolstvi a vzdéldvani v naSem oboru neprispiva
k dostatku uchazefi o naSe namahavé, odpovédné, ale krdsné povoldni.
Absolventu s technickym zaméfenim je ¢fm dél tim méné. Souvisejicim fak-
torem s nedostatkem projektanti a nedostatkem zdjmu o projektovani jsou
i stdle nartstajici administrativa a ménici se legislativni dzungle, vaZici se
k projektové Cinnosti. Obé tyto ,netechnické oblasti Cinnosti projektanti
svym podilem na jejich zatiZeni bohuZel jiZ pfesahuji onu tvar¢i technickou
projekéni &innost, kvili které jsme si my toto povoldn{ kdysi vybrali a uZ
bychom ho nemenili.

Zévérem bych chtél vyslovit podékovani viem soucas-
nym i byvalym zaméstnancim nasi spole¢nosti, bez nichz
bychom dnes nebyli tam, kde jsme. A souCasné si prét, aby
daldi Ctvrtstoleti pusobeni firmy AMBERG Engineering
Brno, a.s. bylo nejméné tak dspesné, jako téch dvacet pét
let uplynulych.

Zdar Buh.

TuHel

DEAR READERS,

This year, the company of AMBERG Engineering Brno, a. s., can
rank amongst the companies having already a quarter of century long
history of successful activities on the tunnel and underground con-
struction designing market. I would like to personally celebrate the
same anniversary. The AMBERG Engineering Brno, a. s., joint-stock
company was founded in September 1993 as the first foreign branch of
AMBERG ENGINEERING AG, a Switzerland-based company, and
became a part of the AMBERG Group AG. The Group currently owns
the following companies — a group of designing and engineering offi-
ces comprising AMBERG ENGINEERING, AMBERG LOGLAY
AG, AMBERG TECHNOLOGIES AG and Versuchsstollen Hagerbach AG. Of this
list, the above-mentioned AMBERG ENGINEERING group represents six indepen-
dent branches from six various countries of the world (Switzerland, Czechia,
Slovakia, Spain, Norway and India). Worldwide, the Amberg Goup employes over
400 persons.

The core of each engineering office and the so-called “family silver” which has to
be taken care of lies unambiguously in erudite employees capable of designing stan-
dard and effective, but also non-standard and innovative technical solutions to vari-
ous problems of underground construction engineering, enforce them and subsequent-
ly participate in their realisation. The fluctuation of designers is a grave of success of
designing offices. The average time of staying of AMBERG Engineering Brno, a.s.,
employees hovers around ten years. For illustration of the continuity, it is possible to
mention the first successful design for the Pisdrky tunnel in Brno, the first twin-tube
road tunnel in the Czech Republic where the observational tunnelling method was
consistently used. A completely innovative solution was applied to this tunnel, where
the shotcrete primary lining, together with reinforced ground (fully in the spirit of the
NATM) and the unreinforced concrete secondary lining, only fulfils the function of
a self-supporting “aesthetic lining”. This solution has not yet been used in the Czech
Republic, but our office again counts with it for the currently under preparation first
mined tramway tunnel in the Czech Republic, which will be in Brno, under the rock
in the Wilson Forest in Zabovfesky. The commencement of this tunnel construction
is assumed to take place next year, unless the today usual administrative complicati-
ons and administrative delays are encountered. Enumerating here other successful
contracts would probably be unnecessary wasting of space, so let me mention only
the most important projects of recent years our company participated in. With respect
to the, kind of strange, agony on the tunnel construction market in the Czech
Republic, where virtually no underground working is currently being carried out in
the lands of the Czech Crown, and the deep checks made on the preparation of tun-
nel construction projects in recent years, our company had to orientate itself more
abroad. In collaboration with AMBERG ENGINEERING AG colleagues in
Switzerland, we have participated in recent years and still participate in large projects
for base tunnels. They comprise the Semmering railway tunnel in Austria and the
northern part of the world’s longest railway tunnel, the Brenner base tunnel. The two
tunnel construction projects will therefore bear our Czech footprint.

As the majority of design offices, we are today struggling with a lack of good qua-
lity personnel. The interest in designing is unfortunately small as a result of the situ-
ation in recent years, where the prices of designs were pushed down to a minimum
and the rating of designers in comparison with other professions has been deeply
undervalued since then. Even the system of education in our industrial branch does
not contribute to the numbers of candidates for our strenuous, responsible, but also
beautiful profession. The numbers of technically oriented graduates are getting less
and less. The ever growing administration and the changing legislative jungle relating
to designing activities is also a factor associated with the lack of designers and lack
of interest in designing. Unfortunately, the proportion of the two “non-technical
areas” of designing activities in the load acting on designers already exceeds the cre-
ative technical designing work which was the reason why we chose it in the past and
would never change it.

To conclude, I would like to express my thanks to all current and
former employees of our company without whom we would not be
today where we are. At the same time I would like to wish us that
the new quarter century of AMBERG Engineering Brno, a. s., acti-
vities was at least so successful as the past twenty five years.

God Speed You.

ING. VLASTIMIL HORAK

¢len predstavenstva a reditel AMBERG Engineering Brno, a.s.
Member of the Board of Directors and Director of AMBERG Engineering Brno, a.s.
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KOLEKTOR HLAVKUV MOST - NOVA RESENI
PRI PROJEKTOVANI A VYSTAVBE
HLAVKUV BRIDGE UTILITY TUNNEL - NEW SOLUTIONS
IN DESIGN AND CONSTRUCTION

RADEK KOZUBIK, VACLAV DOHNALEK, VACLAV RACEK, JAROMIR ZLAMAL

ABSTRAKT

Budovany hlubinny kolektor I1. kategorie spojuje levy a pravy breh Vitavy na ndvodni strané mostu a nachdzi se na pomezi prazskych
Casti HoleSovic a Karlina. Jeho primdrnim iikolem je preloZeni inZenyrskych siti z télesa Hldvkova mostu do podzemi 7 diivodu jeho pld-
nované rekonstrukce. Na trase kolektoru jsou Ctyri Sachty, ve spodni &dsti Sachet jsou umisteny technické komory, kde se kriZi inZenyrské
site. Tento ¢ldnek navazuje na drive publikované prispevky v casopisu Tunel 2/2015 a 4/2017. Stavbu realizuje sdruZent firem Subterra
a.s. a HOCHTIEF CZ a. s. (ddle sdruZeni). Zadavatelem stavby je Magistrdt hl. m. Prahy a autorem projektové dokumentace je

INGUTIS spol. s r.o.

ABSTRACT

The category II deep utility tunnel connecting the left bank and right bank of the Vitava on the upstream side of the bridge is under con-
struction on the border between Prague municipal districts of HoleSovice and Karlin. The primary task of the tunnel is transferring utility net-
works from the Hldvkiiv Bridge superstructure to the underground with respect to the planned reconstruction of the bridge. There are four
shafts on the utility tunnel route with service chambers located at the bottom parts, where utility networks intersect. This paper is a follow-
up to papers published earlier in TUNEL journal issues No. 2/2015 and 4/2017. The construction is realised by a consortium consisting of
Subterra a. s. and HOCHTIEF CZ a. s. (hereinafter referred to as the consortium). The Prague City Hall is in the position of the contracting
authority and INGUTIS spol. s r. o. is the author of design documents.

1. UvoD

Podzemni ¢ést kolektoru byla realizovdna z celkem Ctyf hlou-
benych Sachet souhrnné hloubky 130 m. Kolektor o celkové
délce 430,25 m se na severu napojuje na jiz drive realizovany
kolektor SPHM (Severni predmosti Hldvkova mostu) a prochézi
pres ostrov Stvanice pod obéma rameny Vltavy na Té§novské
predmosti, kde se napojuje na drive vybudovany kolektor RNLS
(Rekonstrukce Nébrezi Ludvika Svobody). Trasa kolektoru je
v prostoru Stvanického ostrova mistné vyvedena na povrch $ach-
tou a ddle prochdzi v hloubené ¢asti kolmo na osu razené trasy
v délce priblizné 100 m pro prevedeni inZenyrskych siti na
povrch ostrova Stvanice (obr. 1).

Clének se zaméruje na definitivni osténi tras, komor a Sachet
budovaného dila s cilem ukazat zcela novy pristup pfi navrhu

1. INTRODUCTION

The underground part of the utility tunnel was realised from the
total of four shafts sunk to the total depth of 130m. The utility tun-
nel with the total length of 430.25m links the already earlier rea-
lised utility tunnel, the Northern HoleSovice-side Head of
Hlavkuv Bridge tunnel (hereinafter referred to as the SPHM) and
runs across Stvanice island under both shoulders of the Vltava
River to the Tésnov head of the bridge, where it connects to the
earlier built utility tunnel, the Reconstruction of Ludvik Svoboda
embankment (hereinafter referred to as the RNLS). The utility
tunnel route is locally brought to the surface in the area of
Stvanice island and continues in a cut-and-cover section further,
perpendicularly to the mined tunnel route at the length of appro-
ximately 100m. It is designed to transfer utility networks to the
surface of Stvanice island (see Fig. 1).

Obr. 1 Situace stavby kolektoru Hldvkiiv most
Fig. 1 Layout plan of the Hldvkuy Bridge utility tunnel construction
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a vystavbé kolektort z pohledu tvaru pric-
ného profilu a uzitych technologii.

2. KOLEKTOROVE TRASY

V podélné linii kolektoru jsou situovdny
celkové Ctyri Sachty a dvé technické komo-
ry pro vykfiZzeni inZenyrskych siti. Osa
hlavni kolektorové trasy je vedena v pfim-
kach mezi Sachtami a technickymi komora-
mi, priblizné rovnobézne s osou Hldvkova
mostu. Jednotlivé udseky kolektoru jsou
vzdy oddilatovdany bezprostredné za Sach-
tou nebo technickou komorou. Betonované
dseky jsou svislymi pracovnimi spdrami
(sty¢nymi) rozdéleny na typické bloky
délky 8 m/20 m a atypicky blok proménné
délky charakteristicky vZdy pro konkrétni
usek. Tento pristup vychazi ze snahy co nej-
vice zjednodusSit postup vystavby, a tim
zkratit Cas provadéni definitivnich kon-
strukef (tj. od vazani vyztuze aZ po samot-
nou betonaz).

Betondz kolektoru v trase je zahdjena

definitivni osténi ZB
konstrukce C30/37, XA2

RC structure C30/37, XA2

stray currents measurement
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vidy betondZzi spodni klenby (pracovni
spary jsou po 20 m) v celé délce useku
trasy. Nasleduje betondZ celé horni klenby
véetné ,,svislych stén (pracovni spary po 8 m). Rozmisténi pra-
covnich spdr je navrzeno tak, aby zZadnd sty¢nd pracovni spdra
nebyla prubéZnd po celé vysce profilu kolektoru. Ve sty¢nych
sparach neni vdzand vyztuZ propojena, propojeni se provadi
pouze u vyztuze slouZici jako opatfeni proti bludnym proudim.

Horni klenba je vZdy betonovdna do ocelového posuvného
bednéni, které se pohybuje jiz po vyzralém betonu spodni klen-
by. Mezi spodni klenbou a horni klenbou (v podélné ose) vznika
loZnd pracovni spdra, kde je naopak dasledné navrZzeno propoje-
ni vyztuZze.

Profil hlavni trasy je ve tvaru obracené podkovy o vnitini svét-
1¢ $itce 3,00 m a vySce 4,55 m. Definitivni konstrukce kolektoru
je z betonu tridy C30/37. S ohledem na vysledky hydrogeologic-
kého pruzkumu byl beton navrZen na prostredi XC2 a XA2.
Tloustka definitivniho osténi se pohybuje v rozmezi 350-
530 mm s ohledem na tvar primarniho osténi (obr. 2). VyztuZzeni
kolektorové trasy je provedeno ze standardni vyztuZe formou
prefabrikovanych koSt (rdmy zajistujict stabilitu vyztuZe v poctu
6 ks/typicky blok), k nimz se nasledné pripeviiuji KARI sité
a prilozky z vdzané vyztuze. Kryti vyztuZze je vSude navrZeno
50 mm.

Trasa je navrZena jak v provedeni s mezilehlou PVC izolaci
(dsek J102-TK103, respektive v mistech nejvétsich pritokt do
podzemniho dila), tak i v provedeni bez mezilehlé izolace
(v ostatnich dsecich nevyZadujicich toto opatreni postacilo pouze
proinjektovani vybranych mist primarniho osténi). Stupen vyztu-
Zeni a mezn{ stav §ifky trhlin je uzpusoben vySe uvedenym opat-
fenim. Beton definitivniho osténi se proto v misté bez mezilehlé
izolace provadi s krystalizacni pfisadou, v miste¢ s mezilehlou
izolacfi je projektovan naopak standardni beton bez krystalizacni
prisady.

Izolace proti vodé v pracovnich i dilataénich spéardch jsou
navrZzeny z vnéjSich sparovych pdsu systému SIKA. Vyztuz
i sparové pdsy jsou navrZeny tak, aby zajistily vodotésnost pro
vy$ku vodniho sloupce min. 30 m.

Obr. 2 Tvar definitivniho osténi hlavni kolektorové trasy
Fig. 2 Geometry of the final lining on the main utility tunnel route

The paper focuses itself on the final lining of the routes, cham-
bers and shafts of the works under construction, with the objecti-
ve to present absolutely new approach to the design and construc-
tion of utility tunnels from the aspect of the geometry of the cross-
section and the equipment used.

2. UTILITY TUNNEL ROUTES

There are four shafts in total and two service chambers for the
crossing of utility networks on the longitudinal centre line of the
utility tunnel. The centre line of the main utility tunnel route is led
on straight lines between shafts and service chambers, approxi-
mately in parallel with the centre line of the Hldvkuv Bridge.
Individual sections of the utility tunnel are always separated by
expansion joints immediately behind the shaft or service chamber.
The concreted sections are separated by vertical construction
joints (head joints) into typical 8m/20m long blocks and an atypi-
cal block with a variable length characteristic always for the par-
ticular section. This approach is built on the effort to simplify the
construction process as much as possible, thus to reduce the time
necessary for carrying out final structures (from tying-up reinfor-
cement up to casting of concrete itself).

The utility tunnel concrete casting operations on the route
always begin by concreting the invert (construction joints spaced
at 20m) throughout the tunnel length. Casting of concrete of the
whole upper vault including “vertical side-walls” follows (con-
struction joints spaced at 8m). The design of the layout of con-
struction joints ensures that no construction head joint is continu-
ous throughout the height of the utility tunnel profile. The tie-up
reinforcement is not interconnected in the head joints; only the
reinforcement used as a measure against stray currents is subse-
quently interconnected.

The upper vault concrete is always poured behind sliding steel
formwork, which moves on the already cured concrete of the
invert. A construction bed joint originates between the invert and
the upper vault (on the longitudinal axis). Conversely, the tho-

roughly interconnected reinforcement is designed for this joint.
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Obr. 3 Prunik Sachty J104 a kolektorové trasy s nainstalovanym kompletnim
hydroizolacnim systémem

Fig. 3 Intersection between shaft J104 and the utility tunnel route with the
complete waterproofing system installed

2.1 Definitivni osténi

Definitivni osténi razenych Casti kolektoru v&etné hloubenych
Sachet bylo v dokumentaci pro vybér zhotovitele navrzeno z vodo-
nepropustného betonu bez mezilehlé izolace. DuleZitym ndvrho-
vym kritériem bylo preneseni tlaku vodniho sloupce o vysce pres
30 m (droven povodné z roku 2002). Tomuto ndvrhovému tlaku
musely odpovidat veskeré prvky definitivniho osténi. Monoliticky
beton definitivniho osténi tfidy C30/37 je navrZen na hloubku
maximalniho prusaku 25 mm a maximadlni Sitku trhlin 0,2 mm.
Vypocet Sitky trhlin byl proveden pro kvazistdlé kombinace sesta-
vené dle CSN EN 1990, tab. A1 4.

Vzhledem k masivnim pritokim podzemn{ vody byl béhem dokon-
Covani raZeb proveden pasport skute¢né zastizené situace v podzemi
spoivajici v zaznamendni lokélnich a7 plosnych prusaku a masivnich
te¢i. Na zdkladé vyhodnoceni z pasportu byl projekt doplnén o sanac-
nf opatfeni vedouci k odstranéni prusaku vody do hotového dila. Jednd
se o organizované svody vedouci do drendze umisténé pod dnem pri-
marniho osténi, injektdZe primdrniho osténi mikrocementem a che-
mickou injektdzi a plo$né izolace (obr. 3, 4) nékterych ésti kolektoru
s vyznamnymi ploSnymi prusaky. Timto byl kolektor podle typu
sana¢nich opatreni rozdélen na dvé zdkladni feSeni, s kompletnim hyd-
roizola¢nim systémem a bez hydroizolacniho systému.

2.2 Kombinace organizovanych svodti a ploSné izolace

V mistech intenzivnich prusaku, tedy v Sachtiach J102, J103
a J104 a kolektorové trase mezi Sachtou J102 a technickou komo-
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The main route profile has the shape of an inverted horseshoe
with the net internal width and height of 3.00m and 4.55m, res-
pectively. The final structure of the utility tunnel is made from
C30/37 grade concrete. With respect to the results of the hydro-
geological survey, the concrete was designed for XC2 and XA2
environments. The final lining thickness varies from 350 to
530mm, taking into consideration the geometry of the primary
lining (see Fig. 2). Concrete reinforcement of the utility tunnel
route is carried out using standard reinforcement in the form of
prefabricated cages (6 pieces of frames securing the stability of
the reinforcement per a typical block). KARI welded mesh and
strap pieces from the tie-up reinforcement are subsequently fixed
to the cages. The concrete cover is everywhere designed to be
50mm.

The route is designed both in a version with an intermediate
PVC waterproofing layer (in the J102 — service chamber TK103
section and in the locations of highest inflows into the underg-
round working) and without an intermediate waterproofing layer
in the other sections not requiring this measure (injecting grout
into selected places of the primary lining). The reinforcement con-
tent and the crack width limit state are accommodated to the
above-mentioned measures. The final lining concrete in the loca-
tions without intermediate waterproofing is therefore produced
with the addition crystallisation admixture, whilst standard con-
crete without the crystallisation admixture is designed for locati-
ons with the intermediate waterproofing layer.

External SIKA waterbars are designed for waterproofing of
construction joints and expansion joints. The reinforcement and
waterbars are designed to withstand the height of water column of
30m as the minimum.

21 Final lining

Water-retaining concrete without intermediate waterproofing
was designed in the documents for tendering for the final lining of
the mined parts of the utility tunnel, including the shafts to be
sunk. An important design criterion lied in transferring the pres-
sure of water column over 30m high (the level of flood in 2002).
All elements of the final lining had to satisfy this design pressure
condition. The C30/37 grade of the cast-in-situ concrete used for
the final lining is designed for the water penetration depth of
25mm and the maximum crack width of 0.2mm. The calculation
of the width of cracks was carried out for quasi stable combinati-
ons compiled according to CSN EN 1990, table A1 .4.

A condition survey of the actually encountered situation in the
underground was carried out with respect to massive inflows of
ground water. The survey lied in recording the local up to aerial
and massive leaks. The design is complemented on the basis of the
assessment of the survey by adding rehabilitation measures lea-
ding to the removal of water leaks into the completed working.
They comprised organised water collection drains leading to drai-
nage installed under the bottom of the primary lining, injecting
microfine cement and chemical grout into the primary lining, and
aerial grouting (see Figures 3 and 4) of some parts of the utility
tunnel displaying significant aerial seepage. In this way, the utili-
ty tunnel was divided according the type of the rehabilitation mea-
sures into two basic designs, with a complete waterproofing sys-
tem and without a waterproofing system.

2.2 combination of organised water collection system
and aerial waterproofing

A combination of the organised water collection system and the
aerial waterproofing system with an auxiliary grouting system in
the particular area and in expansion and construction joints was
applied to the locations of intense leakage, it means in shafts J102,
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Obr. 4 Hydroizolacni systém kolektoru hlavni trasy
Fig. 4 Waterproofing system on the main route of the utility tunnel

rou TK103 vcetné této komory, se pouzila kombinace organizova-
nych svodu a plo$né izolace s pojistnym injektdZnim systémem
v ploSe a v dilatatnich a pracovnich spérach. Toto feSeni zvySuje
vodonepropustnost osténi oproti pivodné navrzenému fesent, které
i tak z0stdva ve stejné pevnostni tiide jako v predchozim projekto-
vaném stupni dokumentace.

Pro tento typ opatfeni jsou pouzity drendzni zlabky Omega.
Slouzi pro kontrolované svadéni prosakujici vody skrz primarni
osteéni do centralniho drenazniho systému umisténého ve dné pri-
marniho osténi. Zlabky maji podkovovity prifez, jsou vyrobeny
z HDPE materidlu a k primarnimu osténi se standardné prichy-
cuji nastrelenim. Pripadné netésnosti Zldbku jsou feSeny tésnici-
mi tmely. Povrchovd tdprava Zldbku umoZiiuje bezproblémové
nanaseni stifkaného betonu ¢i aplikaci hydroizola¢nich systéma.

Mezilehld féliova izolace je umisténa mezi primarnim osténim
ze strikaného betonu a definitivnim osténim z monolitického
betonu. Pred aplikaci hydroizola¢nich vrstev byla drsnost a rovi-
natost podkladniho povrchu upravena podle poZadovanych para-
metru. Nejvyraznéjsi tece odvadely drendzni Zldbky Omega do
drendze ve dn¢ kolektoru. Na povrch upraveny podle pozadova-
nych parametrii se umistila jedna vrstva geotextilie, v mistech
vétsich prasakl se umistily dvé vrstvy geotextilie o hmotnosti
800 g/m2. Geotextilie je k primdrnimu osténi kotvena pomoci
teréiku a ndslednd instalace f6liové izolace Mapeplan TU WL 30
je privafena na ter¢iky. Spoje izolaénich pasu jsou provedeny
svarecim automatem prelozenim se zdvojenym svarem. Dna
kolektorovych tras jsou navic vzdy ochranéna dvojitou vrstvou
geotextilie o hmotnosti 1000 g/mZ2.

Vsechny pri¢né a podélné pracovni spary jsou opatieny vnéj-
§imi tésnicimi péasy Sitky 500 mm, napr. Sika Waterbar AA
500/35 Tricomer BV. Rovnéz i veskeré dilatacni spdry jsou opat-
feny vnej$imi tésnicimi pdsy $itky 500 mm, napr. Sika Waterbar
DA 500/35 Tricomer BV. Zdsadni podminkou pro vybér tésni-
cich pésu je preneseni tlaku vodniho sloupce min. 30 m a také
pozadavek kompatibility s foliovou izolaci (moZnost oba mate-
ridly k sobé privarit). Pdsy jsou pro piipad prusaku doplnény
dvojici injektaZnich hadicek 18/10 mm pro dodate¢nou cemen-
tovou injektdZ a dvojici hadic¢ek 12/6 mm pro dodatecnou che-
mickou injektdz. K témto perforovanym hadi¢kdm jsou pres
spojky privedeny prodluzovaci neperforované hadicky, které
jsou vytstény do sbérnych krabic (box). Z téchto sbérnych kra-
bic by v pripadé prusaku byla provddéna dodatend injektdz.
2.3 Mikrocementové a chemické injektaze v kombinaci

s tésnicimi pasy a vodonepropustnym betonem

V technické komore TK101, Sachté J101 a kolektorové trase

mezi Sachtami J101 a J102 a mezi technickou komorou TK103

J103 and J104, in the utility tunnel route section between shaft
J102 and service chamber TK103 (including this chamber). This
solution increases the water impermeability of the reinforced
concrete lining in comparison with the originally proposed soluti-
on. Anyway, the concrete lining remains in the same strength class
as that in the previous design degree of the documents.

Omega drainage channels are used for this type of measures.
They are used for controlled directing of water seeping through the
primary lining to the central drainage system located in the prima-
ry lining bottom. The channels have a horseshoe shape. They are
made of the HDPE material and are fixed to the primary lining by
shotfiring as a standard. Potential leaks of the channel are solved
by a sealing mastic. The surface finish of the channels allows for
trouble-free application of shotcrete or waterproofing systems.

The intermediate waterproofing membrane is installed between
the shotcrete primary lining and the cast-in-situ concrete final
lining. The roughness and flatness of the sub-base surface was tre-
ated according to the required parameters prior to the application
of the waterproofing layers. The most distinct leaks were directed
by the Omega drainage channels to the drainage under the utility
tunnel bottom. The surface treated according to the required para-
meters was covered with one layer of geotextile; two layers of
800g/m?2 geotextile were placed in the locations of larger seepage.
The geotextile is fixed to the primary lining by blanks and the fol-
lowing installation of Mapeplan TU WL 30 waterproofing mem-
brane is welded to the fixation blanks. The joints between the
waterproofing mats are carried out using a welding automaton by
folding them and welding using a double-seam weld. The bottoms
of the utility tunnel routes are in addition always protected by
a double layer of 1000g/m? geotextile.

All transverse and longitudinal construction joints are provided
with 500mm wide external waterbars, e.g. Sika Waterbar AA
500/35 Tricomer BV. All expansion joints are also provided with
500mm wide external waterbars, for example Sika Waterbar DA
500/35 Tricomer BV. The fundamental condition for the selection
of the waterbars is transferring of water column pressure 30m
high as the minimum and meeting the requirement for compatibi-
lity with membrane waterproofing (the possibility of welding both
materials together). The waterbars are complemented in case of
leaks by a pair of 18/10mm grouting hoses for additional cement
grouting and a pair of 12/6mm hoses for additional chemical grou-
ting. Non-perforated extension hoses are brought through coup-
lings to the perforated hoses, which are terminated in collection
boxes. Additional grouting was carried out from the collection
boxes in the case of seepage.

2.3 Microfine cement and chemical grouting combined
with waterbars and water-retaining concrete

A combination of injecting microfine cement and chemical
grout into the primary lining, 500mm wide external waterbars to
expansion and construction joints with an auxiliary grouting sys-
tem and the lining made from water-retaining reinforced concrete
identical with the concrete designed for the preceding design
degree is applied to the service chamber TK101, shaft J101, the
utility tunnel route between shafts J101 and J102, and between
service shaft TK103 and shaft J104.

Microfine cement grouting is carried out using a fine non shrin-
king grout injected through a pair of perforated 18/10mm grouting
hoses placed between the fins of the waterbars. The working pres-
sure is assumed to be at the level of 0.2MPa. Multiple grouting is
not assumed for this type of hoses.

The chemical grouting is carried out through a pair of perforated
12/6mm grouting hoses placed between the fins of the waterbars.



a Sachtou J104 je aplikovdna kombinace mikrocementovych

a chemickych injektazi primdrniho osténi, vnéjsich sparovych
pésu do dilatacnich a pracovnich spér $iiky 500 mm s pojistnym
injektaznim systémem a osténim z vodonepropustného Zelezobe-
tonu shodného s projektem predchoziho projektového stupné.

Mikrocementové injektdZe se provadéji pomoci jemné nesmrs-
tjici malty pres dvojici perforovanych injektaznich hadicek
18/10 mm umisténych mezi Zebry tésnicich pasu. Pracovni tlak
je predpoklddan v drovni 0,2 MPa. U tohoto typu hadicek se
nepredpoklddd vicendsobnd injektdz.

Chemické injektdze se provadéji pres dvojici perforovanych
injektaznich hadi¢ek 12/6 mm umisténych mezi Zebry tésnicich
pésu. Hadi¢ky musi umoZnovat opakovanou injektdz. Injektdz-
nim médiem jsou jednoslozkové a dvouslozkové polyuretanové
pryskyfice nebo metakrylatové gely.

Vsechny pri¢né a podélné pracovni spéry a dilataéni spdry jsou
opét opatfeny vnéjsSimi t€snicimi pasy Sitky 500 mm.

Definitivni konstrukce jsou v tsecich bez féliové izolace navr-
Zeny z betonu C30/37 XC2-XA2 vletné prisady pro dosaZeni
vodonepropustnosti XYPEX Concentrate Admix C-1000 (NF)
v ddvce 1,5 % bez separace povrchu primarniho a sekundarniho
osténi. Vzhledem ke skute¢nosti, Ze pouzivani krystalizaéni pri-
sady nemélo oporu v norméch a vysledky méfeni nepropustnos-
ti byly diskutabilni, byla vySe uvedend smes nahrazena betonem
C30/37 XC2-XA2 Permacrete vyvinutym spolecnosti TBG
Metrostav podle rakouskych a némeckych norem pro tzv. ,,bilé
vany“. Jeho hlavni prednosti je nizky vyvin hydrata¢niho tepla
pod 37 °C, a tim zna¢né omezeni §itky trhlin a pramérnych hod-
not hloubky prusaku dosahujicich podle doposud provedenych
zkousSek kolem 12 mm. Nevyhodou pouZiti tohoto typu betonu je
delsi ¢as ndbéhu pevnosti v prostém tlaku o cca 30 % oproti kla-
sickému konstrukénimu betonu. Tato nevyhoda je kompenzova-
na pouzitim ocelové pln¢ hydraulické elektricky posuvné formy
délky 8 m, coz umoznuje jeji rychlejsi pfesun, ustaveni a také
postup betondze. TlouStka definitivniho osténi je v rozmezi
350-530 mm.

V &asti dila, kde bylo nutné navrhnout prechod mezi &ésti
neizolovanou a ¢ésti s féliovou izolaci, bylo pro eliminaci rizika
migrace vody za izolaci navrzeno nasledujici opatreni. PVC izo-
lace byla zataZena minimdlné 1500 mm do sekce bez mezilehlé
izolace. Na tuto izolaci byl prichycen vnéjsi sparovy pds Sika
Waterbar AA 500/35 Tricomer BV Sitky 500 mm s pojistnym
injektaznim systémem. Pro betondz této prechodové sekce byl
vzdy pouzit vodonepropustny beton Permacrete.

2.4 Vyztuz definitivniho osténi

Vyztuz definitivniho osténi kolektoru je z oceli B500B 10 505 (R)
s minimalnim krytim vyztuZze 50 mm. Podle typu konstrukce se
sklddd z ruznych prvki. Maximélni pramér nosnych prutd je
v izolovanych Castech tras R22 a neizolovanych ¢dstech tras
a v technickych komordch R25. Vyztuz kolektorovych tras je
zaroven navrzena jako samonosnd a maximalné prefabrikovana
z davodu snadnéjsi a rychlejsi montédZe, za pouziti prihradovych
rdmu, tvofenych atypickymi skruzenymi sit€mi a armokosi.

3. PRVNI NASAZENI HYDRAULICKE BEDNICi FORMY
V KOLEKTORU V PRAZE

V dlouhé historii vystavby vedeni sdruzenych siti neboli
kolektoru byla prevdznd Cést zhotovena hloubenim. RaZenych
kolektort bylo za 40 let zhotoveno 17 935 bm. Definitivn{ osté-
ni pri vystavbé téchto kolektord v klenbové &ésti bylo prevazné
zhotoveno ze stiikaného betonu. Stifkané betony byly pouzity
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The hoses have to allow for repeated grouting. The grouting medi-
um is formed by one-component and two-component polyurethane
resins or methacrylate gels.

All transverse and longitudinal construction joints are again
provided with 500mm wide external waterbars.

The final lining structures in sections without membrane
waterproofing are designed to be made from C30/37 XC2 — XA2
concrete including XYPEX Concentrate Admix C-1000 (NF)
admixture at the dosage of 1.5% for achieving impermeability,
without separation of the surfaces of the primary and secondary
linings. With respect to the fact that the application of the crystal-
lisation admixture has no support in standards and the results of
measurements of impermeability were disputable, the above-men-
tioned mixture was replaced with C30/37 XC2 — XA2 Permacrete
concrete developed by the company of TBG Metrostav according
to Austrian and German standards for the so-called “white tanks”.
The main advantage of this mixture lies in the low development
of hydration heat under 37°C resulting into significant reduction
of the width of cracks and the average values of the water pene-
tration depth reaching about 12mm according to the so far perfor-
med tests. The disadvantage of the use of this concrete type lies in
the build-up time of the initial unconfined compressive strength
longer by ca 30% in comparison with classical structural concre-
te. This disadvantage is compensated for by the use of an 8m long
steel, fully hydraulic, electrically movable formwork allowing for
faster movement, assembly and advance rate of concrete casting
operations. The thickness of the final lining varies from 350 to
530mm.

The following measure was designed for the elimination of the
risk of migration of water behind the waterproofing membrane in
the part of the construction where it was necessary to design the
transition between the part without waterproofing and the part
with the waterproofing membrane. The PVC membrane was pul-
led minimally 1500mm into the section without intermediate
waterproofing layer. A 500mm wide Sika Waterbar AA 500/35
Tricomer BV with an auxiliary grouting system was fixed to this
waterproofing layer. Permacrete Water-retaining concrete was
always used for casting concrete in this transition section.

2.4 Final lining concrete reinforcement

The reinforcement of the final concrete lining of the utility tun-
nel is made from steel grade B500B 10 505 (R) with the minimum
concrete cover of 50mm. It consists of various elements, depen-
ding on the structure type. The maximum diameters of the bearing
rods in the parts of the routes provided with waterproofing, the
parts of the routes without waterproofing and the service cham-
bers are R22 and R25, respectively. The concrete reinforcement
for the utility tunnel routes is at the same time designed as self-
supporting structures maximally prefabricated for the reason of
easier and faster installation, using lattice girders formed by aty-
pical rolled steel mesh and reinforcement cages.

3. FIRST USE OF AUTOMATIC FORMWORK IN A UTILITY
TUNNEL IN PRAGUE

In the long history of the development of ducts for combined
networks, utility tunnels, the majority was carried out using the
cut-and-cover technique. The length of mined utility tunnels of
17,935m was carried out in 40 years. The final lining in the vaults
of these tunnels was mostly made from shotcrete. Shotcrete was
recently used at the construction of the Vodi¢kova and Prikopy
utility tunnels, where shotcrete is applied to the lining of the semi-
circle of the upper vault, whilst the bottom and side walls are
made from cast-in-situ concrete. The automatic formwork for
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v posledni dobé pri vystavbé na kolektoru Vodi¢kova nebo
Prikopy, kde je stfikany beton aplikovdn pro osténi pulkruhu
horni klenby, pfi¢emz dno a stény kolektoru jsou z monolitické-
ho Zelezobetonu. Hydraulickd bednici forma pro definitivni oste-
ni kolektoru nebyla doposud v Praze pouZita z nékolika divodu.
Technologie hydraulické bednici formy malych profili nebyla
do 90. let minulého stoleti dostupnd. Je sloZité prizpusobit hyd-
raulickou bednici formu pri¢nému fezu $tol s mnoha rozrazkami,
s nepravidelnou geometrii (kornouty tryskové injektdze), nebo
s ostrymi oblouky ve smérovém vedeni §tol. Pfi pfipravé zada-
vaci dokumentace predchozich etap vystavby hlubinnych kolek-
tort jednodussiho pricného tvaru byla aplikace definitivniho
osténi ze stiikaného betonu jednim z divodu pozdéjsiho nasaze-
ni hydraulické bednici formy.

Prvnim raZzenym kolektorem, na kterém byla hydraulickd bed-
nici forma nasazena pro betondZ trasy, je Kolektor Hlavkuv
most. Tato technologie byla azZ doposud vyuZivdna na podzem-
nich stavbdch vétsiho profilu. Jednalo se zejména o dopravni
stavby, jako jsou silni¢ni a Zelezni¢ni tunely pripadné stanice
a tunely metra. Kolektor Hldvkuv most je pro nasazeni této tech-
nologie vhodny. Délka kolektorovych tras je pres 400 m, to zna-
mend velky pocet opakovaného pouziti formy. Profil trasy je
v celé délce shodny a nevyskytuje se na ni vét$si mnoZstvi rozra-
7ek a oblouku. Veskeré vyskové a smérové lomy se odehrdvaji
v Sachtdch.

Hydraulickd bednici forma pouzitdi na Kolektoru Hlavkuv
most byla vyrobena rakouskou spole¢nosti Ostu-Stettin, kterd se
vyrobou podobnych typt ocelovych konstrukei dlouhodobé
zabyva. Ocelovd forma délky 8 m je posouvdna elektricky
posuvnym vozikem pohybujicim se na ocelovych kolech
s nakolky po kolejnicich S49 prikotvenych k Zelezobetonové
podlaze kolektoru. Vozik délky 9 m nese ocelovou bednici obdl-
ku s vyztuhami a pfisluSenstvim, v¢etné hydraulického ustroji
s ovldddnim pohybu formy pfi ustavovani a odbednovani formy.
Vozik je vybaven také dvojici Zebiiku a ploSinou pro pohyb osob
v horn{ trovni formy.

Ocelovd obdlka s plechem sily 3 mm vyztuzend podélnymi
a pricnymi vyztuhami je sloZena po délce ze Ctyr k sobé prisrou-
bovanych celoobvodovych dilu, které se navic déli na tfi &dsti (2x
sténa a 1x oblouk klenby) spojené kloubovym spojem pro snadné
odbednéni (obr. 5). Soudasti obélky je prislusenstvi, které umoz-
nuje maximalni efektivitu betondze. Kvalitni betondz zajistuje
26 ks vzduchovych pfiloZnych vibratord, 6 ks betondZnich kru-
hovych uzaviratelnych oken pruméru 600 mm, 10 ks napousté-
cich ventili pruméru 125 mm a 3 ks tzv. $pionu, tedy trubek
vedoucich do vrcholu klenby, pres néz se kontroluje zaplnénost
vrcholu klenby betonem. Ocelovd obdlka je vybavena také pre-
chodovym plechem délky 200 mm, ktery vZdy doléhal po obvo-
du na posledni zabetonovanou ¢&ést, a zdvorami pro montaz dre-
véného &ela bednéni. Uchyty pro prechodovy plech a pro zévory
byly shodné na prednim a zadnim Cele bednéni, protoZe betondz
probihala po sméru i proti sméru stani¢eni bez moZnosti otoen{
formy o 180°. Poslednim duleZitym vybavenim obdlky byla dvo-
jice rozpér na prechodu mezi rovnou a obloukovou ¢asti obdlky.
Rozpéry zamezovaly pri¢né deformaci formy béhem betondze,
tim byl eliminovéan Gcinek tlaku vznikly z rozdilné hladiny beto-
nu v levé a pravé ¢dsti formy. Maximalni povoleny rozdil hladin
mezi levou a pravou stranou formy byl 0,5 m. Maximdlni dovo-
leny tlak betonu na plast formy byl 80 kN/m2.

Typicka betonova sekce byla délky 8 m a témér kazdy betono-
vany usek trasy kolektoru byl zakoncen atypickou sekci jiné
délky. Forma nepokryvala celou vysku svislych stén, spodni ¢ést
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final lining of the utility tunnel has not yet been used in Prague for
several reasons. The automatic formwork technology for small
profiles was not available before the 1990s. Adapting the automa-
tic formwork to cross-sections of galleries with numerous side
stubs, irregular geometry (splayed jet grouting arches) or with
sharp bends in the horizontal alignment of the galleries is compli-
cated. When the tender documents for previous stages of the con-
struction of deep utility tunnels with simpler cross-sections were
being prepared, the application of the shotcrete final lining was one
of the reasons for the later application of the automatic formwork.

The Hldvkuv Bridge utility tunnel is the first mined utility tun-
nel at which the automatic formwork was used for casting of
concrete on the route. Until now, this technology has been used at
larger-profile underground construction projects. They comprised
mainly transport-related structures, such as road and railway tun-
nels or metro stations and tunnels. The Hldvkav Bridge utility tun-
nel is suitable for the application of this technology. The length of
the utility tunnel routes exceeds 400m, which means a large num-
ber of the repeated use of the formwork. The profile of the route
is constant throughout its length and the number of side stubs and
curves on it is not big. All elevation breaks and directional breaks
are located in shafts.

The automatic formwork used at the Hldvkav Bridge utility tun-
nel was manufactured by Austrian company Ostu-Stettin, which is
engaged in the manufacture of similar types of steel structures in
the long term. The 8m long steel formwork is shifted by an elec-
trical carriage moving on steel wheels with wheel treads along
S49 rails anchored to the reinforced concrete floor of the utility
tunnel. The 9m carriage bears a steel formwork envelope with bra-
ces and accessories, including a hydraulic mechanism controlling

Obr. 5 Schéma betondzini formy: stav pri odbednéni
Fig. 5 Chart of the formwork: condition during stripping




formy pri styku se dnem az do vysky priblizné 35 cm musela byt
bednéna pomoci ocelového plechu tvaru L, na ktery forma pres
dreveéné fosny a hranoly dosedala.

Novy betondzni krok byl zahdjen prejezdem formy do pre-
dem vyarmované sekce. Tésné pred tim probéhlo armovéni
mista, v prostoru dievéného Cela bednéni na presahu bedniciho
plasté. Behem presunu formy byl na Cerstvé zatvrdly beton
z plo§iny na zadni stran¢ formy aplikovdn oSetfujici prostfedek
proti vysychdni betonu. Ndsledovalo roztaZzeni a zvednuti
formy, tak aby prilehla na posledni zabetonovany blok, v misté
pro vytvoreni priznané pracovni nebo dilata¢n{ spary byl osa-
zen plech s gumovym profilem. Zaroven byla na formu pokaz-
dé ve stejném misté prichycena injektdzn{ krabicka pojistného
injektdzniho systému. Poté byla za pouZiti geodetického pri-
stroje do presné polohy ustavena predni ¢dst formy. Po ustave-
ni byla forma zakotvena proti nadzvednuti hydrostatickym tla-
kem, namontovano Celo formy z foSen a pfipravena betonarska
Cerpadla s potrubim a hadicemi na beton (obr. 6). Beton byl pri-
vadén z povrchu do podzemi Sachtou hloubky az 38 m, proto
pri betondZzi sekci v blizkosti Sachet se pouzilo jedno Cerpadlo
na povrchu a dvé Cerpadla (jedno na povrchu a jedno v podze-
mi) pri betondZi sekci ve vzddlenosti vice nez 20 m od Sachty.

Samotnd betonaZz postupovala od spodnich napoustécich
otvort vzdy stiidavé na levé a pravé strané, tak aby nebylo
poruseno pravidlo 0,5 m rozdilné vysky hladin betonu. Zaroven
se stiidaly napoustéci otvory v predni a zadni ¢4sti formy za
stiidavého vibrovdni. Pfi betondZzi v horni ¢dsti klenby se
postupovalo vzdy plnénim od napous$téciho ventilu nejblize

Obr. 6 Pohled dovnitr betondzni formy
Fig. 6 A view down the concrete casting formwork
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the movement of the formwork during the course of the formwork
setting and stripping. The carriage is in addition equipped with
a pair of ladders and a platform for the movement of persons at the
upper level of the formwork.

The steel envelope with 3mm thick steel sheet skin is reinforced
with longitudinal and transverse braces. It is assembled lengthwi-
se from four circumferential components bolted to each other. The
components are in addition divided into three parts (2x a wall, 1x
the vault) interconnected by a swing joint allowing easier strip-
ping (see Fig. 5). The accessories allowing for maximum effecti-
veness of casting concrete are parts of the envelope. Good quali-
ty casting of concrete is ensured by 26 pneumatic (air powered)
external vibrators, 6 600mm-diameter circular concrete casting
gates which can be closed, 10 filling valves 125mm in diameter
and 3 so-called “spies” (tubes leading to the top of the vault
through which the filling of the top of the arch with concrete is
checked. The steel envelope is equipped with a 200mm long tran-
sition steel sheet which always touched the last finished concrete
block around the perimeter, and walers for the installation of the
timber stopend formwork. Grippers for the transition steel sheet
and for the walers were identical at the front end and the rear end
of the stopend formwork because concrete casting would proceed
both in the direction and against the direction of chainage, without
the possibility of turning the formwork 180°. The last important
equipment of the envelope was a pair of braces at the transition
between the straight and curved part of the envelope. The braces
prevented transverse movement of the formwork during concrete
casting operations, thus eliminating the effect of the pressure
resulting from the different levels of concrete in the left-hand and
right-hand parts of the formwork. The maximum permitted diffe-
rence in the levels between the left-hand and right-hand side of the
formwork was set at 0.5m. The maximum permitted pressure on
the formwork envelope was set at 80kN/m?2.

A typical concrete section was 8m long and nearly each concre-
ted section of the route was ended by an atypical section with
a different length. The formwork did not cover the whole height
of the vertical walls — the lower part of the formwork at the con-
tact with the floor up to the height of approximately 35cm above
the floor had to be provided with an L-shaped steel sheet and
planks on which the formwork sat.

The new concrete casting step started by moving the formwork to
the section where concrete reinforcement was installed in advance.
The location at the timber formwork stopend at the overlapping of
the formwork envelope was provided with the reinforcement just
before the installation. During the formwork movement, the surfa-
ce of the freshly hardened concrete was treated with an anti-drying
curing agent from the platform installed on the rear side of the
formwork. The formwork was subsequently spread and lifted so
that it adhered to the last concreted block. A steel sheet with a rub-
ber profile was installed in the location designed for the creation of
an exposed construction or expansion joint. At the same time the
collection box of the auxiliary grouting system was concurrently
attached to the formwork, always in the same spot. The front end
part of the formwork was subsequently set into exact position using
a total station. After setting, the formwork was anchored to prevent
uplifting by hydrostatic pressure, the formwork stopend made from
planks was installed and concrete pumps with pipes and concreting
hoses were prepared (see Fig. 6). Concrete was supplied from the
surface to the underground through an up to 38m deep shaft. For
that reason one pump was installed on the surface and one pump
was in the underground when concrete was cast in the sections at
the distance over 20m from the shaft.
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Obr. 7 Pohled na betondzni formu v zabednéném stavu
Fig. 7 A view of the concrete casting formwork in the working condition

k drive zabetonované sekci po napoustéci ventil u zabednéného
Cela formy. V ném se nechdvala vrcholovd bednici fo$na Cela
popusténd dolt, aby bylo mozno sledovat blizici se hladinu
betonu nejen pres kontrolni potrubi (tzv. ,$pion®), ale i pres
mezeru mezi foSnou a klenbou (obr. 7). Tésné pred tim, nez se
beton dostal k této fosné, byla vysunuta smérem nahoru ke
klenbé a po vyteceni betonu z nejbliz§iho Spionu byla betondz
ukoncena.

Nasledné se odstranil beton vytekly pfi prepojovani potrub{
a pripravila se dalSi betonaz spocivajici v ¢isténi potrubi beto-
naznich Cerpadel po betonazi a instalaci injektdznich krabic do
dalsi sekce. Po zatvrdnuti betonu se vzdy nejprve odbednilo
¢elo bednéni a provedla se zkouska Schmidtovym tvrdomérem.
Po naméreni hodnoty min. 8 MPa pevnosti betonu bylo povo-
leno zruSit kotveni ve spodni ¢dsti formy a nasledné formu
popustit neboli odtrhnout. Po spusténi formy nésledovalo jeji
oCistén{ retézem od zbytka betonu a naneseni odbednovaciho
prostredku pomoci konopného lana. Tento postup se opakoval
v kazdé sekci.

Po zabetonovani kompletni jedné ¢4sti trasy bylo nutné pro-
stor vrchliku klenby, ktery neni moZno nikdy zcela zaplnit,
zainjektovat vyplnovou cementovou injektazi. K tomu se vyu-
Ziva kruhovych otvoru, jez zbyly po 3 ks tzv. $pionu, tedy tru-
bek vedoucich do vrcholu klenby, pres néz se kontroluje zapl-
nénost vrcholu klenby betonem. K injektdZi se pristupuje po
zatvrdnuti betonu na hodnotu min. pfedepsané krychelné pev-
nosti pro danou tfidu betonu, v naSem pripadé 30 MPa.

Vystavba definitivniho osténi kolektorové trasy byla zahdje-
na ke konci f{jna 2017 montazi formy v Sachté J102 o pruméru
8 m. Tato Sachta ma nejvétsi rozmer, proto byla zvolena pro
montdZ formy. Nésledné byla formou zabetonovéna trasa mezi
Sachtami J102 a J101 sklddajici se z celkem 21 sekci.
Nasledovala trasa mezi Sachtou J102 a technickou komorou
TK103 o 10 sekcich. Vzhledem k tomu, Ze dno této komory
bylo o 1,7 m niZe neZ dno v kolektorové trase, byla zhotovena
pres komoru prejezdova rampa délky 19 m slozend z hrazdéné
konstrukce ze Zelezni¢nich prazcu a dievénych ,,pol§tdru* a na
tuto konstrukci byly osazeny koleje pro prejezd. Pokracovalo
se betondzi trasy mezi komorou TK103 a Sachtou J104 o 17
sekcich, kterd byla dokonlena, s prestdvkou na betondZ pruni-
ku trasy se Sachtou J102, v poloviné dubna 2018 (obr. 8).
Forma byla demontovédna v Sachté J104 eliptického pudorysu
o §ifce 5,8 m, velmi maly rozmér Sachty znamenal zna¢né kom-
plikace pfi demontaZzi formy. Prumérnd rychlost betondze jedné
sekce byla 48 hodin. Doba postupu zdvisela zejména na dobé
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The concrete casting operation proceeded from the lower filling
gates up, always alternating on the left-hand and right-hand sides
so that the rule of 0.5m difference in the concrete level height was
maintained. At the same time the concrete vibration alternated at
the filling gates in the front and rear parts of the formwork. During
casting of concrete in the upper part of the vault the filling pro-
ceeded through the valve closest to the previously completed
formwork stopend. The top formwork plank was left sunk down
so that it was possible to monitor the approaching concrete surfa-
ce level not only through the checking tube (the so-called “spy”)
but also through a gap between the plank and the vault (see fig. 7).
Just before the concrete got to this plank, the plank was shifted up
to the top arch and the concrete casing operation was terminated
after concrete poured from the closest spy.

The concrete which spilled when the pipeline was being swit-
ched over was subsequently removed and the next casing of con-
crete lying in cleaning the concrete casting pumps pipeline after
the casting of concrete and the installation of the grouting collec-
ting boxes for the following section. After the concrete hardened,
the stopend formwork was first stripped and the Schmidt hammer
rebound test was performed. After the minimum concrete strength
value of 8MPa was measured, it was permitted to cancel the
anchoring in the lower part of the formwork and subsequently to
tear the formwork off. After the formwork had been removed the
remnants of concrete were removed by a chain and a releasing
agent was applied by means of a hemp rope. This procedure was
repeated in each section.

After completing the casting of concrete along one part of the
route it was necessary to fill the space above the vault crown,
which can never be completely filled, with the filling cement
grout. It was carried out using the circular openings which remai-
ned after 3 so-called spies, the tubes leading to the top of the vault
through which the filling of the top of the vault is checked. The
injection of grout is undertaken after hardening of concrete to the
value of the minimum cube strength for the particular concrete
grade, in our case 30MPa.

The construction of the final lining of the utility tunnel route
commenced at the end of October 2017 by the assembly of the
formwork in the 8m-diameter shaft J102. This shaft has the largest
dimensions, which is the reason why it was chosen for the form-
work assembly. Subsequently the formwork was used for concre-
ting the route between shafts J102 and J101 consisting of 21 sec-
tions in total. The route between shaft J101 and the service cham-
ber TK103 consisting of ten sections followed.

4. SERVICE CHAMBERS

Two service chambers, TK101 and TK103, are designed within
the framework of the project. The cross-sections of both chambers
are identical, the lower part of the oval geometry is slightly flatte-
ned. The net internal width (in the widest location) and height are
7.75m and 8.50m, respectively (see Fig. 9). The lengths of the two
chambers are different, chamber TK 101 is 14.2m long and a fun-
nel-like section connecting to the shaft is 4.4m long; chamber TK
103 is 9.65m long and the connection to shaft J103 is perpendicu-
lar to the chamber. The net internal width and height of the con-
nection are 2.60m and 6.30m, respectively. The chambers are separa-
ted from the routes by expansion joints located immediately behind
the connections to the route. Concreting the two chambers proceeded
as follows: The flattened bottom was concreted throughout the cham-
ber length first, concreting of the vault followed. Concreting of the
vault in chamber TK101 was divided into 3 working blocks, whilst

the vault of chamber TK103 was concreted en block.




Obr. 8 Hotové betonové definitivni osténi hlavni trasy
Fig. 8 Completed final concrete lining on the main route

tuhnuti a tvrdnuti betonu Permacrete, ktery mél vzhledem ke
zvys$ené vodonepropustnosti (beton pro tzv. ,,bilé vany*) poma-
1y ndbéh krychelné pevnosti. Pokud bylo mozné vyuzit no¢ni
betondZze, postup se zrychlil na jedné sekci za 36 az 42 hodin
podle jeji délky.

4. TECHNICKE KOMORY

V ramci stavby jsou navrZeny dvé technické komory TK101
a TK103. Pri¢ny profil obou komor je stejny a v ovdlném tvaru
je spodni strana mirné zplostela. Vnitini svétld Sitka (v nejSir-
$im misté) je 7,75 m a vyska 8,50 m (obr. 9). Délka obou komor
se lisi, TK101 ma délku 14,2 m, v délce 44 m je navrZeno

trychtyfovité napojeni na Sachtu, TK103 je dlouha 9,65 m,
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The layout of construction joints was designed with respect to
the idea that no construction joint was to be continuous throu-
ghout the whole profile height.

The final lining thickness of 350mm is identical for both
chambers; classical tie-up concrete reinforcement was used
(see Fig. 10). No intermediate waterproofing system was
designed for chamber TK101 (injecting grout into selected
locations of the primary lining was sufficient); conversely,
intermediate PVC waterproofing membrane was designed for
chamber TK103 (with respect to the amount of leaks through
the primary lining).

The final lining concrete for chamber TK101 (without inter-
mediate waterproofing) was carried out similarly to the concrete
used on the route without waterproofing; conversely, standard
concrete without crystallisation admixture was designed for
chamber TK103 (with intermediate waterproofing layer).

5. CONTINUAL CONCRETING OF SHAFT J102

The continual concrete casting technique was applied to the
final lining of chambers J101, J102 and J103. This paper descri-
bes the uninterrupted casting of concrete for shaft J102, where
the depth is the greatest. The dimensions of the shaft are derived
from the future purpose and use of the shaft. Apart from utility
networks, there is a lift located in the shaft.

The circular shaft has the net internal diameter of 7.0m; its
depth measured from the lower surface of the covering deck
amounts to 35.52m. There are two points of penetration into the
tunnel route in the lower part of the shaft and the lift pit. A ven-

tilation duct is connected to the upper part of
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the shaft. The circular lining thickness of
300mm, the bottom thickness of 500mm and
the roof deck thickness of 350mm (see Fig. 11)
were designed with respect to the loading by
hydrostatic pressure.

Classical tie-up reinforcement is used in the
lower part of the shaft (the bottom + intersec-
tions with utility tunnel routes); up from the
level of the intersections with the utility tunnel
routes, the shaft is reinforced with welded
mesh. The roof deck was designed as a combi-
nation of HEB steel sections and classical tie-
up reinforcement with respect to the planned
loading (a car parking facility is located partial-
ly on the deck). The 50mm concrete cover was
again designed.

Shaft J102 (as well as shafts J103 and J104)
is provided with an intermediate PVC water-
proofing system (up to the level of 2m above
the water table) for the reasons of extreme
water inflows. Expansion joints are carried out
at each shaft always immediately behind the
intersection with the route profile. Waterbars
are installed (despite the use of uninterrupted
casting of concrete) at 3.0m spacing, which cor-
responds to the height of a typical ring.

The reinforcement consisting of two layers of
100x100x8x8 KARI welded mesh is installed

350

8500
9200

Jas

350 7750 350

on 16mm-diameter RENESCO Anchorage PVC

8450

MI16 anchors (the anchors pass through the
intermediate PVC waterproofing membrane).

Obr. 9 Tvar definitivniho osténi technickych komor (TK101 a TK103)
Fig. 9 Geometry of the final lining of the service chambers (TK101 and TK103)

The anchors fulfil not only the assembly functi-
on for the installation of KARI mesh, but also
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kolmo na komoru je napojen propoj se Sachtou J103 o vnitinim
svetlé Sifce propoje 2,60 m a vySce 6,30 m. Komory jsou od
tras oddilatovany, vzdy bezprostfedné za napojenim na trasu.
Betondz obou komor byla provedena tak, Ze nejprve se vybeto-
novalo zplostélé dno v celé délce, pak ndsledovala betondz
klenby, kterd byla v pripadé TK101 rozdélena na 3 pracovni
celky a v pripadé TK103 byla betonovana najednou.

Pfi rozmisténi pracovnich spar se dodrzovala zdsada, aby
74dna sty¢nd pracovni spara nebyla prabéZznd po vysce celého
profilu.

Tloustka definitivniho osténi je 350 mm, pro obé komory je
stejnd, vyztuZzeni bylo realizovano klasickou vdzanou vyztuzi
(obr. 10). Komora TK101 byla navrzena bez mezilehlé izolace
(postacilo pouhé proinjektovani vybranych mist primarniho
ostén{), naopak komora TK103 byla navrZzena s mezilehlou
PVC izolaci (s ohledem na mnoZstvi pritoki do primérniho
osténi).

Pro komoru TK101 (bez mezilehlé izolace) byl beton defini-
tivntho osténi provddén obdobné jako v neizolované trase,
v komore TK103 (s mezilehlou izolaci) byl navrzen naopak
standardni beton bez krystalizacni prisady.

5. KONTINUALNi BETONAZ SACHTY J102

V Sachtach J101, J102 a J103 je pouzita technologie kontinu-
alni betonaze definitivniho osténi. V tomto ¢lanku je popsana
technologie kontinudlni betondze Sachty J102, u které je hloub-
ka a plocha nejvétsi. Rozmeér Sachty je odvozen od budouciho
Ucelu a vyuziti Sachty. V Sachté je mimo inZenyrskych siti
umistén vytah.

Sachta kruhového tvaru md vnitini svétly pramér 7,0 m, od
spodniho lice stropni desky po horni lic desky dna méri
35,52 m. Ve spodni &ésti Sachty jsou dva pruniky s trasou a pod
urovni dna Sachty je prostor pro dojezd vytahu. V horni ¢asti je
do Sachty napojen vzduchotechnicky kandl. S ohledem na zati-
Zeni hydrostatickym tlakem je kruhové osténi Sachty navrzeno
v tl. 300 mm, deska dna v tl. 500 mm a stropni deska v tl. 350
mm (obr. 11).

VyztuZeni Sachty je ve spodni &dsti (dno + praniky kolekto-
rovych tras) provedeno klasickou vdzanou vyztuzi, od trovné
priniku kolektorovych tras je Sachta vyztuZena svafovanymi
sitémi. Stropni deska, s ohledem na planované zatizeni (Castec-
né je na desce umisténo parkoviste), byla navrzena v kombina-
ci ocelovych profili HEB a klasické vdzané vyztuze.
Projektované kryti bylo opét 50 mm.

Sachta J102 (stejné jako 3achty J103 a J104) je z divodi
razantnich prfitokt vody provedena s mezilehlou izolaci PVC
(do drovné 2,0 m nad hladinu podzemni vody). Dilataéni spary
jsou u kazdé Sachty vzdy provedeny bezprostredné za prunikem
s trasovym profilem. Sparové pasy jsou instalovany (i pres uziti
kontinudlni betondZe) po 3,0 m, coz odpovida vysce typického
prstence.

Vyztuz s dvéma polohami KARI siti 100x100x8x8 je insta-
lovédna na kotvy RENESCO Anchorage PVC M16 (kotvy pro-
chdzi mezilehlou izolaci z félie PVC) pruméru 16 mm. Kotvy
plni jednak montdzni funkci pri osazovani KARI siti, ale
i funkci sprazeni definitivni konstrukce Sachty s konstruke{ pri-
marni.

Beton definitivniho osténi v misté s mezilehlou izolaci (pod
hladinou podzemni vody) se provadél bez krystaliza¢ni prisady,
v misté bez mezilehlé izolace (nad hladinou HPV) byl projek-
tovan naopak standardn{ beton s krystalizaéni pfisadou.

Obr. 10 3D model vyztuZe technické komory TK103
Fig. 10 3D model of the concrete reinforcement for the service chamber TK103

the function of locking the final structure of the shaft together
with the primary structure.

The final lining concrete in the location with the intermediate
waterproofing layer (under the water table level) was produced
without the crystallisation addition; conversely, standard concre-
te with the crystallisation admixture was designed for locations
without the intermediate waterproofing layer (above the water
table level).

Concreting of the final lining of the shaft was divided into
three stages. The formwork for shaft J102 was completely sup-
plied by PERI spol. s r. 0. The first stage comprised the casting
of concrete for the lift pit up to the level of the utility tunnel route
floor - system elements TRIO and RUNDFLEX were used. This
stage was completed before the passage of the formwork from the
J101-J102 route. The intersection of the shaft with J102-J101
and J102-TK103 utility tunnel routes up to the level of one metre
above the crowns of the vaults of the routes was carried out at the
second stage. RUNDFLEX system was used with the require-
ment for maximally possible accuracy. After completion of the
second stage, a 3.0mm thick intermediate waterproofing layer
was installed in the shaft in full extent. It consisted of the
Mapeplan Protection 30 membrane with a signal layer and the
500mm wide Mapeplan WATERSTOP 500 external waterbars
installed at the centre-to-centre spacing of 3.0m. The RENESCO
inject. 20 system allowing for cement and chemical (gel) grou-
ting was chosen as the auxiliary grouting system.

The installation of concrete reinforcement from the level of
164.61m a. s. l. up to 191.75m a. s. I. followed. An atypical and
not yet used technology based on hydraulically pulled roof-sus-
pended platform was chosen for the installation of reinforcement.
The reinforcement installation and the subsequent casting of
concrete were carried out using four PERI UP stacking towers
located on the terrain surface, which were stabilised and braced
against to a panel area. Prefabricated VARIOKIT-system trusses
were connected to the walers of the towers. Another truss was
“weaved” between the trusses at a 90° angle. A rigid spatial
structure was created in this way (see Fig. 12).

Service “walkways” allowing movement of persons were crea-
ted on the rigid spatial structure using SRU walers and planks.
The formwork movement was provided by a system of a hydrau-
lic mechanism. Four ENERPAC RRH-606 hydraulic cylinders
with the maximum bearing capacity of 400kN were installed on
the bearing structure at the terrain surface (see Fig. 13). The
maximum stroke of the jacks used was 166mm. Their movement
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Obr. 11 Tvar Sachty J102
Fig. 11 The shape of shaft J102

Betondz definitivniho osténi Sachty byla rozdélena do ti{
etap. Bednéni kompletné na Sachtu J102 doddvala spole¢nost
PERI spol. s r.o. Prvni se tykala betondZe dojezdu vytahu do
trovné podlahy kolektorové trasy — byly pouZity systémové
prvky TRIO a RUNDFLEX. Tato droven se realizovala pred
prijezdem bednici formy z trasy J101-J102. V druhé etapé byl
proveden prunik Sachty J102 s kolektorovymi trasami
J102-J101 a J102-TK103 metr nad troven vrchliku tras. Byl
pouzit systém RUNDFLEX s maximdlnim moZnym poZadav-
kem na presnost. Po provedeni druhé etapy byla v Sachté
v celém rozsahu instalovana mezilehld izolace tloustky 3,0 mm
Mapeplan Protection 30 se signdlni vrstvou s vnéjSimi sparo-
vymi pasy Mapeplan WATERSTOP 500 §itky 500 mm instalo-
vanymi s osovou vzddlenosti 3,0 m. Jako pojistny injektazn{
systém je zvolen RENESCO inject 20, ktery zajistuje moZnost
cementové i chemické injektaze (gel).

Od drovné 164,61 m n. m. nasledovala instalace armatury az
do nadmorské vysky 191,75 m n. m. Pro montédZ byla zvolena

was transferred by 3.0m long DIWIDAG DW draw bars. The
draw bars were connected with partition nuts secured by “imbus”
screw dowels.

A 19m long ramp crossing the chamber was constructed with
respect to the fact that the bottom of this chamber was 1.7m
below the bottom on the utility tunnel route. The ramp consisted
of a half-timbered structure assembled from railway sleepers and
wooden “cushions”. Rails for the crossing were installed on this
structure. The works continued by casting of concrete on the
route between chamber TK103 and shaft J104 consisting of 17
sections. It was finished in mid April 2018, with an interruption
for concreting the intersection of the route with shaft J102 (see
Fig. 18). The formwork was disassembled in shaft J104 with
a 5m wide elliptic cross-section. The very small dimension of the
shaft caused significant complications during the formwork
disassembly. The average speed of casting concrete for one sec-
tion was 48 hours. The duration of one concrete casting advance
step depended mainly on the time of setting and hardening (the
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atypickd a doposud nepouzita technologie hydraulicky taZené
zavésné armovaci ploSiny. Realizace armatury a ndsledné
i betonaz byla provddéna pomoci ¢ty podpérnych vézi PERI
UP umisténych na povrchu, které byly stabilizovany a roze-
preny do panelové plochy. Na roznédseci zdvory veézi byly pri-
pojeny predmontované prihradové nosniky ze systému
VARIOKIT. Pod dhlem 90° byl mezi nosniky ,,vpleten* dalsi
prihradovy nosnik, a tim byla vytvorena tuhd prostorové kon-
strukce (obr. 12).

Na tuhé prostorové konstrukci byly vytvoreny ze zavor SRU
a foSen pochozi obsluzné lavky umoZnujici pohyb osob.
Posunu bednéni zajistoval systém hydraulického zafizeni. Na
nosnou povrchovou konstrukci se osadily ¢tyfi hydraulické
vidlce ENERPAC RRH-606 o maximalni dnosnosti 400 kN
(obr. 13). Maximélni vy§ka zdvihu pouzitych list byla 166 mm
a tento pohyb byl prenasen tdhly DIWIDAG DW 15 o délce
3,0 m. Tdhla byla spojena spojovacimi maticemi s prepazkou
jisténou imbusovymi Cerviky.

Nepretrzity posun zajiStoval hydraulicky agregat o vykonu
7,5 kW s centrdlnim propojenim vSech vélcu. Zapojeni umoziio-
valo pfivod stejnych tlaka do vSech vdlct. Pomoci dvou vloZe-
nych ventilt ped kazdy vélec se zabrénilo prelévéni oleje mezi
vélci v pripadé zvySeni zatiZzeni na nekterém valci, coz prede-
v8§im umoznilo piipadnou regulaci rychlosti jednotlivych zdvihu.
Pro sledovéni tlaka v hydraulickém rozvodu byl pfed rozvadé-
¢em instalovan manometr. Jako maximalni bezpe¢na hodnota byl
zvolen tlak 105 bar, coZ je hodnota odpovidajici 90 kN, ktera
predstavuje bezpeCnou hodnotu namahdni celozavitové tyce
DW 15. Pevnost v tahu DW 15 je 190 kN, to odpovida tlaku 222 bar.

Armovaci plosinu tvorila zakladna ze zavor SRU, na kterou
byly prichyceny vazniky GT 24 nasledné zaklopené foSnovym
povalem tl. 50 mm. V plosing byly na zdvordch SRU nainstalo-
vany Ctyri kotevni body k prichyceni tdhel DW 15 pro zajisténi
vertikdlniho posunu. Armovéni Sachty bylo zahdjeno 25.4.2018
a provadélo se v nepretrZitém provozu po dobu sedmi dnu do
1. 5.2018. Armovani z hydraulicky posuvné montazni ploSiny
pii betondZi $achet v podzemnim stavitelstvi je v Ceské republi-
ce nestandardnf a z hlediska bezpe¢nosti velmi vhodné. Nasledné
byla ploSina spusténa na dno Sachty, rozmontovana a pokracova-
lo se montdzi bednici formy Sachty. Byla zvolena forma vysky
1500 mm s ocelovou obdlkou tloustky 3,0 mm a vyztuznym
rdmem z vélcovanych profild U220. Forma byla v prubéhu dvou
dnd smontovdna na pracovni ploSin€ instalované ve vySce
164,46 m n. m., kde byla i startovaci poloha kontinudlni betona-
ze. Pro zajisténi bezpeéného rozjezdu se forma zasunula 150 mm
do jiz zhotoveného definitivniho osténi v predchozi etapé. Pro
zajisteni kontinualntho vykonu byla zvolena tloustka ukladané
vrstvy betonu 250 mm kaZzdou hodinu. Schéma postupu betona-
Ze je patrné v obr. 14. Po naplnéni bednici formy byl vybrén jako
nejvhodnéjsi postup kazdou sudou hodinu posun o dva zdvihy
lisu a kazdou lichou hodinu o jeden zdvih.

Betonovalo se betonem C30/37 XC2, XA2 s rychlym nérus-
tem pevnosti. Penetra¢ni odpor dosahoval po Sesti hodindch
hodnoty 6 MPa a tato limitni hodnota byla zvolena jako okrajo-
vé pro opusténi betonu bednici formou. Samotnd betondz byla
zahdjena 4. 5. 2018 ve 3:00 hod. z trovné 164,61 m n. m. a byla
dokoncena 9. 5. 2018 ve 2:30 v drovni 191,75 m n. m. Betonaz
byla ukoncena za 119,5 hod. a bylo zabetonovdno 27,14 m defi-
nitivniho osténi Sachty s primérnym vykonem 227 mm/hod.
(5,45 m/den). Tato technologie je finan¢né nakladnéjsi na bedné-
ni, neZ klasickd metoda preklddaného bednéni. Md vSak dvé
zasadni pozitiva, je rychlejsi o cca 40 % celkové doby provadéni

TuHel

cure time) of Permacrete concrete, the cube strength of which
built up slowly with respect to the increased impermeability
(concrete for the so-called “white tanks”). When it was possible
to use night shifts for casting concrete, the advance was accele-
rated, 36 to 42 hours per one section, depending on its length.

The uninterrupted advance was provided by a 7.5kW diesel
generating set with central interconnection of all cylinders. The
connection allowed for applying identical pressures to all cylin-
ders. Transferring of oil between cylinders in the case of increa-
sed loads on one of the cylinders was prevented by means of two
valves inserted before each cylinder. Owing to this measure, the
regulation of the speed of individual pistons is possible. A mano-
meter was installed before the pressure distribution device for
monitoring of pressures in the hydraulic distribution system. The
pressure of 105bar was chosen as the maximum safe value; this
value corresponds to 90kN, representing a safe value for stres-
sing the DW 15 all-thread tie rod. The tensile strength of the DW
15 tie rod is 190kN, corresponding to the pressure of 222bar.

The reinforcement installation platform was formed by a base
from SRU walers with GT 24 girders, which were subsequently
covered with a deck consisting of 50mm thick planks. Four ancho-
ring points for fixing the DW 15 tie rods designed to ensure ver-
tical movement were installed in the platform supported by the
SRU walers. The round-the-clock installation of the shaft concre-
te reinforcement started on the 25th April 2018 and continued for
seven days until the 1st May 2018. Installing the reinforcement of
concrete shafts from a hydraulically movable platform is non-
standard in the Czech Republic and is very proper as far as safety
is concerned. The platform was subsequently lowered to the shaft
bottom to be disassembled. The assembly of the shaft formwork
followed. The formwork which was chosen is 1500mm high; the
formwork steel skin is 3.0mm thick. A frame from U220 rolled-
steel sections provides the support. The formwork was assembled
during two days on a working platform installed at the level of
164.46m a. s. 1. (the starting position for the uninterrupted concrete
casting process). The formwork was inserted 150mm into the final
lining completed at the previous stage so that safe launching was
ensured. The thickness of 250mm of the concrete layer to be cast
every hour was chosen so that the continual performance was
ensured. The concrete casting advancing chart is presented in
Fig. 14. After filling the formwork, one two-stroke advance step
every even hour and one one-stroke advance step every odd hour
were chosen as the best procedure.

Obr. 12 Tuhd prostorovd konstrukce nad Sachtou J102
Fig. 12 Rigid spatial structure above shaft J102




Obr. 13 Hydraulicky vdlec ENERPAC pro manipulaci s ploSinou
Fig. 13 ENERPAC hydraulic cylinder for handling the platform

definitivniho osténi, a tedy naklady na strojni vybaveni a dél-
nicky persondl jsou niz§i. Definitivni osténi Sachty vykazuje
niz8i ndklady o cca 12 %. Druhym a zdsadnim kladnym atribu-
tem je predevsim dilo bez pracovnich spar, které jsou potencio-
nalnim rizikem pro moZnost vniknuti vody do vnitfnich prostor

Sachty (obr. 15).

6. SOUHRN ZISKANYCH ZKUSENOSTI

Pro zhotovitele a projektanta bylo toto dilo vyzvou z nékolika
duvodu. Jednak je to jeho ¢lenitost s kiizenim a pranikem néko-
lika typtu podzemnich dél. Na Kolektoru Hlavkiv most to jsou
razené trasové useky propojené s razenymi technickymi komo-
rami a Sachtami, do nichZ pfi povrchu vstupuji jesteé hloubené
objekty propojené se stavajicimi kolektory. Ddle je to délka zaru-
ky 10 let a duraz na kvalitu provedeni dany zpiisnujicimi se nor-
mami. V neposledni fadé bylo vyzvou i ovlivnéni stavby fekou
Vltavou, to kladlo maximaln{ diraz na bezpe¢nost i kvalitu navr-
hu a provadéni. Definitivni ostén{ je navrZeno na tlak 30 m vod-
niho sloupce. Pivodné tomu mélo odoldvat monolitické vodone-
propustné Zelezobetonové osténi bez mezilehlé izolace. Pritoky
podzemni vody do dila v§ak znamenaly tpravy projektu smérem
k vyuziti kombinace sana¢nich opatfeni. To vedlo k odstranéni
zatékani za pomoci vyuZiti kombinace postupt a technologii izo-
lovani a sanovéni zndmych ze staveb napriklad bilych van anebo
velkych silni¢nich a Zelezni¢nich tuneld ¢i metra.
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Concrete C30/37 XC2, XA2 with rapid strength build-up was
used. The penetration resistance after six hours reached 6MPa
and this value was chosen as the boundary condition for the
formwork abandoning the hardening concrete. The concrete cas-
ting operations commenced on the 4th May 2018 at 3:00hrs from
the level of 164.61m a. s. 1. And ended on the 9th May 2018 at
2:30hrs at the level of 191.75m a. s. 1. The concrete casting ope-
ration was finished in 119.5 hours and 27.14m of the final shaft
lining were concreted at the average rate of 227mm per hour
(5.45m per day). This technology is more demanding on form-
work than the classical climbing shuttering technology in terms
of financing. Nevertheless, it has got two principal positives: it is
quicker by ca 40% of the total duration of the execution of the
final lining, which means that the costs of machinery and work-
force are lower. The final lining of the shaft exhibits lower costs
by ca 12%. The other fundamental positive attribute is first of all
the structure without construction joints, which are a potential
risk because of the possibility of the intrusion of water into the
internal spaces of the shaft (see Fig. 15).

6. SUMMARY OF GATHERED EXPERIENCE

This construction was a challenge for both the contractor
and the designer for several reasons. One of them is the com-
plicated construction layout with crossings and intersections
of several types of underground structures. There are mined
route sections on the Hldvkuv Bridge utility tunnel, which are
interconnected with the mined service chambers and shafts,
which are in addition entered shallow under the surface by cut-
and-cover structures interconnected with existing utility tun-
nels. Another reason is the 10-year guarantee and the stress put
on the works quality following from ever more stringent stan-
dards. At last but not least, even the influence of the river
Vltava presented a challenge. It put the greatest stress on safe-
ty and quality of the design and the works. The final lining is
designed for the pressure of 30m high water column. The cast-
in-situ water-retaining reinforced concrete lining without an
intermediate waterproofing layer was originally designed to
resist this pressure. However, groundwater inflows into the
working meant a change in the design in the direction of the
use of the combination of rehabilitation measures. It led to the
removal of leaks using a combination of procedures and tech-
nologies for waterproofing and rehabilitation known from con-
struction sites, for example, white tanks or large road and rail-
way tunnels or the metro.

Applying technologies and designing methods yet unused on
utility tunnels in Prague is possible even in such conditions.
One of them was, for example, the new geometry of the utili-
ty tunnel route and chambers, which has not yet been used for
the construction of a category II utility tunnel. Further on, it
was the use of the automatic steel formwork, the design of
which had to be significantly changed against customs on tun-
nel construction sites and be adapted to the small profile. The
application of the adapted platform, together with the proposal
for maximally prefabricated self-supporting reinforcement, led
to significant acceleration and increase in effectiveness of the
working procedure in the underground. The fast continual cas-
ting of the concrete shaft was a significant new application in
Prague utility tunnels. It was carried out by means of a circu-
lar steel formwork lifted by tie rods of hollow jacks driven
with a central hydraulic aggregate. The uninterrupted installa-
tion of concrete reinforcement from the hydraulically lifted
platform was also part of the shaft construction.
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2 postup betonaze 1x166 mm
concrete casting advance 1x166mm
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concrete casting advance 2x166mm
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4 postup betonaze 1x166 mm
concrete casting advance 1x166mm

3 postup betonaze 2x166 mm
concrete casting advance 2x166mm

Obr. 14 Schéma posunii formy betondzi
Fig. 14 Chart of shifting the concrete casting formwork

I v takovychto podminkdch 1ze aplikovat technologie a zpusoby
navrhu na kolektoru v Praze dosud nepouZité. Témi zde byl napfi-
klad novy tvar profilu kolektorové trasy a komory, ktery nebyl pro
vystavbu kolektoru II. kategorie doposud pouzit. Ddle se jednalo
o pouziti hydraulické ocelové bednici formy, jejiz navrh musel byt
oproti zvyklostem na stavbach tuneld zna¢n€ pozménén a prizpu-
soben malému profilu. Jeji nasazeni spole¢né s ndvrhem maximal-
né prefabrikované samonosné vyztuze vsak vedlo ke znaénému
zrychleni a zefektivnéni pracovniho postupu v podzemi.
Vyznamnou novou aplikaci na prazskych kolektorech byla i rychla
kontinudlni betondZ Sachty. Ta se provadéla ocelovou kruhovou
formou zdvihanou pfes tdhla pomoci dutych listi pohdnénych cent-
ralnim hydraulickym agregatem. Soucdsti vystavby Sachty byla
i nepretrzitd montaz vyztuze z hydraulicky zvedané ploSiny.

Vsechny vysSe uvedené postupy a ndvrhy by nevznikly bez
vzajemné spoluprdce a pochopeni mezi ucastniky vystavby, za
coZ se vSem zucastnénym patii podékovat. Stavba Kolektoru
Hlavkav most a zkusenosti z ni ziskané se tak mohou stdt novym
smérem, jakym se bude vystavba nejen kolektoru v Praze, ale
obecné vystavba podzemnich dél malych profili v CR ubirat.
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METRO ,CITYRING" V KODANI - USEK ,.BRANCH OFF TO NORDHAVN"
CITYRINGEN METRO, COPENHAGEN - BRANCH-OFF TO NORDHAVN

FRANK ABEL

ABSTRAKT

Objekt ,,Branch off to Nordhavn* méstského okruhu metra v Kodani md po dokonceni v roce 2019 spojit oblast severniho prista-
vu, kterd je v soucasnosti rozvijena jako novd méstskd ctvrt pro budoucich 40 tisic obyvatel, s vnitrnim méstem. Pldnovand kapaci-
ta predstavuje 11 tisic cestujicich denné. Projekt (na trase metra M4) predstavuje severni pokracovdni aktudiné budovanych linek

metra ,,Cityring “ ve vnitrnim méste.

ABSTRACT

The “Branch off to Nordhavn” project of the Copenhagen Cityringen metro should connect, af-ter its completion in 2019, the
Nordhavn area in Copenhagen - which is currently being developed as a new city district with a city centre for future 40,000 inhabi-
tants. The metro capacity is planned for 11,000 passengers a day. The project will provide the northern continuation of the
“Cityringen” metro lines currently under-construction in the city centre.

1. PROJEKT

1.1 Pirehled

Stavba byla zaddna sdruzeni MetNordJV, jehoZ Cleny jsou
HOCHTIEF Solutions AG a ZUBLIN A/S. Zadavatelem cel-
kem 3.8 km dlouhého tseku (obr. 1) je dansky provozovatel
metra Metroselskabet I/S (MS).

Aktudlné nejsou stavebni pozemky ani prfimo sousedici
pozemky zastavéné, v sousedstvi vSak jiz vznikaji prvni obyt-
né jednotky nové obytné ctvrti ,,Nordhavn“. Po dokonceni
dseku stavby dojde k dal§i zdstavbé v prostoru vedle stanice
a nad ni.

1. PROJECT

1.1 Overview

The construction contract was awarded to MetNordJV, the
members being HOCHTIEF Solutions AG and ZUBLIN A/S.
The Client, the Denmark-based metro operator ‘“Met-
roselskabet I/S” (MS) orderied the metro section with a total
length of 3.8 km (Figure 1).

At present, neither the building plot of land, nor the directly
neighbouring plots are developed, nevertheless, the first resi-
dential units of the new residential quarter “Nordhavn” have
already started to rise. Further building activities in the area
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Obr. 1 Celkovy prehled projektu ,,Branch off to Nordhavn* v Kodani
Fig. 1 Overview of ,,Branch off to Nordhavn* project in Copenhagen
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Rozsah projektu je uveden v ndsledujicim prehledu:
¢ podzemni stanice Nordhavn délky 80 m a hloubky 14 m;
e hloubeny tunel délky 150 m;
e rampa se $tétovymi sténami k povrchu délky 125 m;
e podzemni ,,prestupni tunel* ke stanici méstské drahy délky
80 m;

e nouzova a vétraci Sachta Krauseparken hloubky 40 m;

¢ mechanické a elektrické instalace v tunelech, Sachté a sta-
nici (bez instalaci prfimo spojenych s vlaky — elektrické
napéjeni vlaka, zabezpecovaci zafizeni, atd.);

e architektonické upravy ve stanici a Sachté;

e dva tunely razené TBM z Nordhavnenu do @ster Sggade,

kolej 62 délky 1796 m a kolej 61 délky 1594 m;

e TBMI: §tit a navazujici zafizent;

e TBM2: pouze §tit;

e prvni vrstva betonu na po¢vé tunelovych staveb;

e pri¢nad tunelovd propojka spojujici oba tunelové tubusy

s Sachtou Krauseparken.

Celkovy objem zakazky je 150 mil. €, v ¢lenéni 60 %
ZUBLIN A/S a 40 % HOCHTIEF Solutions AG.

1.2 Geologie

Projekt je situovdn do oblasti puvodni linie pobfeZi. Pod
navazkami a kvartérnimi sedimenty se nachdzeji paleogenni
sedimenty (obr. 2). Se zvétSujici se hloubkou roste v souvislos-
ti s mirou zvétrani i pevnost kodanského vdpence, soucasné
klesd jeho propustnost.

Podzemni voda s napjatou hladinou se nachdzi v dolni zvod-
nélé vrstvé ve vdpenci. Tlak podzemni vody pfitom hladinu
vytaci az k horni hrané terénu. V kvartérnich vrstvdch je situo-
véana druhd, horni zvodnéld vrstva. Tato zvoden je ovliviiovdana
nedaleko se nalézajici motskou vodou a srdzkami a vykazuje
sezénni vykyvy. Obé zvodné jsou navzdjem pouze CdsteCné
oddelené souvislymi vrstvami kvartérniho pokryvu.

Z hlediska projektovani je proto nutno uvazovat s hladinou
podzemni vody zasahujici aZ k drovni terénu.

TuHel

next to the station and above it will rise after the completion of
the construction section.

The project scope is clear from the following overview:

¢ underground Nordhavn station, length 80m, depth 14m;

e Cut-and-Cover tunnel, L=150m;

e ramp with sheet pile walls to the surface, length 125m;

e underground “transfer tunnel” to the city railway station,

length 80m;

e emergency and ventilation shaft Krauseparken,

depth 40m;

¢ mechanical and electrical installations in the tunnels, shaft

and station (without installations directly connected with
trains — electrical power supply to trains, interlocking tech-
nology etc.);

¢ architectural works in the station and in the shaft;

e two TBM bored running tunnels from Nordhavn to @ster

Segade, track 62 = 1796m, track 61 = 1594m;

e TBMI: shield and follow-up equipment;

e TBM2: shield only;

e the first concrete layer on the bottom of the tunnels;

e cross passage interconnecting both tunnel tubes with the

Krauseparken shaft.

The total volume of the contract is € 150 million, in the
arrangement of 60% by ZUBLIN A/S and 40% by HOCHTIEF
Solutions AG.

1.2 Geology

The project is located in the area of the original coastline.
Palaeocene deposits (Figure 2) are situated below the fillings
and Quaternary deposits. The strength of Copenhagen limesto-
ne increases with the growing depth and, at the same time, the
permeability decreases in connection with the compaction rate;

Confined groundwater level is situated in the lower water-
bearing layer in the limestone. The second, upper water-bearing
layer is situated in Quaternary layers. It is influenced by sea
water found nearby and by precipitations. It features seasonal

méfitko . méfitko
level stanice Nordhaven level
(m) $achta Krausenparken Nordhavn station (m)
Krausenparken Shaft 5 i&ni na 0
+15 7 @ster Spgade p Zzeleznicni nasyp nadzemni trat - +15
railroad embankment elevated track 0
0 hloubeny tunel a rampa =
+5 1 cut and cover tunnel and ramE‘.-"' +5
0 - - 0
=4 — o

-25
-30
-35
-40

260000 260500
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staniceni k severu chainage north

navézky fil horni vrstva kodanskeho vapence
upper copenhagen limestone
kamenity jil clay tl stfedni vrstva kodanského vapence

middle copenhagen limestone

pisek/$térk sand/gravel

spodni vrstva kodariského vapence
- lower copenhagen limestone

261500 262000 262500
poznamka note:
vrstvy Stérku/pisku jsou oddéleny ve 4 vrstvach:
the sand/gravel layers are separated in 4 layers:
- horni vrstva pisku upper sand
- stfedni vrstva pisku middle sand
- spodni vrstva pisku lower sand
- hluboka vrstva pisku deep sand

mor'sky pisek
marine sand

Obr. 2 Geologicky podélny rez projektu ,,Branch off to Nordhavn‘
Fig. 2 ,,Branch off to Nordhavn* project longitudinal section




prestupni tunel .
transfer tunnel

Obr. 3 NddraZi a navazujici oblast provddénd v oteviené stavebni jamé
Fig. 3 Railway station and following area carried out using cut-and-cover method
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fluctuations. Both aquifers are
mutually only partly separated by
continuous Quaternary cover layers.
From the viewpoint of designing
it is therefore necessary to consider
the water table to be reaching up to
the terrain surface.
1.3 Parts of the construction
Train access to the tunnels will be
carried out using the Cut-and-Cover
method in the Upper Quaternary
layers. This part includes constructi-
on of an 80 m long station of the

obecny prehled razeného tunelu general overview bored tunnel 7
+
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underground railway and a 150m
long cut-and-cover part of the tun-
nel with the follow-up 125m long
ramp (Figure 3).

Both main tunnels with a length
of 1.8 and 1.6km (Figure 4) are situ-
ated in the Copenhagen limestone
and will be bored by the TBM shield
from the station area (Figure 5).

Each tunnel will contain one set

Obr. 4 Situace tunelovych trub
Fig. 4 Situation of tunnel tubes

1.3 Casti stavby

of the metro tracks (61 and 62) — the
finished cross section of the tunnel
will have an internal diameter of

Prijezdy k tubusum tunelu budou provedeny v oteviené sta-
vebni jamé€ v hornich kvartérnich vrstvach. Tato ¢dst zahrnuje

TN
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vystavbu 80 m dlouhé stanice metra a 150 m dlouhého tseku

ventilation room

strojovna vétrani

mistnost elektrotechniky
E-room

sekundarni osténi
secondary lining

Obr. 5 3D model stanice Nordhavn s prestupnim tunelem a navazujicimi
tunelovymi troubami

Fig. 5 3D model of Nordhavn station with interchange tunnel and linking
tunnel tubes
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Obr. 6 Vzorovy pricny

Fez tratbvym tunelem

Fig. 6 Typical cross-section of trail tunnel

Obr. 7 Sachta Krauseparken
Fig. 7 Krausenparken shaft
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hloubené ¢dsti tunelu s navazujici pristupovou rampou délky
125 m (obr. 3).

Oba hlavni tunely s délkou 1,8 a 1,6 km (obr. 4) jsou situo-
vany v kodanském védpenci a budou z prostoru stanice raZeny
pomoci zeminového $titu EPB-TBM (obr. 5).

Kazdou tunelovou troubou povede jedna kolej metra (koleje
¢. 61 a 62) — svétly prifez tunelu bude mit pfi tlouStee osténi
0,3 m vnitini prumér 4,90 m, vnéjs$i prumér 5,5 m. Pramér lice
vyrubu se predpoklddd 5,8 m. Prstenec osténi $itky 1,4 m tvori
5+1 segmentu. Obr. 6 zobrazuje vzorovy pii¢ny fez tunelu
v oblastech bez pri¢ného sklonu.

Po 500 m spojuje obé tunelové trouby vétraci, unikova
a udrzbova Sachta ‘Krauseparken’ (obr. 7).

Komplet Sachty tvorii dvoupodlazni provozné-technologicky
objekt s obdélnikovym pudorysem umistény nad Sachtou s kru-
hovym priifezem. Sachta bude vybudovina uvniti docasné
stény z vrtanych pilot a stiikaného betonu. Vrtané piloty zasa-
huji az do hloubky 21 m. Pod pilotami bude sténa kodanského
véapence zajisténa osténim ze stiikaného betonu. Tubusy budou
s Sachtou spojeny pri¢nou propojkou. Ta bude provedena se
zajisténim vyrubu osténim ze stiikaného betonu.

Napojeni obou tunelovych tubusi na stdvajici Sachtu
Dsterspgade navazujiciho udseku Cityringu ve stiedu
Kodarnskych jezer Sortedams Sg¢ je patrné z obr. 8.

Vedle samotnych stavebnich objekta jsou soucdsti smlouvy
i architektonické reSeni a jeho realizace a veskeré technické insta-
lace — s vyjimkou vykonu souvisejicich s kolejovym zaf{zenim.

2. AKTUALNI STAV STAVBY

Celkova doba vystavby je 5 let a projekt se v soucasnosti
plné nachazi ve stanoveném ¢asovém ramci.

Byla vybudovdna stavebni jdma stanice a navazujici hlou-
bené Casti, a to s pouzitim podzemnich stén z prevrtavanych
pilot o praiméru 1,20 m se zpravidla tfemi kotevnimi drovné-
mi (obr. 9).

V oblasti Cela stavebni jamy byly piloty vyztuZeny pouzitim
skelnych vldken a umisténim dal$ich vyztuh byl vytvoren pro-
stor pro zaraZen{ Stitu.

Rozméry stavebni jamy stanice jsou zhruba 100x19 m pri
prumérné hloubce cca 17 m, hloubeny dsek tunelu m4 §itku cca
15 m. Z toho plyne celkovy pocet realizovanych pilot cca
600 ks. Pro utésnéni proti spodni vodé v prostoru kolem hlav-
niho schodisté a v oblasti zardzky §titd byly pouzity dalsi
nevyztuzené piloty.

Fig. 8 Connection to construction pit Qster Sogade

TuHel

4.90m and external diameter of 5,5m. Bored diameter is 5,8m.
The width of segmental lining rings is 1,4m and one ring is
composed of 5+1 tunnel lining segments. Figure 6 shows stan-
dard cross sections of the tunnel in the areas without any trans-
verse inclination.

After 500 m, the two tubes are connected by means of the
ventilation, escape and maintenance shaft ‘Krauseparken’
(Figure 7). The complete shaft set consists of a two-storey
building with a rectangular ground plan situated above the cir-
cular cross section shaft. The shaft will be built up under the
protection of a diaphragm wall (the wall made of bored piles
and shotcrete). Bored piles reach to the depth of 21m. The
Copenhagen limestone will be stabilised by a layer of shotc-
rete. The tunnel tubes will be connected with the shaft by
means of a cross passage. It will be supported using shotcrete
lining.

The connection of both tubes to the existing shaft
Ostersggade of the separate Cityring route in the centre —
Copenhagen Seen Sortedam S@, as presented in Figure 8.

Apart from the actual building facilities the contract includes
also an architectural solution, its implementation and all tech-
nical installations — except for the power outputs associated
with the track equipment.

2. EXISTING STATE OF THE CONSTRUCTION

The total construction time will be 5 years and the project is
currently fully within the specified time frame.

The construction pit of the station together with the follow-
up cut-and-cover part was built, using secant bored pile walls
(piles &1.20m) with usually three tiers of anchors (Figure 9).
In the area of the front end of the construction pit, the area for
launching of the shields was created by the use of the glass-
fibre reinforcement (GFR) in the piles and by placement of
other rod reinforcement.

The dimensions of the construction pit are approximately
100m x 19m at an average depth of about 17m, the cut-and-
cover section of the tunnel features a width of approx. 15m.
This leads to the total number of the implemented piles of ~600
pieces. Additional non-reinforced piles were used for waterpro-
ofing in the area around the main staircase and in the train set
entrance area.

Obr. 9 Stavebni jama stanice a hloubenych tunelii
Fig. 9 Construction pit for the station and cut-and-cover tunnels




Obr. 10 Prordzka TBM2 dne 5. iinora 2017
Fig. 10 TBM2 breakthrough on 5% February 2017

Aby bylo minimalizovdno mnoZstvi vody, které bude nutno cer-
pat ze stavebni jdmy, zasahuji piloty aZ do hloubky cca 23 m pod
drovni terénu, coz odpovida celkové délce pilot témer 14 km. Pro
zajisténi proti vztlaku po dokonéeni jsou uréeny tahové piloty.

Stavebni jama rampy byla vytvorena s vyuZzitim §tétovych
stén. Definitivni zdkladovd deska jiz byla vybetonovéna.
Hloubeny tunel je dokonceny.

RaZeni tunel pomoci TBM bylo dokon¢eno prordzkou druhé
tunelové trouby 5. inora 2017 (obr. 10), pritom bylo dosazeno maxi-
malniho denniho vykonu 56,19 m za 24 h (od zacatku denni smény).

Pro zahdjen{ raZby obou razicich $titt byl dspés$né pouZit patento-
vany postup HOCHTIEF nazyvany jako ,.letma zarazka“ (obr. 11).

V soucasnosti probihaji posledni betondrské prace na stanici,
pritom je dokoncovéna konstrukce stropu.

3. ZVLASTNOSTI PRI PROJEKTOVAN(

3.1 Zviastnosti ve smiouvé ve vztahu k procesu schvalovani

Projekt pro povolenf a realiza¢ni projekt stavby byl vypraco-
véan projekénimi kancelafremi HOCHTIEF Engineering GmbH,
ZUBLIN DE TBT a ZUBLIN DK.

U ,,Branch off to Nordhavn“ bylo ve smlouvé sjednané vytvo-
feni projektové dokumentace ,,Design & Build* ve tfech fazich:

faze 1: Design Basis (projekéni podklady);

faze 2: Preliminary Design PD (projekt pro stavebni povoleni);

faze 3: Detailed Design DD (provadéci projekt).

Kazdy dokument musi absolvovat vicestuprniovou kontrolu —
vzdy dokumentovanou v tzv. ,review and comment sheets*:

interni kontrola: kontrolni prohlédnuti;

externi kontrolor VC3: osvéddent;

stavebnik: ,.stav bez pripominek®;

stavebni urad: stavebni povoleni (PD) / Safety

Note (bezpecnostni pozadavky
dle PD a DD).

U projektu pro stavebni povoleni odpovidd ¢as na kontrolu
85 dnlm, u provddéciho projektu 65 dnim — vzdy se zohledné-
nim dvou revizi.

Zvléstnost: U stavebnich objekta kritickych z hlediska ¢asu
pristoupil stavebnik na zkrdceny pribéh kontrol. Paralelnim
predanim kontrolorovi VC3 a stavebnikovi doSlo ke zkraceni
pribéhu kontroly o 3 tydny.

3.2 2Zvlastnosti z danskych norem - vyssi tlak vody

Vedle vypoctovych pifpadd podle EC7 (EN 1997-1 DK
NA:2013) musi byt podle danské prilohy, tabulky A.3-1 navic
zohlednéna i kombinace zatiZeni 5. Pro mezni stav konstrukce
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Obr. 11 ,,Letmd zardzka* tunelovaciho stroje TBM (bez opérnych blokit)
Fig. 11 TBM flying start-up

In order to minimise the quantity of water which must be
pumped from the building pit, the piles reach to a depth of app-
rox. 23m below the terrain level, which corresponds to the total
length of piles of almost 14km. Tension piles are intended for
protection against the uplift pressure after completion.

The construction pit for the ramp was created with the use of
sheet pile walls. The final floor slab has already been made
from concrete. The cut-and-cover tunnel is finished.

The TBM-driven running tunnels were completed by boring
the second tube on 5th February 2017 (Figure 10), during this
activity the maximum daily advance achieved was 56.19m in
the course of 24h (from the beginning of the day shift). The
method patented by HOCHTIEF and known as “flying-start”
(Figure 11) was successfully used for launching of both tunnel-
ling shields.

At present the last concrete pouring works are underway,
focused on the station, and during this process the structure of
the cover decks was finished as well.

3. SPECIFICS DURING DESIGNING
3.1 Specifics in the contract in the relation
to the approval process

The Design for the Construction Permit and the Detailed
Execution Design of the construction were drawn up by desig-
ning offices of HOCHTIEF Engineering GmbH, ZUBLIN DE
TBT and ZUBLIN DK.

In the case of the “Branch off to Nordhavn”, the contract
contained arrangement for the creation of the Design
Documentation of the “Design & Build” type in three phases:

level 1: Design Basis;

level 2: Preliminary Design PD (Design for Building

Permit);
level 3: Detailed Design DD (Execution Design — Detailed
Design).

Every document must be subject to a multilevel check —
always documented in the so-called “review and comment
sheets™:

Internally: Inspection check;
External inspector
(Cat 3 check):

Builder:
Assessor / Building Authority:

Certificate;

“no comment status”;
Building Permit (Design
Doc.) / Safety Note (permis-
sion by the PD and DD).
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Obr. 12 Budouci vzhled vnitrniho vybaveni stanice Nordhavn
Fig. 12 Future appearance of Nordhavn station internal equipment

STR je nutno navic spocitat kombinaci trvale pusobicich zati-
Zeni, pro vSechny dil¢i bezpeCnostni soucinitele je pritom
nutno pouzit hodnotu 1,0. U ndvrhu podle mezniho stavu STR
je nutno zohlednit na strané odolnosti vedle dil¢ich bezpec-
nostnich souciniteld materidld podle odpovidajicich EC
i doplnkovy soucinitel 1,2 * Kgr (Krr: soudinitel pro zatiZzeni
z hlediska diferenciace spolehlivosti; zde CC3 =K = 1,1).

U podzemnich stén, které jsou namdhdny prevazné tlakem
vody, byla tato zatéZovaci kombinace pfi dimenzovéni dilu ve
vétsiné pripadd urdujici.

4. SHRNUTI(

7 ddnskych norem, zadédni stavebnika a zpusobu realizace
staveb, ktery je v Ddnsku obvykly, vyplyvaji zvlastnosti, které
bylo nutno zohlednit v projektové dokumentaci ,,Branch off to
Nordhavn®. Zvlastni okrajové podminky uvedené v ddnskych
normdch a z nich plynouci vypocetni pristupy vedly k opako-
vanym kontroldm.

Diky vstricné a tzké spolupréci se zadavatelem (,,fast track
approval“) a vzdjemné pomoci partnert pri projektovani se
i pres vysoké pozadavky zadavatele ve fazi projektovani poda-
filo zajistit schvéleni projektové dokumentace pred pldnova-
nym zahdjenim stavby.

K dne$nimu dni jiz byla vétsi ¢ast projektu uspésné realizo-
véna v souladu s harmonogramem. Dne 5. tinora 2017 bylo pfi-
tom dosazeno dalsiho milniku posledni prordzkou v tseku raze-
ném pomoci TBM. Pri raZeni pfitom bylo dosaZeno $pickové-
ho vykonu 56,19 m v prubéhu denni a no¢ni smény, tj. za 24
hodin. V ramci dalsi realizace projektu bude do roku 2019
dokoncena hrubd stavba stanice, montdZ vybaveni a jejtho
architektonického ztvarnéni (obr. 12).

Dr.-Ing. FRANK ABEL,
HOCHTIEF Infrastructure GmbH, Essen, Nemecko

Recenzovali Reviewed: Ing. Jaromir Zldmal,
Ing. Martin Srb, Ph.D.
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In case of the PD the time corresponds to the check 85, in
case of DD 65 days — always with taking the two revisions into
consideration.

Speciality: In case of construction designs critical from the
viewpoint of time, the contractor accepted a reduced course of
checks — the parallel handover to the external inspector and to
the contractor led to the reduction of the course by 3 weeks.
3.2 Specifics implying from Danish standards — higher

water pressure

Besides the computational cases according to EC7 (EN
1997-1 DK NA:2013) it is necessary, according to the Danish
Annex, Table A.3-1, to take into consideration also the “Load
combination 5. For STR (Ultimate Limit State of Structure)
it is furthermore necessary to calculate the combination of the
permanently effective loads, for all safety coefficients it is
necessary to use the value of 1.0. At the design (STR) it is
necessary to take into consideration, on the resistance side,
apart from the safety coefficients of materials according to
corresponding EC sequences, also the additional coefficient
1.2 * Kpr (Kgr: coefficient depending on the class of consequ-
ences; here CC3 ==> Kpr = 1.1).

In the case of retaining walls which are stressed especially
by water pressure, this loading combination was determining
in the majority of cases for dimensioning of the parts.

4. SUMMARY

From Danish standards, specifications of the conractor and
the method of execution of the constructions which are usual
in Denmark, it is possible to derive particularities which had
to be taken into consideration in the Design Documentation
for the “Branch off to Nordhavn”. Special framework conditi-
ons according to Danish standards and the calculation formu-
la implying from them led to repeated checks.

Thanks to proactive and close cooperation with the Client
(“fast track approval”) and mutual help of the partners during
the designing process it was possible to ensure, in spite of
high demands of the Client imposed on the designing phase,
the approval of the Design Documentation before the planned
commencement of the construction.

As of this day, a major part of the Project has already been
successfully implemented in accordance with the Time
Schedule. During the process, another milestone was met on
5th February 2017 through completion of the TBM tunnelling.
During the tunnelling process a top daily advance rate of
56.19m in the course of the day and night shifts (24 hours)
was achieved. Within the framework of further implementati-
on of the Project, the second structure of the station, equip-
ment and architectural lining will be completed (Figure 12) —
until 2019.

Dr.-Ing. FRANK ABEL,
HOCHTIEF Infrastructure GmbH, Essen, Germany

HEIM, K., WAHRMUND, H. Metro Copenhagen — Branch off to Nordhavn — zvldstnosti pri projektovdni a realizaci stavebni
Jjdamy pro stanici Nordhavn. Prispévek 11. Hans Lorenz Symposium 2015
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TECHNICKE RESENI BETONOVE VOZOVKY V TUNELU
POVAZSKY CHLMEC
TECHNICAL SOLUTION TO CONCRETE ROADWAY
IN POVAZSKY CHLMEC TUNNEL

MATEJ BUZEK, LIBOR MARIK

ABSTRAKT

Ddlnice D3 v iiseku Zilina (Strdzov) — Zilina (Brodno), jejiz soucdsti je i tunel Povazsky Chlmec, byla uvedena do provozu 2. prosince
2017. Cldnek navazuje na cldanky publikované v asopise Tunel &. 3/2015 a 1/2017 a vénuje se projektovdni a vystavbé vozovky v tunelu
Povazsky Chlmec navrzené s cementobetonovym krytem s vymyvanym povrchem. Uzavird tak popis technického reSeni stavebni Cdsti
tunelu. Vystavba Ddlnice D3 Zilina (Strdzov) — Zilina (Brodno) probihala v rezimu ,,Navrhni a postav* (Design&Build) podle smluvnich
podminek definovanych ve Zluté knize FIDIC. Investorem stavby byla Ndrodnd dialnicnd spolocnost, a. s., za vystavbu tunelu ve sdruZe-
ni odpovidala firma HOCHTIEF CZ a. s. Projekt byl spolufinancovany z fondu Evropské unie.

ABSTRACT

The D3 motorway in the Zilina (StrdZov) — Zilina (Brodno) section, a part of which is also the Povazsky Chlmec tunnel, was opened to traf-
fic on 2nd December 2017. The paper is a follow up to papers published in TUNEL journal No. 3/2015 and 1/2017; it deals with designing
and constructing roadway in the PovaZsky Chlmec tunnel which is designed with a brushed concrete surface finish. The paper concludes the
description of the technical solution to the civil engineering part of the tunnel. The construction of the Zilina (Strdzov) — Zilina (Brodno) sec-
tion of the D3 motorway proceeded in the “Design&Build” procurement regime according to the contractual conditions defined in the FIDIC
Yellow Book. The project owner is the National Highway Company (Ndrodnd dialhicnd spolocnost, a. s.), HOCHTIEF CZ a. s. was the lea-

der of the consortium responsible for the tunnel construction. The project was co-funded from European Union funds.

1 UvoD

Celkova délka trasy je 4,25 km. Usek stavby zakina napoje-
nim na stavajici ddlnici D3, kfiZzovatkou ,Zilina, Strazov,*“ a pri-
blizné v km 6,8 mostni estakddou pres vodni nddrZz Hricov. Za
mostni estakddou délky cca 1,5 km se nachdzi ve stani¢eni km
8.3 zdpadni portdl tunelu Povazsky Chlmec, jehoz délka dosa-
huje 2249 m. Celkova délka vozovky v tunelu 4435.5 m je roz-
délena do jizni tunelové trouby délky 2186,5 m a severnf tune-
lové trouby délky 2249 m. Ve stani¢eni km 10,55 vydtstuje
tunel z vychodniho portdlu na most pres feku Kysucu. Most
o délce 410 m se ve stani¢eni km 11,1 napojuje na stdvajic{ sil-
nici I/11 (kfizovatka ,,s cestou I/11), kde nové provadény dal-
ni¢ni dsek konci. Silnice ddle pokracuje severnim smérem na
Kysucké Nové Mésto a Cadcu.

K posledni stavebni konstrukci pred montédZi technologické-
ho vybaveni tunelu patfila betonové vozovka a souvisejici sta-
vebni ¢innosti, které maji k projektovani a vystavbé vozovky
vztah. Prispévek popisuje nejen problematiku navrhu kon-
strukénich vrstev vozovky podle predpisu TP098 Navrhovanie
cementobeténovych vozoviek na cestnych komunikdciach, ale
predevs§im na konkrétnim prfipadu jiz realizovaného tunelu
upozornuje na obecnd specifika vystavby vozovek v silni¢nich
a ddlni¢nich tunelech. Jednd se predevsim o konstrukéni poza-
davky na plan vozovky a moznosti jejtho odvodnéni, technic-
ké reSeni sparorezu cementobetonového krytu (CB) ve vztahu
ke konstrukénimu feSeni tunelového osténi, zajisténi potiebné
dlouhodobé drsnosti povrchu vozovKy, feSeni prostupd inZe-
nyrskych siti (kabeld, odvodnéni) pod vozovkou, dopady pou-
7iti samozhdSecich kusi odvodnéni vozovky do nosného
systému tunelového osténi a dalSich s provadénim vozovky
zdéanlivé nesouvisejicich konstrukei, které se vSak v pripadé
stisnénych poméru tunelu vyznamné ovliviiuji.

1 INTRODUCTION

The total length of the motorway route amounts to 4.25km.
The project section starts by the connection to the existing D3
motorway at the ,,Zilina, StraZov,“ intersection, approximately at
chainage km 6.8, by a viaduct across the Hricov water reservoir.
The western portal of the 2249m long PovaZsky Chlmec tunnel
is located ca 1.5km behind the viaduct, at chainage km 8.3. The
total length of the roadway inside the tunnel amounts to
4435.5m. It is divided into the 2186.5m long southern tunnel
tube and the 2249m long northern tunnel tube. At chainage km
10.55 the tunnel opens at the eastern portal to a bridge over the
river Kysuca. The 410m long bridge links with the existing road
I/11 (the intersection with the road I/11) at chainage km 11.1,
where the newly constructed motorway section ends. The road
continues northward in the direction of the towns of Kysucké
Nové Mesto and Cadca.

Concrete roadway pavement and related construction work
associated with designing and constructing the pavement was the
last civil engineering structure carried out before the installation
of the tunnel equipment. The paper describes not only the pro-
blems of the design of roadway structural layers according to
TP098 Concrete roadway design specifications, but also, above
all, points out general specifics of roadway construction in road
and motorway tunnels on a concrete example of a realised tunnel.
It concerns first of all structural requirements for the sub-grade
and possibilities of its drainage, the technical solution to the con-
crete pavement joints layout in relation to the structural design of
the tunnel lining, ensuring the long-term roughness of the road
surface, the solution to openings for utility networks (cables, dra-
inage) under the pavement, the impacts of the use of flame-retar-
dant elements of the roadway drainage into the structural system
of the tunnel lining and other structures seemingly not relating to
the construction of the roadway, which significantly influence
each other in the case of the restricted conditions in the tunnel.
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V prispévku je kladen duraz i na samotnou realizaci kon-
strukénich vrstev vozovky s doporu¢enim jakd opatfeni pri-
jmout s ohledem na eliminaci poskozen{ jiz zhotovenych kon-
strukci tunelu (zejména chodniky, $térbinové Zlaby a obrubni-
ky), koordinaci ostatnich praci v tunelu se zajisténim bezpe¢-
nosti v8ech pracovniku, logistiku (doprava finiSert a CB
smési) a ostatnich na prvni pohled bezvyznamnych detailu,
které ve vysledku zajisti bezpe¢nou a rychlou praci pri poklad-
ce vozovkovych vrstev ve stisnénych prostorech tunelu.
Prispévek je snahou autoru skloubit profesni poZadavky oboru
pozemni komunikace s geotechnickymi poZadavky a specifiky
vystavby tuneld a upozornit na nutnost multiprofesniho pristu-
pu k ndvrhu optimélniho technického reSeni. Na zdkladé vlast-
nich zkuSenosti autori v zdvéru prispévku uvedou doporuceni
na piipadné doplnéni norem a predpisu, které s provadénim
vozovky v tunelu (tj. hluboko pod povrchem terénu) v nékte-
rych pripadech navrhu nepocitaji.

2 TECHNICKE PREDPISY A JEJICH ZMENY
V PRUBEHU VYSTAVBY

Navrh vozovky se vzhledem k lokalité¢ fidil technickymi
predpisy Slovenské republiky. Verejnd soutéZ na predmétnou
stavbu byla ukoncena v roce 2013, avSak stavba vlastni kon-
strukce vozovky v tunelu byla zapocata az po vyrazeni obou
tunelovych trub a dokonCeni betondzi definitivniho osténi
tunelu v roce 2017. Behem tohoto Casového dseku probéhla
aktualizace technického predpisu ,, Technickd smernica TS
0803, Navrhovanie cementobetonovych vozoviek na pozem-
nych komunikdciach“ z brezna 2003 za novy technicky pred-
pis: ,, Technické podmienky TP09S, Navrhovanie cementobeto-
novych vozoviek na cestnych komunikdciach* s tcinnosti od
1.12.2015. Jednou ze smluvnich povinnosti zhotovitele stav-
by bylo upozornovat objednavatele na zmény technickych
predpisu véetné vyctu konkrétnich dopadu do technického
feSeni, ke kterym zménou predpisu dochdzi. Tato zména méla
zejména vliv na ndvrhovou metodu a poZadavky na vyztuZeni
spar CB krytu vozovky.

Z hlediska ndvrhové metody definuje novy TP098 odlisny
pristup k stanoveni pfevodu d¢inku riznych typa nédkladnich
automobili na ndvrhovou ndpravu, coZ se projevuje jinym
poétem zatiZzeni ndvrhovou ndpravou s pfimym vlivem na
navrh tloustky a skladby konstrukce vozovky. S uvedenymi
zménami metodiky vypocétu souvisi také zvétSeni maximalni
mozné tloustky vozovky pro CBI z puvodnich 260 mm na

Obr. 1 Poklddka trnu do CB krytu
Fig. 1 Placement of dowels to the concrete layer

TuHel

In the paper, even the realisation of the roadway structural
layers is emphasised, with a recommendation for the measures to
be adopted with respect to the elimination of damage to previ-
ously finished tunnel structures (in particular walkways, slotted
drain pipes and kerbs), coordination of other work operations in
the tunnel with the safety of all workers secured, logistics (tran-
sport of slip pavers and concrete mixture) and other details at
first sight insignificant, which in the result ensure safe and fast
work on placing the roadway layers in restricted spaces in the
tunnel. The paper is a result of the effort of the authors to
combine professional requirements of the road construction
industrial branch with geotechnical requirements and point out
the necessity for a multi professional approach to the optimal
technical solution. In the conclusion, the authors will present
some recommendations based on their own experience regarding
the complementation of the standards and regulations which do
not, in some cases of designing, take into account the construction
of roadways in tunnels (deep under the terrain surface).

2 TECHNICAL REGULATIONS AND THEIR CHANGES
DURING CONSTRUCTION

With respect to the project location, the roadway design follo-
wed the technical regulations of the Slovak Republic. The public
tender for the project in question was finished in 2013, but the
construction of the roadway in the tunnel commenced only after
the completion of the excavation of both tunnel tubes and the
final tunnel lining in 2017. During this time period the technical
regulation” Technical directive TS 0803, Concrete roadway
design” from March 2003 was updated as a new technical regu-
lation: ,,Technical specifications TP 098, Concrete roadway
design” with effect from 15t December 2015. One of the con-
struction contractor’s contractual obligations was to give the pro-
ject owner notice of changes in technical regulations including
a summary of particular impacts on the technical solution follo-
wing from changes in the regulations. This change especially
affected the design method and requirements for reinforcing the
joints in the roadway pavement.

From the aspect of the design method, the new TP098 specifi-
cations define a different approach to the determination of the
conversion of the effect of various types of lorries to design
axles, which manifests itself by a different number of points of
loading by a design axle, with a direct effect on the design of the
thickness and composition of the roadway structure. The above-
mentioned changes in the calculation methodology are also asso-
ciated with an increase in the maximum possible thickness of the
road pavement for CCI (cement concrete I) from original 260mm
to 320mm. Among other changes there is the requirement for the
smallest thickness of the upper layer of the double-layer concre-
te cover, which, in comparison with original 70mm for categori-
es CCI and CCII, was reduced to 50mm.

From the aspect of the concrete road pavement, the new tech-
nical specifications determine different requirements for the rein-
forcement of transverse and longitudinal joints in comparison
with STN 73 6123 standard. The technical specifications for CCI
recommend dowel bars 30mm in diameter and 500mm long as the
minimum. The recommended length of anchors in longitudinal
joints is 800mm as the minimum and the recommended diameter
of anchors is 16-18mm, Of the TP 098 specifications, it is pos-
sible to accept the solution with the reduction of dowels in the fast
road lane. STN 73 6123 from 2010 requires that the diameter and
minimum length of dowels are 25mm and 500m, respectively.




320 mm. Mezi dal§i zmény patfi poZadavek na nejmensi
tloustku hornf vrstvy u dvouvrstvého CB krytu, ktery se opro-
ti puivodnim 70 mm pro skupiny CBI a CBII sniZzil na 50 mm.

Z hlediska feSeni CB krytu vozovky stanovuji nové TP
odlisné pozadavky na vyztuzeni pri¢nych i podélnych spar
oproti STN 73 6123. TP pro CB I doporucuje u kluznych trna
prumér 30 mm a délku trnd min. 500 mm. Doporuena délka
kotev do podélnych spér je min. 800 mm a prumér kotev 16—
18 mm. Z TP 098 je mozné prijmout reSeni s redukci poltu
kluznych trnt v rychlém pruhu vozovky. STN 73 6123 z roku
2010 pozaduje pramér trnt 25 mm o délce min 500 mm. Do
podélnych spdr poZzaduje kotvy o pruiméru 20 mm o délce 600—
800 mm. Poklddku trnu do vrstvy CB krytu ukazuje obr. 1.

Velkym problémem v tunelech je zajiSténi dostate¢né adhe-
ze na povrchu vozovky a tim predpoklddané brzdné drahy
vozidel. To se objednatel rozhodl v prubéhu stavby feSit na
zdkladé platnych predpist a v souladu s nové zpracovanym
TP098 pouzitim CB krytu s vymyvanym povrchem.

3 NAVRZENA SKLADBA VOZOVKY

Puvodné navrzend vozovka v zaddvaci dokumentaci z roku
2009 byla navrZena podle ddaju v tab. 1.

Po upfesnéni zmén vyplyvajicich z pozadavku novych tech-
nickych predpisu a dodate¢nych poZzadavku objednatele oproti
puvodnim smluvnim podminkdam mohl zhotovitel zah4jit praci
na realizacni dokumentaci objektu vozovky v tunelu. Findln{
odsouhlasenou skladbu vozovky uvadi tab. 2.

Z porovnani ddaju uvedenych v tabulkédch 1 a 2 je patrné, Ze
tloustka nové navrzené vozovky je oproti DSP zvétSend
0 170 mm. K nejvétsim rozdilim co se jednotlivych skladeb
tyCe, patfi odstranéni asfaltové vrstvy obalovaného kameniva
tloustky 50 mm a zdsadni navySeni tloustky Stérkodrté (dre-
nazni vrstva frakce 16/32) v realizované skladbé vozovky.
Pdvodni vrstva 3térkodrté UMSD 0/31.,5 tloustky 340 mm
s poZadovanou tnosnosti Eqer 2=120 MPa byla po negativnich
zkuSenostech s prosakujici podzemni vodou rozdélena na dvé
vrstvy. Prvni tvofila vrstva UMSD 0/31,5 v predpisy pozado-
vané minimadlni tloustce 190 mm a druhou drendzni vrstva
stérkodrti SD 16/32 tloustky 150 mm (viz dale).

Obr. 2 ukazuje pri¢ny fez tunelu se skladbou vozovky podle
zaddvaci dokumentace. Kromé konstrukénich vrstev je zné-
zornén i systém odvodnéni plan€ vozovky s reviznimi Sachta-
mi situovanymi po 50 m.

Na obr. 3 je znazornéna schvélena uprava navrhu konstrukc-
nich vrstev vozovky a zpusobu odvodnéni pldné bez pouZiti
Sachet situovanych do vozovky podle realiza¢ni dokumentace
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Regarding longitudinal joints, it requires anchors 20mm in dia-
meter and 600-800mm long. The placement of dowels into a layer
of the concrete pavement is presented in Fig. 1.

A big problem in tunnels lies in ensuring sufficient adhesion of
the pavement surface which is required for achieving the expec-
ted vehicle stopping distance. The client decided to solve it
during the course of the construction on the basis of applicable
regulations and in compliance with the newly prepared TP0O98 by
using the brushed concrete surface finish.

3 ROADWAY PAVEMENT DESIGNED

The roadway originally contained in the tender documents from
2009 was designed according to the data presented in Table 1.

After completing the specification of the changes following
from the requirements of new technical regulations and client’s
additional requirements deviating from the original contractual
conditions, the contractor could start to work on the detailed
design of the roadway in the tunnel. The final approved compo-
sition of the roadway is presented in Table 2.

It is obvious from the comparison of the data presented in Tables
1 and 2 that the thickness of the newly designed roadway structure
is increased by 170mm in comparison with the final design. Among
the greatest differences regarding individual compositions there are
the removal of the 50mm thick asphalt-coated aggregate layer and
a substantial increase in the crushed gravel layer (the drainage layer,
fraction 16/32) in the realised composition of the roadway structu-
re. After the negative experience with seeping ground water, the ori-
ginal 340mm thick layer of UMSD 0/31.5 crushed gravel with the
prescribed bearing capacity Eqer 2=120MPa was divided into two
layers. The first layer was formed by crushed gravel UMSD 0/31,5
with the minimum thickness of 190mm prescribed by regulations;
the second layer, 150mm thick, was formed by crushed gravel SD
16/32 (see below).

Fig. 2 presents a tunnel cross-section with the roadway com-
position according to the tender design. Apart from the structural
layers, it shows the system of the roadway drainage with man-
holes installed at 50m intervals.

Fig. 3 presents the approved modification of the roadway
structural layers and the system of the sub-grade drainage
without using manholes located in the roadway according to the
detailed design, with showing the widths of traffic lanes and
roadway pavement slabs formed by the joints.

Tab. 2 Skladba vozovky realizovand v tunelu PovaZsky Chlmec (2017)
Table 2 Composition of the roadway realised in the Povazsky Chlmec tunnel (2017)

a4 e o P horni vrstva CBI (H) C30/37, XF4, Dmax8-S1 60 [mm]
s uvedenim §irek jizdnich pruhu a desek sparofezu vozovky. upper layer CCI (H) C30/37. XF4. Dmax8-S1 60 Gl
Tab. 1 Skladba vozovky v tunelu Povazsky Chlmec ze zaddvaci dokumentace (2009) spodni vrstva CBI (S) C30/37, XF4, Dmax32-S1 200 [mm]
Table 1 Composition of roadway in the PovaZsky Chlmec tunnel contained in lower layer CCI (S) C30/37, XF4, Dmax32-S1 200 [mm]
the tender documents (2009) - ;
geotextilie geotextile
betonova vozovka CB I, 160/80 mm 240 [mm] cementem stmelena smés CBGM C s/ 200 [mm]
concrete pavement CC |, 160/80mm 240 [mm] mixture bound with cement CBGM C s/6 200 [mm]
obalované kamenivo 50 [mm] Stérkodrt (UMSD 0/31,5) min. 190 [mm]
coated aggregates 50 [mm] crushed gravel (UMSD 0/31.5) min. 190 [mm]
mezerovity beton 170 [mm] separaéni geotextilie 300 g/m?
porous concrete 170 [mm] separation geotextile 300g/m?
Stérkodrt 170 [mm] Stérkodrt (3D 1 6/32) 150 [mm]
crushed gravel 170 [mm] crushed gravel (SD 16/32) 150 [mm]
CELKEM 630 [mm] CELKEM 800 [mm]
TOTAL 630 [mm] TOTAL 800 [mm]
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severna stena
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skladba vozovky — celkova hribka 630 mm
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(2) beténova vozovka CBI, 160/80 mm concrete roadway CBI, 160/80mm A
(3) obalované kamenivo coated aggregates . . | ) i
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Obr. 2 Skladba vozovky a odvodnéni pldné podle zaddvaci dokumentace

Fig. 2 Composition of the roadway and drainage of the sub-grade according to tender documents

4 ODVODNENI PLANE VOZOVKY V TUNELECH

Odvodnéni plané vozovky tzce souvisi s hydroizolaénim
a drendaznim systémem tunelu. V pripadé tunelu Povazsky
Chlmec byla pouzita desStnikova izolace, ktera svadi podzemni
vodu z hydroizola¢niho souvrstvi k bo¢nim tunelovym drena-
Zim situovanym za osténim na boku tunelu priblizné v drovni
pldné vozovky. Podle poZzadavki objednatele v zaddvaci doku-
mentaci mélo byt odvodnéni plané vozovky zajisténo drendz-
nim potrubim umisténym v ose levého jizdniho pruhu s moz-
nosti Cisténi v reviznich Sachtdch situovanych v maximaélnich
vzdjemnych vzddlenostech 50 m. Plan vozovky byla obou-
stranné vyspadovdna k drendZznimu potrubi. Tento systém pred-
stavuje vysoké riziko poskozeni CB krytu vytluky v misté
poklopu reviznich Sachet. Proto byl po diskusi s objednatelem

4 DRAINAGE OF ROADWAY SUB-GRADE IN TUNNELS

The roadway sub-grade drainage is closely associated with the
waterproofing and drainage system in a tunnel. An umbrella-type
waterproofing system was used in the case of the Povazsky
Chlmec tunnel. It directs ground water from the waterproofing
layers to the side-wall drains located behind the lining on the tun-
nel sides approximately at the roadway sub-grade level.
According to client’s requirements contained in the tender docu-
ments, the drainage of the roadway sub-grade was to be provided
by a drainage pipeline located on the centre line of the left-hand
traffic lane, allowing cleaning in manholes carried out at intervals
of 50m. The sub-grade was sloped to both sides toward the drai-
nage pipelines. This system represents a high risk of damaging
the concrete pavement by potholes in the locations of manhole

e
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| dvojvrstvy cementobetdnovy kryt s vystuzenymi Skarami CBI

two-layer CBI concrete cover with reinforced joints
horng vrstva CBI upper CBI layer

spodné vrstva CBI lower CBI layer 200 mm

- geotextilia, min. 500 g/m2, min. 15 N/mm2 geotextile min. 500g/m?, min. 15N/mm?2

ﬂ;y”‘puwlpnly”% 53
260 mm

60 mm odvodnenie vozovkovych vrstiev

drainage of roadway layers
strednd tunelova drenaz DN 160

| cementom stmelen& zmes CBGM C5/6 22 200 mm central tunnel drain DN 160
CBGM C5/6 22 cement bound granular mixture

— Strkodrvina UMSD 0/31,5 Gc crushed gravel UMSD 0/31.5 Ge min. 190 mm

I separacna geotextilia, netkand 300 g/m2 nonwoven separation geotextile, 300g/m?

— Strkodrvina 16/32 crushed gravel 16/32 150 mm
celkové hrdbka vozovky total roadway thickness 800 mm

Obr. 3 Uprava skladby vozovky podle realizacni dokumentace

Fig. 3 Modification of the roadway composition according to the detailed design




Obr. 4 Sachta isténi boéni drendZe a drendze odvodnéni pldné vozovky
Fig. 4 Manhole on side-wall drainage and roadway sub-grade drainage

prosazen moderni systém odvodnéni plan¢ vozovky s jedno-
strannym spddovanim a umisténim drendZniho potrubi v bliz-
kosti zdkladového pasu klenby sekundarniho osténi. Tato dis-
pozice odpovidd typovému feSeni podle vzorovych lista
rakouského investora ASFINAG ¢. 800.500.1500 a umoznuje
Cisténi drendZe na plani vozovky ze Sachet na Cisténi bo¢ni
tunelové drendZze. Tak byly z vozovky odstranény vSechny
revizni Sachty pro odvodnéni plan€ a s nimi i riziko poskozen{
CB krytu vytluky v misté poklopu. Obr. 4 ukazuje drendZni
Sachtu na Cisténi bo¢ni tunelové drendze a z ni odbocujici dvé
vétve drendzniho potrubi pro odvodnéni plane vozovky. V dalsi
Sachté se drendZni potrubi opé€t napojuje a tak je jeho potrubi
pribézné. Uhel odbodeni drenazniho potrubi umoziiuje pouZit
standardni mechanizaci na ¢isténi vysokotlakym vodnim paprs-
kem, jako v pripad¢ boéni tunelové drenaze.

Z dlouhodobého hlediska funguje tunel s desStnikovym systé-
mem hydroizolace jako drén a podzemni voda nad drovni dre-
ndzniho potrubi je do tohoto drénu staZzena. V horninovém
masivu se v8ak podzemni voda ve vétSich hloubkéch pod povr-
chem §ifi v puklindch a v pripadé pldné vozovky vyvérd na
povrchu vyrubu dna tunelu. Na rozdil od trasy komunikace na
povrchu tzemi, kde voda zpravidla pronikd od povrchu vozov-
ky smérem dolu do jejich konstrukénich vrstev, je tomu v tune-
lu prdvé naopak. Proto je na upravené pldni nutno jako prvni
umistit dostatené mocnou drenazni vrstvu, kterd podzemni
vodu prosakujici po¢vou tunelu rychle a bezpetné odvede
k drendznimu potrubi, aby nedochdzelo k rozbridani kon-
struk¢nich vrstev vozovky a degradaci po¢vy tunelu. Drendzn{
potrubi je obsypano mezerovitym betonem, nebo $térkem a tato
vrstva je obalena geotextilif, aby nedochdzelo k zandSeni potru-
bi vyluhy z horninového masivu, pripadné konstrukénich vrs-
tev vozovky. V pripad¢ tunelu Povazsky Chlmec byla nejprve
pocva tunelu o€iSténa stlatenym vzduchem, aby se odstranily
vSechny uvolnéné ¢4sti horniny a nelistoty vzniklé stavebnim
provozem v tunelu. O¢isténou po¢vu tunelu ukazuje obr. 5.

Po vycisténi po¢vy byla plan tunelu v celé délce ochranéna
vrstvou spadového betonu, ktery shodné s pri¢nym sklonem
vozovky odvadel prosakujici podzemni vodu k niZe polozené-
mu zdkladovému pdsu sekundérniho osténi. Dokonceny spado-
vy beton v poévé tunelu ukazuje obr. 6.

Jako posledni vrstva vozovky nad upravenou plani byla v sou-
ladu s platnymi predpisy navrzena vrstva Stérkodrti UMSD
0/31,5. Konkrétné se jednalo o granodiorit z lomu Dubnd Skala.
Pri pouziti v tunelu se vSak tato vrstva ukédzala s ohledem na
vysoky obsah jemnych Cdstic z drendzniho hlediska jako
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covers. For that reason a modern sub-grade drainage system with
one-way slope and locating the drainage pipeline in the vicinity of
the footing of the secondary lining vault was enforced after a dis-
cussion with the client. This disposition corresponds to the typi-
cal solution according to standard sheets of the Austrian investor
ASFINAG No. 800.500.1500. It allows for cleaning of drainage
installed on the roadway sub-grade from manholes for cleaning
the tunnel side-wall drains. In this way, all manholes for draining
the sub-grade were removed from the pavement and the risk of
damaging the concrete pavement by potholes in the locations of
manhole covers was removed together with them. Fig. 4 presents
a drainage manhole for cleaning the tunnel side-wall drainage and
two branches of pipeline draining the roadway sub-grade. The
drainage pipeline subsequently again connects to the main drain,
thus the pipeline is continuous. The angle of the drainage pipeli-
ne branching allows for using standard mechanical equipment for
cleaning with a high-pressure water beam, as it is used in the case
of the tunnel side-wall drainage.

From the long-term point of view, the tunnel with an umbrel-
la-type waterproofing functions as a drain and ground water
above the drainage pipeline level is drawn to this drain. But at
greater depths ground water in a ground massif propagates
through fissures and, in the case of the roadway sub-grade, rises
from the surface of the tunnel excavation bottom. In contrast
with the road route on the territory surface, where water usually
infiltrates from the roadway surface down to its structural layers,
it is just opposite inside the tunnel. For that reason it is necessa-
ry first to put a sufficiently thick drainage layer, which directs the
ground water seeping through the tunnel bottom fast and safely
to the drainage pipeline so that the structural layers of the road-
way do not become slushy and the tunnel bottom does not dete-
riorate. The drainage pipeline is padded with porous concrete or
gravel and this layer is wrapped with geotextile so that the pipe-
line or even the roadway structural layers are not clogged with
leachates from the ground massif. In the case of the Povazsky
Chlmec tunnel, the bottom was first cleaned with compressed air
so that all loosened parts of ground and the dirt produced by con-
struction transportation in the tunnel were removed. The cleaned
tunnel bottom is shown in Fig. 5.

After cleaning of the tunnel bottom, the bottom was protected
by a cambered layer of concrete, which directed seeping ground
water in parallel with the roadway pavement slopes to the lower-
located footing of the secondary lining. The finished cambered
concrete lying on the tunnel bottom is presented in Fig. 6.

A layer of crushed gravel UMSD 0/31.5 was designed in com-
pliance with applicable regulations as the last layer above the tre-
ated sub-grade. Concretely, granodiorite from the Dubnd Skala
quarry was used. However, this layer turned out to be unsuitable
for the use inside the tunnel from the drainage capacity point of
view with respect to the high content of fine particles. After
depositing it in the portal part of the tunnel, ground water made
the sub-grade slushy, which threatened the functionality of the
multilayer roadway system. Water standing on the crushed gra-
vel layer lacking sufficient filtration capability is shown as
a smooth surface in Fig. 7.

For that reason a decision was made that it was removed
from the tunnel and crushed gravel fraction 16/30 was used as
the drainage layer. It safely drained water seeping through the
bottom to the cambered concrete to the drainage pipeline and
further to the tunnel side-wall drains. The UMSD 0/30.5 layer
was used only above this layer. It was separated from the dra-
inage layer by geotextile 300g/m?, which prevented the tran-
sport of the fine fraction to the drainage layer located lower.
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Obr. 5 Cisténi poévy tunelu stladenym vzduchem
Fig. 5 Cleaning the tunnel sub-grade by compressed air

nevhodnd a po navezeni do priportdlové ¢dsti tunelu doslo pro-
sakujici podzemni vodou k jejimu rozbahnéni, coz mélo za
ndsledek ohrozeni funkc¢nosti vicevrstvého vozovkového systé-
mu. Vodu stojici na povrchu vrstvy $térkodrti, kterd nema kvuli
obsahu jemnych céstic dostatecnou filtracni schopnost, ukazuje
jako hladkou plochu obr. 7.

Proto bylo rozhodnuto ji opét z tunelu odstranit a jako dre-
nazni vrstvu pouZzit §térkodrt frakce 16/30, kterd po¢vou prosa-
kujici vodu po spadovém betonu bezpe¢né odvedla k drendzni-
mu potrubi a ddle do boc¢nich tunelovych drenazi. Teprve nad
touto vrstvou byla pouZita vrstva UMSD 0/30,5, kterd byla od
drendZn{ vrstvy oddélena separa¢ni geotextilif 300 g/m?, kterd
zamezila transportu jemné frakce do niZe polozené drendzni
vrstvy. Poklddku UMSD na separaéni geotextilii ukazuje obr. 8.

Jedna se o zkuSenost, kterd je specifickd pro ndvrh vozovky
v tunelu a kterou platné predpisy dosud nepostihuji. V pripadé
tunelu Povazsky Chlmec se vzhledem k reZimu podzemni vody
v tunelu zdvada projevila okamzité a bylo relativné snadné
(i kdyz Casové a finan¢né narocné) zjednat napravu. V zdvis-
losti na drendzni funkci tunelu, vlastnostech horninového masi-
vu a jeho puklinovému systému muze k pritokum vody dojit se
znaénym zpoZzdénim. Souvisi to s otevirdnim diskontinuit
v okoli vyrubu, pfipadné vymyvdnim jemnych &éstic vyplné
puklin a zvySovanim propustnosti masivu. Pokud se voda
v konstruk¢nich vrstvach vozovky objevi az po uvedeni tunelu
do provozu a ty zafnou vlivem rozbiiddni degradovat, muze
dojit k obtizné opravitelnym poruchdm vozovky. Proto autofi
¢lanku doporucuji tuto skutecnost zapracovat do prislusnych

\

Obr. 7 Voda stojici na povrchu $térkodrti
Fig. 7 Water standing on the crushed gravel layer

Obr. 6 Spddovy beton pod konstrukénimi vrstvami vozovky
Fig. 6 Sloped concrete under roadway structural layers

The placement of the crushed gravel layer on the separation
geotextile is shown in Fig. 8.

The above mentioned experience is specific for the design of
the roadway inside the tunnel; the applicable regulations have
not solved it yet. In the case of the Povazsky Chlmec tunnel, the
defect showed up immediately with respect to the ground water
regime in the tunnel and it was therefore relatively easy (even
though demanding in terms of time and funding) to remedy.
Ground water inflows can take place with a significant delay,
depending on the drainage function of the tunnel, properties of
the ground mass and its fissure system. It is associated with the
opening of discontinuities in the excavation surroundings or
cleaning up fine particles from the filling of fissures and increa-
sing of the ground mass the permeability. Roadway failures hard
to remove may occur if water appears in the structural layers of
the roadway only after the tunnel is opened to traffic and the lay-
ers start to degrade due to turning to slush. For that reason the
authors of this paper recommend to incorporate this reality into
respective standards and regulations and the specifics of con-
struction of the tunnel roadway with a functional drainage layer
and separation geotextile is taken into account in the design.

5 ROADWAY JOINTS LAYOUT AND TUNNEL
SECONDARY LINING

Even though the tunnel secondary lining seemingly is not con-
nected with the roadway structure, the two structures can negati-
vely influence each other under certain circumstances.
Secondary linings of conventionally driven tunnels are carried

Obr. 8 Poklddka $térkodrti na separaéni geotextilii
Fig. 8 Placement of crushed gravel on separation geotextile
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norem a predpist a specifika provddéni vozovky v tunelu out in 10m to 12.5m long cast-in-situ concrete blocks; the length
s funkéni drendZni vrstvou a separacni geotextilii pfi ndvrhu of the concrete casting blocks is measured on the tunnel axis. In
zohlednit. the cases of the tunnel alignment running on directional curves,

the length measured on the internal surface is either reduced or
5 SPAROREZ VOZOVKY A SEKUNDARNI OSTENI TUNELU increased. The roadway joints layout depends on the width cate-
gory of the tunnel, i.e. on the kerb-to-kerb width of the pavement
and the optimal width to length ratio of the concrete cover slab.
A significant role in designing the joints layout and dimensions
of the slabs is even played by the thickness of the concrete cover
slab, where the ratio between the width, length and thickness of
the slab is limited by the values required by the standard. In the
tender documents, the client strictly required that the roadway
joints layout is coordinated with the joints between the concrete
casting blocks. Transverse joints in the roadway pavement were
to correspond to transverse joints between the concrete casting
blocks of the secondary lining. The concrete casting block length
of 12.5m was ideal for casting of concrete from the aspect of pla-
cing safety elements in the tunnel, such as fire equipment reces-
ses (spaced at 150m), SOS cabins (spaced at 150m), drainage

I kdyz sekunddrn{ osténi{ tunelu s konstrukci vozovky zdanli-
vé nesouvisi, mohou se obé konstrukce za ur€itych okolnosti
negativné ovliviiovat. Sekunddrni osténi je u konven¢né raze-
nych tuneld monoliticky betonovano po blocich betonédze délky
10 m az 12,5 m, pri¢em?Z se jednd o délku bloku betondze v ose
tunelu. V pripadé vedeni trasy tunelu ve smerovych obloucich
dochdzi na bocich osténi ke zkraceni, resp. prodlouzeni této
vzddlenosti. Sparorez vozovky zévisi na $itkové kategorii tune-
lu, tj. na $ifce vozovky mezi obrubniky a optimdlnim pomeéru
Sitky a délky desky CB krytu. V ndvrhu spdrofezu a rozméru
desek hraje vyznamnou roli i tloustka desky CB krytu, pri¢emz
pomeér $itky, délky a tlouStky desky je limitovdn normou poza-
dovanymi hodnotami. V zaddvaci dokumentaci objednatel

striktné pozadoval koordinovat sparorez vozovky se spdrami manholes (spaced at 50m), tunnel cross passages (spaced at 30m)
mezi bloky betondZe. Pfi¢né spary vozovky mély korespondo- and emergence lay-bys (spaced at 750m). This length allows for
vat s pri¢nymi sparami mezi bloky betondZe sekundérniho osté- designing equal lengths for all concrete casting blocks. The ten-
ni. Vzhledem k tomu, Ze z hlediska situovani bezpecnostnich der documents required that the width category 2T-8.0 was app-
prvkil v tunelu, ke kterym patii napf. vyklenky pozdrniho lied to the tunnel design and the design of the roadway joints lay-
hydrantu (vzdédlenost 150 m), kabin SOS (vzddlenost 150 m), out corresponding to the joints between concrete casting blocks
Sachet na Cistén{ drendZe (vzddlenost 50 m), poloha tunelovych of the lining would have led to an increased number of transver-
propojek (vzddlenost 300 m) a nouzovych zdlivli (vzdélenost se joints in the pavement by up to 30% because it would have
750 m), byla pro betonaz osténi idedlni délka bloku betondze been necessary (with respect to the maximum allowable length
12,5 m. Tato délka umoznuje navrhnout vSechny bloky betona- of the concrete roadway slab) to use three transverse joints in the
Ze stejné délky. Zaddvaci dokumentace pozadovala vystavbu concrete pavement (i.e. 6 roadway slabs) per one concrete cas-
tunelu v §itkové kategorii 2T-8,0 a ndvrh spdrofezu vozovky ting block of the secondary lining.
podle spir mezi bloky betondze osténi by vedl k navyseni poctu After the completion of the tunnel excavation, the actual geo-
pii¢nych spar ve vozovce az o 30 %, nebot’s ohledem na maxi- technical conditions were assessed and a decision was made on
mélni pfipustnou délku desky CB krytu by bylo nutné na jeden the basis of the assessment that the tunnel excavation would be
blok betondZe sekunddrniho osténi pouZit téi pricné spary CB supported by a lining without an invert. One concrete casting
krytu (tj. 6 desek vozovky). block with the invert was used only in the northern tunnel tube,
Po vyrazeni tunelu doslo k vyhodnoceni skutecné zastize- in the vicinity of the portal, with respect to the asymmetric loa-
nych geotechnickych pomérii a na zakladé toho bylo rozhodnu- ding, with the objective to absorb horizontal forces in the lining.

After approving it by the client, a decision was made that the
structure of the secondary lining and the concrete roadway do not
influence each other and contingent uneven deformations of
individual secondary lining blocks could not be transferred to the
structural layers of the roadway. The roadway joints layout was
therefore designed independently of the block scheme of the
secondary lining. The concrete casting block with the invert
where the joints corresponded to the beginning and end of this
casting block was the only exception. The composition of the
roadway is presented in Table 2. The dimensions of the slab were
chosen on the basis of a structural analysis. The slabs are 5.4m
long throughout the tunnel length, with the exception of portal
sections. The width of the slabs is 3.875m and 3.625m on the
right-hand and left-hand traffic lanes, respectively. The dimensi-
ons of the slabs are designed in compliance with the rules appli-
cable to the concrete roadway structure according to technical

to, Ze tunel bude zajistén osténim bez spodni klenby. Pouze
v severni tunelové troubé v blizkosti vychodniho portdlu byl
vzhledem k nesymetrickému zatiZzeni pouZit pro zachyceni
vodorovnych sil v osténi jeden blok betonaze se spodni deskou.
Po dohodé s objednatelem doslo k rozhodnuti, Ze konstrukce
sekunddrniho osténi a CB krytu vozovky se vzdjemné neovliv-
fuji a piipadné nerovnomérné deformace jednotlivych bloka
sekundarniho osténi nemohou byt preneseny do konstrukénich
vrstev vozovky. Sparorez vozovky byl proto navrhnut nezdvis-
le na blokovém schématu sekundédrniho osténi. Vyjimku pred-
stavoval pouze blok betondZe se spodni deskou, kde spary ve
vozovce korespondovaly se za¢dtkem a koncem tohoto bloku
betondze. Skladbu vozovky uvadi tab. 2. Rozméry desky byly
zvoleny na zdkladé vlastniho statického vypocétu. Délka desek
je 5.4 m v celém tunelu s vyjimkou portdlovych tsekii. Sitka
desek je 3,875 m v pravém jizdnim pruhu, respektive 3,625 m

specifications TP 098.

v levém jizdnim pruhu. Rozméry desek jsou navrZeny v soula- A location fundamental for the Povazsky Chlmec tunnel design
du se zdsadami konstrukce vozovky s CB krytem dle TP 098. from the point of view of the roadway pavement joints layout exis-

Z hlediska spdrofezu vozovky vSak existovalo v trase tunelu ted on the tunnel alignment. The tunnel was designed on reverse
Povazsky Chlmec misto, které bylo pro jeho ndvrh zdsadni. | curves and the whole tunnel revolving together with the transver-
Tunel je navrzen v protismérnych obloucich a s pficnym pfe- | se revolving of the roadway. The roadway pavement is drained by
kldpénim vozovky se prekldpi cely profil tunelu. Vozovka je slotted drain pipes and water from the drain pipes has to be direc-
odvodnéna pomoci $t€rbinovych Zlabu a v misté pri¢ného pre- ted under the roadway pavement to the other side of the road in the
klopeni je nutno vodu ze S$térbinovych Zlabu prevést pod location of the transverse revolution. An inverted cast-iron siphon
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liatinova rdra DN 200
cast-iron tube DN 200

betén C12/15 X0
concrete C12/15 X0

pipeline was designed for that purpose.
Two DN200 tubes were used with respect
to the increased risk of clogging. They
partly interfered with the crushed gravel
layer and the drainage layer above the tun-
nel excavation bottom. In agreement with

the client and construction supervision,

both tubes were encased in concrete

C12/15 X0 with a gradual haunch over the
entire length of the neighbouring slabs

(i.e. the length of 2x5.4m), which exclu-

ded a step-increase in the toughness of the
concrete pavement. The inverted siphon

Obr. 9 Technické ieSeni trubniho propojent Stérbinovych Zlabu pod vozovkou
Fig. 9 Technical solution to piping interconnection between slotted drain pipes un

vozovkou na druhou stranu komunikace. K tomu tcelu byla
navrzena shybka z litinového potrubi. Vzhledem ke zvySenému
riziku zaneseni potrubi byly pro shybku pouzity dvé roury
DN200, které &asteéné zasahovaly do vrstvy UMSD a drendzni
vrstvy nad po¢vou tunelu. Po dohodé€ s objednatelem a staveb-
nim dozorem byly obé trubky obetonovdny betonem C12/15
X0 s pozvolnym nabéhem na celou délku sousednich desek (tj.
v délce 2x5,4 m), ktery vylu€oval skokovy ndrust tuhosti pod-
kladnich vrstev CB krytu. Shybka byla provedena kolmo na
osu tunelu a do tohoto mista byla situovana pri¢nd spdra sparo-
fezu vozovky. Ten se pak odvijel od tohoto mista na obé strany
smérem k zdpadnimu a vychodnimu portdlu tunelu. Detail
v misté shybky ukazuje obr. 9.

Zcela jiny piipad predstavuje spdrorez obsluZznych chodnikt
situovanych nad kabelovody po obou strandch tunelu.
Vzhledem k tomu, Ze jsou kabelovody betonovany pfimo na
zdkladovy pds horni klenby sekunddrniho osténi a obsluzné
chodniky tvori jejich povrch, obé konstrukce spolu deformacéné
souviseji a mohou se negativné ovliviiovat. Aby se minimalizo-
valo riziko vzniku trhlin v chodniku v misté pripadnych nerov-
nomérnych deformaci dvou sousednich bloku sekunddrniho
osténi, musi ve spdrofezu chodniku odpovidat poloze spdry
mezi bloky betonaze sekundarniho osténi poloha pri¢né spdry
chodniku. Betondz chodniku nad kabelovody ukazuje obr. 10.

V pripadé nerovnomérné deformace ve spare mezi bloky
betondZze muZe dojit i k praskdni piidlazbovych obrubniku
a §térbinovych Zlabu. Proto byla po negativnich zkuSenostech
objednatele z jiZ provozovanych tuneld jejich délka omezena

Obr. 10 BetondZ chodniku nad kabelovody
Fig. 10 Concreting the walkway above cableways

tubes were laid perpendicularly to the tun-
nel centre line and a transverse joint was
carried out in this place of the roadway
joints layout. The joints layout was further
developed from this point to both sides in the direction of the wes-
tern and eastern portals. A detail in the location of the inverted si-
phon is presented in Fig. 9.

The joints layout of service walkways located above cable-
ways along both tunnel sides present a completely different
case. With respect to the fact that the concrete cableways are
cast directly on the footing of the upper vault of the secondary
lining and the service walkways form their surface, both struc-
tures are related in terms of deformation and can negatively
influence each other. To minimise the risk of the development of
cracks in the walkway in the locations of contingent differential
deformations of two neighbouring blocks of the secondary
lining, the position of the joints between the blocks of the secon-
dary lining has to correspond to the position of the transverse
joint in the layout of joints in the walkway. The casting of con-
crete of the walkway above cableways is presented in Fig. 10.

The slotted drain pipes and the kerbs along them can even
crack in the case of differential deformation in the joints bet-
ween the concrete casting blocks. For that reason, with client’s
negative experience from already operated tunnels, their
length was limited to 2m as the maximum and the joint betwe-
en kerbs could be located +0.5m from the joint between the
concrete casting blocks of the secondary lining. In terms of the
construction procedure, laboriousness, the necessity for atypi-
cal pre-cast components, thus also the higher investment costs,
form a restriction the substantiation of which should be exa-
mined and such a technical solution should be found which
would allow for installing the pre-cast components without
a link to the block diagram of concreting the tunnel secondary
lining. In the case of the pavement joints layout, the link to the
tunnel structure is reasonable only in the case where both
structures can influence each other. It would be suitable if
these facts are also incorporated into relevant roadway design
regulations. The link between the joint between concrete cas-
ting blocks and the slotted drain pipes is presented in Fig. 11,
where the joints are marked with arrows. An atypically long
pre-cast concrete component is inserted so that the continuity
of joints is maintained.

der the roadway

6 ROADWAY DRAINING SLOTTED PIPES
AND THE TUNNEL LINING

Pre-cast slotted pipes with a continuous slot are used for
draining the roadway surface as a standard. Flame-retardant ele-
ments are installed on the slotted drain pipeline at 50m intervals
as a safety element preventing spreading of fire in the case of
a burning liquid. Their current structure works on the principle




Obr. 11 PrubéZnost spar mezi bloky betondze definitivniho osténi a Stérbino-
vymi Zlaby

Fig. 11 Continuity of joints between concrete casting blocks of the final lining
and slotted drain pipes

na max. 2 m a spara mezi obrubniky mohla byt situovdna max.
0,5 m od spary mezi bloky betondze sekundarniho osténi.
Z hlediska postupu vystavby, pracnosti, nutnosti pouZiti atypic-
kych prefabrikétu, a tim i vy$§ich investi¢nich ndkladu se jedna
o omezeni, jehoZ opodstatnéni by mélo byt provéreno a naleze-
no takové technické fesenti, které by umoznilo instalaci prefab-
rikdtu bez vazby na blokové schéma betondZe sekundédrniho
ostén{ tunelu. V pripadé sparorezu vozovky md vazba na kon-
strukci tunelu smysl pouze v pripade, kdy se mohou ob¢ kon-
strukce vzdjemné ovlivnit. I tyto skute¢nosti by bylo vhodné do
prislu§nych predpisu pro navrhovdni vozovek zapracovat.
Vazbu mezi sparou mezi bloky betondze a mezi prefabrikaty
Stérbinovych Zlabu ukazuje obr. 11, na kterém jsou spdry ozna-
Ceny Sipkami. Z duvodu dodrzeni pribéznosti spar je vlozen
prefabrikéat atypické délky.

6 STERBINOVE ZLABY PRO ODVODNENI VOZOVKY
A OSTENI TUNELU

Pro odvodnéni povrchu vozovky jsou jiz standardné pouziva-
ny prefabrikované $té€rbinové Zlaby s prubéZznou Stérbinou.
Jako bezpecnostni prvek proti $ifeni pozédru v tunelu v pripadé
hofici kapaliny jsou na trasu $§térbinovych Zlabu instalovdny
v maximalni vzdalenosti 50 m samozhdseci kusy. Jejich stdva-
jict konstrukce funguje na principu sifonu s prepazkou. Pokud
horici kapalina tee S$térbinovym zlabem k samozhdSecimu

Obr. 12 Oslabeni zdkladového pdsu v miste samozhdSeciho kusu
Fig. 12 Gap in the footing in the location of a flame-retardant element
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of an inverted siphon with a partition. If the burning liquid flows
through a slotted drain pipe to the flame-retardant element, the
fire is extinguished during the passage through the siphon.
Slotted drain pipes, as well as cableways or the fire main pipe-
line, are arranged in the tunnel into a block of structures above
the footing of the secondary lining vault. With respect to the lay-
out of the tunnel cross-section and the effort to minimise the
tunnel cross-sectional area, the siphon of the flame-retardant
element interferes with the footing and the bearing structure of
the footing has to be interrupted for the installation of the siphon
in this location. A practical example where the footing is
interrupted in the location of the flame-retardant element is
presented in Fig. 12.

The solution lies in the use of a new design of the slotted
drain pipes, which uses two flaps for extinguishing the burning
fluid, through which the fluid in the slotted drain pipe flows.
The principle of extinguishing the flame during the passage
through the flame-retardant element is shown in Fig. 13.

In the case of favourable geotechnical conditions, which
were encountered during the course of the Povazsky Chlmec
tunnel excavation, the gap in the footing played no essential
role. Nevertheless, it could be a significant complication in the
case of founding the secondary lining on worse quality ground
mass. The structural height of the new pre-cast concrete com-
ponents does not differ from the structural height of the stan-
dard pre-cast concrete slotted drain pipe. It is therefore not
necessary to carry out structural changes or interventions to
the tunnel bearing structure for the installation. The new-
design flame-retardant element is presented in Fig. 14.

The advantage of the new type of the flame-retardant ele-
ment lies not only in the structural solution, but also in the
aspect of maintenance. The original structure of the siphon ful-
fils its flame-retarding function only in the case that it is not
clogged by dirt or, during winter months, water does not free-
ze in the siphon. It requires,first of all in portal sections of the
tunnel, that an anti-freeze mixture is used and is permanently
replenished when the freezing alternates with thawing. From
this point of view, the new technical solution is fully mainte-
nance-free and safe. The effort to use the new structural type
of the flame- retardant elements in the Povazsky Chlmec tun-
nel failed because it was an absolutely new product which had
not been used before in a tunnel at the time of the realisation.

7 ENSURING REQUIRED SKID RESISTANCE PROPERTIES

Ensuring required (standard) skid resistance properties in
tunnels is a more complicated process in comparison with
ensuring skid resistance properties on roads on free routes.
A greasy film formed by dirt, and products of combustion of
fuels permanently develops inside a tunnel due to restricted dis-
persion of exhaust gases and increased tread of tires of vehic-
les. Whilst those matters degrade due to solar radiation, are
washed away by precipitation and are dispersed into the sur-
roundings, this unprompted cleaning does not take place in tun-
nels. The dirt which remains on the roadway surface in the
concrete structure significantly reduces the overall roughness
of the surface and negatively influences the vehicle stopping
distance. The required skid resistance properties begin to dete-
riorate during a short time (in the order of months). It is neces-
sary for ensuring required skid resistance properties that certa-
in measures are adopted already during the course of the con-
struction, after the concrete roadway pavement is finished. In
particular it is necessary to maintain technology breaks for har-
dening of concrete and, in general, reduction of construction
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Obr. 13 Schéma samozhdSeciho kusu nové konstrukce
Fig. 13 Diagram of a new-design flame-retardant element

kusu, dojde pfi pritoku sifonem k jejimu uhageni. Stérbinové
Zlaby jsou v tunelu stejné jako kabelovody nebo potrubi poZér-
niho vodovodu instalovany do bloku konstrukci nad zdklado-
vym pdsem klenby sekunddrniho osténi. Vzhledem k dispozi¢-
nimu usporddéni pfi¢ného fezu tunelu a snaze o minimalizaci
plochy pri¢ného fezu tunelu zasahuje sifon samozhdSeciho
kusu do zdkladového pdsu a pro jeho instalaci je nutno v tomto
misté nosnou konstrukci zdkladového pdsu vyznamnym zpuso-
bem oslabit. Prakticky priklad ukazuje obr. 12, na kterém je
zakladovy péds v misté samozhdseciho kusu preruSen.

Regenim je pouZiti §térbinovych Zlabii nové konstrukce, kterd
pouziva k uhaseni horici kapaliny dvou klapek, pres které kapa-
lina ve $térbinovém zlabu protékd. Princip zhdSeni plamene pri
prutoku samozhaSecim kusem ukazuje schéma na obr. 13.

V pfipadé priznivych geotechnickych podminek, které byly
v prubéhu razby tunelu PovaZzsky Chlmec zastiZeny, nehrélo
oslabeni zdkladového pésu zdsadni roli. Mohlo by vSak byt znac-
nou komplikaci v pripad¢ zaloZeni sekunddrniho osténi na méné
kvalitnim horninovém masivu. Konstruk&ni vyska téchto novych
prefabrikdtu se nelisi od konstrukén{ vysky standardniho prefab-
rikdtu §térbinového Zlabu, takZe neni nutné pro jeho osazeni pro-
vadét zadné stavebni Upravy, nebo zdsahy do nosné konstrukce
tunelu. Samozhaseci kus nové konstrukce ukazuje obr. 14.

Vyhoda nového typu samozhaSectho kusu nenf jen ve staveb-
nim teSeni, ale i z hlediska ddrzby. Sifon pivodni konstrukce
plni svou samozhdseci funkci pouze v pripade, Ze neni zanesen
necistotami, nebo v zimnich mésicich nedochdzi v sifonu
k zamrzani vody. To vyZaduje zejména v priportdlovych dsecich
tunelu pouzivani nemrznouci smési a pri stfidani mrazu a oblevy
jeji neustdlé dolévani. Z tohoto pohledu je nové technické feSeni
zcela bezidrzbové a bezpecné. PouZziti nového konstrukéniho
typu samozhaSecich kusu se na tunelu Povazsky Chlmec nepo-
dafilo prosadit, nebot’ v dobé realizace se jednalo o zcela novy
vyrobek, ktery nebyl jesté na Zddném tunelu pouzit.

7 ZAJISTENI POTREBNYCH PROTISMYKOVYCH

VLASTNOSTI

Zajisténi pozadovanych (normovych) protismykovych vlast-
nosti na vozovkdach v tunelech predstavuje sloZitéjsi proces
oproti vozovce ve volné trase. V tunelu se vlivem omezeného
rozptylu vyfukovych plynd a zvySeného obrusu pneumatik
vozidel trvale vytvari na povrchu vozovky mastny film z necis-
tot a zplodin spalovani pohonnych hmot. Zatimco v otevienych
dsecich komunikaci tyto litky pusobenim slune¢niho zéfen{
degraduji a vymyvaji se deStovymi srazkami a rozptyluji se do
okoli, tak v tunelech k tomuto samovolnému &isténi nedochdzi.
Nelistota, kterd zUstdvé na povrchu vozovky ve struktufe beto-
nu, vyznamné snizuje jeji celkovou drsnost a negativné tak

transportation volume in the tunnel, chiefly the transport asso-
ciated with the completion of installation of tunnel equipment
and road marking. It is also necessary within the framework of
the operating rules to design a correct technique of cleaning the
roadway and an optimal interval of time for the maintenance.

The brushed concrete type of the pavement surface was cho-
sen to ensure the required skid resistance properties. This tech-
nique requires not only increased quality requirements for
aggregates in the upper layer of the concrete cover. Some re-
quirements and recommendations for aggregates in the upper
layer of the concrete cover are mentioned in TKP 26 specifica-
tions, concretely the requirement for the maximum grain size,
the grain size composition, aggregate shape index, crushing
resistance or a requirement for smoothing ability. It turned out
during the construction when coarsely crushed aggregate HDK
4/8 was chosen for the upper layer of the concrete cover that no
local supplier was able to secure the amount and quality of the
material required by the design. For that reason the contractor
decided to import the material with verified quality from the
Czech Republic, from 350km distant Nemojov. Holes for the
installation of the string line were drilled into the walkway
before the concrete pavers started moving. After tightening the
strings throughout the tunnel length, casting of the roadway
concrete could start. The concrete paver guided directionally
and vertically by the string lines places concrete between kerbs;
the fine connection to the pre-cast concrete kerbs is carried out
by manual smoothing. The concrete cover before the subse-
quent treatment is shown in Fig. 15.

When the process of casting of concrete is finished, a concre-
te setting retarder is applied to the concrete surface.
Subsequently, after 10 to 20 hours (with respect to climatic con-
ditions, humidity and temperature of air inside the tunnel and
other factors), brushing of the surface is carried out using a loa-
der equipped with steel brushes. This brushing exposes the
aggregate in the upper layer of the concrete cover forming the
macrotexture securing the required skid resistance properties.
The macrotexture created by the surface brushing represents cur-
rently one of the most modern concrete surface treatment techni-
ques and provides the client with one of the highest quality con-
crete roadways which can be constructed in Central and Eastern
Europe. Of course, the increased material requirements and the
modified technology procedure are adequate to this quality.

8 ABILITIES OF MEASURES DESIGNED TO ELIMINATE
DAMAGE TO WALKWAYS, KERBS AND SLOTTED
DRAIN PIPES

When the roadway layers were being realised in the tunnel,
the structures such as walkways, kerbs and slotted drain pipes
had already been finished. A measure preventing damage to




Obr. 14 SamozhdsSect kus konstrukéni vysky Stérbinového Zlabu
Fig. 14 Flame-retardant element with the height equal to the height of a slotted drain pipe

ovlivituje brzdnou drdhu vozidel. Jiz béhem krdtké doby
(v fadu mésicu) dochézi ke snizovani poZadovanych proti-
smykovych vlastnosti. Pro zaji§téni pozadovanych protismy-
kovych vlastni vozovky je nutné prijmout urcita opatfenf jiz
béhem vystavby po dokonceni CB krytu. Jednd se zejména
o dodrZeni technologické prestavky pro vytvrdnuti betonu
a obecné omezeni staveniStni dopravy v tunelu, zejména v sou-
vislosti s dokonCenim montédZi technologickych celku tunelu
a provadénim dopravniho znaeni. V rdmci provozniho radu
tunelu je nutné navrhnout spravnou technologii ¢isténi vozov-
ky a optimalni asovy interval pro jeji udrzbu.

K zajisténi poZadovanych protismykovych vlastnosti byl zvo-
len typ povrchu CB krytu s vymyvanym betonem. Tato techno-
logie vyZaduje nejen zvySené kvalitativni poZadavky na kame-
nivo v horni vrstvé CB krytu. Nékteré pozadavky a doporuceni
na kamenivo v horni vrstvé CB krytu zminuje TKP 26, konkrét-
né pozadavek na maximalni zrno kameniva, zrnitost, tvarovy
index kameniva, odolnost vuci drceni pripadné poZzadavek na
ohladitelnost. Pfi vybéru hrubé drceného kameniva HDK 4/8
pro horni vrstvu CB krytu se v prubéhu vystavby ukdzalo, Ze
74dny z mistnich dodavateli neni schopen zajistit projektem
pozadované mnozstvi a kvalitu materidlu. Proto se zhotovitel
rozhodl pro dovoz materidlu ovéfené kvality z Ceské republiky,
z 350 km vzddleného Nemojova. Pfed rozjezdem finiSert byly
do chodniku navrtany otvory pro instalaci lankodrahy. Po jejim
napnuti v celé délce tunelu mohla byt zahdjena vlastni betondz
vozovky. Lankodrdhou smérové i vySkoveé vedeny finiSer beto-
nuje vrstvy vozovky mezi obrubniky s tim, Ze jemné napojeni na
prefabrikdty obrubniki je provddéno ru¢nim zahlazenim.
Povrch krytu pred dalsi dpravou ukazuje obr. 15.

Po vlastni betonédzi se na povrch CB krytu nanese zpomalo-
va¢ tuhnuti. Ndsledné€ po 10 az 20 hod. (s ohledem na klimatic-
ké podminky, vlhkost a teplotu vzduchu v tunelu a dals{ fakto-
ry) nastdva vlastni vymetdni, které se provadi pomoci naklada-
¢e s ocelovymi kartaci. Timto vymetenim se obnazi kamenivo
ve svrchni vrstvé CB krytu, které tvori makrotexturu, kterd
zajistuje pozadované protismykové vlastnosti. Makrotextura
tvorend vymetenim povrchu predstavuje v nynéjsi dobé jednu
z nejmodernéjich technologii dpravy povrchu CB krytu
a investor tim ziskava jednu z nejkvalitnéjsSich CB vozovek,
kterou lze ve stfedni a vychodni Evropé postavit. Této kvalité
ovsem odpovidaji zvySené materidlové naroky a upraveny tech-
nologicky postup provadéni.

8 MOZNOSTI OPATRENI K ELIMINACI POSKOZENI
CHODNIKU, OBRUBNIKU A STERBINOVYCH ZLABU

Pii realizaci vozovkovych vrstev v tunelu byly jiZ zhotovené
konstrukce typu chodniky, obrubniky a S$térbinové Zlaby.
V zdjmu vSech zicastnénych stran bylo provedeni opatfeni,
ktera zamezuji poskozeni jiz realizovanych konstrukci. Pfi pro-
vadéni podkladnich nestmelenych vrstev typu Stérkodrt’ je
potieba zejména dbat zvySené opatrnosti pri pohybu tézké
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the already realised structures was taken in the interest
of all parties involved. It is first of all necessary
during the work on the non-cemented bedding layers
of the crushed gravel type to take extra caution when
heavy mechanical equipment moves close to the kerbs
and slotted drainage pipes and to compact the directly
connecting edges additionally with a compactor plate.
It is also necessary to take increased care when
cemented materials are being laid close to kerbs/slot-
ted drain pipes.

The greatest risk of damaging those structures is posed
during the realisation of the concrete cover. Crawler tracked
pavers move in the tunnel on walkways, close to cable man-
holes, kerbs and slotted drain pipes. It is therefore necessary
to continuously place sufficiently wide rubber conveyor belts
under the tracks as a support (see Fig. 16).

It is in addition necessary before starting to brush the surfa-
ce of the concrete cover and cutting the joints to ensure cove-
ring of the slotted drain pipes and all openings in the tunnel
structure (e.g. niches for cable protection pipes) so that their
clogging is prevented.

9 COORDINATION OF OTHER WORK IN THE TUNNEL
AND THE WORKS SAFETY

Several work operations proceed in the tunnel in parallel.
The transport of materials to pavers or graders was one of the
fundamental elements of the realisation of the roadway layers.
The paver was assembled at the eastern portal. With respect to
the fact that the access through the eastern portal was restric-
ted, the paver passed through the tunnel tubes to the eastern
portal and the work in both tunnel tubes proceeded in the
direction from the eastern to the western portal. The transport
distance for supplying the pavers with concrete therefore rea-
ched the entire length of the tunnel tubes. When trucks tran-
sported the material, they first reversed to the mechanical equ-
ipment and subsequently drove empty forward along the tun-
nel, back to the material stock. In the tunnel the trucks passed
each other in both directions under reduced visibility conditi-
ons. It was desirable that no parallel work operations procee-
ded during the course of that time. However, this is not always
possible with respect to the tight construction schedules. If it
is required to put another working place into operation, it is
necessary to properly illuminate it, mark it and inform all ope-
rators and drivers that they have to take extra caution in the
particular location. The situation was complicated even by the

Obr. 15 Povrch CB krytu pred dal§imi dipravami
Fig. 15 Surface of concrete cover before subsequent treatment
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mechanizace v blizkosti obrubniki a Stérbinovych Zlabu
a primo navazujici kraje dostate¢né hutnit hutnici deskou. Pfi
pokladce podkladnich vrstev ze stmelenych materidla je také
nutno dbdt zvySené opatrnosti pfi pohybu finiSera v blizkosti
obrubniki/Stérbinovych Zlabu.

Nejvetsi riziko poskozeni téchto konstrukci nastava pri reali-
zaci CB krytu. Pdsové finiSery se v tunelu pohybuji po chodni-
cich v tésné blizkosti kabelovych Sachet, obrubniku a §térbino-
vych Zlabu. Pfi jakémkoliv pohybu sestavy finiSert je proto
nutné pod pésy prubézné umistovat podklad z dostate¢né §iro-
kych gumovych prepravnikovych pdsu (obr. 16).

Dile je nutné pred zahdjenim praci na vymetdni povrchu CB
krytu a profezdvanim spdr zajistit zakryti §térbinovych Zlaba
a vSech otvoru v konstrukci tunelu (napf. niky kabelovych
chranicek), aby nedoslo k jejich zaneseni.

9 KOORDINACE OSTATNICH PRACI V TUNELU
A BEZPECNOST PROVADENI

V tunelu probihalo paralelné v soubéhu nékolik praci. Jednim
ze zdsadnich prvku realizace vozovkového souvrstvi byla
doprava materidlu k finiSerum ¢i graderim. MontdZ finiSeru
probihala na zdpadnim portdle. Vzhledem k tomu, Ze na
vychodnim portéle byl omezeny pristup, projel finiSer tunelo-
vymi troubami k vychodnimu portdlu a prace v obou tunelo-
vych troubach pak probihaly smérem od vychodniho k zapad-
nimu portdlu. Dojezdovd vzddlenost pfi zdsobovéni finiSert
betonem proto dosahovala az celé délky tunelovych trub. Pfi
dopravé materidlu ndkladni auta nejprve tunelem couvala
k mechanizaci a poté prazdnd jela tunelem popredu zpét k zdso-
bam materidlu. V tunelu se ndkladn{ auta ve sniZeni viditelnos-
ti mijela v obou smérech. Bylo Zddouci, aby v té dob¢ v tunelu
neprobihaly zadné paralelni priace. Toto ovSem, s ohledem na
napjaté harmonogramy staveb, neni vidy redlné. Pokud je
nezbytné zprovoznit v tunelu dalsi pracovisté, je potieba ho
fadné osvétlit, oznacit a ozndmit v§em strojnikim a fidi¢am,
aby v pfedmétném misté dbali zvySené opatrnosti. Situaci kom-
plikoval i maly podélny sklon komunikace s vy§kovym vrcho-
lem uvnitf tunelu. Proudéni vzduchu v tunelu ovliviiovalo oslu-
néni portdlt a mnohdy prirozené vétrani nefungovalo vibec.
Proto bylo nutné pouZzit nucené vétrani instalaci mobilnich ven-
tildtoru, aby na pracovistich nedochazelo ke koncentraci §kod-
livin. Stisnéné poméry pri provadéni vozovky v tunelu ukazuje
obr. 17.

10 ZAVER

Proces volby vozovkového souvrstvi v tunelu Povazsky
Chlmec mél v prubéhu projektovéni realizadni dokumentace
ur¢ity vyvoj. Objednateli byla napf. predloZzena varianta
s pruznou asfaltovou mezivrstvou pod CB deskou. Jako opti-
madlni objednatel schvdlil skladbu vozovky popsanou v tomto
Clanku. Cementobetonovy kryt s vymyvanym povrchem je
momentdlné jednou z nejkvalitnéjSich vozovek s dlouhou
zivotnosti. Objednatel timto rozhodnutim ziskal jednu z nej-
kvalitnéjSich a nejtrvanlivéjSich vozovek, kterou muze ve
stfedni a vychodni Evropé ziskat. Na navrh zhotovitele doslo
v prabéhu vystavby k celé fadé zmén, které pozitivné ovlivni-
ly jak proces provddéni, tak kvalitu a Zivotnost vozovky, kterda
v tunelu primo souvisi s bezpe¢nosti provozu. Pri sanaci vad
vozovky dochézi zpravidla k rizikovym dlouhodobym uzdvé-
ram tunelu s nutnosti odklonéni provozu. Navrh a provadéni
vozovky v tunelu md svéd specifika, kterd by bylo vhodné do
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Obr. 16 Ochrana chodniku pod pdsem finiSeru pryZovym pdsem
Fig. 16 Protection of walkway under paver track by a rubber belt

small longitudinal slope of the roadway with the summit loca-
ted inside the tunnel. The airflow in the tunnel was affected by
the lighting of the portals by sun and natural ventilation often
did not work. It was for that reason necessary to use forced
ventilation by means of the installation of mobile fans so that
noxious substances did not concentrate at working places. The
restricted conditions during the work on the roadway pave-
ment are shown in Fig. 17.

10 CONCLUSION

The process of the selection of the roadway structural lay-
ers in the Povazsky Chlmec tunnel experienced certain deve-
lopment during the course of the preparation of the detailed
design. For example, a variant with an intermediate flexible
asphalt layer under the concrete pavement was submitted to
the client. The client approved the roadway composition des-
cribed in this paper as optimal. The concrete cover with the
brushed surface finish is at the moment one of the highest
quality long duration roadway pavements. Owing to this deci-
sion the client obtained one of highest quality and most durab-
le roadways it is possible to get in Central and Eastern
Europe. Numerous changes positively affecting the construc-
tion process and quality and durability of the roadway direct-
ly relating to the operational safety in the tunnel were made
on contractor’s proposal. When a defective roadway is to be
rehabilitated, risky long-term closures of the tunnel are usual-
ly necessary with the need for traffic diversions. Designing
and constructing a roadway in a tunnel has its specifics for
which it would be reasonable to be incorporated into regulati-
ons and standards so that, with the work safety observed and
investment costs kept at acceptable level, the risk of damage

Obr. 17 Doprava smési k finiSeru a stisnéné prostorové pomery v tunelu
Fig. 17 Transport of mixture to the paver and the restricted spatial conditions

in the tunnel




Obr. 18 Pohled na dokonceny zdpadni portdl
Fig. 18 A view of the completed western portal

predpist a norem zapracovat, aby se pii dodrZzeni bezpe¢nosti
prace a zachovéni prijatelnych investi¢nich ndkladi minimali-
zovalo riziko poskozeni vozovkovych vrstev. VySe uvedené
zkusenosti mohou byt autorum predpist vhodnou inspiraci.

Délni¢ni dsek D3 Zilina (Strazov) — Zilina (Brodno) byl
uspésné uveden do provozu zacdtkem prosince 2017 a tunel
Povazsky Chlmec byl jeho vyznamnou soucdsti (obr. 18).
Vzhledem k technické ndrocnosti celého ddlni¢niho useku byla
tato stavba pravem nominovéana do soutéZe Stavba roku 2017,
ze které si pri slavnostnim vyhldSeni vitézu v roce 2018 odnesla
hlavni cenu i cenu Ministerstva dopravy a vystavby Slovenské
republiky. Diky realizaci stavby v rezimu ,,Navrhni a postav*
podle smluvnich podminek Zluté knihy FIDIC bylo moZné
v prubéhu vystavby bez vyraznych komplikaci ménit pavodné
navrZend technickd feSent, reagovat na zmény predpisu a norem,
ke kterym v prubéhu vystavby doslo a predev§im uplatnit dlou-
holeté zkuSenosti zhotovitele i projektanta jako jednoho tymu.
Uplatnéni navrhovanych optimalizaci, pouZiti modernich tech-
nickych feSeni a technologickych postupt vystavby bylo moZné
i diky dobré spolupréci vSech dcastnika vystavby, ktefi mohou
mit z dspésné dokonceného dila dobry pocit.
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to roadway layers is minimised. The above-mentioned experi-
ence can be an appropriate inspiration for authors of regulati-
ons.

The Zilina (StrdZov) — Zilina (Brodno) section of the D3
motorway was successfully opened to traffic at the beginning
of December 2017 (see Fig. 18). The Povazsky Chlmec tunnel
was its important part. With respect to the technical complex-
ness of the entire motorway section, this project was rightful-
ly nominated to the competition Project of the Year 2017,
where it was awarded the main prize and prize of the Ministry
of transport and construction of the Slovak Republic at the
ceremonial announcement of the winners in 2018. Owing to
the realisation of the project procurement in the Design —
Build regime according to the conditions of the FIDIC Yellow
Book, it was possible during the construction without signifi-
cant complications to change the originally designed technical
solutions, respond to changes of regulations and standards
taking place during the construction and, first of all, apply the
long-term experience of the contractor and the designer wor-
king as a single team. The application of the proposed opti-
misations, the use of modern technical solutions and techno-
logical construction processes was possible even thanks to the
good collaboration of all project parties, which can have
a great feeling from the successfully completed work.
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PROSTREDI V SILNICNICH TUNELECH
ENVIRONMENT IN ROAD TUNNELS

VLASTIMIL HORAK

ABSTRAKT

V Ceské republice je v soucasnosti v provozu 21 silnicnich, ddlnicnich a méstskych tunelii o celkové délce kolem 30 km. Tunely predstavuji
nejndro¢néjsi viseky pozemnich komunikact z hlediska investicnich, ale zejména provoznich ndkladui. Tunely se buduji jako stavby prevadejict
pozemni komunikaci pod néjakou prekdzZkou, kterou nelze prekonat povrchovou, a vyrazné levnéjsi variantou trasovdni pozemni komunikace.
To znamend, Ze kazdé uzavieni tunelu vyvoldvd nutnost pouZiti objizdnych povrchovych tras, které musi tyto prekdzky prekonat po povrchu,
a jsou tedy logicky obvykle nedostate¢né a vyrazné méné kapacimni, pripadné netimérné prodluZuji trasu. Jednim 7 faktoru, vyvoldvajicich totdl-
ni uzavirky tunelii jsou sanacni prdce na jejich stavebnich a technologickych soucdstech. A zde hraje velkou roli Zivotnost stavebnich konstrukct
a vybaveni tunelii a potazmo jejich odolnost proti piisobeni agresivniho prostredi v tunelech. Stav nékterych, zejména kovovych soucdsti jiz po
péti ¢i deseti letech provozu je nekdy aZ alarmujici. A jaké je viastné to agresivni prostiedi v tunelech a co ho ovliviiuje?

ABSTRACT

There are currently 21 road, motorway and urban tunnels with the total length of 30km operated in the Czech Republic. They represent the
most demanding sections of roads in terms of the investment and, first of all, operating costs. Tunnels are constructed as structures transfer-
ring underground roads under some obstacles which cannot be overcome by a surface, significantly cheaper, variant of the at-grade road align-
ment. It means that any tunnel closure brings about the necessity for using surface diversions which have to overcome the obstacles on the sur-
face and are therefore logically usually insufficient and their capacity is significantly smaller or they inadequately extend the length of the rou-
tes. One of the factors causing total closures of tunnels lies in the work operations on the rehabilitation of their civil engineering and techno-
logy parts. In this problem, a significant role is played by the durability of civil engineering structures and equipment of tunnels, respectively
their resistance against the action of corrosivity of the environment inside tunnels. The condition of some, first of all metallic, components after

five or ten years of operation is sometimes alarming. And what is the corrosive environment in tunnels and what does influence it?

Uvop

Osténd silni¢nich tuneld je émér vZdy z betonu, vozovky rovnéz, pii-
padné jsou asfaltobetonové. Dalsimi materidly pouzivanymi v tunelech
jsou oceli (vyztuz betonu, konstrukéni vybaveni), pro technologické
a technické vybaveni se pak pouzivaji vybrané plasty, kompozity, barev-
né kovy, slitiny, nerezova ocel apod. VSechny tyto materidly pro tunely
by mély byt navrZeny a pouZity tak, aby agresivnimu prostredi v tunelech
odoldvaly co nejdéle a nemusely se prili§ Casto opravovat nebo vyméno-
vat, coZ zpusobuje jiz zminéné nutné uzavirky tunell, nemalé finan¢n{
ndklady a nasledné komplikace v dopravé na povrchu. Stavebni kon-
strukce tuneld se navrhuji na Zivotnost 100 let, technické a technologic-
ké vybaveni pak obvykle na dobu 15 let. Uvedené Zivotnosti nezname-
naji, Ze by se v jejich prubéhu na tunel a jeho vybaveni nemuselo ,,sahat*,
ale pri standardni predepsané drzbé by se ur¢ité nemély po dobu Zivot-
nosti vyménovat.

KLASIFIKACE PROSTREDI V TUNELECH

Standardné se pro klasifikaci prostredi z hlediska koroze pouZivé jako
vstupnich tidajii pro odpovidajici navrh jakychkoliv materidld CSN EN
12944-2 Ndterové hmoty — Protikorozni ochrana ocelovych konstrukct
ochrannymi ndtérovymi systémy — Cdst 2: Klasifikace vnéjsiho prostiedi
(obr. 1). Norma definuje korozni agresivitu obecného venkovniho
a vnitrniho prostiedi a rozd€luje agresivni prostredi podle stupné koroz-
ni agresivity do nékolika skupin. Pro tunely se standardné uvazuje vzdy
s prostiedim odpovidajicim skupindm C4 nebo C5 v obr. 1 (Cervené
oznaleno). Jejich charakteristika, uvedend v této normé, vSak zjevné pri-
1i§ neodpovidd skute¢nému prostredi v tunelech, protoze nezohlednuje
vliv automobilové dopravy a emisi z vyfukovych plynd, které jsou
v tunelech vyrazné koncentrovény v dusledku ,,uzavieného* prostoru
a kvuli vyrazné horsim rozptylovym podminkdm. Navic zde zcela chybi
pusobeni UV slune¢niho zdfeni a pfirozeny oplach destém, jako je tomu
na povrchovych tsecich pozemnich komunikaci. Podle statistik CHMU
je v CR priimémé kazdy mésic 5 az 10 dni se srizkami alespori 10 mm

INTRODUCTION

The lining of road tunnels is nearly always made of concrete; road-
ways are also made of concrete or of asphalt concrete. Other materi-
als used in tunnels comprise steel (concrete reinforcement, structural
equipment); selected plastic materials, composites, non-ferrous
metals, alloys, stainless steel etc. Are used for technology and techni-
cal equipment. All of these materials used for tunnels should be de-
signed and used in a way providing resistance to the corrosive envi-
ronment in tunnels as long as possible so that they do not have to be
repaired or replaced too often, causing the above-mentioned closures
of tunnels, significant financial costs and subsequent complications in
traffic on the surface. Civil engineering structures of tunnels are de-
signed for the life length of 100 years, technical and technology equ-
ipment usually for 15 years. The above-mentioned life lengths do not
mean that it would not be necessary to “touch” them during the design
life, but that they certainly should not be replaced during the design
life if they are maintained in a standard way.

CLASSIFICATION OF ENVIRONMENT IN TUNNELS

CSN EN 12944-2 Paints and varnishes — Corrosion protection of
steel structures by protective paint systems — Part 2: Classification of
environments is used as a standard for the classification of environ-
ments from the aspect of corrosion (see Fig. 1). The standard defines
the corrosive action of a general external and internal environment and
divides the corrosive environment according to the degree of corrosi-
ve aggression into several groups. For tunnels, the environment cor-
responding to groups C4 or C5 (marked red in Fig. 1) is always taken
into account as a standard. However, their characteristic contained in
this standard obviously does not correspond too much to the real envi-
ronment in tunnels because of the fact that it does not take into consi-
deration the influence of vehicular traffic and exhaust emissions
which are distinctly concentrated in tunnels due to the “closed” space
and significantly worse dispersion conditions. In addition, the UV sun




stupné korozni agresivity atmosféry
atmosphere corrosive aggression degree

stupen korozni agresivity
corrosive aggression degree

priklad typického venkovniho prostredi
example of typical external environment

priklad typického vnitfniho prostfedi
example of typical internal environment

C1 velmi nizk& C1 very low

vytapéné budovy s Cistou atmosférou, napf.
kancelare, Skoly, obchody, hotely heated
buildings with clean atmosphere, e.g. offi-
ces, schools, shops, hotels

C2 nizka C2 very low

atmosféra s nizkou drovni znecistén,
prevazné venkovni prostredi
low pollution level atmosphere

nevytapéné budovy, kde mize

dochazet ke kondenzaci,

napf. sklady, sportovni haly

unheated buildings where condensation can
develop, e.g. stores, sports halls

C3 stfedni C3 medium

méstské primyslové atmosféry

s mirnym znecisténim SOp; pfimorské
prostfedi s nizkou salinitou

urban industrial atmospheres little polluted
with SO; coastal environment with low
salinity

vyrobni prostory s vysokou vlhkosti

a malym znecisténim ovzdusi,

nap. vyrobny potravin, pivovary, miékamy
production spaces with high humidity
and low air pollution, e.g.

food factories, breweries, dairies

( C4 vysoka C4 high

priimyslové prostfedi a pfimorské
prostredi s nizkou salinitou

low salinity industrial environment
and coastal environment

chemické zavody, plavecké bazény, )
lodénice a doky na mof'ském pobieZi
chemical factories, swimming pools,
shipyards and docks on the seashore

C5 - | velmi vysoka
(priimyslova)
(C5-I - very high (industrial)

(prﬂmyslové prostiedi s vysokou )
vihkosti a agresivni atmosférou
industrial environment with high humidity
and corrosive atmosphere

budovy nebo prostredi s pfevazné trvalou
kondenzaci a s vysokym zneciténim ovzdusi
buildings or environment with mostly permanent
condensation and high pollution of air

C5 - M velmi vysoka (pfimorska)
C5 - M very high (coastal)

\

pfimofské prostedi s vysokou salinitou
coastal environment with high salinity

\ V.

budovy nebo prostredi s prevazné trvalou
kondenzaci a vysokym zneisténim ovzdusi

buildings or environment with mostly perma-
nent condensation and high pollution of air
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radiation and the natural washing by precipita-
tion which exist on open-air roads are comple-
tely missing there. According to the Czech
hydrometeorological institute, there are 5 to 10
days with precipitation at least 10mm on avera-
ge every month and the annual precipitation
total fluctuates about 650mm in the long term
in the Czech Republic. It means that each squa-
re meter of a roadway outside a tunnel is
washed by the Mother Nature with 650 litres of
water. It is in contrast with tunnels, which are
washed usually twice a year with considerably
smaller amount of water, even though using
brushes and chemicals.

WHAT ARE THE CAUSES OF DESTRUCTI-
ON OF TUNNEL EQUIPMENT?

The destruction of civil engineering and
structural materials can be in general called by
various names — corrosion, oxidation, carbona-
tation, etching, dissolution, embrittlement,
structural or microstructural disintegration etc.
An omnipresent matter and catalyst practically
of all destructive processes is common water in
all its states. Water is a relatively harmless li-
quid, harmless to environment and it is someti-

Obr. 1 Klasifikace prostiedi z hlediska korozni agresivity atmosféry dle CSN EN 12944'2,
Fig. 1 Classification of environments in terms of corrosive aggression of atmosphere according to CSN EN 12944-2

a ro¢ni Ghrn sréZek se dlouhodobé pohybuje kolem 650 mm. To zname-
nd, Ze kazdy metr Ctvere¢ni vozovky mimo tunel omyje maticka priroda
kazdoro¢n€ mnoZstvim 650 litru relativné Cisté vody. Na rozdil od tune-
14, které se myji obvykle pouze dvakrat ro¢né a radové mensfim mnoZ-
stvim vody, byt'za pouZiti kartd¢u a chemickych prostredku.

CO ZPUSOBUJE DESTRUKCI VYBAVENI TUNELU?

Destrukci stavebnich a konstruk&nich materidlti lze obecné oznaCovat
riznymi ndzvy — koroze, oxidace, karbonatace, leptdni, rozpousténi,
krehnuti, rozpad makro nebo mikrostruktury apod. Vudyptitomnou lat-
kou a katalyzédtorem prakticky vSech destruk&nich procest je obycejnd
voda, a to ve vSech svych skupenstvich. Voda je relativné neskodnd kapa-
lina, neSkodna vuci Zivotnimu prostredi, a dokonce se dd bez ndsledkn
nékdy i pit. Uplné jinak je tomu ale z hlediska pficin koroze. A navic,
paradoxné, &im je voda Cistéjsi a bez rozpusténych ionta a kationtd, tim
vic se chovd jako rozpoustédlo a vaZe na sebe viechno mozné, s &im pri-
jde do styku a vytvari tak kyseliny, louhy a dal3i agresivni roztoky nebo
aerosoly. Ale jiz i sama voda v nejCistsi podobé (destilovand voda) je
agresivni vuci betonu, a ne nadarmo se nazyvé vodou ,,hladovou.

Voda ve vnitinim dopravnim prostoru tunelu se vyskytuje z nékolika
nésledujicich priin.

Prosakuijici podzemni voda

Teoreticky to diky pouZivanym izolaénim systémum neni mo7né, ale
praxe a provoz v tunelech ukazuji néco jiného. Podzemni voda byva
velmi Casto agresivn{ vici betonu i vétSiné kovu. Jeji agresivita zdvisi na
hydrogeologickych podminkdch v horninovém okoli tunelu. Podzemni
voda, byt'i zcela neagresivni, ale prosakla do tunelu ,,ziskdva™ diky pro-
sakovdni skrz beton, zejména pak kontaktem se stifkanym betonem,
obvykle pouZivanym pro primdrni osténi, vyrazné nectnosti, jako je
vysoké pH (bézné 10 az 12), obsahuje rozpustené kovy a chemické slou-
¢eniny z urychlovacich a zuslechtjicich piisad strikaného betonu.

Deétova voda z vnéjsiho prostiedi
V tunelech sice neprsi a deStova voda z vozovky se obvykle odvadi

mimo tunel, ale kazdé projizdéjici vozidlo na sobg jisté mnozstvi vody do

mes even possible to drink it. But it is comple-
tely different from the aspect of causes of cor-
rosion. And, in addition, paradoxically, the cle-
arer water without dissolved ions and cations the more it behaves as
a solvent and binds on itself everything possible it comes into contact
with and creates acids, lyes and other corrosive solutions or aerosols.
But even water itself in the purest form (distilled water) is corrosive to
concrete and it is not without reason that it is called “hungry” water.

Water in the internal roadway space of a tunnel is present for seve-
ral following causes.
Seeping groundwater

It is not possible owing to waterproofing systems used, but the prac-
tice and operation of tunnels show something different. Groundwater
is very frequently highly corrosive to concrete and the majority of
metals. Its corrosivity depends on hydrogeological conditions in the
ground environment surrounding the tunnel. Groundwater, even com-
pletely not corrosive but seeped into the tunnel, “gains” significant
vices, such as a high pH level (commonly 10 to 12), owing to seeping
through concrete, in particular to the contact with sprayed concrete,
which is usually used for the primary lining; it contains dissolved
metals and chemical compounds from the sprayed concrete accelera-
ting and improving additives.
Rainwater from external environment

Although it does not rain in tunnels and rainwater is usually direc-
ted outside the tunnel, each vehicle “carries” certain amount of water
into the tunnel on itself and sprays it throughout the roadway space in
the form of a water curtain or aerosol. A lorry, for example, common-
ly carries 50 litres and more water on itself. It is generally known that
roadways in the tunnels even more than one kilometre long are com-
pletely wet during the rain. And it is only water which is visible. Water
running down, dripping and spraying from vehicles or dispersed in the
air is in a direct contact with engine and exhaust gases, tyres and other
components of vehicles, which can increase the corrosivity of the
water solution to building materials. Theoretically, rainwater is a sim-
ple condensate of water mist (nearly distilled water), but before it falls
down on ground, it has to pass through our anthropogenic atmosphe-
re the content of which in terms of noxious substances cannot be made
illusions about. In this way the relatively pure condensate absorbs lots



27. rocnik - €. 3/2018

tunelu ,,priveze* a v podobé vodni clony, resp. aerosolu, rozprasi v celém
dopravnim prostoru. Napf. ndkladni auto md na sobé bézné kolem 50
litrd vody a vice. Je obecné znédmo, Ze pri dedti maji tunely délky i vice
nez jeden kilometr zcela mokré vozovky. A to je pouze voda viditelnd. Po
vozidlech stékajici, skapavajici a rozstrikana ¢i ve vzduchu rozptylend
voda je v pifimém kontaktu s motorovymi a vyfukovymi systémy, s pneu-
matikami a dal$imi souc¢dstmi vozidel, které mohou agresivitu vodniho
roztoku na stavebni materidly zvySovat. Teoreticky je deStovd voda pro-
sty kondenzdt vodnich par (témef destilovand voda), ale nez dopadne
z oblak na zem, musi projit pfes nasi antropogenni atmosféru, o jejimz
obsahu z hlediska $kodlivin si nelze délat iluze. Touto cestou tak do sebe
relativné Cisty kondenzat nabere spoustu prisad. Pojem ,kyselé desté”,
prokazatelné likvidujici zelen, je jist€ velmi dobfe znam.
Vodni para
I kdyZ je tunel dokonale zaizolovany a venku neprsi, je voda obsaze-
na ve vzduchu:
e prirozené ve formé vodnich par (¢im vyS§i teplota, tim vyS$s§i kon-
centrace);
e ve vyfukovych plynech (¢im vice a G¢innéjsich katalyzdtoru spalo-
vacich motort u klasickych pohonnych hmot, tim vice);
* ve vyfukovych plynech LPG a CNG - vyrazné ndsobné vice neZ
u nafty a benzinu;
e vydechy a tkapy z klimatizaci vozidel (dnes prakticky kazdé
vozidlo);
¢ vodikovy pohon — vyhradné vodni pdra.

+ZUSLECHTUJICI* KOROZNI PRISADY VODNICH ROZTOKU

Chioridy

Jsou asi nejbéznéjsi chemikalii na pozemnich komunikacich. Na roz-
dil od venkovniho prostiedi, kde jsou posypové soli omyvéany deStem
a ddle ,,uklizeny* ostatnimi povétrnostnimi vlivy, je v tunelech pro ukla-
déni chloridu velmi piiznivé prostfedi. Tunely se béZné myji pouze dva-
krét do roka na rozdil od destovych srazek venku, jak bylo jiZ uvedeno.
TakZe chlorid sodny (posypova sul) je v tunelu v néjakém mnoZstvi prak-
ticky neustdle.
Anorganickeé slouceniny ve vyfukovych plynech

Jde predevsim o oxidy uhliku, siry a dusiku, chemicky oznacované
jako CO, CO,, SO,, NO a NO,, vznikajici dokonalym i nedokonalym
spalovdnim pohonnych hmot organického pavodu. Pro Clovéka jde
o vysoce Skodlivé a v tunelech obvykle sledované chemické latky, na
zdkladé jejichz koncentrace ve vzduchu se spousti nucend ventilace,
samozrejmé pouze pokud je v tunelu nainstalovéna.
Organickeé slouceniny ve vyfukovych plynech

Na rozdil od vySe uvedenych plyni se koncentrace téchto ldtek
v ovzdusi tunelu nesleduje, zejména kvuli vysokym ndkladim na méfe-
n jejich koncentrac{ a faktu, Ze pfipadnd instalovand méfici zafizeni by
v agresivnim prostredi tunelu vydrZela zanedbatelné kratkou dobu. Jde
o nasledujici nejcastéji se vyskytujici chemické latky:

HCHO formaldehyd,;

HC-CHO  aldehydy;

HC-CO ketony;

NMHC non methane hydrocarbons (uhlovodiky bez metanu);
NM-0G non methane organic gas (nespélené palivo bez metanu);
PAC polycyclic aromatic compounds (tézké uhlovodiky);
PAH polycyclic aromatic hydrocarbons (polycyklické aroma-

tické uhlovodiky).

CHEMICKE REAKCE V PROSTREDI TUNELU

Po vyctu chemickych ldtek, které se v tunelech mohou vyskytovat, je
mozné zalit tyto chemikdlie kombinovat a zminit nékteré chemické
a nasledné korozni procesy, které v tunelovém prostredi mohou nastat
a zjevné i nastdvaji.

TuHel

of additives. The term “acid rain” provably liquidating greenery is cer-
tainly very well known.
Water mist
Even though each tunnel is perfectly insulated and there is no rain
in it, water is contained in the air:
e naturally in the form of water vapour (the higher temperature the
higher concentration);
e in LPG and CNG exhaust gases ( increasingly efficient catalysts
of combustion engines of classical engines);
¢ in LPG and CNG exhaust gases — significantly multiplicatively
more than in diesel oil and petrol;
e air condition outlets and dripping (today practically each
vehicle);
¢ hydrogen drive — only water vapour.

.REFINING* CORROSION ADDITIVES IN WATER SOLUTIONS

Chlorides

They are probably the most common chemicals on roads. In contrast
with outdoor environment, where road salt is washed by rain and
further “removed” by other weather influences, relatively very favou-
rable conditions for the deposition of chlorides exist in tunnels. Tunnels
are commonly washed only twice a year in contrast with the precipita-
tion outdoor, as mentioned above. It means that some amount of sodi-
um chloride (road salt) is present in a tunnel practically permanently.
Inorganic compounds in exhaust gases

They are first of all carbon oxides, sulphur oxides, nitrogen oxides
chemically designated as CO, CO,, SO,, NO a NO,, originating both
by perfect and imperfect combustion of fuels of organic origin. These
chemicals are highly harmful to humans. They are usually monitored
in tunnels and forced ventilation is started on the basis of their con-
centration in the air, of course if it is installed
Organic compounds in exhaust gases

In contrast with the above-mentioned gases, the concentration of
these matters in the tunnel atmosphere is not monitored, first of all
because of high costs of measurements of their concentrations and the
fact that possibly installed measuring devices would endure in the cor-
rosive tunnel environment for a negligibly short time. The following
chemicals occur in tunnels most frequently:

HCHO formaldehyde;

HC-CHO  aldehydes;

HC-CO ketones;

NMHC non methane hydrocarbons;
NM-0G non methane organic gas;

PAC polycyclic aromatic compounds;
PAH polycyclic aromatic hydrocarbons.

CHEMICAL REACTIONS IN TUNNEL ENVIRONMENT

After the enumeration of chemicals which can be encountered in
tunnels, it is possible to start to combine the chemicals and mention
some chemical and subsequent corrosion processes which can and
obviously do occur in a tunnel environment.

Road salt (sodium chloride) dissolved in water (brine) was until
recently used for production of hydrochloric acid (HCI). The relati-
vely simple production lied in heating brine and gradual adding
sulphuric acid to it. The high temperatures of exhaust tubes, turbo
units and, first of all, catalysts in combination with the saturated aero-
sol containing sulphuric acid are able to rather faithfully simulate the
conditions of the production of this acid. Potassium salt (potassium
chloride), the so-called cattle salt, which also occurs in road salt mate-
rials and is commonly used, behaves similarly.

Sulphuric acid (H,SOy) is one of best known acids. It originates
by oxidisation (burning, high temperatures) of sulphurous acid, which
again easily originates by simple combination of sulphur oxide with




Posypové sul (chlorid sodny) rozpu§téné ve vodé (solanka) se a7z done-
ddvna pouzivala k vyrobé kyseliny chlorovodikové (HCI), Ceskym
ndzvem pak kyseliny solné (pravé diky priumyslové vyrobé ze solného
roztoku se tato kyselina takto Cesky nazyvd). Pomémé jednoduchd vyro-
ba spoCivala v zahfivani solného roztoku za pridavani kyseliny sirové.
Vysoké teploty vyfukovych potrubi, turbodmychadel a zejména kataly-
zdtor v kombinaci s nasycenym aerosolem obsahujicim kyselinu siro-
vou dokdZzou podminky vyroby této kyseliny celkem vérné nasimulovat.
Obdobné se chovd i tzv. sul draselnd (chlorid draselny), tzv. dobytXf sul,
kterd se v posypovych materidlech rovnéz vyskytuje a bézné pouziva.

Kyselina sirova (H,SOy) je jednou z nejznaméjSich kyselin, kterd
vznikd oxidaci (horeni, vysoké teploty) kyseliny sifiCité, kterd zase snad-
no vznikne prostym slouenim oxida siry s vodou za béZnych teplot. Obé
tyto chemikalie se v tunelovém prostredi vyskytuji.

Kyselina dusi¢na (HNO;) se pramyslové vyrabi oxidac{ azanu (¢pav-
ku, amoniaku) za katalyzy kovovou platinou za zvySené teploty a tlaku.
Obdobné ,,prostredi* a zdrojové latky pro tuto chemickou reakei lze vSak
nalézt ve spalovacich motorech a zejména u nejmodernéjsich ,.ekologic-
kych* naftovych motort s dnes zdkonem nafizenou technologii AdBlue
(obr. 2) a platinu obsahujicimi katalyzétory.

Je obecne zndmé, Ze vySe uvedené kyseliny, Cesky hezky nazyvané €7
Ziraviny, rozpoustéji béZn€ vétSinu kova, paradoxné pak tim efektivnéji,
¢im jsou zredéngjsi (samoziejmé vodou, které maji v tunelech dostatek).
Koncentrované kyseliny totiz reaguji s kovy obvykle tak, Ze vytvori ve
velmi kratké dobé na povrchu kovu zoxidovanou vrstvu, ktera pak kovy
chrani proti dals{ korozi. V praxi se tento jev, a potazmo i bézné pouziva-
ny zpusob ochrany napf. oceli proti korozi, nazyva pasivace kovu a pou-
Zivaji se pri ném koncentrované kyseliny dusi¢né a sirové. V tunelech
bohuZel k pasivaci kovu kvili zjevné nizkym koncentracim nedochdzi.

A perlicka ohledné kyselin na zaver: Smichame-li kyselinu chlorovo-
dikovou (solnou) a kyselinu dusi¢nou v poméru 3:1 dostdvame superZi-
ravinu — tzv. lucavku kralovskou, kterd rozpousti i zlato a platinu!

Dalsi obecné znamou skutecnosti je ochota vapniku (jeden z hlavnich
chemickych prvku vSech cementovych smési, a tedy i betonu) rozpousteét
se prakticky v jakékoliv kyseliné — tzv. koroze a rozpad mikrostruktury
betonu. V souvislosti s pisobenim vzdusnych oxida uhliku se degradace
betonu ale i malt a omitek nazyva karbonataci — zpusobuje pokles pH,
rozpad mikrostruktury a naslednou korozi ocelové vyztuze.

LIDSKY FAKTOR KOROZNICH DUSLEDKU PROSTREDI V TUNELECH

Pomémé Castym jevem v silni¢nich tunelech je tzv. bimetalickd koro-
ze, samoziejmé za vhodnych klimatickych podminek a dostatku vodni

27. rocnik - €. 3/2018

water under common temperatures. These two chemicals are encoun-
tered in tunnel environment.

Nitric acid (HNO3) is produced industrially by oxidation of azine
(ammonia) with metallic platinum acting as a catalyst, under increa-
sed temperature and pressure. But it is possible to find a similar “envi-
ronment” and source matters for this reaction in combustion engines
and, in particular, at the latest “ecological” diesel engines with the
AdBlue technology prescribed by the law (see Fig. 2) and catalysers
containing platinum.

It is generally known that the above-mentioned acids, called in
Czech nicely also as caustic matters, dissolve usually the majority of
metals, paradoxically the more efficiently the more they are dissol-
ved (of course by water they have plenty in tunnels). It is so because
of the fact that concentrated acids usually react with metals by
forming an oxidised layer on the metal surface, which subsequently
protects them against further corrosion. In practice, this phenomenon,
and in fact even the usually used method of protecting, for example,
steel against corrosion, is called the passivation of metals and con-
centrated nitric and sulphic acids are used by it. Unfortunately, the
passivation of metals does not exist in tunnels, obviously due to low
concentrations.

A funny detail regarding acids to the end: If we mix hydrochloric
acid and nitric acid in a 3:1 ratio, we will receive a super caustic
matter — the so called aqua regia, which dissolves even gold and
platinum!

Another generally known fact is the willingness of calcium (one
of the main chemical elements of all cementitious mixtures, there-
fore even concrete) to dissolve practically in any acid — the so-cal-
led corrosion and disintegration of concrete microstructure. In con-
nection with the action of atmospheric carbon oxides, the degrada-
tion of concrete, but also mortar and plaster, is called carbonatation
— which causes decreasing of pH, disintegration of microstructure
and subsequent corrosion of steel reinforcement.

HUMAN FACTOR OF CORROSION CONSEQUENCES
OF THE ENVIRONMENT IN TUNNELS

The so-called bimetallic corrosion is a relatively frequent pheno-
menon in road tunnels, of course under suitable climatic conditions
and sufficient amount of water vapour in the air, which can be without
problem guaranteed with respect to the above-mentioned facts. From
the chemical point of view, it is a reaction of two different metals in

an electrolyte, in this case in water or
a humid environment, and origination of

modovina Urea e fidici jednotka
motoru

engine control

vzduch air unit

the so-called galvanic cell. This shortco-
ming, e.g. using galvanised nuts, washers
or other auxiliary and “unimportant” ele-
ments instead of stainless steel ones, is very

frequent in particular at fastening materials

vyfukové
| plyny

exhaust
gases

for the today already stainless bearing
structures used for the tunnel equipment. It
ultimately leads to corrosion of both con-
tact materials. This shortcoming is at the

motor engine

first sight and during the first year visually
undetectable unless the inspection or super-

NH3+NOx—=N,4H,0

NH, + 20, - HNO; + H,0

Cpavek — ekologicky neskodny?
NH;3 +H,0 > NH,OH 0050, environmentally harmless?

vising body takes a magnet into the pocket
and checks each nut or washer (stainless
nuts and washers in a tunnel must not be
magnetic). The same applies, for example,
to the assembly of aluminium (even though
anodised) luminaries or other equipment
with the duration guarantee for environ-

Obr. 2 Schéma fungovdni motoru se systémem AdBlue
Fig. 2 Chart of functioning an engine equipped with the AdBlue system

ment 5, which can be easily lost by simple
tightening of a common fixing galvanised



27. rocnik - €. 3/2018

pary ve vzduchu, coZ lze na zdkladé vySe uvedeného bezproblémove
garantovat. Z chemického hlediska jde o reakci dvou ruznych kovu
v néjakém elektrolytu, zde ve vodé, resp. vlhkém prostiedi, a vznik tzv.
galvanického ¢lanku. Zejména u spojovaciho materidlu dnes jiz vétsinou
nerezovych nosnych konstrukef pro technologie v tunelech je tento nes-
var velmi Casty — naprf. pouZivani (z dspornych davodu) pozinkovanych
matic, podlozek ¢i jingch pomocnych a ,,neduleZitych® prvki namisto
nerezovych, vede findlné ke korozi obou kontaktnich materidlu. Tento
ne$var je na prvni pohled a v prvnim roce provozu vizudlné nezjistitelny,
pokud si kontrolni nebo dozorujici orgdn nevezme do kapsy magnet
a nezkontroluje kazdou matici ¢i podlozku (nerez pouZivand v tunelu
nesmi byt magnetickd). Dtto plati napf. pro montaz hlinikovych (byt
i eloxovanych) svitidel ¢i jinych zafizeni s garanci Zivotnosti pro pro-
stredi C5, ktera maZe byt snadno ztracena prostym dotaZenim obyCejné
upeviovaci pozinkované nebo i nerezové matice bez podlozky nebo
neSetrné s naslednym poskozenim eloxu. Hlinik pak zkoroduje v nejne-
vhodnéj$im misté, tedy v misté upevnéni, coz muze mit fatalni ndsledky
pro dcastniky provozu, napt. pii padu svitidla. Dalsimi lidskymi faktory
s vlivem nejen na korozi, ale na degradaci materidlt v silni¢nich tunelech
obecng, jsou rovnéZ technologickd kdzen jiz pii vyrobe a ndsledné pri
montéZi (spravnd technologie svarovani a obrabéni byt'i kvalitnich nere-
zovych prvku) a ddrzbé (neSetrné zachazent pri servisnich Cinnostech).

Priklady korozi poskozenych souédsti tunelt v Ceskych zemich po
deseti letech provozu jsou na obr. 3 az 8.

ZAVER

Z uvedeného a zcela jist¢ ne dplného vyctu agresivnich latek, koroz-
nich a degradacnich procesu v silni¢nich tunelech vyplyva, Ze o takovém
agresivnim koroznim koktejlu a soubéhu negativniho pusobenf lidského
faktoru se tviircim zmifiované CSN EN 12944-2 pii definovénf klasifi-
kace vnéjsiho prostiedi ani nezdalo a napf. garance vyrobeu a dodavate-
10 ochrannych povlakovych systému s certifikdty pro C5I nebo C5M jsou
pak zcela k nicemu.

Na druhé strané nenf vibec jednoduché, ne-li zcela nemoZné, prostre-
di v silni¢nich tunelech néjak exaktné a jednoznacné obecné definovat.
Na zdkladé vySe uvedeného lze konstatovat, Ze vyznamnym zdrojem
korozivity prostiedi v silni¢nich tunelech je automobilovd doprava
a zejména ndkladni automobilovéd doprava, kterd vyprodukuje nejvetsi
mnozZstvi emisi, tedy agresivnich latek. Jeji podil vSak neni u vSech tune-
10 stejny, napi. u méstskych tunelt byva vétiinou t€7k4d ndkladni dopra-
va vyloucena, a naopak u nékterych ddlni¢nich tuneli dosahuje podil
nékladnich vozidel misty aZ 40 %. RovnéZ sloZeni vyfukovych plyni
doznalo a dozndvé v posledni dobé velkych zmén v dusledku pouZivéan{

voev,

stdle novéjsich ekologittéjSich systému Cisténi a separace vyfukovych

e L

Obr. 3 Injektdzni krabicka pojistného systému izolace (pozink. ocel)
Fig. 3 Grouting box of the waterproofing securing system (galvanised steel)

Tuel

or even stainless steel nut without a washer or owing to harsh tighte-
ning with subsequent damage to the anodised surface. Aluminium
corrodes then in the most inappropriate place, i.e. in the fixation point,
which may have fatal consequences for road users, for example in the
case of a fall of a luminary. Among other human factors affecting not
only corrosion but also the degradation of materials in road tunnels in
general, there are also the technology discipline as early as during pro-
duction and subsequently during installation (correct technology of
welding and machining of even good quality stainless steel elements)
and maintaining (rough handling during service activities).

Examples of elements of tunnels damaged by corrosion in
Bohemian lands after ten years of operation are presented in Figures
3to08.

CONCLUSION

It follows from the presented, certainly not complete, enumeration
of corrosive matters, corrosion and degradation processes in road tun-
nels, that the authors of the above-mentioned CSN EN 12944-2 stan-
dard did not even dream about such an aggressive corrosive cocktail
and the concurrence of the negative action of the human factor when
they defined the classification of external environment and, for exam-
ple, the guarantees of producers and suppliers of protective coating
systems by certificates for C51 or C5M are useless.

On the other hand, it is not at all simple or even impossible to defi-
ne the environment in road tunnels exactly and unambiguously in
general. It is possible to state on the basis of the above-mentioned
facts that a significant source of corrosivity of the environment in
road tunnels lies in vehicular traffic, in particular the freight vehicu-
lar traffic, which produces the largest amount of emissions, i.e. cor-
rosive matters. But its contribution is not the same in all tunnels, for
example in urban tunnels; the heavy freight transport is mostly
excluded, whilst the proportion of freight vehicles in some motor-
way tunnels amounts locally up to 40 per cent. Even the compositi-
on of exhaust gases has recently experienced and further experien-
ces great changes as a consequence of the use of ever newer envi-
ronmentally friendly systems of cleaning and separation of exhaust
gases. However, this development of combustion engines may have

Obr. 4 Panikové kovdni dvefi tunelové propojky (slitina barevnych kovit)
Fig. 4 Panic fittings of cross passage door (an alloy of non-ferrous metals)




Obr. 5 Nouzové svitidlo (eloxovany hlinik)
Fig. 5 Emergency luminary (anodised aluminium)

Obr. 7 Pruhovd signalizace (bimetalickd koroze — nerez + ocel)
Fig. 7 Lane-use signals (bimetallic corrosion — stainless steel + steel)

plynt. Na pouZité konstrukce a vystrojeni tunelt a jejich ohroZeni koro-
zi v8ak tento vyvoj spalovacich motort muzZe, a zjevné i mé vlivy spise
negativni. I geografickd poloha tunelu (napf. blizkost more) a nadmorska
vySka maji vliv na mnoZstvi pouZivanych posypovych soli, tedy zdroje
nebezpeénych agresivnich chloridd. Prostredi v tunelech z hlediska koro-
zivity by tak bylo mozné objektivné definovat zfejme pouze regiondlné
(vliv polohy tunelu a nadmorské vysky) a podle intenzity dopravy a podi-
lu ndkladnich automobilu. To vSe na zdkladé méfen{ obsahu uvedenych
Skodlivin a agresivnich ltek. Problémem ale bude jiZ jen zpusob a meto-
dika nejruznéjsich méfeni a rovnéz jejich certifikace, aby vysledky mére-
ni mely potfebnou odbornou vihu a byly dale pouzitelné. Pokud by se
toto prece jen podarilo, vznikne nejspi§ vicero koroznich skupin prostre-
di. Naslednym legislativnim krokem pak musi byt definovéni a dnes rov-
néz nezbytné certifikovani metodiky kontroly a zkouseni vyrobku v téch-
to nové vytvorenych agresivnich tunelovych prostredich. V prostredi
legislativy EU a sjednocovani predpisovych zakladen pro ¢lenské zemé
je to velmi obtizné predstavitelny proces, zcela urcité vSak velmi ndklad-
ny. V CR se touto problematikou jiz zaala zabyvat komise pro prostie-
di v tunelech zfizend z iniciativy provozniho tseku RSD CR.

Ing. VLASTIMIL HORAK, AMBERG Engineering Brno, a.s.

Recenzovali Reviewed: Ing. Jifi Svoboda, Ing. Pavel Sourek
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Obr. 6 Lopatky proudového ventildtoru (eloxovany hlinik,
Fig. 6 Axial fan vanes (anodised aluminium)

Obr. 8 Bimetalickd koroze (nerez + pozink. podlozky)
Fig. 8 Bimetallic corrosion (stainless steel + galvanised washers)

and obviously has a rather negative influence on the structures used
and the tunnel linings threatened by corrosion. Even the geographi-
cal location of a tunnel (e.g. proximity to the sea) and the elevation
influence the amount of road salt, i.e. the source of dangerous cor-
rosive chlorides. It means that the environment in tunnels can obvi-
ously be objectively defined in terms of corrosivity only regionally
(the influence of the tunnel location and elevation) and considering
the traffic volume and the proportion of freight vehicles. All of that
carried out on the basis of measurements of the content of the above-
mentioned harmful and corrosive matters. But there will be problem
even in the technique and methodology of various measurements
and their certification so that the results of measurements have the
required professional weight and are further usable. If this effort
after all succeeds, more than one corrosion groups of environment
will probably originate. The subsequent legislative step will have to
lie in defining, and today also indispensable certifying, of the
checking methodology and testing of products in the newly created
corrosive tunnel environments. It is a process very difficult to ima-
gine in the environment of the EU legislation and unification of
regulatory bases for the member countries, but certainly very costly.
In the Czech Republic, this problematic has started to be dealt with
by a committee for environment in tunnels, which was established
on the initiative of the operational section of the Road and
Motorway Directorate of the Czech Republic.

Ing. VLASTIMIL HORAK, AMBERG Engineering Brno, a. s.
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PRUZKUMNE PRACE V TUNELU PODHRADSKY
SURVEY IN PODHRADSKY TUNNEL

ALICE WETTEROVA

ABSTRAKT

Vétsina tunelii v Ceské republice byla vystavéna jiz v 19. stoleti. PrestoZe v této dobé byly moZnosti stavitelii velmi omezené, Feme-
slnd kdzen a kvalita provedeni staveb nasich predkii mnohdy pred&i stavby soucasné budované. Casem vSak i u téchto staveb dochd-
71 k postupnému vycerpdni Zivotnosti a zhorSuje se jejich stavebné-technicky stav. Pro ndvrh vhodného zpusobu rekonstrukce je zapo-

trebi mit znalosti o soucasném stavu stavby a také o jeji historii.

ABSTRACT

The majority of tunnels in the Czech Republic were constructed already in the 19" century. Despite the fact that the possibilities of
builders were very limited, the discipline of craftsmen and quality of structures built by our ancestors often surpass the currently built
structures. However, even these structures eventually experience gradual depletion of the life length and deterioration of their struc-
tural and technical condition. It is necessary for proposing a correct method of the reconstruction to know the current condition and

also the history of the structure.

uvoD

Zelezniéni trat’ &islo 212 (Ceréany — Kécov — Svétld nad
Sazavou), jez vede kanonovitym ddolim feky Sazavy, je nazyva-
na jako ,,Posdzavsky Pacifik”. Jedna se o soubor velkého mnoz-
stvi umélych staveb, jako jsou tunely, mosty, propustky, ndspy,
které na sebe t€sné navazuji a tvori tak unikatni technické dilo.
Celd trat’byla budovana postupné po nékolika dsecich a v dobach
svého vzniku se jednalo o daleZitou dopravni tepnu v Posédzavi.
Nejvetsi sldvu pamatuje Posdzavsky Pacifik z dob po vzniku
prvni samostatné Ceskoslovenské republiky ve 20. a 30. letech
20. stoleti, kdy mnoZstvi trempu vyrazelo za dobrodruZstvim.
Prave tehdy dostala Zelezni¢ni trat’i své jméno.

Jednokolejny tunel Podhradsky s eviden¢nim ¢islem 124 na
trati TU 1733 Kécov — Svétld nad Sdzavou se nachdzi nedaleko

mésta Lede¢ nad Sdzavou. Se svou délkou 251 m je nejdelSim
tunelem na trati. Trat’je vedena v oblouku o poloméru R=200 m,
z hlediska sklonovych poméru v tunelu zpo&dtku stoupd cca hod-
notou 7 %o v délce 40 m, ndsleduje vodorovna ¢ast délky 192 m
a pak klesani cca 6 %o v délce 19 m. Podhradsky tunel prochazi
ohbim tidoli feky Sazavy zahloubeného do paneplénu Zelivské

Obr. 1 Pohled na vjezdovy portdl tunelu Podhradsky
Fig. 1 A view of the entrance portal of the Podhradsky tunnel

INTRODUCTION

Railway track No. 212 (Ceréany — Kécov — Svétld nad
Sdzavou), which runs along the canyon valley of the river
Sdzava, is usually called the “Sdzava Pacific Railway”. It is a set
of a great number of artificial structures, such as tunnels, bridges,
culverts and embankments closely following each other, forming
a unique piece of technical work. The whole track was built gra-
dually, in several sections. In times of its creation it was an
important transport artery along the central stretch of the Sdzava
River. The Sdzava Pacific Railway track experienced the greatest
glory at the time of the origination of the first independent
Czechoslovak Republic in the 1920s and 1930s, when crowds of
hikers called romantically “tramps” were set out for adventure. It
was the time when the Sdzava Pacific Railway was given its
name.

The single-track Podhradsky tunnel, registration number 124,
on the track section 1733 Kdcov — Svétld nad Sdzavou, is loca-
ted near the town of Ledec¢ nad Sazavou. With its length of 251m
it is the longest tunnel on the track. The track leads on a curve
with the radius R=200m; in terms of the gradient conditions in
the tunnel it first ascends on a 7 %o slope along the length of
40m; a horizontal section 192m long follows; it is replaced by
a 19m long section descending at ca 6 %c. The Podhradsky tun-
nel runs along a bend of the Sdzava River valley sunk into the
paneplain of the Zeliv highland, which is a part of the geomorp-
hological unit belonging to the sub-system of KfemeSnice
Highland, which is a part of the geomorphological unit of
KfemesSnice highland belonging to the sub-system of the
Bohemian-Moravian highland. The tunnel was driven in an area
which is built up by Moldanubic metamorphosed rock types —
sillimanite-biotite gneiss. It was inaugurated in 1903.

For the reason of poor construction condition, the Railway
Infrastructure Administration, state organisation, ordered pre-
paration of a single-stage design, the Construction design for
tunnel reconstruction. It is necessary and logical to solve also
linking structures concurrently with the planned tunnel recon-
struction, namely the reconstruction of the trackwork and track
bed, drainage of the portal areas, cable diversions, reconstruc-
tion of several culverts, stabilisation of the slope above the




pahorkatiny, jeZ je diléim podilem geomorfologického celku
Kfemesnické vrchoviny naleZejictho do podsoustavy Cesko-
moravskd vrchovina. Tunel byl raZen v tzemi, které je budova-
no moldanubickymi metamorfovanymi horninami — sillimanit-
biotickymi rulami, a do provozu uveden v roce 1903.

Z diivodu $patného stavebniho stavu zadala SZDC, stétn{ orga-
nizace vypracovdni jednostupnové dokumentace ve stupni
Projekt stavby na rekonstrukci tunelu. Soucasné s planovanou
rekonstrukci tunelu je nutné a logické fesit i navazujici objekty.
Jednd se o rekonstrukci Zelezni¢niho svrsku a spodku, odvodné-
ni priportdlovych oblasti, pfelozky kabeld, rekonstrukce nékoli-
ka propustku, zajiSténi svahu nad vjezdovym portdlem tunelu
a rekonstrukce opérné (ndbrezni) zdi (obr. 1).

Hlavnim cilem stavby je zaji$téni bezpecnosti provozu a sni-
Zeni provoznich ndkladi. ZvySené néklady jsou v souasnosti
dané predevsim nutnosti odstranovani ledu, zvySenym dohledem
a omezenim rychlosti.

STAVEBNE-TECHNICKE RESENI TUNELU

Tunelovd trouba je opatfena osténim vyzdénym z lomového
kamene — Sedd rula — na cementovou maltu (obr. 2). Maximaln{
vyska nadloZzi tunelu se pohybuje okolo 43 m. Tunel m4 celkem 22
pésu a vjezdovy i vyjezdovy portdlovy pds. Kromé obezdénych
asti jsou v tunelu dva tseky neobezdéné, s ponechanou rostlou
skdlou (obr. 3). Délka neobezdénych dsekt je 20 m a 38 m. V tune-
lu se nachdzeji Ctyfi pary vstificnych vyklenka ve vzddlenosti cca
50 m. Rozméry vyklenki neodpovidaji CSN 73 7508 a jejich
vzddlenosti nesplnuji pozadavky vyhlasky 177/95 Sb.

V dobé vystavby tohoto tunelu byly moZnosti staviteli
v porovnani s dneSkem velice omezené. Star§i tunely se prova-
dély bez izolace, s drenazni vrstvou na rubu osténi (zakladka,
pozdé€ji porézni betony, apod.). Podzemni dila byla izolovdna
materidly, které po desitkdch let provozu a pusobeni vody
a mrazu nemohou fungovat, napr. plechy, asfaltovymi deskami
nebo pasy. Navic se izolace provadéla pouze v klenb¢ a pouze na
ur¢ité &dsti tunelu (v mistech vyznamnych vyronu vody z vyru-
bu). Osténi tunelu Podhradského bylo, s ohledem na vlastnosti
horninového masivu, navrzeno ze Ctyf typu tuhého osténi a prav-
dépodobné bez izolace. Jednotlivé typy osténi se lisi tloustkou
klenby i opér a dile provedenim protiklenby. Svétla vyska tune-
lu se pohybuje okolo 5,65 m a $itka okolo 5,50 m, svétly profil
tunelu s osténim ma cca 26,5 m2, &4sti tunelu bez osténi maji
svétly profil cca 37 m2.

Odvodnéni obezdivky zabezpecuji odvodnovaci otvory ve
zdivu. V ose tunelu je vybudovdna stfedovd kamennd tunelova
stoka profilu cca 40/40 cm, vyspddovand k portdlim tunelu.
Vytsténi tunelové stoky je pres kamennou prikopovou zidku do
kamennych odvodniovacich Zlabu pred portaly.

Zdivo portdlu je z lomového kamene ze $edé ruly, portdlové
vénce jsou z piskovcovych kvadru. Pfed obéma portaly se nachd-
zeji levostrannd portélova kridla z kamenného zdiva.

OBSAH PRUZKUMNYCH A PRIPRAVNYCH PRACI,
AKTUALNI STAVEBNI STAV

Rekonstrukci tunelu nelze provadét bez pripravnych a pru-
zkumnych praci. Vysledkem téchto praci by mél byt soubor dat,
ktera projektantovi poskytnou ucelenou informaci o stavebné-
technickém stavu tunelu. Rozsah a podrobnost pruzkumu vzdy
zavisi na poZadavcich investora.

Vzhledem ke zjisténym poskozenim uvnitr tunelu bude rekon-
strukce provedena jako komplexni. Z tohoto davodu byl zvolen
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27. rocnik - €. 3/2018

tunnel entrance portal and reconstruction of a retaining
(embankment) wall (see Fig. 1).

The main objective of the project is to ensure operational safe-
ty and reduce operating costs. The increased costs are currently
the result of the necessity for removing ice, increased surveillan-
ce and reducing the speed.

STRUCTURAL AND TECHNICAL SOLUTION TO THE TUNNEL

The tunnel tube is provided with a lining made from cement
mortar bound rubble stone — grey granite (see Fig. 2). The maxi-
mum height of the tunnel overburden fluctuates about 43m. The
tunnel has 22 lining blocks and an entrance and exit portal blocks.
Apart from the lined parts, there are two unlined sections in the
tunnel with bare natural rock left in place (see Fig. 3). The lengths
of the unlined sections amount to 20m respectively 38m. There
are four pairs of recesses on either side of the tunnel spaced at
50m, located directly opposite each other. The dimensions of the
recesses do not correspond to CSN 73 7508 standard and their
spacing does not fulfil requirements of Directive 177/95 Coll.

At the time of this tunnel construction the possibilities of the
builders were very limited in comparison with our time. Older
tunnels were carried out without waterproofing, with a drainage
layer on the external surface of the lining (packing, later porous
concrete, etc.). Underground workings were provided with
waterproofing materials, such as steel sheets, asphalt plates or
sheets, which cannot function after tens of years of operation and
the action of water and frost. In addition, waterproofing was car-
ried out only in the vault and only in certain parts of the tunnel (in
locations of significant water leaks from the excavation surface).
The Podhradsky tunnel lining, with respect to the rock mass pro-
perties, was designed with four types of rigid lining and, probab-
ly, without waterproofing. Individual lining types differ in the
thickness of the vault and side walls and, further, by the design of
the invert. The net height and width of the tunnel fluctuates about
5.65m and 5.50m, respectively; the net cross-sectional area of the
tunnel with the lining amounts to ca 26.5m?, whilst the net cross-
sectional area of the parts without lining is ca 37m?.

Draining of the lining is provided by drainage holes in the
masonry. A 40/40cm profile central masonry drainage duct is
built on the tunnel axis. It is sloped toward the tunnel portals.
The tunnel drainage duct leads over a masonry ditch wall to
masonry drainage troughs in front of the portals.

Obr. 2 Cdst tunelu s kamennym osténim
Fig. 2 Masonry lined part of the tunnel
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Obr. 3 Cdst tunelu bez osténi
Fig. 3 Unlined part of the tunnel

opravédch pracuje obvykle na projektu a prazkumu vice odbor-
nych firem. Obdobné tomu bylo i v tomto pripade¢.

Prvnim krokem pfi pldnovéni pruzkumu tunelu bylo sezndme-
ni se s danou stavbou. To znamend dohleddni veSkeré archivni
dokumentace k tunelu. Takovou dokumentaci byla predevsim
tunelova kronika, evidencni list tunelu, dokumentace z vystavby,
dokumentace z dfive realizované sanace, zdznamy z pravidel-
nych i mimoradnych prohlidek a geotechnicky posudek neobe-
zdénych ¢asti tunelu, ktery nechala vypracovat Sprava Zeleznic-
ni dopravni cesty, statni organizace v roce 2015.

Studiem téchto podkladu projektant ziskal prehled o historii
dila a o problémech, které provézely provoz tunelu v prabéhu let.
Neocenitelnym zdrojem informaci byl samoziejmé spravce tune-
lu, pamétnici drivéjSich sanacnich zdsahu &i dlouholeti zamést-
nanci provozovatele tunelu.

V tunelové kronice se dalo vy¢ist, Ze v prub€hu provozu
tunelu byly nafizeny préace spojené s odstranovanim uvolné-
nych kamenu v neobezdénych Cdstech tunelu. Poté byl v roce
1982 narizen zvySeny dohled v téchto neobezdénych tsecich.
V roce 1981 byla provedena kompletni vyména Zelezni¢niho
svrsku. V roce 1983 byla provedena oprava sparovani kamen-
ného zdiva a vyména zvétralych zdicich kamena. Sprdvce tune-
lu dale dstné informoval o vykolejeni osobniho vlaku uvnitf
tunelu v roce 1992. Duvodem bylo zna¢né zalednéni v misté
kolejnic zpusobené prusaky vody pres ostén{ tunelu. K uvolné-
ni a vypadnuti ¢dsti lomového zdiva v klenbé pasu ¢. 4 doslo
v roce 1997 a téhoZ roku provedl spravce provizorni zajisténi
klenby vestavbou péti ocelovych skruzi doplnénych vydrevou.
Oprava, jez méla za tdkol trvale odstranit poruchu vzniklou
v tomto tunelovém pdsu a zajistit stabilitu dila a bezpe¢nost
Zelezni¢niho provozu, probéhla v roce 1999. Prace zde spoci-
valy v zazdéni poruseného mista v klenbé, vyplnéni prazdnych
prostor za rubem tunelového osténi pomoci vyplnové injektdze
(cementova aktivovand malta pfi pouziti struskoportlandského
cementu a injektdZniho pisku), dotésnéni spar kamenného
zdiva tésnici injektazi (polyuretanova pryskyfice) a nakonec
zfizeni drendzni svodnice a svedeni vod do stfedové stoky
tunelu. Po této opravé vSak i nadédle dochazelo k prusakum,
a proto byla injektdZz v ramci reklamace opakovéna. ProtoZe ani
opakovand injektdZ v tomto pdse prusaky zcela neodstranila,
bylo zpétn¢ osazeno podskruzeni a klenba byla zapaZena fos-
novymi paZinami napu$ténymi trojndsobnym protihnilobnym
natérem s aktivaci do skruzi. Pod paziny byla ddle vloZena

TuHel

The masonry portal collars are made from grey granite and
sandstone blocks, respectively. Left-hand masonry wings are in
front of both portals.

CONTENT OF SURVEY AND PREPARATION WORK,
CURRENT CONSTRUCTION STATE

The tunnel reconstruction cannot be carried out without prepa-
ratory and survey work. This work should provide a set of data
which gives the designer comprehensive information about the
construction and technical state of the tunnel. The extent and
details of the survey always depend on client’s requirements.

With respect to the damage identified inside the tunnel, the
reconstruction will be carried out as a comprehensive work. For
that reason, the as wide extent of survey operations as possible
was chosen. Several professional firms usually work on the
design and survey for comprehensive repairs. It was similar even
in this case.

The first step in the tunnel survey planning was getting
acquainted with the particular construction. It means finding all
archive documents concerning the tunnel. Such documents com-
prised in particular the tunnel chronicle, the tunnel registration
sheet, documents from the tunnel construction period, documents
from the previously performed rehabilitation, records of regular
and extraordinary inspections and the geotechnical assessment of
unlined parts of the tunnel which was ordered by the Railway
Infrastructure Administration, state organisation in 2015.

By studying those source documents, the designer gathered
knowledge about the tunnel history and problems accompanying
the tunnel operation over the years. Of course, the tunnel admi-
nistrator, as well as witnesses of the previous rehabilitation inter-
ventions or long-time employees of the tunnel operator, were an
invaluable source of information.

It was possible to read in the tunnel chronicle that work asso-
ciated with removing loose stones in the unlined parts of the
tunnel was ordered during the tunnel operation. Subsequently, in
1982. Increased surveillance was ordered for the unlined secti-
ons; in 1981, the trackwork was completely replaced. In 1983,
the masonry pointing was repaired and the weathered masonry
blocks were replaced. The tunnel administrator further orally
informed about a passenger train derailing in the tunnel in 1992.
The accident cause lied in significant covering of rails by ice
caused by seepage of water through the tunnel lining. In 1997,
a part of the masonry in the vault of the block No. 4 got relea-
sed and fell down; the same year the administrator installed tem-
porary support of the vault by incorporating five steel centering
pieces complemented by timbering. The repair which was de-
signed to permanently remove the defect in this tunnel block
and ensure the tunnel stability and safety of railway operation
was carried out in 1999. The work lied in walling up the broken
masonry in the vault, filling of empty spaces behind the tunnel
lining using back grouting (activated cement mortar using slag
Portland cement and grouting sand), additional sealing of joints
in the masonry (polyurethane resin) and, eventually, construc-
ting a collecting drain and directing water to the central draina-
ge duct. But seepage continued even after the repair and grou-
ting had to be repeated within the framework of a client com-
plaint. Because even the repeated grouting in this block did not
stop the seepage, the centering was again installed and the vault
was braced with lagging boards impregnated by triple anti-rot-
ting coat with the activation into the centering vaults. In additi-
on, a membrane designed to direct the leaks outside the track




folie, kterd odvad{ prusaky mimo kolej. Podle dostupnych pod-
kladu poté jiz nebyly v tunelu ddle kromé béZné Gdrzby prova-
dény Zadné rozsdhlejsi opravy nebo sanace.

Po prostudovani archivni dokumentace byla v ramci priprav-
nych praci provedena predbéznd prohlidka tunelu za ucasti
investora nebo provozovatele, ktery ma prehled o vyvoji jednot-
livych poSkozeni v tunelu. Pri této prohlidce se také poridila
zéakladni fotodokumentace tunelu. Po absolvovani prvotni pro-
hlidky a studia archivnich podkladti navrhl projektant soubor
prazkumnych praci, které budou slouZit jako podklad pro ndvrh
rekonstrukce. Vzhledem k ménicim se klimatickym podminkdam
v prabéhu roku a s nimi spojenym projevum uvniti' tunelu (pro-
ménny stav pritoku vody apod.) bylo potiebné provést opakova-
né prohlidky.

Jako dulezity podklad pro vyhodnoceni celkového stavu slou-
Zilo podrobné geodetické zaméreni tunelu, jeho okoli a souvise-
jicich stavebnich objekta tachymetricky. Ddle bylo provedeno
posouzeni skuteného svétlého profilu tunelu vici platnému nor-
movému prijezdnému prufezu. Toto posouzeni bylo provedeno
na zakladé zaméfeni tunelu laserovym scannerem a tachymet-
rem. Skenovaci pozice byly umistény v rozestupech cca 15 m
tak, aby byly podrobné naskenovany veskeré prvky tunelu. Dnes
pouzivané scannery umoZznuji zaméfit profil tunelu pfi rychlosti
az nékolik stovek metrt za hodinu. Geometrickd data z tohoto
méfeni byla ddle zpracovdna v softwarech AutoCad,
Microstation a Rhinoceros. Analyza prujezdnosti tunelu ukédzala,
7e soulasny prijezdny profil Z-GCD za sou¢asné polohy koleje
nevyhovi v &ésti tunelu. Déle bylo prokdzéno, Ze volny schidny
a manipulacni prostor neni dodrZen v tunelu ani v prostoru
zéarubnich zdi.

Souddsti prazkumu byla také vizudlni prohlidka Zelezni¢niho
svrsku, stavu kolejnic, upeviovadel a prazca. Dale byly prove-
deny kopané sondy uvnitf tunelu (mezi prazci) za Gcelem zjisté-
ni stavu a hloubky S§térkového loZze a ovéfeni stavu plané, pri-
padné stiedové tunelové stoky ¢i protiklenby tunelu. Kopanymi
sondami vSak nebylo mozné ovérit ani hloubku protiklenby ¢i
tunelové stoky a ani vlastné jejich existenci. Sondy byly vzdy
ukonleny pii zastiZeni kamenné rovnaniny, vétSich kamenu &i
skalniho povrchu. Pro ovéfeni pritomnosti tunelové stoky a pro-
tiklenby by bylo zapotiebi provést kopanou sondu vétsich roz-
méra. Toto by v8ak obnéselo vyfezani a odstranéni Cdsti kolejo-
vého rostu, coz pri stanovené délce no¢nich pauz mezi vlaky
nebylo mozné.

Z duvodu nemoZnosti ovéreni stiedové tunelové stoky kopa-
nymi sondami byla dodate¢né provedena kamerovd prohlidka.
Kamera byla do stoky zavedena jejim vyusténim pres prikopové
zidky pred portdly tunelu. Stav stoky bylo vSak mozZné ovérit
pouhych par metru, jelikoZ je stoka pudorysné zalomena a znac-
né zanesena listim a jinymi nénosy.

Podrobna pasportizace tunelového osténi, portdlovych kridel
a zdi byla provedena v souladu s predpisem S6 CD. Pasport
zaznamenal viditelnd poSkozeni, jako jsou napriklad trhliny
v osténi, vypadané spdrovdni mezi kameny obezdivky, prusaky
vody do tunelu, povrchovou nebo hloubkovou degradaci materi-
dlu osténi, zvétralé pojivo spdr, vyluhy, lokdlné povrchové zvét-
ralé zdici kameny, mech ¢i dal$i porost a podobné. Vzhledem
k malé délce tunelu, nevyuzila v tomto pripadé spolec¢nost
AMBERG Engineering Brno, a.s. svij vlastni software s ndzvem
TunnelMap®, ktery je uréen pro primy digitdln{ zdznam z pro-
hlidky, ale jednotlivd poSkozeni byla zaznamendna do predtisté-
nych papirovych formuldia a nédsledné prekreslena v programu
AutoCad. Tyto pasportizacni prace byly provadény z pracovni
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was placed under the lagging. According to the source docu-
ments available, no more extensive subsequent repairs or reha-
bilitation were carried out in the tunnel with the exception of
common maintenance.

After reading the archive documents, within the framework of
the preparatory work, a preliminary inspection of the tunnel was
carried out in the presence of the client or operator having an
overview of the development of individual cases of damage in
the tunnel. Photodocumentation was provided in the tunnel
during the inspection. After the completion of the initial inspec-
tion and studying archive documents, the designer proposed
a package of investigation operations, which would be used as
a basis for the design for the reconstruction. With respect to the
variable climatic conditions during a year and manifestations
inside the tunnel associated with them (variable state of water
inflows etc.), it was necessary to perform repeated inspections.

Detailed survey measurements of the tunnel, its surroundings
and related civil engineering structures with a laser scanner were
conducted tacheometrically as an important basis for the assess-
ment of the overall condition. In addition, the actual net tunnel
profile was assessed and compared with the applicable standard
clearance profile. This assessment was carried out on the basis of
surveying the tunnel with a laser scanner and a total station. The
scanning stations were installed at ca 15m intervals so that all
tunnel elements were scanned in detail. The currently used scan-
ners allow for scanning the tunnel profile at the rate of several
hundred metres per hour. The geometrical data obtained by this
measurement was further processed in AutoCad, Microstation
and Rhinoceros software. The analysis of the tunnel passability
showed that the current clearance profile Z-GCD with the current
position of the track will not comply with regulations in a part of
the tunnel length. It was further proved that the free handling
space passable for pedestrians is not maintained even in the
space of the revetment walls.

The visual inspection of the trackwork, condition of rails,
fasteners and sleepers was also part of the survey. Trial holes
were further carried out in the tunnel (between sleepers) for the
purpose of checking the condition and depth of the ballast and
verifying the state of the track formation, or the condition of the
central tunnel drainage duct or the tunnel invert. However, it was
not possible to verify either the depth of the invert or the tunnel
drainage duct and, as a matter of fact, their very existence.
Digging of the trial holes was always ended when hand-placed
rubble, larger stones or rock surface were encountered. It would
have to be necessary for the verification of the presence of the
tunnel drainage duct and invert to dig a larger trial hole. But it
would have required cutting off and removing a part of the track
grating, which was not possible with respect to the permitted
duration of night intervals between trains. Camera inspection
was additionally conducted because of the impossibility to veri-
fy the central tunnel drainage duct by trial holes. The camera was
inserted into the drainage duct through its exit across the ditch
walls in front of the portal. It was however possible to verify
only several meters of the drainage duct because it is was curved
in the ground plan and was significantly clogged with leaves and
other deposits.

A detailed condition survey of the tunnel lining, portal wings
and walls was carried out in compliance with S6 CD regulation.
The condition survey record contained visible damages, such as,
for example, cracks in the lining, missing pointing between the
masonry lining blocks, seepage of water into the tunnel and the
surface or deep degradation of the lining material, weathered
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Obr. 4 Docasné zajisténi klenby pdsu ¢&. 4 a pracovni vlak pro pruzkumné
prdce

Fig. 4 Temporary stabilisation of the vault of the tunnel block No. 4 and the
working train for survey operations

ploSiny postavené a zajisténé na pracovnim vlaku (MUV). Z pra-
covni plosiny bylo mozné se dostat doslova na dosah osténi
v klenbé v celé délce tunelu. Na plosiné byly pritomny haloge-
nové reflektory napdjené elektrocentralou. Bez pracovni ploSiny,
pouhou pochiizkou v kolejisti, byla provedena prohlidka kamen-
nych opér. Pasportizace klenby bez vyuziti pracovni ploSiny by
mohla zkreslit vysledky. Pii prohlidce z drovné koleje muze
klenba pusobit zddnliveé bez zdvad, zatimco pri ohledéni z plosi-
ny muZe byt stav obezdivky vyhodnocen v krajnim piipadé€ jako
havarijni. Maximdlni vzddlenost, ze které je pouhym okem za
umeélého osvétleni v tunelu dobre vidét poskozeni obezdivky, je
cca 2 m (obr. 4).

Pasport (obr. 5) ukdzal, zZe prakticky ve vSech tunelovych
pésech dochdzi k prusakim vody o razné intenzité. V nejvice
zavodnénych mistech dochdzi k neustalému odkapdvani vody
a v zimnim obdobi k zaledovéni a tvorbé rampoucht. V souvis-
losti s timto zamokfenim do$lo v minulosti k jiZ zminénému
vykolejeni osobniho vlaku uvnitf tunelu. V zimnim obdobi nyni
odstranuji zaméstnanci ST Jihlava rampouchy a ledové bloky
v kolejisti s Cetnosti 1x za dva dny. V roce 2017 byla, kvuli Spat-
nému stavebnimu stavu tunelu, zavedena sniZend rychlost
z 50 km/hod. na 30 km/hod. (obr. 6).

Dalsim vyznamnym poSkozenim osténi tunelu jsou trhliny
v klenbé€ vedené ve sparach kamenného osténi portalovych pdsu.
Jedna se o typicky priklad poSkozeni osténi v misté vytaZeni
tunelové trouby ze skalniho masivu a soucasné v misté pod
odvodnovacim prikopem za rubem koruny portdlové zdi, ktery
byvd mnohdy kvuli zanedbané tdrZbé nefunkéni. Voda zde pro-
sakuje dnem prikopu pres klenbu primo do tunelu, kde vlivem
mrazu zpusobuje dalsi poSkozent.

Soucdsti pasportizace byly také tseky tunelu bez osténi.
V téchto mistech se pasportizaéni skupina zamérila prede-
v§im na posouzeni rozsahu zvétrani skalniho povrchu
poklepem, na prusaky z horninovych puklin a na eventudln{
uvolnéné bloky horniny. Useky bez obezdivky byly jiz
v roce 2015 predmétem geotechnického posudku, ktery
vypracovala spole¢nost GEOtest, a.s. Tento posudek popi-
suje vlastnosti, chovani a mozny vyvoj hornin a horninové-
ho masivu v neobezdénych Castech tunelu a zaroven navr-
huje moZné zpusoby sanace. Hlavnim duvodem toho, Ze
Spréava zelezni¢ni dopravni cesty, stitni organizace, nechala
tento posudek vypracovat, byly viditelné dlomky horniny

Tuel

binder in joints, leachates, masonry blocks locally weathered on
the surface, moss or other growth etc. With respect to the small
length of the tunnel, AMBERG Engineering Brno, a. s. did not
use its own software named TunnelMap® which is designed for
direct digital recording of the inspection. Instead, individual
damage cases were recorded in pre-printed paper forms and were
subsequently redrawn using the AutoCad software. These condi-
tion survey operations were carried out from a platform installed
and secured on a working train (a universal motor-driven track
car). It was possible to get literally within the reach of the lining
in the vault throughout the tunnel length from the platform.
There were tungsten halogen spotlights powered by a diesel
generating set installed on the platform. The inspection of the
masonry side walls was carried out without the platform, by wal-
king along the track. The condition survey of the vault without
using the working platform could have distorted the results.
When the inspection is carried out from the level of the track, the
vault may appear seemingly without defects, whilst the conditi-
on of the lining examined from the platform may be considered
in an extreme case as an emergency state. The maximum distan-
ce from which a damaged lining can be seen through the eye
under artificial lighting in a tunnel is ca 2m (see Fig. 4).

The condition survey (see Fig. 5) showed that water seeps with
varying intensity practically in all tunnel blocks. In most water-
bearing sections water drips permanently and ice and icicles are
formed during winter seasons. The above-mentioned derailing of
the train in the tunnel was caused in the past in connection with
the wetting. During the winter season, employees of the Jihlava
railway station now remove icicles and ice blocks on the track
with the frequency of once every two days. In 2017, the permit-
ted speed was reduced due to the poor tunnel construction con-
dition from 50km/h to 30km/h (see Fig. 6).

Another significant damage to the tunnel lining is represented
by cracks in the vault running along the masonry joints in the
portal blocks. It is a typical example of damaged lining in the
location of pulling the tunnel tube from the ground massif and,
at the same time, in the location under the drainage ditch behind
the external surface of the portal wall crown, which is often non-
functional due to neglected maintenance. In this location water
seeps through the bottom of the ditch through the vault directly
to the tunnel, where it causes additional damage by frost.

The unlined tunnel sections were also parts of the condition
survey. In these locations the condition surveying team focused
first of all on assessing the extent of the rock surface weathering
by knocking on it, on the seepage from rock cracks and possible
loose rock blocks. The unlined sections were the subject of geo-
technical assessment carried out by GEOtest, a.s. already in
2015. This assessment describes the properties, behaviour and
possible development of rock types and rock massif in the unli-
ned parts of the tunnel and, at the same time, proposes possible
ways of rehabilitation. The main reason for the fact that the
Railway Infrastructure Administration, state organisation, had
this assessment carried out lied in visible fragments of rock on
the track and clogging of the track ballast with fine dust from the
excavation surface weathered on the surface. The assessment
was concluded by a recommendation that the lining was carried
out even in the parts of the tunnel without a lining and a supple-
mentary survey was carried out.

The whole condition survey was complemented by detailed
photodocumentation with conscientious marking of the photos
(locations where they were taken, basic description of the pictu-

red phenomena).
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Obr. 5 Rozvinuty plast’ kamenného osténi tunelu se zdznamem poskozeni (tunelovy pds TP 12 az TP 14)
Fig. 5 Unrolled masonry lining envelope of the tunnel with a record of the damage (tunnel blocks TP 12 up to TP 14)

v kolejisti a zandSeni stérku Zelezni¢niho svr§ku jemnym
prachem z povrchové zvétralého vyrubu. Zavérem tohoto
posudku bylo doporuceni zridit osténi i v ¢dstech tunelu bez
vybudovaného osténi a provedeni dopliikového priuzkumu.

Cela pasportizace byla doplnéna podrobnou fotodokumentac{
s peclivym oznacenim fotografii (misto, kde byly pofizeny,
zakladni popis zobrazeného fenoménu).

Z duvodu zjisténi skute¢né tloustky a skladby osténi tunelu,
piitomnosti zaklddky za rubem osténi a pevnostnich parametra
kamene pouzitého jako zdici prvek, byly ddle provedeny diag-
nostické prdce v tunelu. Realizovdno bylo mnoZstvi jadrovych
a maloprofilovych vrtu. Vrty byly provedeny jak v opéréach, tak
v klenbé kamenného ostén{ z pracovniho leSeni. Rozmisténi vrta
bylo voleno s ohledem na rozdilné typy tunelového osténi, na
omezeny ¢as béhem nocnich pauz a také s ohledem na postup
jednotlivych pracovnich (pasportizacni, vykopové a diag-
nostické) skupin uvnitf jednokolejného tunelu. Souédsti praci byla
také vizudlni prohlidka vrtu a prostoru za osténim videoskopem.

Diagnostické prace prokazaly odlisnou tloustku kamenného
osténi oproti charakteristickym pri¢nym fezim uvedenych v evi-
den¢nim listu tunelu. Zjist€na byla mensi tloustka osténi tunelu,
nez je uvedeno v archivni dokumentaci.

Souddsti pruzkumnych praci byly také stdvajici kamenné pro-
pustky v blizkosti tunelu, svah nad levostrannym kiidlem vjez-
dového portilu a stivajici opérnd (ndbfezni) zed zajistujici stabi-
litu Zelezniéni traté v dseku pred tunelem.

Svah pfi vjezdovém portédlu tunelu byl puvodné zalesnény,
viz obr. 6. Po vykdcen{ stromu v8ak doslo k odplaveni pokry-
vu z bridli¢natych rul a jejich postupné degradaci. V posled-
nich letech se z povrchu sesouvaji zvétralé desky horniny
a zachycuji se na ndletové zeleni v oblasti prikopu nad porta-
lovym kiidlem. Béhem pruzkumnych praci byly zaznamendny
také mensi kamenné bloky pfimo v kolejisti.

Diagnosing operations were further carried out in the tunnel
for the reason of determining the actual thickness and composi-
tion of the tunnel lining, the presence of packing behind the
external surface of the lining and the strength-related parameters
of stone blocks used as masonry elements. Lots of core holes and
small-profile holes were realised. The boreholes were carried out
in the side walls as well as the masonry lining vault from wor-
king scaffolding. The placement of the boreholes was chosen
taking into consideration the different types of the tunnel lining,
the limited time available during night breaks and also with res-
pect to the advance rate of individual working teams (condition
surveying, excavation and diagnostic) inside the single-track tun-
nel. Visual inspection of the borehole and the space behind the
lining using the video borescope was also part of the work.

Obr. 6 Pohled na vjezdovy portdl a svah nad portilovym kridlem
Fig. 6 A view of the entrance portal and the slope above the portal wing
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Opérna (nabfezni) zed, jeZ se nachdzi v ziplavovém tzemi
feky Sédzavy, je tvofena kamennou rovnaninou vysky az pres pet
metru a jeji celkova délka je zhruba 200 m. Ze svahu nad touto
zdi stékd povrchova voda pod Zelezni¢ni trati praveé volnymi pro-
story mezi kameny této zdi smérem do feky Sazavy.
Pruzkumnymi pracemi a geodetickym zaméfenim bylo zjisténo,
Ze koruna této zdi je misty v nedostatecné vzdalenosti a vySce
s ohledem na konstrukci Zel. svrsku, tzn. Ze neni dodrZena mini-
malni 3itka pldné. Stérkové loZe v souasnosti misty prepadava
pres hranu v koruné zdi. V dobé vzniku tohoto ¢ldnku je pldno-
van dodateCny IG pruzkum oblasti pod télesem Zelezni¢niho
svrsku, tedy za rubem opérné (nabrezni) zdi. V ramci dodate¢né-
ho IG prizkumu bude realizovdno nékolik vrtt priméru 140 mm
a délky priblizné 6 m z vagénu vlakové soupravy a geofyzikdlni
pruzkum pro ovéfeni tloustky zdi a kvality zdsypu za jejim
rubem (obr. 7).

Pfi prizkumu pro pldnovanou rekonstrukci tunelu bylo dule-
7ité zabyvat se veSkerymi ndvaznostmi odvodnéni. Nelze se
tedy zaméfit pouze na pruzkum tunelové stoky, ale také na
odvodnéni portdlu a kiidel, piikopu podél traté, propustku
a vSech ostatnich zpasobu odvodu vody smérem od tunelu.
V pripadé tunelu Podhradského byl uskuteCnén prazkum
odvodnéni az nékolik set metra pied i za tunelem. Byly zjisté-
ny zcela zanesené a zarostlé odvodnovaci prikopy, vyvracené
kamenné prikopové zidky podél traté, zanesené propustky
apod.

NAVRH ZPUSOBU REKONSTRUKCE

Na zaklad¢é vyhodnoceni aktudlniho stavebniho stavu, shrnuti
vysledka reSerSe archivnich a zaddvacich podkladd, zaméfeni
tunelu a provedeného pruzkumu provedla spole¢nost AMBERG
Engineering Brno, a.s. vyhodnoceni aktudlniho stavebniho stavu
a s ohledem na finanéni moZnosti investora navrhla zptsob
rekonstrukce.

Vzhledem k rozsahu zjisténého poskozeni tunelového osténi
byla navrZena kompletni vyména celkem dvou tunelovych pésu.
Jeden z téchto pdsu je prave pds, ktery je dofasné staticky zajis-
tén podskruzenim. Vyména osténi bude zahrnovat bouraci price,
préace na zajisténi skalniho vyrubu a novou vestavbu ze Zelezo-
betonu s rubovou hydroizola¢ni vrstvou.

V &astech tunelu bez osténi navrhuje projektant trvalé zajis-
téni stavajiciho vyrubu a vystavbu nového samonosného oste-
ni ze Zelezobetonu vcetné provedeni rubové hydroizolaéni
vrstvy. Prostor mezi rubem nového osténi a skalnim povrchem
bude vyplnén drendZnim materidlem a pripadné prusaky pres
puklinovy systém svedeny pres rubovou drenaz az do stredové
stoky tunelu.

V ¢&astech tunelu s ponechdvanym osténim navrhuje projektant
realizaci sanalnich praci, které budou spoclivat predevsim
v zatésnéni prasaku dovniti tunelu.

Pocet vyklenka bude navysen tak, aby byly splnény poZadav-
ky vyhlasky 177/95 Sb., pri¢emz stavajici vyklenky budou podle
pozadavku investora ponechdny bez zvétSovani rozméra.

Je navrzena kompletni rekonstrukce odvodnéni, kterd bude
zahrnovat novou tunelovou stoku véetné reviznich a Cisticich
Sachet, prikopu v predportdlovych oblastech a viech dotéenych
propustku.

Sanovény budou také portdlové zdi a kridla a svah nad levo-
strannym kfidlem vjezdového portdlu bude trvale zajiStén tak,
aby bylo zabranéno dal$im padum kamenu do kolejiste.

The diagnostic operations proved that the thickness of the
masonry lining differed from the characteristic cross-sections
presented in the tunnel registration sheet. The identified tunnel
lining thickness was smaller than the thickness presented in
archive documents.

The existing stone culverts near the tunnel, the slope above the
left-hand wing of the entrance portal and the existing retaining
wall (embankment) ensuring the stability of the railway track in
the section in front of the tunnel were also parts of the survey
operations.

The slope at the entrance tunnel portal was originally wooded
(see Fig. 6). After the trees were cut down, the cover formed by
slaty gneiss was washed away and was gradually degraded. In
recent years weathered rock tables have slided down from the
surface and are caught on the self-seeded greenery in the area of
the ditch above the portal wing. Smaller stone blocks were regis-
tered during the survey operations directly on the track.

The retaining (embankment) wall, which is located in the flood-
plain of the Sdzava River, is formed by rubble hand-placed up to
the height of five metres; its total length amounts approximately to
200m. Surface water flows down the slope above this wall under
the railway track through empty spaces between the stones wall
blocks in the direction of the Sdzava River. It was found by the sur-
vey operations and topographic measurements that the crown of
this wall is locally at an insufficient distance and level with respect
to the trackwork structure, which means that the minimum width
of the track formation is not maintained. The ballast currently
spills over the edge of the wall crown. Additional EG survey of the
area under the ballast, i.e. behind the external surface of the retai-
ning (embankment) wall, is planned at the time of the origination
of this paper. Several 140mm-diameter and approximately 6m
long boreholes will be realised within the framework of the addi-
tional survey from a wagon of a train set and geophysical survey
for the verification of the wall thickness and quality of the backfill
behind the external surface of the wall (see Fig. 7).

It was necessary during the course of the survey for the plan-
ned tunnel reconstruction to deal with all aspects connected
with the drainage. It is not therefore possible to focus only on
the survey of the tunnel drainage duct. It is also necessary to
focus on the drainage of portals and wings, ditches, culverts
and all other systems directing water in the direction away from
the tunnel. In the case of the Podhradsky tunnel, the drainage
survey was carried out several hundred metres before and
behind the tunnel. It found completely clogged and overgrown
drainage ditches, tilted-away masonry ditch walls along the
track, clogged culverts etc.

RECONSTRUCTION PROCEDURE DESIGN

AMBERG Engineering Brno, a. s. performed the assessment
on the basis of the assessment of the current construction condi-
tion, summarising the results of the retrieval of archive data and
tender documents, topographical survey of the tunnel and the
completed survey and proposed the reconstruction procedure
taking into consideration the financial possibilities of the client.

Complete replacement of two tunnel blocks was proposed
with respect to the extent of the identified damage to the tunnel
lining. One of the blocks is just the block temporarily statically
stabilised by the centering. The lining replacement operations
will comprise demolition, work on the stabilisation of the rock
excavation and building-in a new reinforced concrete lining

with an external waterproofing layer.



Obr. 7 Opérnd (ndbiezni) zed pred tunelem
Fig. 7 Retaining (embankment) wall in front of the tunnel

O zpusobu rekonstrukce stdvajici opérné (nédbrezni) zdi
bude rozhodnuto po vyhodnoceni vysledku pldnovaného inze-
nyrskogeologického pruzkumu.

ZAVER

Tento ¢lanek pojednavd o rozsahu praci, které byly (Ci jeste
budou) provedeny za dcelem ziskani co mozna nejvétsiho mnoz-
stvi informaci o stavbé a jejim aktudlnim stavebné-technickém
stavu. Tyto informace slouZi k nalezeni co nejvhodnéjsiho zpu-
sobu rekonstrukce a zdroven ekonomicky optimélniho feSeni.
Nadklady na kvalitni prizkum a projekt jsou totiz nesrovnatelné
niz8i nez naklady na takzvanou ,,sanaci nedspe$né sanace®.

Samoziejmé ne vZdy je viak mozZné realizovat vSechny pru-
zkumné préce. Pfi ndvrhu pruzkumnych pracf je tieba brat ohled
na finan¢ni a Casové moznosti investora (spravce tunelu), proto-
Ze i pro prizkumy je nutnd uzavirka tunelu (vyluka provozu na
trati) nebo prace v pauzdch mezi vlaky.

Pfi pldnovéni{ prizkumu je nezbytné uvaZovat komplexné a zahr-
nout do prazkumu tunelu také objekty souvisejici a objekty souse-
dici. Pfi samotnych prizkumech by méla byt prazkumné skupina
natolik zkusSend, aby si v§imala i dalSich souvislosti, jeZ mohou ve
vysledku ovlivnit tispéSnost samotné rekonstrukce ¢i sanace.

Ing. ALICE WETTEROVA, awetterova@amberg.cz,
AMBERG Engineering Brno, a.s.

Recenzovali Reviewed: Ing. Pavel Poldk,
Ing. Michal Gramblicka
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For the unlined parts of the tunnel, the designer proposes a per-
manent support of the existing excavation and construction of
a new self-supporting concrete lining, including installation of an
external waterproofing layer. The space between the external sur-
face of the new lining and the surface of the rock will be filled
with a drainage material and the possible seepage through the fis-
sure system will be directed to the central drainage duct.

For the tunnel parts where the existing lining is to be left, the
designer proposes realisation of rehabilitation operations lying
first of all in sealing of the seepage in the tunnel.

The number of safety recesses will be increased so that the
requirements of the Decree No. 177/95 Coll. are satisfied, whilst
the current recesses are left, according to client’s requirement,
without increasing their dimensions.

A complete reconstruction of drainage is proposed. It will con-
sist of a new central tunnel drainage duct including the inspecti-
on and cleaning manholes, ditches in pre-portal areas and all
affected culverts.

The rehabilitation will also include the portal walls and wings.
The slope above the left-hand wing of the entrance portal will be
permanently stabilised so that new falling of boulders on the
track is prevented.

The decision on the procedure of the reconstruction of the
existing retaining (embankment) wall will be made after the
results of the planned engineering geological survey are
assessed.

CONCLUSION

This paper deals with the extent of the work which was (or will
be) carried out for the, purpose of obtaining the largest possible
amount of information about the construction and its current
structural and technical state. This information is used for fin-
ding the as suitable as possible reconstruction method and, at the
same time, an economically optimal solution. The reason is that
the costs of a good quality survey are incomparably lower than
the costs of the so-called “rehabilitation of unsuccessful rehabi-
litation”.

Of course, it is not always possible to realise all survey opera-
tions. It is necessary when the survey operations are being pro-
posed to take into consideration the financial and time-related
possibilities of the client (tunnel administrator) because of the
fact that closing of the tunnel (track possession) or work during
pauses between trains are necessary even for surveys.

It is necessary when the survey is being planned to think com-
prehensively and incorporate even structures connected with the
tunnel and neighbouring structures. The surveying team should
be so experienced that it takes notice of other connections during
the surveys which may influence the success of the reconstructi-
on or rehabilitation itself.

Ing. ALICE WETTEROVA, awetterova@amberg.cz,
AMBERG Engineering Brno, a.s.
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UZITI 3D VIZUALIZACNICH MODELU V PODZEMNIM STAVITELSTVI
APPLICATION OF 3D VISUALISATION MODELS TO UNDERGROUND
CONSTRUCTION ENGINEERING

VERONIKA KOCICKOVA, LADISLAV BARAK, ZBYNEK LUPAC,
LUMIR KLIS, JAKUB SCHOR

ABSTRAKT

V soucasné dobé se s ndstupem novych informacnich technologii zvySuje tlak investorii a dodavatelii na projektanty vytvdret vizua-
lizacni 3D modely staveb. JiZ nyni nékteri investori poZaduji po projektantovi projekty, které plni ndleZitosti BIM (Building
Information Management), jehoZ zdsadni ndleZitosti je vytvoreni 3D modelu. Cldnek se zabyvd praktickou tvorbou 3D vizualizac-
nich modelii a prezentuje jejich aplikaci na konkrétnich realizovanych & pFipravovanych projektech.

ABSTRACT

The pressure of project owners and contractors on designers to create 3D visualisation models of construction projects is current-
ly, with the commencement of new information technologies, increasing. Some project owners already now require that designers pro-
vide them with designs fulfilling the requisites of the BIM (Building Information Management), the main requisite of which is the cre-
ation of a 3D model. The paper deals with practical creation of 3D visualisation models and presents their application on examples

of concrete projects, either realised ones or under preparation.

uvoD

Skupina firem AMBERG ENGINEERING se specializuje
na navrhovéni podzemnich a geotechnickych staveb, nejvetsi
objem zakdzek je zaméfen na projektovéni liniovych staveb
a tuneld. Pro projektovéni staveb podle konkrétnich poZadav-
ki investora a dodavatele je vzdy nutné vyfesit nékolik
zdkladnich problému a definovat postupy praci pro zpracova-
ni modeld. Na soucasném trhu je $iroka Skédla programu urce-
nych pro informacni modelovédni v oblasti pozemniho stavi-
telstvi i liniovych staveb, v&etné jednotlivych prvku (mosty,
sité atp.). Tyto programy jsou vSak zaméfeny pouze na vybra-
ny obor stavebnictvi, proto zhotovit v nich jiny druh kon-
strukce je pracné a zdlouhavé. Pro vizualizacni modelovan{
tunelt, geotechnickych a podzemnich staveb neni prioritné
vytvoren zadny program, ktery by plné vyhovoval specific-
kym tuneldiskym poZadavkum. Proto se obvykle pouZiva
standardni 3D modelar, ktery neni zaméfeny na zZadné odvét-
vi, ale je v ném mozné navrhnout jakoukoli konstrukci — 3D
model. V oblasti podzemniho stavitelstvi se vyuzivaji pro
vizualizani modely nej¢astéji ndsledujici programy — Civil
3D, Revit, Rhinoceros, Microstation.

Dalsim krokem je tvorba 3D modelu, tzn. geometrie stavby
zasazend do redlného prostiedi, kterd je definovdna objemo-
vymi télesy, plochami a 3D kfivkami, pfipadné body. Terén,
ve kterém je stavba umisténa, byva definovan napfiklad
zaméfenymi body, mra¢nem bodu, nebo jiZz pfipravenym tri-
angulovanym modelem terénu. Rozhrani jednotlivych kvazi-
homogennich celka charakterizujicich horninové prostred{
pod terénem je nejcastéji modelovdano pomoci ploch nebo
v pripadé lokdlnich oblasti pomoci téles. Ze zkuSenosti lze
fici, Ze pri 3D modelovani je nezbytnd preciznost a smysl pro
detail. Pfi 2D modelovdni nenf totiZz duleZité, jestli ¢dry na
sebe navazuji s presnosti podle méritka a viditelnosti na
vykrese, ale pfi 3D modelovani i tyto minimdlni nepresnosti
a nespojitosti vytvareji problém, ktery se muZe projevit aZz
v pozdéjsi fazi projektovani. Pri vytvareni 3D geometrie jsou
feSeny komplexné i detaily, které by se mohly pri klasickém

INTRODUCTION

The AMBERG ENGINEERING group of companies specia-
lises itself in designing underground and geotechnical structu-
res; the largest volume of contracts is focused on designing line-
ar structures and tunnels. It is always necessary for designing
structures according to concrete requirements of a project owner
or a construction contractor to solve several basic problems and
define procedures of working on the creation of models. There
is a wide range of programs designed for information modelling
in the field of underground construction engineering and linear
structures, including individual elements (bridges, networks
etc.) available on the market. But these programs are focused
only on a selected field of the construction industry. For that rea-
son applying them to another type of a structure is labourious
and lengthy. No program prioritising visualisation models which
would fully satisfy specific tunnel construction requirements has
been created for tunnels and geotechnical and underground
structures. For that reason the standard 3D model which is not
focused on any industry is usually used. It is possible to apply it
to designing any structure —a 3D model. The programs most fre-
quently used in the field of underground construction for visua-
lisation models comprise Civil 3D, Revit, Rhinoceros and
Microstation.

The next step is the creation of a 3D model, i.e. the geometry
of the structure put into a real environment, which is defined by
volumetric bodies, planes and 3D curves or points. The terrain
in which the structure is located is usually defined, for instance,
by surveyed points, a cloud of points or an already prepared tri-
angulated terrain model. The interface between individual quasi
homogeneous units characterising the ground environment
under the terrain is most frequently modelled using planes or, in
the case of local areas, by means of bodies. It is possible to say
on the basis of experience that when 3D modelling is being car-
ried out, accuracy and sense of detail is a necessity. The reason
is that it is not important in the case of 2D modelling when the
lines connect each other with the accuracy according to the scale
and visibility in the drawing, however, in the case of 3D model-
ling, even these minimal inaccuracies and discontinuities create




projektovani opomenout — nedofe$ené oblasti, kterymi neni
veden fez.

S ohledem na efektivnost zpracovani 3D modelu se vzdy
uruje podrobnost zndzornéni konstrukci. Pro tuto problema-
tiku je standardné pouzivany pojem LoD (Level of Detail)
a vyuzivaji se ndsledujici drovné podrobnosti:

e LoD 100 — koncept a grafické umisténf;

e LoD 200 — hruba geometrie;

¢ LoD 300 — presnd geometrie, materidly, vnitini konstruk-

ce, definované kritické oblasti;

e LoD 400 — provédéci detaily, definice produktu;

e LoD 500 — skute¢né provedeni.

Uskalim pfi 3D modelovani se miZe stat i vyhodnoceni
a kompatibilita modeld zpracovanych zdstupci raznych profe-
si. V praxi se Casto nardzi na fakt, Ze ne vse lze bez problému
prendset mezi jednotlivymi softwary. Nelze obecné fici, jaky
postup importovéni nebo exportovani je nejvhodnéjsi. Kazda
spole€nost, resp. projektant by si proto mél stanovit postup
pro dosaZeni optimdlnich a kompatibilnich vysledku. Pro
vizualiza¢ni 3D modelovani si 1ze vystacit s datovymi forma-
ty ,,dwg®, které Ize importovat do vétSiny programu. Toto je
vSak nedostate¢né pri potfebé preddvani 3D modela s infor-
macemi (BIM), pro které je vhodnéjsi datovy formadt ,,ifc*,
ktery vSak nekteré beézné programy pro modelovani neumi
nacist.

Pro celkovou koordinaci Ize dnes vyuZit prohlizece vizuali-
za&nich 3D modelt, napf. program Nawisworks, které 1ze déle
propojit s dalsimi aplikacemi, které slouzi pro komunikaci
mezi spolupracujicimi subjekty bez potfeby mailové komuni-
kace. Kratkym piikladem muZze byt koordinace dvou a vice
objektu, pri které se zjisti kolize, kterd se v aplikaci oznac¢i
a pridéli se jako ukol doté¢enym subjektum. Zpracovéni tkola
a pozadavky na kontrolu zapracovdni mohou sledovat vSech-
ny prizvané subjekty k feSenému problému. Timto dochazi
k efektivnéjSimu fizeni celého projektu.

Pravé vyhleddvani kolizi, nepresnosti a redlné osazeni
budouci stavby do digitdlniho terénu je nenahraditelnou vyho-
dou 3D modelovéni. Koordinaéni programy navic umoZnuji
automatickou detekci kolizi podle zadanych parametru pro
jejich vyhledani.

Prinos 3D modelovéni v praxi lze ukédzat na ndsledujicich
projektech, na kterych se podili AMBERG Engineering
Brno, a.s.

STOCKHOLM - ,ZLUTA LINKA" Z ODENPLAN
DO ARENASTADEN

e Tti nové stanice metra: Hagastaden, Hagalund a Arena-
staden, délka stanic 300 m;

e délka jednokolejnych tuneld 1,6 km, délka dvoukolej-
nych tuneld je 1,5 km, servisni tunely pro instalace a bez-
pecnostni ucely maji délku 3 km;

¢ napojeni novych tuneld na stdvajici linky metra;

e souldsti projektu jsou dva tnikové tunely pro bezpecny
vystup na povrch;

e celkem 11 tunelovych spojek mezi tratovymi tunely a ser-
visnim tunelem;

e projekt zahrnuje dva pristupové tunely z povrchu do sta-
nice (délky 300 a 400 m);

¢ geologické podminky typické pro oblast Stockholmu —
pevnd Zula a rulové formace, vysoké primdrni horizontal-
ni napéti a velky pocet poruchovych zén v masivu;
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a problem which may manifest itself later, in the phase of desig-
ning. When the 3D geometry is being created, even the details
are solved comprehensively, which procedure could be neglec-
ted when classical designing is applied — not completely solved
areas through which no cross-section leads.

The detail of the depiction of structures is always determined
with respect to the effectiveness of processing the 3D model.
The term LoD (Level of Detail) is used for these problems as
a standard and the following detail levels are used:

e LoD 100 — concept and graphical location;

e LoD 200 — gross geometry;

* LoD 300 — precise geometry, materials, internal structures,

defined critical areas;

e LoD 400 — execution details, definitions of products;

e LoD 500 — actually executed work.

Even the assessment and compatibility of models processed
by representatives of various professions may become a pitfall
in the 3D modelling process. A fact is often faced in the practi-
ce that not everything can be transferred without problems
among individual software programs. It is not possible to say in
general which importation or exportation procedure is most sui-
table. Each company or designer should therefore determine its
own procedure for achieving optimal and compatible results.
“Dwg” formats, which can be imported to the majority of pro-
grams, can be sufficient for 3D visualisation modelling. But this
is not sufficient when transferring 3D information models
(BIM) for which the “ifc” data format is more suitable.
However, some common modelling programs cannot read it.

3D visualisation model browsers, for example the
Nawisworks program, can be today used for the general coordi-
nation. They can be further connected to other applications used
for communication among collaborating subjects without the
need for e-mail communication. The coordination of two or
more objects by which a collision is identified is marked in the
application and is assigned to the affected subjects can be used
as a short example. The processing of the tasks and requirements
for checking of the incorporation can be monitored by all sub-
jects invited to the problem being solved. In this way the effec-
tiveness of the entire project management increases.

It is just the searching for collisions, inaccuracies and the real
setting of the future structure into digital terrain that is the irre-
placeable advantage of 3D modelling. Coordination programs in
addition allow for automatic detection of collisions according to
parameters specified for searching for collisions.

The contribution of 3D modelling in practice can be shown on
the following projects which AMBERG Engineering Brno, a.s.
participates in.

STOCKHOLM - ,YELLOW LINE“ FROM ODENPLAN
TO ARENASTADEN

e Three new metro stations: Hagastaden, Hagalund and
Arenastaden, stations 300m long;

e single-track tunnels 1.6km long; double-track tunnels
1.5km long; service tunnels for utilities and safety purposes
3km long;

e connections of new tunnels to existing metro lines;

e two escape tunnels for safe exiting to the surface are parts
of the project;

e the total of 11 tunnel cross passages between running tun-
nels and the service tunnel;

e the project comprises two access tunnels from the surface to
a station (300m or 400m long);
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e profily o rozpéti 6 az 20 m jsou tvoreny svislymi st€énami
a elipsovitou klenbou, primérni osténi ze stfikaného beto-
nu bude slouZit jako definitivni osténi;

¢ tunely budou razeny metodou Drill and Blast.

AMBERG Engineering Brno, a.s. zodpovida za ndvrh a 3D
modely tunelt mezi stanicemi, koordinuje navrhovan{ kiizenf,
uzlu a komplexni geometrie stanic, doddva souvisejici vykazy
vymér a technické specifikace.

7 ekonomickych a technickych duvodu jsou 3D modely
vytvareny pomoci metodologie BIM. Ziskdva se tim okamZi-
ty prehled o geometrii vyrubu a vyrubovych objemech.
Amberg Engineering pouZivéd pro vytvareni 3D modelt pro-
gram Rhinoceros, pro koordinaci Autodesk Navisworks
Manage. Obory projektovéni, jako jsou napriklad odvodnéni,
bezpecnostni instalace, signalizace a elektrické zdroje, jsou
prubézné zapracovany do 3D modeld. Minimalizuje se inter-
akce se sousednimi povrchovymi a podpovrchovymi stavba-
mi, vCetné stdvajicich linek metra a provozovanych Zeleznic¢-
nich tunelt. Koordinace pomoci 3D modelu viech zastoupe-
nych obort vede k lep$imu vzdjemnému porozuméni.
Nicméné tato koordinace vyzaduje vétsi zapojeni a efektivitu
prace vSech zicastnénych a dodrzovéni predem stanovenych
postupt praci, aby se predchdzelo opakovanému modelovan{
stejnych casti tunelu.

¢ geological conditions typical for the Stockholm territory —
hard granite and gneiss formations, high primary horizontal
stress and great number of weakness zones in the massif;

e profiles 6 to 20m wide are formed by vertical walls and an
elliptic vault; shotcrete primary lining will be used as the final
lining;

e the tunnels will be driven using the Drill&Blast method.

AMBERG Engineering Brno, a.s. is responsible for the design

and 3D models of tunnels between stations; it coordinates desig-
ning of intersections, nodes and complex geometry of stations,
provides relating bills of quantities and technical specifications.

For economic and technical reasons the 3D models are being

created using the BIM methodology. In this way the overview of
the excavated cross-section geometry and excavated volumes is
immediately available. Amberg Engineering uses the Rhinoceros
program for creating 3D models and Autodesk Navisworks
Manage for coordination. Designing branches, for example drai-
nage, safety installations, signalling and power sources, are conti-
nually incorporated into 3D models. The interaction with neigh-
bouring at-grade and underground structures including existing
metro lines and operating railway tunnel is minimised. The coor-
dination using 3D models of all represented branches leads to
improved mutual understanding. Nevertheless, the coordination
requires greater engagement and work effectiveness of all partici-
pants and adhering to predetermined work procedures so that repe-
ated modelling of iden-

tical parts of the tunnel
is prevented.

3D models of excava-
ted spaces and excavation
support provided by
Amberg are at the LoD
200 to LoD 300 level.
There is a great difference
between models of indivi-
dual branches in terms of
the LoD. Examples of 3D
models are presented in
Figures 1 to 3.

@ servisni tunel service tunnel

@ tratovy tunel running tunnel

® tunelova spojka tunnel cross passage
@ projezdny profil clearance profile

® odvodnéni drainage

® vozovka roadway

@ kabelové vedeni cable lines

Obr. 1 Kontrola modelu vyrubu s modely ostatnich oborit — servisni a tratdvy tunel, éast Hagastaden
Fig. I Comparison of a tunnel excavation model with models for other branches — service and running tunnel, part Hagastaden SEMMERING BASE

TUNNEL, AUSTRIA

® poruchové zony masivu
weakness zones in the massif
@ servisni tunel service tunnel

e The Semmering
base tunnel be-

® trafovy tunel — smér sever
running tunnel — direction north
@ trafovy tunel — smér jih
running tunnel — direction south
(® nadvyseni profilu pro ventilator
increased profile height for a fan
® tunelova spojka tunnel cross passage
@ Cerpaci jimka pumping sump

Obr. 2 Poruchové zony horninového masivu v okoli servisniho tunelu a tratbvych tuneli, édst Hagastaden
Fig. 2 Weakness zones in the surroundings of the service tunnel and running tunnels, part Hagastaden

tween the towns of
Gloggnitz in Lower
Austria and
Miirzzuschlag in
Styria;

e tunnel length of
27 3km;

* twin-tube railway
tunnel;

e overburden up to
870m high;

e geology — intensely
metamorphosed
rock environment,
phylite, schist,
quartzite and
gneiss, including
weakness zones;
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barevné oznacené ¢asti osténi predstavuji problémové
z6ny — nizké nadlozi (< 4,0 m), poruchové zény, kompli-
kovanou geometrii the parts of the lining marked with
colour represent problem zones — low overburden (< 4.0m),
weakness zones, complicated geometry
@ tunel pro nastupisté — smér jih
tunnel for platform — direction south
@ tunel pro nastupisté — smér sever
tunnel for platform — direction north
® servisni tunel service tunnel
@ tunel pro vystup na povrch — jizni strana stanice
tunnel for exit to the surface — southern side
of station

tloustky osténi lining thicknesses

90 mm
[ © 115 mm
s 130 MM
e 200 MM

délky kotev lengths of anchors

e 30m

— ] 0 M
50m

Obr. 3 Koordinacni model kotveni vyrubu — stanice Hagastaden
Fig. 3 Coordination model of anchoring of the excavation — Hagastaden station

3D modely vyrubt a jisténi, které doddvd Amberg, jsou na
drovni LoD 200 az LoD 300. Mezi modely jednotlivych
oboru je velky rozdil v LoD. Pfiklady 3D modelu jsou na obr.
1 az 3.

SEMMERING BASISTUNNEL, RAKOUSKO

« Upatni tunel Semmering, mezi mésty Gloggnitz v Dolnim
Rakousku a Miirzzuschlag ve Styrsku;

e délka tunelu 27,3 km;

e Zelezni¢ni tunel s dvéma tubusy;

¢ vySka nadlozi aZ 870 m;

e geologie — intenzivné metamorfované horninové pro-
stredi, fylity, bridlice, kvarcity a ruly, v¢etné porucho-
vych zén;

e razba tunelu ve tfech stavebnich dsecich soucasné;

e jeden ze stavebnich dsekl raZen soucasné z pristupového
tunelu, kaveren, Sachet a z portdlu;

tunnel excavation simultaneously in three construction sections;
one of the construction sections driven concurrently from
an access tunnel, caverns, shafts and the portal;

a significant weakness zone is overcome through access
shafts and tunnels using the NATM and the excavation is
connected to the TBM-driven excavation in the following
construction section;

the length of the access tunnel exceeds 1000m and the width
amounts to 10m; a pair of caverns at the end of the excavation;
185m respectively 50m long caverns, 26m respectively
21m wide; two shafts will be sunk from them;

shafts 7 or 9m in diameter, 250m deep; toe caverns will link
to them; running tunnels will be driven in both directions
from them;

the shafts are for the temporary use — for hoisting and ven-
tilation; they will be backfilled after the completion of the
tunnels;

@ kaverna pfistupového tunelu access tunnel cavern
@ pficna kaverna transverse cavern
® Sikma Sachta pro vedeni lan tézebniho zafizeni
inclined shaft for hoisting cables
@ docasné Sachty pro téZbu a vétrani
temporary shafts for excavation and ventilation
® spojovaci tunel pficné kaverny
connecting tunnel for transverse caverns
® spojovaci tunel kaverny cavern connecting tunnel
@ pfistupovy tunel access tunnel
®) poruchové pasmo weakness zone

Obr. 4 Semmering Basistunnel, Rakousko, stavebni iisek Gloggnitz, komplex pFistupovych tunelii, kaveren a Sachet Gostritz, celkovy pohled na piuvodni ndvrh

véetné nové polohy geologické poruchy

Fig. 4 Semmering Base Tunnel, Austria, construction section Gloggnitz, the Gostritz complex of access tunnels, caverns and shafts and an overall view of the

original design including the new location of the geological fault
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@ kaverna pfistupového tunelu * the access tunnel

access tunnel cavern overburden height
@ pricna kaverna transverse cavern in the location of
® §ikmé $achta pro vgdgm’ lan téZebniho zafizeni caverns amounts to

inclined shaft for hoisting cables
@ docasné Sachty pro tézbu a vétrani ca 270m.

temporary shafts for excavation and ventilation The model of the ori-
® spojovaci tunel pficné kaverny ginal design of the

connecting tunnel for transverse caverns
® spojovaci tunel kaverny cavern connecting tunnel
@ pfistupovy tunel access tunnel

structure is presented in
Figures 4 and 5.

Because of the fact
that a new location of
a fault was found at the
excavation face during
the excavation of the
access tunnel (and new
more detailed geologi-
cal boreholes and sur-
veys refined this locati-
on) which significantly
encroached on the already designed tunnel alignment, it began
to be necessary to realign the parts of the access tunnel complex
still unexcavated, whilst the location of both shafts had to be
maintained. It was therefore necessary to create a 3D model of
the existing design of the tunnel routes, including a new pre-
sumption of the fault location. Only the border of the excavati-
on of the tunnels was modelled for these purposes, which cor-
responds to LoD 100, using the Rhinoceros program. The new
alignment of the access tunnels was designed and the location
and the geometry of the caverns were optimised on the basis of
this model, so that the impact on the construction was as small
as possible and no unnecessary delay or extension of the con-
struction period was caused.

Obr. 5 Detail komplexu pFistupovych tunelii, kaveren a Sachet Gostritz
Fig. 5 Detail of the Gostritz complex of access tunnels, caverns and shafts

e pristupovymi Sachtami a tunely se zdoldvd vyznamné
poruchové pasmo pomoci razby NRTM a napojuje se na
razbu pomoci TBM v dal§im stavebnim dseku;

e délka pristupového tunelu pres 1000 m a rozpéti 10 m, na
konci razba dvojice kaveren;

e kaverny délky 185 a 50 m, Sifky 26 a 21 m, z nich budou
hloubeny dvé Sachty;

e Sachty pruméru 7 a 9 m, hloubky 250 m, na né budou
navazovat patni kaverny, z nichZ budou v obou smérech
raZeny tratové tunely;

e Sachty jsou docasné — t€Zni a vétraci, po dokonCeni tune-
1t budou zasypény;

e vyska nadloZi pristupového dila v misté kaveren cca
270 m.

Model pﬁvodniho néavrhu dila je zndzornén na obr. 4 a 5. TUNNEL BYPASS (TP2/3) LUZERN, SWITZERLAND

JelikoZ béhem razby pristupového tunelu byla na Celbé zasti-

Zena nova poloha tektonické poruchy (nové podrobnéjsi geo-
logické pruzkumy tuto polohu zpfesnily), kterd vyznamnym
zpusobem zasahovala do jiZz navrZené trasy dila, nastala potfe-
ba pretrasovani dosud nevyraZzenych ¢asti pristupového kom-
plexu, pfi¢emZ poloha obou Sachet musela zustat zachovéna.
Pro tento tkol tak bylo potfeba vytvorit 3D model stdvajiciho
ndvrhu tras tunelt, véetné nového odhadu polohy poruchy. Pro
tyto Gcely byla modelovdna pouze hranice vyrubu tunelt, coZ
odpovidd LoD 100, a to v programu Rhinoceros. Na zdkladé
tohoto modelu pak do$lo k novému trasovani pristupovych
tunelu a optimalizaci polohy a tvaru kaveren tak, aby tato
zména mela co nejmensi dopad na stavbu a nedoslo ke zbyte¢-
nému zdrzeni nebo prodlouzeni doby vystavby.

This construction is under preparation. It will form one part of
the overall solution to road transport in Luzern and its wide sur-
roundings. The tunnel route passes across an area significantly
modelled during the last Ice Age. In hilly sections, the underly-
ing layers get up to the surface, valleys are mostly filled with
cohesionless sediments of the Reus river terrace. The underlying
rock types are formed by layers of a freshwater molasse. Of the
rock types, sandstone, marlstone, siltstone and siltstone in vari-
ous degrees of weathering are represented in it.

The complex of civil engineering objects comprises:

e The mined tunnel design is being prepared as a variant
excavated using the NATM, both without and with an invert
(through worsened geology), as well as using a TBM and
a modified TBM — segmental lining;

e mined tunnel — two tubes, tunnel tube length of ca 3km;
excavated cross-sectional area in the case of the NATM

TUNNEL BYPASS (TP2/3) LUZERN, SVYCARSKO

Jednd se o pfipravovanou stavbu, kterd bude tvofit jednu excavation without invert amounting to 109.5m2, in the
¢ast z celkového feSeni silni¢ni dopravy v Luzernu a jeho case of TBM excavation amounting to 125.5m?2;
Sirokém okoli. Trasa tunelu prochdzi izemim vyrazné mode- e cut-and-cover parts;
lovanym béhem posledni doby ledové. V kopcovitych tsecich * connection to the existing tunnel;
vychdzeji podlozn{ horniny az k povrchu, ddoli jsou vyplnéna * tunnel cross passages — passable either for pedestrians or for
prevazné nesoudrznymi sedimenty fi¢ni terasy feky Reuss. vehicles, crossings and recesses;
PodloZni horniny jsou tvoreny vrstvami sladkovodni molasy. e two technology centres, one of them for ventilation (the
Z hornin jsou zde zastoupeny piskovce, slinovce, prachovce Ibach technology centre, see Fig. 6);
a siltovce v ruzném stupni zvétrani. ¢ ventilation shaft (connection to the tunnel, see Fig. 7);
Komplex stavebnich objektl obsahuje: e stabilisation of construction pits — pile walls, soldier beam
e projekt razeného tunelu je pripravovdn jako variantni, and lagging bracing, anchoring of bedrock;

razba pomoci NRTM bez protiklenby i s protiklenbou ve
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@ technologicka centrala Ibach
Ibach technology centre

@ zajisténi stavebni jamy — pilotova sténa
construction pit stabilisation — pile wall

® zajisténi stavebni jamy — zajisténi skal-
niho svahu aktivovanymi tyovymi kotva-
mi a stfikanym betonem
construction pit stabilisation — stabilisati-
on of rock slope with activated rod
anchors and shotcrete

@ zajisténi stavebni jamy — zaporové
pazeni
construction pit stabilisation
- soldier beam and lagging wall

® silnice — rampa kfizovatky
road - intersection ramp

® pomocny most pro pfevedeni stavajici
dopravy pfes jamu auxiliary bridge for
transfer of existing traffic across the pit

Obr. 6 Tunnel Bypass Luzern, technologickd centrdla Ibach, do¢asny most a zajisténi stavebni jamy
Fig. 6 Tunnel Bypass Luzern, Ibach technology centre, temporary bridge and stabilisation of construction pit

@ vétraci Sachta ventilation shaft
@ vétraci Stola ventilation adit
® pfistupové schodisté
access staircase
@ prostor pro proudéni vzduchu
nad mezistropem
space for airflow above intermediate
deck
® prijezdny profil clearance profile

Obr. 7 Tunnel Bypass Luzern, napojeni vétraci Sachty na tunel
Fig. 7 Tunnel Bypass Luzern, connection of a ventilation shaft to the tunnel

zhorSené geologii, tak i pomoci TBM a TBM modifiko-
vané — ostén{ z tubingu;

e razeny tunel — dva tubusy, délka tubusu cca 3 km, profil
vyrubu pri razbé NRTM bez protiklenby109,5 m2, pfi razbé
TBM 1255 m2;

¢ hloubené ¢asti;

* napojeni na stdvajici tunel;

¢ tunelové propojky — pruchozi a prujezdné, piejezdy a vy-
klenky;

e dvé technologické centraly, z toho jedna vétraci (techno-
logicka centrdla Ibach, obr. 6);

e vétraci Sachta (napojeni na tunel, obr. 7);

e zajisténi stavebnich jam — pilotové stény, zdporové paZe-
ni, kotveni skalniho podloZi;

e prelozky potoka a inZenyrskych siti;

e dalsi objekty prislusenstvi.

V ramci tohoto projektu byl ze strany investora vznesen az

ve fazi rozpracovaného standardniho 2D projektu pozadavek
na provedeni celého projektu s vyuzitim technologie BIM.

 relaying of a creek and utility networks;

e other facility structures.

Client’s requirement for the BIM technology to be used
within the framework of the entire project was imposed as late
as the phase of the already partly elaborated standard 2D
design. The consortium of design firms therefore gradually
moves from 2D drawings to 3D models created using the
Rhinoceros and Revit programs. This transition allows for
quicker coordination with all design partners. The experience
however is that it was necessary within the framework of the
creation of 3D models first to generate 2D drawings and pass
them on to some designers who have not been acquainted with
3D modelling yet. A methodology for creating bills of quanti-
ty and works schedules using a 3D model — the BIM metho-
dology — is currently being debugged.

During the work on the design it was possible to try out the
difference between the creation of 2D drawings and 3D
modelling because of the fact that the first designing phase
proceeded only with 2D drawing. The main pitfall of 2D
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Sdruzeni projek&nich firem tak postupné prechazi z 2D vykre-
si na 3D modely, vytvdfené v programech Rhinoceros
a Revit. Timto prechodem je umoZznéna rychlejsi koordinace
se vSemi projekénimi partnery. ZkuSenost je vSak takovd, Ze
v rdmci tvorby 3D modeld bylo nutné generovat nejdiive 2D
vykresy a tyto postupovat nékterym projektantum, ktefi s 3D
modelovdnim nebyli dosud obezndmeni. V soucasné dobé se
ladi metodika pro vytvdfeni vykazi vymér a harmonogramu
praci s vyuZitim 3D modelu — metodika BIM.

Béhem projektovani si bylo mozné dobre vyzkouset rozdil
mezi tvorbou 2D vykresu a 3D modelovdnim, nebot’ prvni
faze projektovani probihala pouze ve 2D kresbé. Hlavni dska-
1i 2D kresby je pomérné velkd ndro¢nost na geometrické kon-
struovani (zaoblené jamy ve spddu, s lavickami, vzdjemné
pruniky geometricky nédroénych staveb v podzemi atd.)
a pracnost pri dodate¢nych dpravdch. I ve chvili, kdy uz se
zddlo, Ze jsou ve 2D vykresech vyfeSeny vSechny detaily, 3D
model ukdzal pravy opak. 3D model nepochybné poskytuje
dobrou predstavu o stavbé, pripadnych kolizich s jinymi
objekty, ale nelze opomenout, Ze zdroven sniZuje ndroky na
projektantovu predstavivost a ldkd k vytvdreni slozitych

Yoy

tvaru, které 1ze pak stéZi na stavbé presné vytyc¢it a realizovat.

ZAVER

3D modelovéni ani samotnd technologie BIM neni v podzem-
nim stavitelstvi Zddnou novinkou. Ve Velké Britdnii tuto proble-
matiku zohledfiuji uz v pfipravované normé a tvorba projekti
v BIM je zde poZzadovédna i na mnoha zakdzkdch z verejnych
penéz. Obecné se vSak do projekti podzemniho stavitelstvi BIM
dostdva velmi pomalu. Je to dano specifi¢nosti a ndro¢nosti téch-
to projektu. Piesto se ale za&ind tento trend ménit a &im dal Casté-
ji projektanti vyuzivaji 3D modely k reSeni problémovych oblas-
ti, coz je jakymsi prvnim stupném aplikace technologie BIM.
Pozitivni vliv 3D modelovani{ oproti klasickému 2D projektovani
je zfejmy — efektivni a paralelni navrhovani jednotlivych soudasti
projektu tykajicich se riznych obort, detailnéjsi ndvrh jiz v po&a-
teCnich fazich projektu, presnéjsi a spolehlivéjsi navrh diky véas-
né koordinaci, odhaleni ptipadnych kolizi a moZnosti transforma-
ce vizualizaénich 3D modela do vypoletnich modeld. Jsou zde
ovSem jisté limity. Je potfeba pocitat s jistou nepresnosti vstup-
nich dat, vyvarovat se fale$né predstavy dokonalé presnosti 3D
modeld, tzn. pfesné projekéni préice s nepresnymi vstupnimi daty.
V neposledni radé nelze opomenout, Ze v§echny nové technologie
aplikované v projekéni praxi prindseji zvysené naroky na projek-
tanty, ktefi musi byt v novych systémech a aplikacich proskoleni
a také na vypocetni techniku, kterd musi byt uzpusobena pro praci
s velkymi grafickymi soubory.

S ohledem na pozadovanou efektivnost, presnost a finanéni
stranku vSech fazi projektu a stavby se stavaji 3D modely a cesta
k aplikaci technologie BIM smérem, kterym se bude i nadéle
ndsledujici vyvoj v projekci podzemniho stavitelstvi ubirat.
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TuHel

drawing lies in the relatively great demands on geometrical
design (rounded pits on a gradient, sight rails, mutual pene-
trations of geometrically complicated structures in the
underground etc.) and labouriousness of additional modifica-
tions. It was even at the moment when it seemed that details
in 2D drawings had been solved that the 3D model showed
the very opposite. The 3D model undoubtedly provides
a good idea of the construction or possible collisions with
other structures, but it cannot be forgotten that it, at the same
time, reduces the demands on designer’s imagination and
lures to creating complicated shapes which are difficult to

precisely set and realise on the construction site.

CONCLUSION

Neither 3D modelling nor the BIM technology itself are
new in the underground construction industry. In Great
Britain, these problems are already taken into consideration
in a standard being prepared and the development of BIM
designs is required even for many public procurement pro-
jects. But in general, BIM is getting into underground con-
struction projects very slowly. It is so due to the specific and
demanding character of these projects. Despite this fact, this
trend begins to change and 3D models are used for solving
problematic areas more and more often, which is a kind of
the first degree of the application of the BIM technology.
The positive influence of 3D modelling in comparison with
classical 2D designing is obvious — efficient and parallel
designing of individual parts of a project relating to various
designing branches, a more detailed design already in initi-
al designing phases, a more accurate and reliable design
owing to timely coordination, revealing potential collisions
and the possibility of transformation of 3D visualisation
models into calculation models. Of course, certain limits
exist. It is necessary to take into account certain inaccuracy
of input data, avoid a false idea of perfect accuracy of 3D
models, i.e. accurate designing work based on inaccurate
input data. At last but not least, it is not possible to omit the
fact that all new technologies applied to the designing prac-
tice bring increased demands on designers, who must be
trained in new systems and applications and on computer
technology, which has to be adapted to working with large
graphic files.

With respect to the required effectiveness, accuracy and the
financial aspect of all design and construction phases, 3D
models and the approach to the application of the BIM tech-
nology become the direction in which the further development
in designing for the underground construction industry will
continue.
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ZASADY ROZHODOVANI ZA NEJISTOTY V GEOTECHNICE

PRINCIPLES OF MAKING DECISIONS UNDER UNCERTAINTY
IN GEOTECHNICS

ALEXANDR ROZSYPAL

ABSTRAKT

Cldnek se zabyvd problematikou rozhodovacich postupii v geotechnice, které jsou charakteristické tim, Ze pro né neni obvykle
dostatek informaci, dat a znalosti. Upozornuje na nutnost v takovych pripadech pri navrhovdni geotechnickych konstrukci
potlacovat deterministicky pristup a doplnit jej pristupem pravdépodobnostnim. Poukazuje na vyznam inZenyrské intuice
a zdsady jejiho rozvijeni i pouZivdni. Uvddi i nékteré rozhodovaci techniky minimalizujici vliv nejistoty na vysledek rozhodo-
vdni a sniZujici souvisejici rizika.

ABSTRACT

The paper is dealing with problems of decision-making procedures in geotechnics, which are characterised by the usual lack
of information, data and knowledge required for them. It draws attention to the necessity of suppressing the deterministic app-
roach to designing geotechnical structures in such the cases and complementing it by a probabilistic approach. It points out the
importance of engineering intuition and principles of its development and use. It, in addition, presents some decision-making

techniques minimising the influence of uncertainty on the result of the decision and reducing the associated risks.

1. UOVOD

Projektovani a vystavba geotechnickych konstrukei jsou
dotceny zna¢nou mirou nejistot o podminkéch a vlastnostech
prirodniho prostfedi, v jakém budou tyto stavby navrhovany
a budovény. Pri obvyklych postupech navrhovani stavebnich
konstrukei se vSak vychdzi z predpokladu, Ze v§echny poznat-
ky a znalosti, které jsou k rozhodovani nezbytné, jsou k dis-
pozici. (Zakonitosti, podle kterych se sledovany systém
chovd, spolehlivé algoritmy, které je popisuji, ddle poznatky
o aktudlnim stavu analyzovaného systému, o vlastnostech
materidld, z kterych systém pozustava atp).

Vlastnosti hornin, které se u geotechnickych konstrukci
stavaji nedilnou soucdsti statického systému stavebniho dila,
se ale vyznamné méni v prostoru i v ¢ase. Zavisi i na radé
vnitinich a vnéjsich Cinitelu, napfiklad na charakteru zmén
puvodniho stavu horninového masivu stavebnim zdsahem, na
zpusobu jeho zatéZovéni, na rozsahu zménami zatizen{ zasti-
7eného prostoru, kolisdni pérovych tlaki a podobné. Na
intenzité a velikosti takovych zmén se podili i zvolend tech-
nologie razeb. Kromé toho je tfeba béhem vystavby geotech-
nickych konstrukci ¢asto Celit nahodilym vné€j§im vlivim
ruzné prirodni, technické i lidské povahy. Jejich vyznam
nelze pri priprave stavby, ani prfi jejim provadéni spolehlive
predvidat.

2. VYZNAM NEJISTOTY V GEOTECHNICE

Pfi navrhovdni geotechnickych konstrukei ve sloZzitych
geologickych podminkdch, zejména pak pri projektovani
a budovdni podzemnich staveb, tedy fada dualezitych infor-
maci bud chybi, nebo nejsou dostatecnd vystizné ¢i spolehli-
vé. To znamena, Ze projektovani a budovani podzemnich sta-
veb je spojeno s vét§im ¢i mensim rizikem. Pri fizenf rizik je
nezbytné uplatiovat pravdépodobnostni pristup, zvaZovat
miru prijatelnosti rizik a rozsah nezbytnych opatfeni pro
jejich snizovani. Logika pravdépodobnostniho pristupu je ale
jind, neZz pri obvyklém pristupu deterministickém. Pokud

1. INTRODUCTION

Designing and development of geotechnical structures are affected
by a significant degree of uncertainties regarding the conditions and
properties of the natural environment in which the structures will be
designed and constructed. However, it is assumed when usual desig-
ning procedures are applied to designing civil engineering structures
that all knowledge necessary for making decisions is available. (The
regularities according which the system being observed behaves, the
reliable algorithms described by them, the knowledge about the cur-
rent state of the system being analysed regarding properties of the
materials the system consists of, etc.).

But the properties of ground mass, which become an inseparable
part of the static system of the structure significantly vary in space
and time. They even depend on numerous internal and external fac-
tors, for example, on the character of changes in the state of the
ground mass caused by the construction intervention, on the process
of its loading, on the extent of the space affected by the changes, fluc-
tuation of pore pressures etc. Even the selected tunnelling technique
contributes to the intensity and size of such changes. It is, in additi-
on, necessary during the course of construction work to face acci-
dental external influences of various natural, technical and human
nature. Their significance cannot be reliably predicted either during
the construction planning process or during the construction.

2. SIGNIFICANCE OF UNCERTAINTY IN GEOTECHNICS

When geotechnical structures in complicated geological conditi-
ons are being designed, especially when underground structures are
being designed and constructed, there is a lack of a lot of important
information or it is not sufficiently apposite or reliable. It means
that designing and constructing underground structures is associa-
ted with a larger or smaller risk. It is necessary in the risk manage-
ment process to apply the probabilistic approach, take into account
the rate of acceptability of risks and the extent of the measures
necessary for reducing them. But the logics of the probabilistic app-
roach differs from the logics of the usual deterministic approach. If
it is not possible to predict with certainty what the behaviour of the
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neni mozné s jistotou predpovedét, jaké bude chovéni dotce-
ného systému, napiiklad v dasledku:

* moznych zmén bansko-geologickych podminek v misté

razby tunelu;

¢ nezndmé orientace hlavniho puvodniho napéti okolo pod-

zemni kaverny;

¢ velkého kolisdni hodnot kli¢ovych geotechnickych para-

metru vstupujicich do ndvrhu;

¢ nezndmé dlouhodobé stability vysokého zdvérného svahu

portélu tunelu, mozného kolisani hladiny podzemni vody
v jeho svahu atd.;
nelze se pri projektovdni zabyvat jedinym optimédlnim feSe-
nim. Regeni se naopak musi vyrovnat se vSemi vyznamnymi
variantami vySe uvedenych proménnych, které pri konkrétni
vystavbé pripadaji v dvahu.

Vtipny priklad takového rozhodovani v situaci vysoké miry
nejistoty uvedl Taleb (2007) ,, Neni mozné jednoznacné stano-
vit, na kterou vetev si slavik sedne, kdyZ? v noci prilétne do
hdje. Pokud je cilem na slavika nastraZit lep tak, aby byla co
nejvétsi pravdépodobnost jeho polapent, je treba lep nastraZit
na ty vétve, na které by si slavik mohl sednout nejpravdepo-
dobneéji.*

Praktické feSeni takové dlohy ovSem musi respektovat pod-
minku, Ze lepidla je jen omezené mnozstvi a neni proto mozné
jim namazat vSechny vétve, aby se slavik s jistotou chytil.
Také hodnota pouzitého lepidla nesmi byt logicky vétsi, nez je
hodnota slavika samotného. KdyZ by bylo takto vymezeno
mnozstvi lepidla, které je ticelné na lapani slavika pouzit, pak
je mozné s vyuzitim konceptu pravdépodobnosti hledat ty
vétve, na které si slavik sedne nejpravdépodobnéji a tam lep,
ktery je k dispozici, nastrazit (vétve nad studdankou, s vyhle-
dem na mésic atp.).

Obdobné je tfeba postupovat pri projektovani geotechnické
konstrukce, jejiz chovani mohou vyznamné ohroZovat ndhod-
né stavy a jevy. Projekt musi vzit v dvahu vSechny mozné
nebezpecné stavy, které za dané situace mohou nastat. Mél by
také odhadnout pravdépodobnosti, s jakou mohou nastat,
a jakd to obndsi rizika. Ndsledné by mel projektant vybrat ty
stavy, které predstavuji nepfijatelnd rizika a pro ta navrhovat
opatfeni na jejich potrebnd sniZeni. Soucasné také porovndvat
ndklady na takovd opatfeni s jejich t¢inkem (sniZenim rizika).
To znamend provést technicko-ekonomickou optimalizaci
navrhu konstrukce a na jejim zakladé prijmout optimélni pro-
jektové feseni. Jinymi slovy, takové, kdy je sniZené riziko pod
drovni rizika prijatelného a pomér mezi ndklady na sniZen{
rizika a velikosti rizika nejvyhodnéjsi.

3. ROZHODOVACI POSTUPY PRI VYSOKE MIRE NEJISTOTY

Pii praktickém feSeni geotechnickych uloh, kdy se muZe
uplatnit nahodilé chovdni, neni nejduleZitéj${ pouzivani mate-
matickych metod pravdépodobnostniho poétu a teorie pravdeé-
podobnosti. Vzdy je ale tfeba uplatnit ,,pravdépodobnostni
mysleni“ a nékteré specifické techniky.

Prvnim krokem pri geotechnickém ndvrhu je posoudit, zda
jej lze provést standardnimi deterministickymi postupy. To
znamend, zda jsou pro feSeni k dispozici v§echny vstupy, zda
jsou dostatecné hodnovérné a jakého charakteru a rozsahu
jsou nejistoty. Anebo zda se jednd o situaci, kde zbytkové
nejistoty o vlastnostech geotechnickych parametru a o zdko-
nitostech chovani daného horninového masivu a navrhované
konstrukce jsou pro ndvrh stavby a jeji provadéni vyznamné.
Pak je tfeba pro feSeni prislusného problému uplatnit

particular system will be, for example as a result of the following
conditions:

* potential changes in mining-geological conditions in the locati-

on of the underground excavation;

e unknown orientation of the main original stress around the

underground cavern;

e large fluctuations of the values of key geotechnical parameters

entering the design;

e unknown long-term stability of the high tunnel portal slope,

potential fluctuation of water table in the slope, etc.;
it is not possible to deal with a single optimal solution when the
design is being carried out. Just the opposite, the solution has to cope
with all significant variants of the above-mentioned variables which
can be taken into consideration during a particular construction pro-
ject.

A smart example of such decision-making process in the situation
of high uncertainty rate was presented by Taleb (2007) ,, It is not pos-
sible to determine unambiguously the branch a nightingale will sit on
when it arrives in the growth at night. If the objective is to set birdli-
me in a way providing as high probability of catching the bird as pos-
sible, it is necessary to put birdlime on the branches the nightingale
could sit with the largest probability.*

Of course, a practical solution to such a problem has to respect the
condition that the amount of the glue is limited and, for that reason,
it is impossible to apply it to all branches so that the nightingale is
caught with certainty. In addition, logically, the value of the used
birdlime must not be higher than the value of the nightingale itself.
When the amount of the birdlime useful for catching the nightingale
is defined, it is possible to apply the concept of probability to sear-
ching for the branches the nightingale is most likely to sit on and put
the glue available on them (branches above a spring, branches allo-
wing a view of the moon, etc.).

The application of a similar procedure is required for designing
a geotechnical structure the behaviour of which can be significantly
endangered by accidental states and phenomena. The design has to
take into account all possible dangerous states which can take place
under the particular situation. It should, in addition, assess the pro-
babilities with which they can take place and the risks associated
with them. Subsequently, the designer should select the states repre-
senting unacceptable risks and propose measures reducing them to
required levels. At the same time, he should compare the costs of
such measures with their effect (reduced risks). It means carry out
technical-economic optimisation of the structural design and adopt
optimal design solution on its basis. In other words, such a solution
where the risk is reduced under the level of the acceptable risk and
the ratio between the risk reduction costs and the magnitude of the
risk is most favourable.

3. DECISION-MAKING PROCEDURES UNDER HIGH RATE
UNCERTAINTY

When geotechnical problems are being practically solved in the
cases where random behaviour can be applied, the use of mathema-
tical methods of the probability calculus and the theory of probabili-
ty is not most important. However, it is necessary to apply “probabi-
listic thinking” and some specific techniques.

The first step of a geotechnical design lies in assessing whether it
can be carried out using standard deterministic procedures. It means
whether inputs are available for the solution, whether the uncertainties
are credible and what is the character and extent of the uncertainties.
Or whether it is a situation where residual uncertainties regarding geo-
technical parameters and patterns of the behaviour of the particular
ground mass and the structures being proposed are important for the



pravdépodobnostni pristup a observaéni metody. V dvahu je
treba také vzit vSechny moZzné nahodilé vlivy z vnéjsku
systému stavba-horninové prostredi (prirodni hazardy, tech-
nologické havdrie, vlivy socidlnéekonomickych podminek,
lidsky faktor atp.).
3.1 Potlaceni deterministického piistupu

Dulezitou podminkou dspéSného feseni komplexniho geo-
technického problému s vét§si mirou nejistot je, zbavit se
deterministického zpusobu uvaZovdni a s nim spojenych mys-
lenkovych postupu a nahradit jej uvaZovdnim pravdépodob-
nostnim. Pfitom je icelné se zamerit na posouzeni nésleduji-
cich aspektu.

Vyznam anomdlnich a nestandardnich jevi

V geotechnice dosud prevaZzuje deterministické uvazovani,
kdy jevy jsou studovany a vysvétlovany na zdkladé ,,preva-
zujiciho®, bézného, nebo statisticky pozorovaného chovani
(v laboratorfi, pfi vystavbé i pri monitoringu). Nestan-
dardnim, anomdlnim jevim ¢&i chovdnim v extrémnich pod-
minkdch nebyva vénovana dostate¢na pozornost. Prakticky
kazdy se jisté setkal se situaci, kdy anomélni chovani indiko-
vané geomonitoringem se zna¢nou dobu ignoruje na zdkladé
predpokladu, Ze se bude uréité ,,normalizovat®. AvSak pravé
zkoumdni anomdlnich jevi muZe s predstihem zjistit neoce-
kdvany ndstup ne€jakého neocekdvaného nezddouciho jevu.
Pfi jejich zkoumdni se také muZe ziskat nejvétsi pouceni.

Rozbory skuteénych pri¢in anomdlniho chovdni

V praxi podzemniho stavitelstvi se obvykle neprovadi
dostate¢né podrobné analyzy fyzikalnich pfi¢in vzniku mimo-
fadnych nebo anomadlnich uddlosti. Asi proto, Ze jejich vznik
byva mylné povazovan za nezvladnuti standardnich ndvrho-
vych (deterministickych) procest a neni zdjem oznacit vinika.
V fadé pripadi vSak pfi¢inou téchto mimofddnych uddlosti
nebyla chyba jako takova, ale zanedbdani moZnosti vzniku
vyznamnych nahodilych udélosti ve spoluptsobeni systému
stavba-hornina a nenalezeni zpusobu, jak se s nimi pfi vystav-
beé uéinné vyrovnat.

Zkoumdni vyznamu extrémnich a nahodilych hodnot
a jevi

Choviéni systému, ve kterych hraji velkou roli nahodilosti,
je tfeba zkoumat nikoliv na jejich praimérném chovéni (coZ je
vlastni pro deterministicky pristup), ale pravé na krajnostech,
nahodilostech, na zvlaStnostech v chovéni sledovanych systé-
mu. Prdvé v geotechnice se s nahodilostmi, vybo&ujicimi
z predpovédi odvozenych z obecnych znalosti a ze znalosti
ziskanych z nedostatenych prizkumu, lze setkdvat velmi
Casto. Presto se, napriklad pri urovéani charakteristickych
hodnot geotechnickych parametrt, stile Casto opakuje tdZ
chyba, Ze se bez podrobnéjsiho rozboru vysledka laborator-
nich ¢i polnich méfeni voli za charakteristické hodnoty v pod-
staté hodnoty prumérné, zatimco pro chovani celého systému
byvaji za urCitych okolnosti rozhodujici pravé hodnoty
extrémni.

Nedlekand zména trendu ve vyvoji chovdni sledovaného
systému zpusobend externi nahodilosti

V systémech, ve kterych dochdzi k nahodilym jevum, je
bézné, Ze jejich neofekdavany vznik zdsadné zmeéni dosa-
vadni prub€h chovéni tohoto systému. To plati i pro geo-
techniku. Proto, i kdyz napriklad monitoring razby tunelu
poskytuje dlouhou fadu pomérné souvislych pozorovini
s podobnym vysledkem, nikdy neni 100% jistota, Ze se
pozorované chovédni nemuZe v blizké budoucnosti ndhle
vyrazné¢ zménit. Pozndni a zdvéry odvozené z urlitych
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design and the construction. It is then necessary for the solution to the
particular problem to apply the probabilistic approach and observa-
tional methods. In addition, it is necessary to take all possible random
effects from the outside of the structure-ground environment system
into consideration (natural hazards, technological accidents, influen-
ces of socio-economic conditions, human factors, etc.).
3.1 Suppression of deterministic approach

An important condition for successful solving a comprehensive
geotechnical problem with a higher rate of uncertainties is to get rid
of the deterministic way of thinking and the thought processes asso-
ciated with it and to replace it with probabilistic thinking. It is rea-
sonable to focus on the assessment of the following aspects.

Significance of anomalous and non-standard phenomena

Deterministic thinking still prevails in the geotechnics; phenome-
na are studied and explained on the basis of “prevailing”, common or
statistically observed behaviour (in a laboratory, during construction
and during monitoring). Non-standard, anomalous phenomena or
behaviour under extreme conditions are usually not paid sufficient
attention. Practically everybody has certainly encountered a situation
where the anomalous behaviour indicated by geomonitoring is igno-
red for a considerable time on the basis of the assumption that it will
certainly “normalise”. But it is just the process of examination of
anomalous phenomena that can identify an unpredicted onset of an
unexpected undesirable phenomenon in advance. In addition, the gre-
atest lesson can be gained by examining them.

Analyses of real causes of anomalous behaviour

Sufficiently detailed analyses of the physical causes of the origina-
tion of extraordinary or anomalous events are usually not carried out
in the practice of underground construction engineering. The reason
probably is that their origination is usually considered to be a failure
to cope with standard design (deterministic) processes and there is no
interest in marking the culprit. However, the extraordinary events
were not caused by a mistake itself. In many cases the cause was the
fact that the possibilities of the origination of significant random
events in the system of the interaction of the structure with the ground
and finding ways of effective coping with them during the construc-
tion were neglected.

Examination of the significance of extreme and random values
and phenomena

The behaviour of systems where significant roles are played by
contingencies should be examined not focusing on their average
behaviour (which is characteristic of the deterministic approach). It
should be examined on extremes, randomness and particularities in
the behaviour of the systems being observed. Especially in geotech-
nics is it possible to frequently encounter contingencies leaving the
line of predictions derived from the general knowledge and know-
ledge obtained from insufficient investigation. Despite this fact the
same mistake is still often repeated in determining the characteristic
values of geotechnical parameters that in substance average charac-
teristic values are chosen without any more detailed analysis of
results of laboratory or field measurements, whilst, under certain cir-
cumstances, the extreme values themselves often decide.

Unexpected change in trends in the development of the behavi-
our of the system being observed caused by external randomness

It is a commonplace in the systems where random phenomena
occur that the unexpected origination of the phenomena fundamen-
tally changes the current behaviour of the system. This applies even
to geotechnics. For that reason there is never 100% certainty that the
behaviour being observed cannot abruptly change in the near future,
even though, for example, the tunnel excavation monitoring provides
a long series of relatively continuous observations with a similar
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pozorovani a za urcitych podminek, napriklad geotechnic-
kym monitoringem, musi byt proto neustdle znova a znova
ovérovéany. Zejména je tfeba trvale prezkoumadvat soulad
pouzivaného modelu spolupisobeni stavebni konstrukce
s horninou, se skute¢nym spolupisobenim zastiZené horni-
ny a stavby. Spolu s tim i pripadné zmény okrajovych pod-
minek, které vyvoj sledovaného systému doprovdzeji.

Vliv rozsahu zkoumaného systému na vznik nahodilosti

Cim raznorod&jii je horninovy masiv, &m vétii je jeho
objem zastizeny zménami (napf. plocha vyrubu), ¢im raznéj-
§i je povaha jeho ovlivnéni vnéj§imi vlivy (technologie razeb,
rozsahy a velikost zatizeni, sméry zatiZzeni, zpusob zatiZenf,
dynamicky dcinek), tim je i vétsi pravdépodobnost vzniku
néjakého nahodilého jevu i jeho dusledku.

Nekteré takové jevy mohou byt sice nahodilé, ale fyzikalné
vysvétlitelné. Presto mohou byt nékdy jen obtizné predpove-
ditelné. I kdyZz mohou byt mélo pravdépodobné, mély by byt
pri vystavbé ofekdvény, a pri projektu vzdy zohlednovény.
Proto je nezbytné pouzivani observacniho prfistupu nejen pri
projektovdni, ale i pfi fizeni vystavby. Nutnd je predevsim
schopnost rychlé reakce na vznik moZnych jevu ¢i stavu pie-
dem pripravenymi opatfenimi.

Kumulace postupnych malych zmén

Mnohé, jako by nahodilé jevy jsou zpusobeny postupnym
hromadénim malych zmén, které samy o sob& nevyvoldvaji
obavy. Po prekroceni urité meze (kumulace téchto zmén),
viak muze dojit k ndhlé zméné ve vyvoji sledovaného systé-
mu, kterd muZe byt ndsledovana i kolapsem. Tyto zmény jsou
zpravidla dusledkem fyzikdlnich zmén v procesu pretvdreni,
kdy jeden jeho mechanismus prechézi v jiny, s jinym charak-
terem a s jingm ¢asovym prubéhem. Napiiklad pomalé seddni
prejde v urcity okamzik v zabofeni. Jinym piikladem muze
byt vyplavovani (sufoze). Vyplavovani jemnych Castic pokra-
Cuje vnitfni erozi pomalu proti sméru proudéni vody az do
mista, kde se nahle skokoveé zvétsi propustnost. Obdobné se
projevuje pomald zména pérovych tlaki vody v soudrzné
nasycené zeminé, kde po dosazeni ur¢ité hodnoty pérového
tlaku muZe dojit k ndhlému zabofeni konstrukce, nebo pre-
kro&eni ur¢ité polohy volné hladiny podzemni vody, muZe
znamenat ndhlou ztrdtu stability svahu portdlu tunelu. Tako-
vych piikladu je v geotechnice moZno nalézt mnoho.

3.2 Komplexni hodnoceni geotechnického monitoringu

Geotechnicky monitoring je mocny ndstroj pro bezpecné
a efektivni provadéni podzemnich staveb. Pfi jeho provadéni
se ale nékdy stdavaji chyby. Ty nejéastéji spo¢ivaji ve schema-
tickém a zjednoduSeném hodnoceni vysledki méfeni ¢i pozo-
rovani, které se omezuje na jejich porovndvani s predem
nastavenymi kritérii (varovnych stavu). Pro spravné hodnoce-
ni, které vyuZziva plny potencidl této metody, je naproti tomu
treba dbdt na nésledujici pravidla.

Pozornost je tieba vénovat i tomu, co neni monitoringem
zaznamendno

Chybné zjednoduseny pristup k hodnoceni geotechnického
monitoringu spo¢ivd v tom, Ze pozorovani a hodnoceni se
koncentruje pouze na to, co je vidét, co je zaznamenano
méfenim. Zaméfuje se tak jen na dil¢i, snadno pozorované
a mérenim primo zaznamendvané jevy. Dalsi chovani sledo-
vaného systému se pak predvidd (jednoduse extrapoluje) bez
dostate¢né hlubokého rozboru fyzikdlnich pri¢in pozorova-
nych jevu.

result. The knowledge and conclusions derived from certain observa-
tions and under certain conditions, for example by geotechnical
monitoring, have therefore to be permanently, again and again, veri-
fied. It is in particular necessary to continually review the agreement
of the model of interaction between the ground encountered and the
construction with the actual interaction between the ground encoun-
tered and the construction. Together with this activity, even the con-
tingent changes in the boundary conditions accompanying the deve-
lopment of the system being observed have to be reviewed.

Influence of the extent of the system being investigated on the
origination of randomness

The more diverse ground massif, the larger its volume affected by
changes (e.g. the cross-sectional excavated area), the more diverse
nature of its affection by external influences (tunnelling technique,
extent and magnitude of loading, directions of loading, the way of
loading, the dynamic effect), the larger probability of the origination
of random phenomena and their consequences.

Some of such phenomena can be random but they can be explai-
nable. Despite this fact they can sometimes be predictable with diffi-
culties. Even though they can be little probable, they should be
expected during the construction and the design should take them
into account. This is the reason why the application of the observati-
onal approach is necessary not only in designing but even in mana-
ging the construction. The capability of quick response to the origi-
nation of potential phenomena or conditions by means of pre-prepa-
red measures is necessary above all.

Accumulation of gradual small changes

Many seemingly random phenomena are caused by gradual accu-
mulation of small changes, which do not raise concerns by themsel-
ves. However, after a certain limit (accumulation of the changes) is
exceeded, an abrupt change in the development of the system being
monitored, which can be followed even by a collapse, can take place.
These changes are usually a consequence of physical changes in the
process of strain, where one of its mechanisms passes into another one
with a different character and different time course. For example, slow
settlement passes at a certain moment into bogging down. Piping (suf-
fusion) can be another example. Washout of fine particles proceeds by
internal erosion slowly against the direction of water flow up to the
location where the permeability abruptly increases. Manifestations of
a slow change in pore water pressures in saturated ground are similar.
The structure can suddenly sink or the certain value of pore pressure
which is a limit for the tunnel portal slope stability can be exceeded.
Numerous examples of them can be found in geotechnics.

3.2 comprehensive assessment of geotechnical monitoring

Geotechnical monitoring is a powerful tool for safe and effective
execution of underground construction. But mistakes sometimes
occur during the monitoring operations. The mistakes most frequent-
ly lie in schematic and simplified assessment of the results of measu-
rements or observations, which restricts itself to comparing them
with pre-set criteria (warning states). It is necessary for correct
assessment using the full potential of this method to observe the fol-
lowing rules.

Attention has to be paid to the things which are not registered by
the monitoring

An incorrectly simplified approach to assessing geotechnical
monitoring lies, among others, in the fact that the observation and
assessment is concentrated only on the things which are visible,
which are registered by measurements. In this way it focuses itself
only to partial, easily observable manifestations directly registered by
measurements. Other behaviour of the system being observed is sub-
sequently only forecast (simply extrapolated) without sufficiently
deep analysing physical causes of the manifestations being observed.



Je tfeba si uvédomit, Ze to, co se pfi monitoringu pozoruje,
co je videt, neni vSechno to, co existuje a co se déje. To ovSem
plati nejen v geotechnice, ale i obecné. Rada procesti miize
pozorovani zustat skryta. Nékteré z nich pak mohou, za urci-
tych ndhodné vzniklych okolnosti, ndhle prekvapit. Napriklad
delsi dobu systematicky zaznamendvané minimdalni hodnoty
deformaci primdrniho osténi nejsou zdrukou, Ze nedojde
k zédvalu vyrubu zpusobenym ndhlym uvolnénim velkého
bloku horniny vymezeného plochami diskontinuit, které byly
v konkrétnim stani¢eni zcela ndhodné nepfiznivé orientovdny
vaci sméru razby a stropu vyrubu.

Koncentrace na vyhleddvdni dikazu

Zlozvykem je sklon z pozorovanych jeva vyhleddvat prede-
v8im ty skute¢nosti, které svedéi ve prospéch predem prijaté
teorie, predpokladu, zvoleného vypoctového modelu atp.
S tim souvisi snaha nevidét, zanedbdvat v3e to, co je s t€mito
predpoklady v rozporu. To se ¢asto podvédomé déje jak pri
vyhodnocovéni monitoringu, tak i pfi zpracovavani vysledku
zkouSek a méfeni z pruzkumu, pfi geotechnickém hodnocenf
Celeb, pri rozhodovani o technologické tfidé vyrubu atp.

Pritom prave v tom, co je v rozporu s ocekdvanim a s obec-
né pfijatym modelem, muZe byt skryta predzvést blizici se
nahodilé, neocekdvané a zdroven nezddouci uddlosti. Pri
posuzovéni predstav o spoluptsobeni horninového masivu se
stavbou se tudiZ nesmi ddvat prednost tomu, co predstavu
inZenyra — projektanta potvrzuje, pred tim, co by naopak
mohlo prokazovat chybu v jeho predpokladech. To je naopak
treba v pozorovanych faktech cilevédome vyhleddvat a analy-
zovat! PokuSeni hledat ,,dikazy* pro upfednostiiovanou teorii
a to, co je s ni v rozporu zanedbavat, je vzdy veliké. Stejné
velka musi byt proto snaha se tohoto pokuSeni programové
uvédoméle zbavovat.

Uskali bezduché extrapolace

U systému, u néjz dochazi k nahodilostem, nelze povazo-
vat za dukaz spravnosti modelu jeho dosavadni chovdni. A to
ani po dlouhé fad€ pozorovani, které ho potvrzuji. Kazdému
je jasné to, ze kdyz se mu nekolikrat za sebou podari se
zavienyma oCima prejit kfizovatku na Cervenou, neni to
dukaz, 7e se to podafi vZdy. Méné ale byvd ziejmé, ze kdyZ
se podafi postavit 860 metrt tunelu urlitou technologii bez
havdrie, nenf to v Zddném ptipadé dikaz toho, Ze se to stej-
nou technologii v heterogennim horninovém masivu povede
béhem dal$ich 510 metr. Dukaz, Ze zpusob provddéni néja-
ké ¢innosti je spravny jen na zdkladé jejiho dspéchu v minu-
losti, je moZny prijmout pouze s podminkou, Ze okolnosti, za
kterych tyto cinnosti budou probihat v budoucnosti, se
s urCitosti ani trochu nezméni. Takova jistota je vSak v geo-
technice a pri budovani podzemnich staveb vétSinou velmi
mald.

Sprdvné kladeni otdzek

Obecné plati, Ze k pravdé je mozné se spolehlivéji dostat
prostrednictvim vylucovani zdpornych (nesouhlasnych) tvrze-
ni, nez kladnych (souhlasnych) tvrzeni. Uspé$ny inZenyr
a geotechnik by mél takovy postup zvladat. Pro zvladdni neo-
Cekdvanych udalosti v inZzenyrské vystavbe je napriklad otdz-
ka ,,Co dilezitého o vlastnostech horninového masivu nevi-
me?“, nejméné stejné tak dulezitd, jako obvyklejsi otdzka ,,Co
vSechno o vlastnostech horninového masivu vime?*

Hodnoceni faktu v souvislostech

Pfi hodnoceni geotechnického monitoringu jsou ¢asto chyb-
né zaznamendvany a analyzovany pouze jednotlivé poznatky
o pozorovaném systému, nikoliv vSak jiZ jejich souvislosti.
Obvykle se jen resi, zda byl, ¢i nebyl dosaZen varovny stav
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It is necessary to realise that what is observed during the monito-
ring, what is visible, is not all that exists and takes place. This is cer-
tainly applicable even generally, not only to geotechnics. Many pro-
cesses can remain hidden for observation. Some of them subsequent-
ly can, under certain randomly originating conditions, suddenly sur-
prise. For example, minimum values of deformations of a primary
lining systematically registered for a longer time are not a guarantee
that a collapse of the excavation caused by sudden loosening of
a large block of rock delimited by the planes of weakness which were
completely randomly unfavourably oriented in relation to the directi-
on of excavation and the roof of the excavation in the particular cha-
inage does not occur.

Concentration on searching for evidence

There is a bad habit that the facts being in favour of a pre-accepted
theory, an assumption of a chosen calculation model etc., are sought
from the observed manifestations. The effort not to see, neglect eve-
rything that is in contrary to assumptions is associated with it. This
often unconsciously happens when monitoring is being assessed as
well as when results of tests and measurements obtained by geotech-
nical assessment are being processed, when the excavation headings
are being geotechnically assessed, when decisions are being made on
excavation support classes etc.

But a portent of an upcoming accidental, unexpected and at the
same time undesired event may be hidden in the things contradicting
the expectation and a generally accepted model. When the notions of
the interaction between ground mass and a structure are being asses-
sed, engineer-designer’s notion must not be preferred to the things
which could, on the contrary, prove a mistake in his assumptions. Just
the opposite, it is necessary to purposively seek and analyse it! The
temptation to seek “proofs” for the theory being preferred and to
neglect the things which are to the contrary to it is always great. The
magnitude of the effort to get rid of this temptation consciously, as
a programme, has to be identical.

Pitfalls of witless extrapolation

It is not possible in a system where randomness occurs to consider
its behaviour to date to be a proof of the model correctness. It is not
possible even after a long succession of observations confirming it. It
is clear for everybody that if they manage to pass an intersection
through a red light with the eyes closed, it is not a proof that they will
succeed always. However, it is usually less obvious that if an 860m
long tunnel is constructed using a certain technique without an inci-
dent, it is by no means a proof that during the excavation of additio-
nal 510 metres through a heterogeneous ground massif, using the
same technique, will also be without an incident. Proving that the
way of execution of an activity is correct only on the basis of its
success in the past can be accepted only under the condition that the
circumstances under which the activity will proceed will not change
in the least in the future. But such the certainty is mostly very small
in underground construction.

Correct putting questions

It applies in general that the true can be more reliably reached
through elimination of negative (disagreeing) statements rather than
positive (agreeing) statements. A successful engineer and geotechni-
cian should master such a procedure. The importance of a question,
for example, “What important do not we know about the properties
of the ground mass?” is at least the same as the importance of a more
common question “What all do we know about the properties of the
ground mass?”

Assessing facts within the contexts

When geotechnical monitoring is being assessed, only individual
findings regarding the system being observed are recorded and ana-
lysed, but not their contexts. Only the question whether the warning
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(uritd hodnota sledovaného parametru). JiZ méné Casto zda
varovny stav byl dosaZzen rychle, pomalu se zrychlenim, na
kolika mistech méreni atp. Nikoliv vSak to, zda cely model
chovani systému hornina-vyrub pouzity v projektu odpovidd
tomu, ktery lze odvodit z monitoringu pri raZzbdch. To by se
teprve muselo ze zjisténych vysledki méfeni a sledovéni
Casto pracné vysvétlovat. K tomu v3ak je tfeba Cas a urcitd
analytickd ¢innost. A k tomu neni vZdy ochota nebo podmin-
ky. Takto zjednoduSené hodnoceni muZe nékdy svést
k nespravné interpretaci sledovanych hodnot s neprijemnymi
dusledky.

Hodnoceni miry zjednoduseni

Vzdy je nutno posuzovat miru zjednoduSeni pouZivaného
navrhového modelu, protoze v zjednodusovani je skryt dals{
vyznamny zdroj nejistot. To se ale Casto ned¢je. Plati, Ze ¢im
vetsi je zjednoduSeni modelu, tim vétsi je i moznost neoCe-
kdvaného prekvapeni ve skutecném chovéni sledovanych
systému. Slozité komplexni systémy se mélokdy zcela cho-
vaji podle zjednodusenych modell a teorii. Zejména pokud
se méni okrajové podminky, ve kterych se nalézaji. Pokud se
zmerena data dosadi do nevystiZzného modelu za ucelem prog-
ndézy dal$iho vyvoje chovani sledovaného systému, je témeér
jisté, Ze zdvéry budou chybné.

Uvédomeni si hranice znalosti

Ve védé i v praktickém inzenyrstvi existuji hranice mezi
tim, co se vi a tim, co se nevi. Uvédoméni si, Ze tyto hranice
existuji, je prvnim krokem k urceni, kde tato hranice v daném
oboru je. Hranice toho, co je zndmo, jsou dany predevsim
zjisténymi fakty, jevy ¢i skuteCnostmi, mimorddnymi uda-
lostmi (havdriemi), které prislu§nou teorii, hypotézu ¢i model
nepotvrzuji. Pfi hodnoceni vysledku monitoringu, nebo pri
posuzovani néjaké hypotézy je proto Zddouci, krom¢ stan-
dardniho hodnoceni méreni, i systematicky hledat v§echno
to, co by prijaté predstavy (hypotézy) o chovdni a zdkonitos-
tech predmétného systému hornina-stavba vyvracelo. Teprve
tehdy, kdyz takova fakta nelze nalézt, a kdyZ tyto predstavy
(hypotézy) nelze prokazatelné vyvritit, je 1ze povazovat defi-
nitivné za spravné.

Dusledné posouzeni platnosti zkuSenosti pro dany pripad

Co plati nékde, nemusi platit jinde, za jinych podminek.
Presto se Ize Casto setkat se snahou jednou ziskané vysledky
¢i zkuSenosti zobecnovat a pak je pouzivat, byt pro reseni
sice stejného problému, ale za tpln¢ jinych okrajovych pod-
minek. To pak samoziejmé muZe vést k jinému neZ k oceka-
vanému vysledku. Stejné tak v geotechnice plati, Ze algorit-
my, rovnice, modely hodnoty geotechnickych parametra atp.
spolehlivé plati jen uvnitf oborl potvrzenych zkouskami
nebo empirickou zkuSenosti.

Podcernovani nezaZitych situaci a precenovdni zaZitych

Moznost vzniku nahodilych jevu, s kterymi ale nemaji
odpovédné subjekty prfimou osobni zkuSenost, je jimi obvy-
kle podcenovéna. Ti, ktefi tuto zkuSenost maji, ji zase mohou
precenovat. Pfi rozboru pravdépodobnosti uskutecnovani
nahodilych jevu tak Casto prevlddd subjektivni, nikoliv vécny
pristup. Této subjektivity si ale dotené subjekty obvykle
nejsou védomy. To je Skoda, protoZze v nejistém prostiedi je
kazdd spravné zhodnocend zkuSenost dobrd. ZkuSenosti zis-
kané jinymi subjekty by proto vzdy mély byt brany v tvahu,
bez podvédomého sniZovani jejich vyznamu, stejné jako zku-
Senosti vlastni.

state (a certain value of the parameter being observed) was or was not
reached is usually solved. The question whether the warning state
was reached quickly, slowly with acceleration, at how many measu-
rement places etc. is solved less frequently. The question whether the
whole model of the behaviour of the ground-excavation system used
in the design corresponds to the model which can be deduced from
the monitoring conducted during the course of the excavation is usu-
ally not solved. It would have to be arduously explained subsequent-
ly on the basis of the measurement and observation results. But it
requires time and certain analytical activities. Willingness or conditi-
ons for it often do not exist. The assessment simplified in the above-
mentioned way can sometimes seduce to incorrect interpretation of
the values with unpleasant consequences being monitored.

Assessing the simplification rate

It is always necessary to assess the rate of the simplification of the
design model used because another important source of uncertainty
is hidden in simplification. But this assessment is often neglected. It
applies that the greater simplification of the model the greater possi-
bility of unexpected surprise in the actual behaviour of the systems
being monitored. Complicated complex systems seldom behave
completely in accordance with simplified models and theories. It is
so in particular when the boundary conditions under which they exist
change. When the measured data is inserted into a non-apposite
model for the purpose of prognosing the subsequent behaviour of the
system being monitored, it is nearly certain that the conclusions will
be wrong.

Realisation of boundaries of knowledge

Boundaries between what is known and what is not known exist in
the science and practical engineering. The realisation of the fact that
the boundaries exist is the first step to the determination where this
border exists in the particular field. Borders of what is known are
given first of all by the found facts, phenomena, information or extra-
ordinary events (incidents) which do not confirm the particular theo-
ry, hypothesis or model. It is for that reason recommendable when
the monitoring result of some hypothesis is being assessed, to syste-
matically search for everything that, in addition to the standard
assessment of measurements, would refute the accepted notions
(hypotheses) of the behaviour and regularities of a particular ground-
construction system. It is possible to finally consider the notions
(hypotheses) as correct only when such facts cannot be found and the
notions cannot be provably refuted.

Consistent assessment of the applicability of experience to a par-
ticular case

What is applicable somewhere does not have to be applicable else-
where under different conditions. Despite this fact it is often possib-
le to encounter an effort to generalise the once gathered results or
experience and apply them subsequently, although to solving the
same problem, but under completely different boundary conditions.
Of course, this process can lead to a different result than expected.
The same is applicable in the field of geotechnics that algorithms,
equations, models of the value of geotechnical parameters etc. are
reliably valid only within the fields confirmed by tests or empirical
experience.

Underestimating unexperienced situations and overestimating
experienced ones

The possibility of the origination of accidental phenomena the res-
ponsible subject have no personal experience with is usually underes-
timated by them. On the other hand, those who have this experience
can overestimate it. When the probability of the realisation of acci-
dental phenomena is analysed, a subjective approach often prevails
instead of the substantive approach. The subjects concerned are usu-
ally not aware of this subjectivity. It is a shame because any correctly



4. VYZNAM INZENYRSKE INTUICE

V prubéhu vystavby geotechnickych konstrukei &asto
nastavaji situace, kdy je tfeba prijmout rozhodnuti prakticky
okamzité, bez sloZitych analyz vypo&tu a dopliovani dat dal-
$im pruzkumem. Tehdy je déinnym néstrojem inZenyrskd
intuice. Jinymi slovy inZenyrsky cit. Pfi pouzivani takového
zkrdceného postupu se vSak musi dodrZovat urcitd pravidla
a omezeni. Jinak miZe znamenat zna¢né nebezpe¢i chybného
rozhodnuti.

Co je intuice a jak vznikd

V lidském mozku probihd soucasné tzv. intuitivni myslen{
a raciondlni mysleni. Intuitivni mysleni je rychlé a vychazi
z v podvédomi uloZenych zkuSenosti a poznatki. Raciondlni
mysSleni je pomalé a pracné. Vychazi z teoretickych znalosti
a uplatiiovdni zdsad logiky, indukce, dedukce, vypoctu atd.
(Kahneman 2012). Jinymi slovy, intuice je schopnost rychlé-
ho a dspésného rozpoznani nejistého stavu a nejistych pod-
minek, v jakych se posuzovany systém, v naSem pripadé
systém hornina — stavba, nachazi, a na tomto zdklade rychlé
nalezeni optimélniho feSeni daného problému.

Uspésnost inZenyra geotechnika &i stavitele podzemnich
konstrukei spocivad ve schopnosti operativni kombinace intu-
itivniho a raciondlniho mysleni. To znamena rychlého rozpo-
znani problému a jeho feSeni na zdkladé kombinace zkuSe-
nosti a poznatki uloZenych v podvédomi a teoretickych
odbornych znalosti. Intuice geotechnika ¢i projektanta nebo
stavbyvedouciho vznikd rfeSenim mnoha praktickych problé-
mu béhem dlouhé fady let a sou¢asnym systematickym roz-
vojem jeho odbornych znalosti v prisluSnych specializacich.
Je to dlouhodobé uklddani komplexnich zkuSenosti, informa-
ci a poznatki do podvédomi. Spolu s tim se mus{ roz§ifovat
i teoretické znalosti v prislusném oboru.

Uskali intuitivniho mysleni v geotechnice

Pouzivéani intuice md samoziejmé sva uskali. Expert geo-
technik dospéje snadno k presvédceni, Ze pracovni hypotéza,
kterou s pomoci intuice vytvofil, je spravna. Casto piitom ale
muZe podlehnout pokuSeni zanedbat viechno to, co o problé-
mu nevi. Pfi hodnoceni totiz zpravidla vychdzi jen z omeze-
nych informaci. Toho, co se nevi, ale byva pri feSeni geo-
technického problému vic neZ toho, co se vi. Obranou je uve-
domit si v&as to, co se nevi, a pri rozhodovéani na to brét
ohled. Zdkladni otdzky, které se proto musi pri feSeni neji-
stych problému vzdy poloZit, jsou: Co vechno se nevi? Co je
nejisté? Jak tyto nejistoty vzit pfi rozhodovéni v dvahu?

Nektefi experti — geotechnici si také zapominaji kldst otdz-
ku o hranici spolehlivosti své vlastni intuice, nebo ji sebeve-
domé& posunuji prili§ daleko. Castou neschopnosti rozeznat
hranice vlastnich profesiondlnich dovednosti a hranic mezi
tim, co vim a co nevim, a jaky to muze mit dusledek, lze
vysvétlit nemalou fadu pochybeni v inZenyrském stavitelstvi.

Rozhodovdni za omezenych informaci

Informace, které jsou pouzivany pro reSeni geotechnickych
problému, byvaji nejen omezené, ale Casto je nejistd i jejich
pravdivost. A intuitivni zdvery jsou zpravidla provadény
pravé na zdakladé omezenych informaci. VétSinou se prili$
optimisticky predpoklddd, ze informace, které jsou k dispozi-
ci, jsou i pravdivé. Rychlé zavéry jsou umoznény prave proto,
7e rozhodovaci subjekt se nezdrzuje s jejich dukladnym roz-
borem a posuzovanim. Nemd Cas na jejich ovéfovdni, tim
méné na jejich doplnovani. Prosté vychdzi z predpokladu, Ze
kdyz existuji, tak jsou i pravdivé.
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assessed experience is good in an uncertain environment. Experience
gained by other subjects should for that reason be taken into account
without subconscious reducing its importance, equally to one’s own
experience.

4. IMPORTANCE OF ENGINEERING INTUITION

Situations frequently occur during the construction of engineering
structures where it is necessary to take a decision almost immediate-
ly, without complicated analyses of calculations and complementing
data by another investigation. Then the engineering intuition is an
effective tool. In other words, the engineering sense. However, when
such an abridged procedure is used, it is necessary to adhere to cer-
tain rules and limitations. Otherwise, it can mean a significant dan-
ger of a wrong decision.

What is intuition and how it arises

In human brain the so-called intuitive thinking and rational thin-
king take place concurrently. Intuitive thinking is fast and comes
from the subconscious. Rational thinking is slow and arduous. It
comes from theoretical knowledge and application of rules of logics,
induction, deduction, calculations etc. (Kahneman 2012). In other
words, intuition is an ability of fast and successful recognition of an
uncertain state and uncertain conditions in which the system being
assessed (in our case the ground-construction system) is found on the
basis of fast finding of an optimal solution to the particular problem.

The success of an engineer-geotechnician or a builder of under-
ground structures lies in the ability of operative combination of intu-
itive and rational thinking. It means the fast recognition of a problem
and its solution based on a combination of experience and knowled-
ge stored in the subconscious and theoretical professional knowled-
ge. The intuition of a geotechnician or a designer or a site manager
develops by solving numerous practical problems during many years
and by concurrent systematic development of his professional know-
ledge in relevant specialisations. It is long-term storing of compre-
hensive experience, information and findings into the subconscious.
Along with this, it is necessary to expand even then theoretical know-
ledge in the relevant field.

Pitfalls of intuitive thinking in geotechnics

The use of intuitive thinking has, of course, its own pitfalls. A geo-
technical expert easily comes to conviction that the working hypo-
thesis he developed using intuition is correct. But he can often give
in to temptation to neglect everything he does not know about a pro-
blem. When making an assessment, he usually proceeds only from
limited information. But the quantity of the things which are not
known is usually greater than the quantity of things which are known
when a geotechnical problem is being solved. The defence lies in
timely realisation of the things which are not known and taking it into
consideration when the decision is being made. Here are the basic
questions which have always to be asked: What is unknown? What
is uncertain? How are the uncertainties to be taken into considerati-
on when decisions are being made?

Some experts — geotechnicians in addition forget to ask the ques-
tion regarding the limit of reliability of their own intuition or they
confidently shift it too far. A frequent inability to distinguish the
limits of one’s own professional skills and boundaries between what
I now and what I do not know and the consequence it may have can
be explained by the considerable number of mistakes in civil engi-
neering.

Making decisions with limited information

Information used for solving geotechnical problems is usually not
only limited but, in addition, even its veracity is often uncertain. And
it is the limited information that the intuitive conclusions are usually
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Do této kategorie patii i nekritické prebirani vysledku
nedostate¢nych pruzkumau.

Podminky tispésného poufiti intuice v geotechnice

Intuici zdsadné nelze vérit, pokud prostiedi, kterého se
tykd, nevykazuje stabilni pravidelnost. Pro uspé$né vyuziva-
ni inZenyrské intuice je naopak tfeba, aby prostredi, okol-
nosti a pracovni postupy, ve kterych feSeni probihd, byly
neménné. Musi se jednat o obdobné prostiedi, ve kterém
dany rozhodovaci subjekt své zkuSenosti nashromazdil.
Kazdy, kdo chce pracovat jako expert pro geotechniku, musi
byt sam schopen posoudit, zda jeho minulé poznatky, zkuse-
nosti a informace jsou relevantni pro danou situaci.

Vynikajici projektant podzemnich staveb muZe velmi
uspésné pracovat s intuici v urcitém geologickém prostredi,
napriklad v prazské geologii. AvSak uplatni-li bezmyS$lenko-
vité tyto zkuSenosti v jiném geologickém prostredi, které
vykazuje uplné jiné vlastnosti a chovani, napriklad v karpat-
ském flySi, maZe mit takovd neopatrnost fatdlni dusledky.

Nevhodné pouZivdni intuice

Neziidka se stavd, Ze objednatel ve snaze uSetfit, nebo
zrychlit pripravu ¢i vystavbu, tak namisto spravného postu-
pu, spocivajiciho v ziskdvani dostate¢nych dat, napriklad
pruzkumem a geotechnickym ndvrhem zahrnujicim kom-
plexni postupy (vypocty), spoléhd jen na znalecké ,.intuitiv-
ni* posouzeni problému na zakladé omezenych informaci.
Rozhodnuti jsou pak prijiména ad hoc, na pracovnich pora-
ddch, na zdkladé zkuSenosti ¢asto dokonce jen jediného, byt
treba $pickového experta.

Pripadné chyby, které jsou ndsledkem takovych rozhodnu-
ti veetné odpovédnosti za né, je tfeba pri¢ist vyhradné na
konto zadavatele takovych expertiz. Expert samoziejmé sva
doporuceni poddvd vzdy bona fide, s nejlepSim pouZitim
svych zkuSenosti a znalosti. Ov§em nemuZe mit odpovédnost
za to, Ze nedostal vSechny potrebné informace, a to ani
v situaci, kdy by to byvalo bylo mozné. V kazdém pripadé
tento postup predstavuje zbyte¢né zvySena rizika, a zodpo-
védny objednatel by jej nemél, ve svém vlastnim zdjmu,
nikdy pripustit.

Péstovdni intuice

Pro péstovani intuitivniho mysleni a jeho efektivniho pou-
Zivani pri praktickém rozhodovéani v inZenyrské praxi je
dulezité dusledné provadéni zpétnych vazeb. Je tfeba neusts-
le udrzovat povédomi o tom, pro jaky problém a v jaké situ-
aci byly konkrétni zkuSenosti ziskdny, za jakych podminek
jsou relevantni a za jakych nikoliv. Je tfeba zkoumat za
jakych vnéjsich i vnitfnich okolnosti prislusné déje probiha-
ly. VZdy je treba hledat pro pozorované déje jejich fyzikalni
vysvétleni a konfrontovat je s existujicimi hypotézami
a vysvétlovat duvody, pro¢ jsou s nimi v pfipadném rozporu.
Vzdy je nutno znovu a znovu stanovovat hranice platnosti
ziskavanych zkuSenosti.

5. RIZENI RIZIK

Dusledkem zna&nych nejistot spjatych s vlastnostmi horni-
nového prostredi a s moznosti vzniku nahodilych prirodnich
1 jinych externich uddlosti je to, Ze vystavba geotechnickych
konstrukci a zejména podzemnich staveb je doprovdzena
podstatné vyS$$i mirou rizik, nez je tomu v jinych odvétvich
stavebnictvi. Tato rizika je tfeba vZdy kontrolovat a fidit.

Riziko je obecné definovano jako ,,ufinek nejistoty na
dosaZzeni cile”. InZenyrskym rizikem se rozumi soub¢h prav-
dépodobnosti, 7e dojde k nezddouci uddlosti a nédsledkim

based on. It is usually too much optimistically assumed that the infor-
mation available is true. Coming to quick conclusions is allowed for
by the fact that the decision-making subject does not lose time with
thorough analysing and assessing them. He does not have time to
verifying, even less for complementing it. He simply proceeds from
the assumption that when it exists, it must be true.

This category comprises even the uncritical taking over the results
of insufficient surveys.

Conditions of successful application of intuition in geotechnics

Basically, intuition cannot be verified, unless the environment it is
related to exhibits stable regularity. It is necessary for the successful
use of engineering intuition that the environment, circumstances and
working procedures in which the work on the solution proceeds are
invariable. The environment has to be similar to the environment in
which the particular decision-making subject gathered its experience.
Anyone who wants to work in the position of an expert for geotech-
nics has to be capable of judging himself whether his past knowled-
ge, experience and information is relevant for the particular situation.

An excellent designer of underground structures can work very
well with intuition within a certain geological environment, for
example in the Prague geology. However, if he applies this experien-
ce thoughtlessly to another geological environment exhibiting com-
pletely different properties and behaviour, for example to the
Carpathian flysh, his carelessness may have fatal consequences.

Unsuitable use of intuition

It often happens that a client, in the effort to save funds or accelera-
te the preparation or construction, relies only on the “intuitive” expert
assessment of the problem based on limited information, instead of
using a correct procedure lying in obtaining sufficient data, for exam-
ple by investigation and geotechnical design involving comprehensive
procedures (calculations). Decisions are then taken ad hoc, in working
meetings, on the basis of experience of an often only one top expert.

The contingent mistakes which are consequences of such decisi-
ons, including responsibility for them, must be ascribed solely to the
account of the person who ordered such expertises. Of course, an
expert always submits his recommendations bona fide, using his
experience and knowledge best he can. Naturally, he cannot be res-
ponsible for not receiving required information, even in the situation
where it would have been possible. In any case, this procedure repre-
sents unnecessarily increased risks and a responsible client should, in
his own interest, never permit it.

Fostering intuition

Consistent performing feedback is important for fostering intuitive
thinking and its effective use in practical making decisions in the
engineering practice. It is necessary to permanently maintain the
awareness of the problem the concrete experience was obtained for
and the situation in which it was gained, under which conditions it is
relevant and conditions under which it is irrelevant. It is necessary to
examine the internal circumstances in which the relevant actions pro-
ceeded. It is always necessary to seek the physical explanation of the
actions being observed and confront them with existing hypotheses
and explain the reasons why they are inconsistent with them. It is
always necessary to again and again determine the limits of the expe-
rience gained.

5. RISK MANAGEMENT

The consequence of significant uncertainties associated with pro-
perties of ground environment and the possibility of the origination
of accidental natural and other external events is the fact that the con-
struction of geotechnical structures and, in particular, underground
structures, is accompanied by the level of risk significantly higher



(8koddm), které jsou dusledkem vzniku takové udalosti.
Riziko je vétSinou vyjadritelné ve finan¢nich jednotkéch,
Casovou ztrdtou, nebo néjakou jinou nehmotnou djmou.
Pravdépodobnost je mira jistoty (nejistoty), Ze uréity déj, ¢i
stav nastane, ¢i nenastane. M4 meéfitko od nuly do jedné.
Riziko je vSude, kde je nejistota. Kde je naopak vSe jisté,
riziko neexistuje.

Rizeni rizik m4 za cil optimalizaci mezi ndklady na opat-
feni ke snizovani rizika a velikosti dosazeného sniZeni rizi-
ka. Plati, Ze dosazené snizeni rizika musi byt vétsi neZ ndkla-
dy na toto snizovani rizika vynaloZené. Dalsi podminkou je,
Ze riziko po jeho pripadném sniZeni musi byt mensi, nez tak
zvané riziko prijatelné. To je riziko, které je nositel rizika
schopen ridit, bez dhony prenést a je ochoten je védomé pod-
stoupit.

Stanoveni miry prijatelného rizika je jednim z kliCovych
prvka rizikové analyzy. Dal§im je samoziejmé stanoven{
pravdépodobnosti vzniku nezddouciho jevu, ktery miZe zpu-
sobit §kodu. K tomu lze pouZit ruzné postupy od odhadu,
expertni metody nebo statistiku (pokud je dost dat), aZ po
metody pravdépodobnostniho poétu. Dnes je pro fizeni rizik
k dispozici fada postupii, predpisti a norem. Pfedeviim CSN
ISO 31000:2000 Management rizik — Principy a smérnice,
CSN EN 608:2007 Techniky analyzy bezporuchovosti systé-
mu — postup analyzy zpusobu a dusledkd poruch (FMEA)
nebo mezindrodni standardy, z nichZ nejpropracované¢jsi jsou
dokumenty ITA-AITES a AFTES.

Pro podzemni stavby realizované ¢innosti provadénou hor-
nickym zptisobem také plati ustanoveni Vyhlaska Ceského
banského dradu ¢. 55/1996 Sb., podle které je razba pod-
zemniho dila moZna pouze, pokud byla provedena rizikovd
analyza.

CSN IS0 31000:2000 vnim4 Fizenf rizik jako soubor &in-
nosti a metod, které sméruji ke kontrole (a sniZovani) exis-
tujicich rizik. Metodika fizenf rizik predklddand v CSN ISO
31000:2000 zahrnuje zédsady fizeni rizik, strukturu fizeni
rizik, a proces fizeni rizik. Risk Assesment (proces Fizeni
rizik) podle CSN ISO 31000:2000 déle zahrnuje identifikaci
rizik, kvantifikaci rizik a analyzu rizik.

Metodiku fizenf rizik je tfeba ale uplatnovat vZdy v rozsa-
hu priméfeném k okolnostem konkrétniho stavebniho dila
a podle konkrétnich geologickych, pfirodnich i ekonomicko-
socidlnich poméru, ve kterém se podzemni dilo bude pripra-
vovat a budovat. V jejich rdmci se zpracovava plan fizeni
rizik dané stavby. Ten se nasledné stavd nedilnou soucdst{
dokumentace vystavby a systému jejiho rizeni.

6. EXPERTNI METODY

Nejosvéd&enéjsim zpusobem jak v podzemnim stavitelstvi
ziskat nejspolehlivéjsi feSeni pfi nejistych informacich, jak
eliminovat vliv nejistot, identifikovat a kvantifikovat zdroje
rizik, jsou expertni metody. Jde o postup, kdy na témz fese-
ni pracuje n€kolik nezdvislych experti najednou. Tym
expertu je sloZzen z odborniku zpusobilych rozpoznat
a posoudit velikost a ndsledky ruznych druha potencidlnich
nedostatkt projektu, které by mohly vést k poruchdm.
Vysledné feSeni se povaZzuje pro dany problém za nejprija-
telnéjsi a za dané situace nejlep$i mozné. Reseni nalezend
expertnim metodami nejlépe vyhovuji pozadavku vyuZziti
aktudlné nejvys$siho dosaZitelného stupné poznani pro reSeni
daného problému za danych nejistych okolnosti s podmin-
kou rozumné bezpecnosti.
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than it is in other branches of civil engineering. These risks have
always to be checked and managed.

The risk is in general defined as the “effect of uncertainty on objec-
tives”. The engineering risk is the concurrence of the probability that
an undesired event takes place with the consequences (damage) which
follow from the origination of such an event. Risk is usually expres-
sible in financial units, by the lost time or another intangible damage.
Probability is the degree of certainty (uncertainty) that a certain acti-
on or condition will or will not take place. It is measured on the scale
ranging from zero to one. Risk is everywhere where there is uncer-
tainty. Conversely, there where everything is certain, risk does not exist.

The objective of risk management is the optimisation between the
costs of risk reduction measures and the magnitude of the risk achie-
ved. It applies that the risk reduction achieved has to be greater than
the costs incurred to reduce the risk. Another condition is that the risk
after a possible lowering has to be smaller than the so-called accep-
table risk. It is the risk which the risk bearer is able to control, tran-
sfer without harm and is willing to consciously take it.

The determination of the acceptable risk degree is one of the key
elements of the risk analysis. Naturally, another one is the determi-
nation of the probability of the origination of an undesired phenome-
non which can cause damage. Various procedures can be used to do
this, ranging from estimation, expert methods or statistics (when the
amount of data is sufficient) up to the probability calculus method.
Today, there are numerous procedures, regulations and standards avail-
able for managing risks. Primarily they are the CSN ISO 31000:2000
Risk Management — Principles and Regulations, the CSN EN
608:2007 Techniques of analysing the failure-free property of sys-
tems — procedure of the analysis of failure modes and effects
(FMEA) or international standards, of which the ITA-AITES and
AFTES documents are most elaborate.

Underground construction realised by activities involving mining
in addition governed by the Decree of the Czech Bureau of Mines
No. 55/1996 Coll., according to which the excavation for under-
ground structures is possible only if a risk analysis is finished.

CSN ISO 31000:2000 considers the risk management as a system
of activities and methods aimed at controlling (and reducing) existing
risks. The risk management methodology presented in CSN ISO
31000:2000 comprises risk management principles, risk management
structure and risk management process. The Risk Assessment com-
prises risk identification, risk quantification and risk analysis.

The risk management methodology has to be applied always
within the extent adequate to the circumstances of a concrete con-
struction work and according to concrete geological, natural and eco-
nomic-social conditions in which the underground work will be pre-
pared and carried out. The risk management plan for the given con-
struction is prepared within their framework. It subsequently beco-
mes an inseparable part of the construction documentation and the
system of its management.

6. EXPERT METHODS

The use of expert methods is the most proven method of obtaining
the most reliable solution arrived at with uncertain information, eli-
minating the influence of uncertainties and identifying and quantify-
ing sources of risks in the field of the underground construction
industry. It is a procedure where several independent experts work at
a time on the same solution. The team of experts consists of profes-
sionals capable of distinguishing and assessing the magnitude of con-
sequences of various types of potential drawbacks of a design which
could lead to defects. The best resultant solution is considered to be
most acceptable and best possible for the given situation. Solutions
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Expertni tym

Pri aplikaci expertnich metod pro fizeni rizik je nezbytné
ustanovit vhodny expertni tym sloZeny ze specialistu
z odbornosti, které maji pfimy vztah k feSené problematice.
Pri rizikovych analyzdch pro tunelové stavby by expertni
tym mél byt sloZen ze specialistd objednatele, projektanta,
banské spravy, zhotovitele, zpracovatele geotechnického
pruzkumu, feSitele geotechnického monitoringu, dotéené
verejné spravy, inZenyrského geologa, geotechnika, hydro-
geologa a dalgich pfizvanych specialista podle povahy feSe-
ného problému. Hodnoceni a prdce expertu musi pfitom byt
vzdjemné nezdvislé, ale koordinované. Experti pracuji podle
jednotné metodiky, se kterou byli dobre sezndmeni. Pracuji
samostatné, neinformuji se vzdjemné o svych postupech
a ndlezech. PouZzivaji stejné klasifikacni stupnice a hodnoti-
ci postupy. Kazdy ovSem se svou ponékud odlisnou zkuSe-
nosti, praxi, znalostmi a thlem pohledu. Tak se nejlépe vyu-
7iji zkuSenosti a znalosti, které maji jednotlivi c¢lenové
expertni skupiny. Snizi se tim pravdépodobnost chyb, které
by nastaly v pripadé hodnoceni téhoZ problému jedinym
expertem.

Vysledky jejich feSeni zpracovdvd nezdvisly expert na
rizikovou analyzu. Ten také prubézné prdci celého tymu
koordinuje, ridi a pripravuje pro néj jednotné podklady.
Vedouci rizikové analyzy podléha zadavateli, ktery riziko-
vou analyzu expertni metodou objednava.

Adaptace expertni metody FMEA pro podzemni stavby

Analyza zpusobu a dusledki poruch (FMEA - Failure
Modes and Effects Analysis) je systematicky postup analyzy
systému za dcelem zjiSténi potencidlnich zpusobu poruch,
jejich pri¢in a dusledkl na technické parametry systému
a jeho fungovani. (Tedy vcetné systému stavba podzemniho
dila — horninové prostiedi.) Postup je popsin v CSN EN
608:2007 Techniky analyzy bezporuchovosti systémi —
postup analyzy zpusobu a dusledku poruch (FMEA).

Pfi hodnoceni zdvaznosti kombinuje skupina experta slov-
ni hodnoceni potencidlnich neZddoucich jevi s kvantifikova-
nym hodnocenim. To spo¢ivad v pridélovani bodu jednotli-
vym nezddoucim jevim podle jednotnych kritérii a podle
jednotné klasifikace. Cilem je sestavit poradi dulezitosti
v8ech potencidlnich nezddoucich jevu, které byly predtim
zpracovéany do registri moznych nezddoucich jevu. Registry
zdroju rizik (neZddoucich jevu) se zpracovdvaji pro razné
objekty, procesy, technologie atd., které se pri vystavbé pod-
zemni stavby budou vyskytovat. Kazdy v registrech identi-
fikovany nezddouci jev je kazdym expertem ocenovan samo-
statné.

Bodové hodnoceni kazdého potencidlné nezadouciho jevu
v rozsahu 1 az 5 se provadi standardn€ pro tfi parametry a to:
»Z¢ — Dusledky (zdvaznost, vySe Skod prislu§ného jevu),
P — Pravdépodobnost vzniku prislusného jevu a ,,Dt* —
Predvidatelnost vzniku takového jevu.

Pro kazdy nezadouci jev, ktery je uveden v registrech
rizik, se pak stanovi index RPN (Risk Priority Numer). Ten
je relativnim hodnocenim miry rizika, které v konkrétnim
pripadé hodnoceny nezadouci jev predstavuje. Hodnota
indexu RPN je dand sou¢inem vSech tfi klasifikovanych
parametru.

RPN=ZxPxDt

found using expert methods best fit the requirement for the applica-
tion of the currently highest attainable degree of knowledge to the
solution of the given problem under uncertain circumstances, with
the condition of reasonable safety.

Expert team

When expert methods for managing risks are to be applied, it is
necessary to establish an appropriate expert team consisting of spe-
cialists with expertise directly relating to the problems to be solved.
In the case of risk analyses for tunnel construction projects, the
expert team should consist of specialists employed by the project
owner, designer, mining administration, construction contractor,
processor of geotechnical investigation, contractor for geotechnical
monitoring, respective public administration, engineering geolo-
gist, geotechnician, hydrologist and other specialists invited with
respect to the nature of the problem to be solved. The assessments
and work of experts have to be independent of each other but coor-
dinated. The experts work according to a unified methodology,
which they were well acquainted with. They work independently,
do not inform each other about their procedures and findings. They
use identical classification scales and assessment procedures. Of
course, each of them applies his own, somewhat different, experi-
ence, practice, knowledge and angle of view. In this way, the expe-
rience and knowledge of individual members of the expert team
will be used best. The probability of mistakes which could take
place in the case of assessing the same problem by a single expert is
reduced by it.

Results of their solutions are processed by an independent expert
on risk analysis. He, in addition, usually continually coordinates and
manages the work of the whole team and prepares unified documents
for it. The manager of the risk analysis is subordinate to the client
who orders the risk analysis using the expert method.

Adaptation of the FMEA expert method for underground con-
struction

The Failure Modes and Effects Analysis (FMEA) is a systematic
procedure of the analysis of the system for the purpose of identifying
potential ways of failures, their causes and consequences for technical
parameters of the system and its functioning (including the under-
ground construction-ground environment system, including the entire
system or process). The procedure is described in CSN EN 608:2007
Techniques of analysing the failure-free property of systems — proce-
dure of the analysis of failure modes and effects (FMEA).

When the significance is being assessed, the team of experts com-
bines the verbal assessment of potential undesired phenomena with
the quantified assessment. It lies in assigning points to individual
undesired phenomena according to individual criteria and according
to the unified classification. The objective is to compile the ranking
of the significance of all potential undesired phenomena, which were
previously placed into registries of potential undesired phenomena.
The registries of sources of risks (undesired phenomena) are main-
tained for various structures, processes, technologies etc. which will
be encountered during the underground construction. Each undesired
phenomenon identified in the registries is assessed by each expert
independently.

The point rating of each potentially undesired phenomenon ran-
ging from 1 to 10 is conducted in a standard way for 3 parameters:
“Z” — Consequences (seriousness, amount of damage); “P” —
Probability of the origination of the respective phenomenon and “Dt”
— predictability of the origination of such a phenomenon.

The RPN index (Risk Priority Number) is subsequently determi-
ned for each undesired phenomenon contained in risk registries.

The index is a relative assessment of the risk level which the
undesired phenomenon being assessed represents in the particular



7. SHRNUTI

Rozhodovéni vétSiny problému souvisejicich s projektova-
nim a vystavbou geotechnickych konstrukci je vZdy spojeno
se znacnou nejistotou. Rada dilezitych vstupii bud chybi,
nebo nejsou dostateéné vystizné ¢i spolehlivé. Rozhodovani
za nejistoty musi respektovat jind pravidla, neZ jsou béZnd pri
deterministickych postupech. DuleZitou podminkou dspésné-
ho feSeni komplexniho geotechnického problému s veétsi
mirou nejistot je proto zbavit se deterministického zpusobu
uvazovdani a nahradit jej uvaZovanim pravdépodobnostnim.

Pri hodnoceni geotechnického monitoringu je tfeba véno-
vat pozornost i tomu, co neni monitoringem zaznamenano,
zjisténd data je treba hodnotit v souvislostech a je tfeba je
fyzikdlné vysvétlovat. Z pozorovanych jevu se nesmi vyhle-
ddvat pouze ty skutecnosti, které svéd¢i ve prospéch predem
prijaté teorie, predpokladu, zvoleného vypoctového modelu,
ale i ty, které pro né nesveédci.

Pro zvladani mimorddnych udalosti je otdzka ,,Co dulezité-
ho o vlastnostech horninového masivu nevime?*, nejméné
stejné tak dulezitd, jako obvyklej$i otdzka ,,Co vSechno
o vlastnostech horninového masivu vime?*“ Vzdy je tfeba se
ptat: ,,Co vsechno se nevi? Co je nejisté? Jak tyto nejistoty
vzit pfi rozhodovani v dvahu?*

Vyznamnym ndstrojem feSeni problému za nejistoty je
inZenyrska intuice. Pfi jejim uplatnéni se vSak musi dodrzo-
vat urCitd pravidla a respektovat nékterd omezeni. InZzenyrska
¢i geotechnickd intuice neni schopnost véstit, ¢i hadat, ale
schopnost rychle uplatnovat zkuSenosti spolu s teoretickymi
znalostmi.

Uspésnost experta spo¢ivd ve schopnosti rychlého rozpo-
znani problému a ndvrhu jeho feSeni na zdkladé kombinace
zkuSenosti a poznatki uloZenych v podvédomi (intuice)
a teoretickych odbornych znalosti. Intuici ale nelze nikdy
pouzivat jako ucelovou ndhradu nedostatku informaci v situ-
acich, kdy je lze standardnimi postupy ziskat.

Metodika Fizeni rizik systémové zavadi pravidla a osvéd-
¢ené postupy pro fizeni rizik, a rozdélovani rizik mezi Gcast-
niky vystavby ve vSech fazich jeji pripravy i realizace. Dnes
je pro fizeni rizik k dispozici fada osvéd&enych postupt pred-
pist a norem, s jejichZ pomoci lze fizeni rizik profesiondlné
provadét. Uéinnym nastrojem metodiky Fizeni rizik jsou
expertni metody.

Cldnek byl zpracovdn s vyuZitim vysledkii Centra kompe-
tence Technologické agentury Ceské republiky, ziskanych pri
reSeni projektu ,,Centrum pro efektivni a udrZitelnou doprav-
ni infrastrukturu* (CESTI), cislo projektu TE01020168
v roce 2018.
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case. The value of the RPN index is given by the product of all three
parameters being classified.
RPN=ZxPxDt

7. SUMMARY

Making decisions on the majority of problems associated with
designing and constructing geotechnical structures is always associ-
ated with significant uncertainty. Many important entries are either
missing or are insufficiently apposite or reliable. Making decisions
under uncertainty has to respect different rules than those common in
deterministic procedures. An important condition for successful solu-
tion to a complex geotechnical problem with rather great level of
uncertainties is therefore that the deterministic thinking is abandoned
and is replaced with probabilistic thinking.

When geotechnical monitoring is being assessed, it is necessary to
pay attention even to the things which are not reregistered by the
monitoring; the determined data has to be evaluated in context and it
is necessary to explain it physically. Of the observed phenomena, it
is not possible to seek only the facts which give evidence of a pre-
accepted theory, an assumption of the chosen calculation model, but
also the facts not giving the evidence.

Important for coping with extraordinary events is the question:
“What important regarding the properties of the ground mass do we
not know?”, but at least equally important and more common questi-
on is “What all do we know about the ground mass properties?” It is
always necessary to ask: “What all is not known? What is uncertain?
How are those uncertainties to be taken into consideration in the deci-
sion-making process?”

An important tool for solving problems under uncertainty lies in the
engineering intuition. Nevertheless, certain rules have to be adhered to
and some limitations have to be respected. Neither the engineering nor
geotechnical intuition is able to prophesy or guess, but it is able to
quickly apply experience together with theoretical knowledge.

Expert’ success lies in the capability of quick recognising a pro-
blem and proposing the solution on the basis of a combination of
experience and knowledge stored in the subconscious (the intuition)
and theoretical professional knowledge. But intuition can never be
used as a replacement for the reason of the lack of information in the
situations where it can be obtained using standard procedures.

The risk management methodology introduces a system of rules
and proven procedures for managing risks and distribution of risks
among participants of construction in all phases of its preparation and
realisation. Many proven procedures, regulations and standards are
today available for professional managing the risks. Expert methods
of the risk management methodology are an effective tool.

The paper was prepared using the results of the Competence
Centre of the Technology Agency of the Czech Republic gathered
when solving the Centre for Effective and Sustainable Transport
Infrastructure (CESTI), project number TEOQ1020168 in 2018.
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FOTOREPORTAZ Z VYSTAVBY ZELEZNICNYCH TUNELOV DIEL A MILOCHOV
PICTURE REPORT FROM CONSTRUCTION OF DIEL
AND MILOCHOV RAILWAY TUNNELS

’ : i e A £ Obr. 2 Postupné otvdranie a zabezpecovanie portdlu tunela Diel na vychod-
Obr. 1 Vystavba portdlu pre tinikovi §toliiu tunela Diel nej strane
Fig. I Construction of the portal for the escape gallery of the Diel tunnel Fig. 2 Gradual opening and stabilising the Diel tunnel portal on the eastern side

i £ AR e
Obr. 4 Zaciatok razenia tunela Milochov z vychodného portdlu
Fig. 4 Beginning of driving the Milochov tunnel from the eastern portal

: L e e Lt T et}
Obr. 3 Pohlad z vychodného portdlu tunela Diel na vystavbu Zeleznicnej esta-
kddy ponad Nosicku priehradu

Fig. 3 A view from the eastern portal of the Diel tunnel for the construction
of the viaduct above the Nosice water reservoir

Obr. 6 Razenie tunela Milochov z vychodného portdlu v delenej kalote
Fig. 6 Driving the Milochov tunnel from the eastern portal in the divided-up
top heading

Obr. 5 Vychodny portdl tunela Milochov
Fig. 5 Eastern portal of the Milochov tunnel




# E & 3 : -y-r-';“‘

; _.! 4 ! ! o - . i :”‘“.‘ '

Poskytované sluzby:

» zpracovani studie proveditelnosti
z hlediska geotechnickych rizik
komplexni navrh a realizace geologickych
prizkuma ve viech stupnich pfipravy
analyza geotechnickych rizik jako vstupni
parametr pro provedeni projektové dokumentace
komplexni navrh a provedeni geotechnického
monitoringu
feseni geotechnickych problémd pomoci
matematického modelovani

fizeni geotechnickych rizik pfi vlastni vystavbé
podzemniho dila

geotechnicky a stavebni dozor pfi realizaci
podzemniho dila

SG Geotechnika a.s. se Ucastni procesu pfipravy a vystavby podzemnich
staveb ve vsech jeho fazich.

www.geotechnika.cz
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA
B Umrti legendérni osobnosti rakouského tunelového jici také nékolik jadrovych vrtd z povrchu. Snahou bylo
stavitelstvi upresnit vyskyt hornin ndchylnych k bobtnani (bobtnavé jily,

Mimoradny profesor Ing. Franz Pacher, dr. h. c., zemrel ve sddrovce a anhydrity).
svych 99 letech 3. brezna 2018 v Salcburku. Ing. Franz Ukazalo se, Ze u jizniho portdlu, kde méla byt razba zah4je-
Pacher byl opravdu zcela mimoradna osobnost nejen rakous- na, se neobvyklym zpusobem stfidaji skalni horniny se zvét-
kého, ale i svétového tunelového stavitelstvi. Prvni, co se ralymi a vyskytuje se zde sadrovec. Tato geotechnicky obtiz-
nam vybavi pfi vysloveni jeho jména, je Fenner-Pacherova nd zéna délky 174 m musela proto byt raZzena konvencéné.
krivka a jeho zdsluhy o rozvoj mechaniky hornin i o vznik Razilo se pod ochranou mikropilotového destniku (pr. mikro-
Nové rakouské tunelovaci metody za spoluprice prof. Rab- pilot 159 mm, dl. 16 m, prekryti 4 m) bez trhacich praci, pro-
cewicze. toze provozovany tunel byl vzdalen jen 15 aZ 20 m. Primérni

Obdivuhodné si zachoval mentélni svéZest do vysokého osténi ze strikaného betonu mélo s ohledem na tlac¢ivé horni-
véku. Jeho kolegové a pritelé ho pravidelné navitdvovali ny tl. 45 cm. Definitivni osténi je tvoreno monolitickym Zele-
a diskutovali s nim o tunelafine, takové odpoledne s nim stra- zobetonem, pficemZ klenba a opéff md tl. 60 cm a dno
vili jeSté na podzim roku 2017. 100 cm.

V jeho Zivoté muZeme najit i ¢eskoslovenskou ¢&i Ceskou Tunel zde prochézel pfi nizkém nadloZi Sikmo vrstvou sdd-
stopu. Narodil se totiz tésné po rozpadu Rakouska-Uherska rovee Sifky 30 m, takZe mohlo dojit i k zveddn{ konstrukce
ve slezském Mittelsuchau, coZ je na§ dne$ni Havifov. Brzy po tunelu. Provddéni zvlastnich opatfeni se fidilo podle vypoctu
svém narozeni se s rodi¢i odstéhoval do rakouského Grazu. predpoklddaného tlaku vyvinutého bobtndnim sddrovce. Pfi

tlaku do 800 kPa a pri prijatelné vysce nadloZi se zvlastni
opatreni neprovadéla; pri tlaku do 1500 kPa a pokud timto tla-
kem byl dotéen tunel v délce do 10 m, bylo definitivni ostén{
siln€ji podélné vyztuzené a vyztuz probihala i blokovymi spa-
rami, aby se zatizeni rozneslo podél tunelu. Pri predpokladu
vys8ich tlaku byly do osténi zakomponovany deformalni
z6ny (jako nouzové reseni?).

Cest jeho pamitce!
B Gotthardsky bazovy tunel ziskal Evropskou Zelezni¢ni
cenu 2018
Ziastupce Svycarskych spolkovych Zeleznic pan Peter
Jedelhauser a byvaly vykonny feditel spole¢nosti AlpTransit
Gotthard pan Renzo Simoni obdrzeli 20. dnora 2018
v Bruselu Evropskou Zelezni¢ni cenu pro rok 2018. Pdnové ji
prevzali v zastoupeni vSech, ktefi se podileli na priprave,
vystavbé a uvedeni do provozu Gotthardského bazového
tunelu (GBT). Udéleni ceny je spojeno s finanéni odménou ve
vysi 10 tis. eur a v tomto pripadé ji vitézové vénovali na cha-
ritativn{ dcely.

Usek konvenéni razby zasahoval Cdste¢né do prostoru
vyskytu termdlnich vod, které jsou vyuzivany v nedalekych
laznich Schinznach. Zde bylo definitivni ostén{ navrZzeno jako
naprosto vodotésné vcetné injektdze zabranujici migraci pod-
zemni vody podél tunelu v podélném sméru. Opatfeni pro
ochranu termdlnich vod se musela provést na useku délky
400 m, tedy i po zahdjeni razby tunelovacim strojem, ktery
zde prochdzel vodonosnymi vrstvami ,,muSlovitého* vdpence

Evropské Zelezni¢ni ceny udéluji od roku 2007 spole¢né
Spole¢nost evropskych Zeleznic a Asociace evropského

zelezni¢niho prflmyslu. (Huptmuschellkalk).
B Tunel Bozberg prorazen Pro mechanizovanou razbu byl vybrdn, s vyuZitim zkuSe-

V Mozaice uverejnéné v Tunelu ¢. 3/2017 jsme informova- nosti z razby nedalekého silni¢nitho tunelu v devadesatych
li o vystavbe tif novych tuneld, rekonstrukei 11 dalSich a nut- letech, jednoduchy §tit — TBM s vnéjs$im profilem 12,08 m.
nych dpravéch trati, coZ vie souvisi se stavbou tzv. Ctyfmet- Peclivéd byla priprava pro razbu v anhydritovych horninach,
rového koridoru na Zelezni¢ni trase zahrnujici Gotthardsky byly pripraveny ndstroje pro rozsifeni standardniho profilu
bazovy tunel. Koridor ma umoznit Zelezni¢ni prepravu taha- 0 5 cm, mazaci injektdZ z bobtnavého bentonitu a pred zaha-
¢t s kamiony vysky do 4 m. Cely koridor délky 270 km bude jenim razby v téchto hornindch se provedla pecliva tdrzba
dvojkolejny a vede Svycarskem od Basileje do Chiassa na stroje a jeho feznych néstroju. BéZné se razilo 5 dni v tydnu,
hranici s Itdlii. Koridor umozni také zvyseni kapacity osobni v anhydritu probihala razba nepretrzité. Roz§ifovani vyrubu
dopravy pouzitim dvoupodlaznich vlakovych souprav. nebylo nutné, postup byl plynuly, hlavnim problémem byl
Z dnesnich celkem 180 vlaku za den bude moZné jejich pocet vyvin prachu, protoZe technologické vody se pouZivalo
zvySit na 260 denné. naprosté minimum.

Klicovym objektem celé trasy je nejdel$i novy tunel Segmentové osténi bylo tvoreno péti segmenty a klendkem
Bozberg dl. 2,7 km, ktery je dvojkolejny a vede v soubéhu se uklddanym ve dn¢, bylo to rozpinavé osténi, pred montdzi kle-
starym tunelem z roku 1875. Ten bude po uvedeni do provo- ndku byly jiz uloZené segmenty rozepnuty. Segmenty mely
zu nového tunelu upraven na servisni a tnikovy. Sitku 2 m. Jednotliva segmentova kola nebyla navzdjem poo-

Tunel prochdzi proménlivym prostfednim §vycarské Jury toCena a ani tésnéna mezi sebou. Pro tlacivé zény bylo pri-
v nepfiznivych geotechnickych podminkdch. V jizni &asti praveno 11 typt rizné vyztuzenych segmenty.
bylo zastizeno rozsdhlé tektonicky porusené pasmo a presto, V z6né ochrany termdlnich vod bylo pouzito dvouplastové
Ze byly k dispozici geotechnické udaje ze stavby starého osténi s mezilehlou dvojitou féliovou izola¢ni membranou.
tunelu a také z nového asi 500 m vzdéleného silni¢niho tune- Segmenty zde mély konstantni tl. 30 cm. Ve zbytku trasy meély
lu, zastavaly uréité pochybnosti o rozsahu tla¢ivych a bobt- po¢vové segmenty tl. 60 cm, v opéfi a klenbé bylo osténi dvou-
navych hornin. Proto se provedl dopliikovy pruzkum zahrnu- plastové — segmenty a monoliticky beton, ktery byl v tla¢ivych
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z6ndch silné vyztuZen. Jinde mohl byt beton i nevyztuZeny.
Beton segmentu musel zajistit jejich dlouhodobou Zivotnost
a trvalou unosnost, proto byl pouzit specidlni siranovzdorny
cement.

Nadvyrub za segmenty byl vyplnén kacirkem 4/8 mm,
s vyjimkou injektdZze malty pod segmenty dna v rozsahu 60°.
V z6né ochrany termalnich vod a také pfi razbé v anhydritu
byla kacirkovd vypln peclivé proinjektovana, aby se zabrani-
lo proudéni vody podél konstrukce tunelu.

Tunel byl prorazen 29. 11. 2017 ve znaéné nepriznivém
misté — portél byl v prudkém svahu a v blizkosti provozované
trati. Portdl byl zaji§tén mikropilotovym destnikem a soucas-
né bylo provadéno nepretrzité monitorovani portdlové stény,
svahu i trati.

B Do Londyna dorazil prvni tunelovaci stroj pro kmeno-
vou stoku Thames Tideway

Jak jsme informovali v Tunelu ¢. 3/2016, v Londyné probi-
ha nejvetsi kanalizadni stavba, kterd kdy byla ve vodnim hos-
podarstvi ve Velké Britdnii realizovdna. Jeji kmenova stoka
bude dlouhd 25 km a bude raZena bentonitovymi Stity fy
Herrenknecht.

Prvni ze Sesti $titd o pr. 8,13 m objednanych pro tuto stav-
bu dorazil do centra Londyna v listopadu 2017. Svou cestu
dlouhou 850 km absolvoval z Némecka po vode, pred plavbou
pres Severni more byl v nizozemském Schiedamu, coz je ¢dst
Rotterdamu a soucasné evropské sidlo dodavatelské firmy
Mammoet, preloZen na namorni nakladni ¢lun a posléze pre-
plaven pres more a TemZi na misto uréené k jeho opétné kom-
pletaci. K manipulaci pfi nakldddni a montaZzi pouzil dodava-
tel své jerdby o nosnosti 1200 t a 750 t.

Béhem stavby bude po Temzi dopravovano az 90 % vseho,
co se stavbou souvisi — stroje, stavebni materidly i vytéZena
hornina, coZ nesmirné snizi dopad na Zivotni prostfedi
v Londyné.

Bentonitovy §tit pojmenovany Rachel by mél razbu zdpadni
sekce nové kmenové stoky zahdjit jeste v roce 2018.

B Modernizace 1100 km dlouhé pobreZni silnice
v Norsku

Norska obdoba eského RSD pokracuje s podstatnou moder-
nizaci 1100 km dlouhé pobrezni komunikace E39, kterd vede
z Kristiansandu na jihu Norska pres Bergen do Trondheimu.
Cilem je mimo jiné vyloucit na této trase prevazeni aut privo-
zy pres fjordy (v souCasnosti jich na trase funguje sedm).
Komunikace se celkoveé zkrati o 50 km, ale cestovni doba kles-
ne asi na polovinu z dneSnich priblizn€ 21 hod.

Pii prekondvdni fjorda se kromé tuneli raZenych pod
dnem fjordu poéitd s inovativnimi novinkami, jako jsou: kot-
veny plovouci most, ponofeny trubni most (¢i ponofeny
tunel?) a most o nékolika zavéSenych polich. Nyni probihd
geotechnicky pruzkum na mistech pldnovaného prekroceni
Syt fjordu.

H Montaz prvniho tunelovaciho stroje pro Grand Paris
Express

Jak jsme informovali v Tunelu €. 4/2016, pro zlepSeni osob-
ni dopravy mezi Pafizi a pfiléhajicim okolim ma byt do roku
2030 zprovoznéno Sest linek automaticky provozovaného
metra — Grand Paris Express. Vybudovani této sité si vyzada
stavbu 210 km tunelu a skoro 70 novych podzemnich stanic.

Ve druhém Ctvrtleti roku 2018 probihala na staveniSti
Champigny Plateau montdz prvniho stroje o pr. 9,8 m, ktery

Tuel

by mél na této grandiézni stavbé zahdjit razbu tuneld a vyra-
zit celkem 37,5 km tuneld. Jde o zeminovy §tit od firmy
Herrenknecht a predpokladd se, Ze na prvnim tdseku délky
2,2 km dosdhne denniho postupu 12 m/den.

B Silni¢ni tunely pod Suezem prorazZeny!

Dva nové dvojtrubové silni¢ni tunely pod starym i novym
Suezskym priplavem mimofddné urychli a zvysi kapacitu
dopravy z levého brehu Nilu na Sinajsky poloostrov. Doposud
totiz auta prevazely privozy. Podminky pro jejich plavbu
napfi¢ kandlem pri ru$ném provozu v ném nebyly vibec jed-
noduché a auta musela ¢ekat na nalodéni v kilometrovych
frontach, takZe se na druhy breh nékdy dostala az po peti
dnech. Jizda tunely zkrati tuto dobu na 10 minut!!!!

Nové tunely mimordadné prispeji k vSestrannému rozvoji
Sinajského poloostrova, nehledé na jejich vojensky
vyznam, o kterém se ale spi§ cudné ml&i. Ze ale egyptskd
vldda v Cele s presidentem Abdelem Fattahem al-Sisi pova-
7ovala stavbu tunelu za nesmirné duleZitou, svéd&i i to, Ze
pro razbu &tyf tuneld celkové délky pres 15 km objednala
u firmy Herrenknecht &tyfi identické kombinované Stity
o pruméru 13,02 m, aby razby v8ech tunelt mohly probihat
soubézné!

Jeden dvojity tunel délky 2x2800 m byl razen jizné od Port
Saidu a druhy dlouhy 2x4800 m severné od mésta Ismailia
v hloubce az 60 m pod vodni hladinou a tedy pod hydrosta-
tickym tlakem aZ 6 atm.

Prordzky vSech tuneli probéhly béhem jednoho mésice.
U tunelu pobliZ Port Saidu 3. a 14. prosince 2017 (u tohoto
Stitu byl dosaZen pramérny tydenni vykon 128 m), tunely
u Ismailie byly proraZeny 23. prosince 2017 (zde za ucasti
vladni egyptské garnitury v Cele s prezidentem Al-Sisi a také
dr. Martina Herrenknechta) a posledni prordzka se uskutecni-
la 3. ledna 2018.

Vsechny tunely byly vyraZeny v prubéhu 19 mésicu.

B V Nepalu nasazen prvni TBM

Po zkouskach a prevzeti dvojitého TBM o pr. 5,06 m v tovar-
né fy Robbins v fijnu 2017 byl stroj nasazen v prostfedi jizni-
ho Himadlaje v fijnu 2017. Jeho tkolem je vyrazit 12,2 km
dlouhy tunel, kterym bude privadéna voda predevsim pro
zdvlahy zemédé€lské oblasti o rozloze 60 tis. hektaru, coZ by
meélo zlepsit krizovou situaci v zdsobovani potravinami stiedo-
zapadniho regionu Nepdlu a pomoci tak asi 30 tis. obyvatel.

Tunel privede 40 m3/sec vody z feky Bheri do reten¢ni nadr-
7e na fece Babai, pri¢emZ spad bude vyuZit i pro vyrobu elek-
trické energie. Z nddrze bude odtok fizen podle potieb zavla-
hového systému.

Cinsky dodavatel bude muset zvlddnout razbu v mimofadné
nepriznivych geotechnickych podminkach geologicky mladé-
ho jizniho Himélaje. Stfidat se budou piskovce, jilovce, rizné
konglomerdty a TBM musi projit poruchovymi zdénami
a také tlacivymi, nestabilnimi horninami s ob¢asnymi vysoky-
mi pritoky podzemni vody. Proto byla do navrhu stroje zapra-
covdna opatfeni pro mimorddné nepfiznivou geologii, tzv.
systém DGS (Difficult Ground Solutions), ktery zahrnuje pre-
dev§im:

e pruzkumné vrty bude moZno provddét ve 14 mistech ze

zadni Casti Stitu;

e v predni ¢dsti je pfipraveno 8 mist pro ruéni vrtani;

e v hornf ¢4sti Stitu v rozsahu 100° lze vrtat 8 mikropilot

nad razici hlavu;
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e razici hlava muZe byt upravena pro roz$ifeni vyrubu sické provedeni uzdvéru propojky. Osazeni prefabrikovaného
0 35 mm (razeny profil se zvétsi o 70 mm). modulu pomoci manipuldtoru trvalo méne nez 90 minut.

Rubanina bude odvédzena vozy a osténi tunelu budou tvo- Modul se anglicky nazyvd Plug-in Crosscut Element (PCE)
rit Sestidhelnikové betonové segmenty. a impulz pro jeho vyvoj prisel ze stavby tunelu Koralm.

Investor zvazoval i konvencni metodu, ale z hlediska B Tunel Rastatt — vyvoj praci na havarované vychodni troubé
nemoznosti zfidit dali Celby, by razba trvala piili§ dlouho Po havirii vychodni trouby v srpnu 2017 bylo do nf uloze-
(predpoklddalo se 12 let). Proto byla zvolena metoda kontinu- no 2000 m3 betonu, ktery vytvofil zatku mezi poskozenou
dlniho raZent, i kdyZ s ur€itymi obavami. Podminky v mladé a havdrii nedotéenou ¢asti tunelu. Po jejim odstranéni doda-
geologii jizniho Himdlaje jsou jen velmi mélo zndmé a tak vatel pripravuje prerazbu havarované ¢dsti. Z povrchu byla
prvni razbu TBM v tomto prostiedi 1ze chdpat jako zkousku, | pad klenbou tunelu vyhloubena piistupové Sachta, kterd bude
jak zde miZe byt technologie TBM tspésnd. slouzit jako tnikovd cesta a soucasné pro zdsobovdni prova-
B Prefabrikovany modul pro uzavreni tunelovych propojek dénych praci, napr. propojek v neposkozené ¢asti tunelu.

Vybudovani{ uzavéra propojek mezi tunely véetné protipoZar- Arbitraz dohodnutd v zari 2017 déle probihd, ale ocekdva
nich dvef{ a pruchodek je ¢asové ndro¢né a prodluzuje dokon- vysledky a vyhodnoceni dodate¢ného geotechnického pruzku-
Covaci prace pro vyraZeni tunelu. Proto byl vyvinut prefabriko- mu, ktery probehl v kvétnu a Cervnu 2018. Predpokldda se, Ze
vany plné vybaveny uzaviraci modul, ktery bude mozné vsadit arbitrazni proces vyznamnée pokro¢i koncem roku 2018.
v tunelu do usti propojky a nasledné ho zafixovat a utésnit. Pro Ziskané vysledky z dodate¢ného pruzkumu také poslouZi
osazeni 8 t tézkého modulu byl vyvinut manipuldtor, ktery se pro upravu projektu dal§ich razicich praci obou trub pod kole-
muZe pohybovat na pneumatikdch nebo po kolejich. jistém zeleznice.

V prosinci 2017 byl modul a jeho osazeni uspé$né predve-
deny v méfitku 1:1 ve zkuSebni $tole Hagerbach ve Svycarsku. Ing. MILOSLAV NOVOTNY,
Prokazalo se, ze modul usetf{ asi 90 % Casu potrebného na kla- mila_novotny@volny.cz

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

WTC 2018
WTC 2018
The World Tunnel Congress was held this year in Dubai, .open Session“
the United Arab Emirates, on the 215t through to 26th April. It V ramci Open Session, kterd se konala 24. dubna, probéhla

was organised by the ITA-AITES jointly with the SOE UAF panelova diskuse s hlavnim tématem ,,.Smluvni praxe 21. stole-
(Society of Engineers United Arab Emirates). The theme of ti*. Hlavnimi dvéma body byly osvédCené postupy a vyzvy
this congress was “The Role of Underground Space for v této oblasti. Diskutujici seznamili posluchace se souasnymi
trendy, ke kterym patii velké komplexni projekty a riznorodost
podminek, které mohou pri tak rozsahlych projektech nastdvat.

guests, representatives of government and private sector, 44. vainé shromazdeni
large tunnel construction companies and many others. The Valné shromédzdéni se uskutecnilo v nedéli 22. dubna a ve stre-

ITA-AITES 44th General Assembly was a traditional part of du 25. dubna. V rdmci obou zasedacich dni zastupci jednotlivych
Clenu ITA-AITES schvilili vysledek hospodafeni za obdobi
2017/2018 a odsouhlasili ndvrh rozpoctu 2018/2019. Novym
Clenem ITA-AITES byl potvrzen Novy Zéland. Doplnovaci
volby do predsednictva se letos nekonaly, volebni obdobi nékte-
rych jeho ¢lent konéi az v roce 2019. Jednotlivi zéstupci pra-

Future Cities”. The congress opening took place at the Dubai
World Trade Centre and was attended by many important

the congress.

Svétovy tuneldrsky kongres se v tomto roce konal v Dubaji
ve Spojenych arabskych emirdtech ve dnech 21.-26. dubna.

Pofadatelem byla svétovd organizace ITA-AITES spolu | . yniep skupin seznamili pfitomné se zpravou o jejich &innosti
se SOE UAE (Society of Engineers United Arab Emirates). |, ji7 druhym rokem byla distribuovana publikace s prehledem
Motem letosniho kongresu bylo ,,VyuZiti podzemniho prosto- | &nnosti narodnich &lenti ITA-AITES, ktefi zaslali podklady.
ru pro mésta budoucnosti®. Zahdjeni probéhlo v dubajském Poradatelé WTC v roce 2019 (Neapol, Itdlie) a 2020 (Kuala
kongresovém centru a zicastnilo se jej mnoho vyznamnych Lumpur, Malajsie) sezndmili se stavem pripravy kongresu a byl

hosta, zdstupca vlddy i soukromého sektoru, velkych tuneldr- potvrzen poradatel WTC 2021 — Svétovy tuneldrsky kongres
skych spole¢nosti a mnoho dal$ich. Jeho tradi¢ni souéésti bylo 2021 se uskute¢ni v Kodani ve dnech 16.-19. kvétna.
44 . valné shromizdéni ITA-AITES. Kongresu se zidcastnilo vice nez 1550 delegéta ze 68 zemi —

odborniku z praxe, akademiku, stavebnich inZenyru a fady dalsich
a 130 vystavovatelu a sponzora. Celkem bylo predneseno podle ofi-
cidln{ statistiky 211 dstnich prezentaci a predstaveno 141 posteru.
Na valném shromdZzdéni bylo pritomno 47 zdstupcu ze 75 ¢len-
skych zemi. Poradatelé zhodnotili kongres jako velmi dspesny.

-Muir Wood Lecture“

Kazdoro¢ni predndsku ,,Muir Wood lecture® pripravil
Edward Cording na téma ,, Monitorovdni a kontrolovdni cho-
vdni zeminy pri soucasném aplikovdni tunelovdni v pretlaku“.
Pro tuto predndsku na pocCest sira Alana Muir Wooda, vyznam-

ného odbornika z oboru podzemnich staveb a prvniho prezi- Ing. MARKETA PRUSKOVA, Ph.D.,
denta ITA, vybira prednasejiciho i téma valné shromazdeéni pruskova@ita-aites.cz,
ITA-AITES na svém zasedani vZdy rok dopredu. sekretdr CzTA ITA-AITES, z. s.
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KONFERENCIA TUNELY A PODZEMNE STAVBY 2018

Tuel

TUNNELS AND UNDERGROUND CONSTRUCTION 2018 CONFERENCE

The Tunnels and Underground Construction 2018 conference
with international participation was held at Holiday Inn hotel in
Zilina on 23td through to 25t May 2018. It was attended by 366
persons from the Slovak Republic, the Czech Republic, but also
from Spain, Austria, Italy, Germany, Belgium and China. The
patronage was given to the conference by Mr. Arpad Ersek, the
minister of transport. Doprastav, a. s. was the general partner of
the conference, whilst Dopravoprojekt, a. s., Metrostav, a.s.
and PPA Controll, a. s. were the main partners. After welco-
ming of the attendees by Ing. Viktéria Chomové, chairman of
the Steering Committee, Ing. Lubos Duri¢, director of the
Department of Road and Water Infrastructure, delivered his
speech on behalf of the Ministry of Transport and Construction
of the Slovak Republic. Ing. Patrik Groma, vice-mayor of the
town of Zilina, greeted the conference attendees on behalf of
the Zilina town hall. The conference organisers in addition used
the conference opening for giving thanks and appreciating three
university teachers; the appreciations were received by
Prof. FrantiSek Schlosser from the Faculty of Civil Engineering
of the University of Zilina, Prof. Jifi Bartik from the Faculty of
Civil Engineering of the Czech Technical University in Prague
and Doc. Juraj Durove from the BERG Faculty of the Technical
University in KoSice. The opening lectures were delivered by
Ing. FrantiSek Ockajak, vice-chairman of the Slovak Tunnelling
Association, on the theme Tunnel construction engineering in
Slovakia, Ing. Martin Cvoliga, a representative of the National

Highway Company, on the Preparation and construction of

tunnels on motorways and fast highways; Dipl. Ing. Kajetan
Matt from ILF Consulting Engineers delivered a lecture dealing
with the realisation of one of world’ tunnel construction mega-
projects Brenner Basis Tunnel — results of the optimisation and
harmonisation of the design proposal. The conference continu-
ed by selected lectures and five professional sections, where the
total number of the lectures delivered amounted to 42. In additi-
on, four interesting technical excursions were organised — to the
excavation of tunnel tubes on the construction sites of the Diel
and Milochov tunnels, finishing work on the civil engineering
part and the preparation for the realisation of technology equip-
ment of the Ov&iarisko and Zilina motorway tunnels, the con-
struction site of the Visnové tunnel and a visit to the Integrated
workplace of operators at the Motorway Administration and
Maintenance Centre in Povazska Bystrica.

CORSTRUCTION 2018
Mnaterenscs 3 medmara s 1w
N p

Obr. 1 Predsednictvo konferencie pocas otvorenia
Fig. 1 Conference presidency during the conference opening

Slovenskd tuneldrska asocidcia sa po uUspechu konferencie
Tunely a podzemné stavby 2015 rozhodla konferenciu zopako-
vat’ aj v roku 2018. Za uplynulé 3 roky slovenské tuneldrske
stavitelstvo opitovne pokrocilo. Len v obdobi od roku 2015
boli dokoncené a do prevadzky uvedené Styri dialni¢né tunely
— §ibenik, Polana, Svréinovec a PovaZsky Chlmec. Okrem nich
sti vo vystavbe dal3ie $tyri dialni¢né tunely, Ov&iarsko, Zilina,
Visnové a PreSov, ako aj dva Zzelezni¢né tunely, Diel
a Milochov.

Konferencia s medzindrodnou ucastou Tunely a podzemné
stavby 2018 sa opiit’konala v Ziline, v hoteli Holiday Inn v diioch
23.az 25. mdja 2018. Stretlo sa nej 366 ucastnikov zo Slovenskej
republiky, Ceskej republiky, ale aj zo Spanielska, Rakiiska,
Talianska, Nemecka, Belgicka a Cl’ny. Zastitu konferencii udelil
minister dopravy a vystavby Arpad Ersek. Generdlnym partne-
rom konferencie bol Doprastav, a.s., hlavnymi partnermi
Dopravoprojekt, a.s., Metrostav, a.s. a PPA Controll,
a.s. Organizatori konferencie uz tradi¢ne poskytli moznost bez-
platnej ucasti Studentom vysokych $kol, priCom tito mozZnost’
vyuZzilo celkom 40 Studentov zo 4 slovenskych univerzit.

Po privitani dcastnikov predsednickou pripravného vyboru
Ing. Viktériou Chomovou v tvode konferencie vystipil ako
zastupca MDYV SR riaditel’ odboru projektov cestnej a vodnej
infrastruktiry Ing. Dubod Duri¢. Za mesto Zilina pozdravil
ucastnikov konferencie viceprimdtor Ing. Patrik Groma.
Organizdtori konferencie tieZ vyuZili jej ivod na podakovanie
a ocenenie trom vysokoSkolskym pedagdgom, ktori sa svojou
dlhoro¢nou pracou zaslazili o sicasny stav technického pozna-
nia a urovne naroc¢nej discipliny vystavby a prevadzky doprav-
nych tunelov a podzemnych stavieb. Oceneni boli
prof. FrantiSek Schlosser zo Stavebnej fakulty Zilinskej uni-
verzity, prof. Jifi Bartdk zo Stavebnej fakulty CVUT Praha
a doc. Juraj Durove z Fakulty BERG technickej univerzity
v KoSiciach.

V prvom bloku konferencie zazneli dvodné prednasky.
Predniesli ich podpredseda Slovenskej tuneldrskej asocidcie
Ing. FrantiSek Ockajdk s témou Tunelové stavitelstvo na
Slovensku, zéstupca Ndrodnej dialni¢nej spoloc¢nosti
Ing. Martin Cvoliga s prezentdciou Priprava a vystavba tune-
lov na dialniciach a rychlostnych cestdch a Dipl. Ing. Kajetan

Obr. 2 Oceneni vysokoSkolski pedagdgovia prof. Schlosser, prof. Bartik
a doc. Durove
Fig. 2 Appreciated university teachers Prof. Schlosser, Prof. Bartdk and Doc.

Durove




Obr. 3 Ing. FrantiSek Ockajdk pri iivodnej predndske
Fig. 3 Ing. Frantisek Ockajdk delivering the opening lecture

Matt zo spolo¢nosti ILF Consulting Engineers s prednaskou
z realizdcie jedného zo svetovych tunelovych megaprojektov
Brenner Basis Tunnel — vysledky optimalizdcie a harmonizdcie
ndvrhu projektu.

Konferencia v nasledovnych dvoch dnoch pokracovala
vybranymi predndskami a piatimi odbornymi sekciami, ked
celkom zaznelo 42 prednasok. V prvom bloku vybranych pred-
nasok sme mali moznost vypocut’ si prezentaciu pripravy
vystavby tunela ViSnové z pohladu financovania, prednédsku
o sucCasnom stave vystavby Zelezni¢nych tunelov Diel
a Milochov, ako aj prezentacie vystavby metra v Dohd a pod-
morského cestného tunela Solbakk.

V sekcii Navrhovanie a realizdcie podzemnych stavieb
odznelo 10 predndSok, prezentovany bol stav pripravy
a vystavby viacerych slovenskych tunelovych projektov, medzi
nimi tunelov Vistiové, Zilina, Povazsky Chlmec, Svr¢inovec,
Zilina a Soroska. Okrem slovenskych predndsok sme mali pri-
lezitost vidiet’ viaceré prezentdcie zahrani¢nych projektov.

Celkom 8 predndsok priniesla sekcia Geotechnicky prieskum
a monitoring, pricom prezentdcie sa tykali aj stavieb tunelov
Cebrat, Polana, Diel, Soroska a Ejpovice. V sekcii Techno-
logické vybavenie a bezpecnost prevadzky podzemnych stavi-
eb bolo prezentovanych 7 prednasok.

Mensi pocet prednaSok priniesli sekcie Sandcia a rekonst-
rukcia podzemnych stavieb, v ktorej boli prezentované dve

SWISS TUNNEL CONGRESS 2018 V LUZERNU
SWISS TUNNEL CONGRESS 2018, LUZERN

The traditional congress of Swiss tunnellers, STC Luzern
2018, was held from 13th June to 15th June 2018. The Thursday
afternoon colloquium motto was drainage, waterproofing and
all things connected with water in underground workings.
Various waterproofing and drainage methods and systems were
presented in seven lectures on examples of well-known tun-
nels, for instance the Brenner Base Tunnel and the Weinberg
tunnel under the river Limmat in Zurich. The standard full-day
conference took place on Thursday; technical excursions to
underground construction sites in Switzerland were organised
on Friday. The attendance at the conference always exceeds 800
persons; the colloquium was this year attended by 400 persons.
Even though the congress is a national Swiss event, it was
attended, as usual, by approximately one hundred foreign dele-
gates, mostly from German speaking countries.
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Obr. 4 Spolocnad fotografia siicasného a byvalych predsedov Slovenskej tune-
ldrskej asocidcie s predsednickou pripravného vyboru

Fig. 4 Common photo of the current chairman and former chairmen of the
Slovak Tunnelling Association with the chairman of the Steering Committee

prednasky a sekcia Zmluvné vztahy a manaZment rizik s jednou
prednaskou. Tieto sekcie boli doplnené vybranymi predndska-
mi, medzi ktorymi zazneli aj dve velmi zaujimavé prezentdcie
vystavby Zelezni¢ného tunela Ejpovice v Ceskej republike,
jedna z pohladu investora a druhd z pohladu zhotovitela stavby.
Okrem predndsok bola odbornd cast’ konferencie tvorend
aj posterovou sekciou, v rdmci ktorej bolo prezentovanych 19
posterov.

V posledny den konferencie 25. médja 2018 sa uskutocnili
Styri zaujimavé exkurzie, ktoré ponukli ukdzku vSetkého, Co sa
v sticasnosti deje okolo tunelov na Slovensku. Razenie tunelo-
vych rir mohli G¢astnici vidiet na stavbe Zelezniénych tunelov
Diel a Milochov, dokonCovacie prace na stavebnej Casti a pri-
pravu pre realizdciu technoldgie na dialni¢nych tuneloch
Ovciarsko a Zilina. Na stavbe tunela Visiiové bolo mozné vi-
diet'razenie tunelovych rir ako aj realizaciu definitivnych kon-
Strukcii. Poslednd exkurzia smerovala na Integrované operator-
ské pracovisko v SSUD Povazskd Bystrica, odkial je riadena
prevadzka tunela Povazsky Chlmec.

Zavere¢né podakovanie za tspesny priebeh konferencie opit’
patri jej organizatorom, pripravnému vyboru a partnerom kon-
ferencie, ale najmé predndSajicim a vSetkym jej ucastnikom.

Ing. VIKTORIA CHOMOVA

Ve dnech 13. 6. aZ 15. 6. se konal tradi¢ni kongres Svycar-
skych tuneldia STC Luzern 2018. Mottem kolokvia ve stiedu
odpoledne bylo odvodnéni, izolace a vSe co souvisi s vodou
v podzemnich dilech. V sedmi prednaskédch byly prezentovany
na prikladech zndmych tunelt rizné zpusoby a systémy izola-
ci a odvodnéni — napf. Brennersky bazovy tunel a tunel
Weinberg v Ziirichu pod fekou Limmat. Zadné prevratné tech-
nologie ¢i novinky k vidéni nebyly, snad jen prezentace toho,
7e tunely lze skute¢né provést jako vodotésné, a to i v mimo-
fadnych hydrogeologickych podminkéch. Velkym problémem
je u drendznich systému sintrovani a zandSeni potrubi a jejich
nésledné ¢isténi a udrzovani téchto systému ve funk&nim stavu.
Sintrovan{ je nezddouci nejen z divodu zmenSovan{ pruto&né-

3

ho profilu drendznich potrubi, ale zejména z divodu zandSeni

P

drendZnich otvoru v téchto potrubich, ¢imZ prestdvd drendZni
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systém postupné plnit svoji drendzni funkci. Byly prezentova-
ny ruzné metody na odstranéni toho nezddouciho jevu — vytvé-
feni co nejvétsich ,,drendZnich* prostort za rubem osténi (napr.
Stérkové vyplné misto injektovani rubu tybinkl a co nejSirSi
pouzivani Sterku nebo jiného propustného materidlu v podklad-
nich vrstvdch misto betonll a mazanin), osazovéni stabilizatoru
tvrdosti vne i do drendznich potrubi (tzv. Depotstein), precer-
pavani drendznich vod zpét do potrubi nebo do rubovych pro-
stord s instalovanymi stabilizatory. Zajimavym ndmétem na
vyuziti vytékajicich podzemnich vod z drendZnich systému
béazového tunelu Lotschberg, které maji standardni teplotu vice
nez 18 stupna Celsia, je projekt Tropenhaus Frutigen u sever-
niho portdlu. Vytékajici vody jsou totiz prilis teplé na to, aby
byly pfimo vypoustény do feky Kander, kde zpusobovaly likvi-
daci nékterych puvodnich druhtu ryb, zde komeréné lovenych.
Relativné tepld voda se tak pred vypousténim do feky vyuziva
v nové vybudovaném komeréné koncipovaném aredlu pro
vyhfivani skleniki pro péstovédni subtropickych a tropickych
plodin a v nékolika venkovnich nadrzich pro chov i komerén{
lov teplomilnych ryb, véetné ,,péstovani“ kavidru, jehoZ ro¢ni
produkce zde presahuje vice neZ jednu tunu.

Ve &tvrtek pak probéhla standardni celodenni konference
a v patek byly organizovdny odborné exkurze na podzemni
stavby ve Svycarsku. Uéast na této konferenci standardné pre-
sahuje 800 nédvstévniku, kolokvia se letos zdlastnilo pres 400
navstévnika. Prestoze jde o ndrodni $vycarskou konferenci,
zucastnilo se ji jako obvykle kolem stovky zahrani¢nich dele-
gdtu, prevdzné z némecky mluvicich zemi (Rakousko
a Némecko). Z Ceska pak jenom dva a ze Slovenska sedm.

Témata prednasek byly jako obvykle peclivé vybrand — nejen
Svycarské stavby a projekty, ale i vyznamné a zajimavé mezi-
narodni projekty. Za zminku stoji urCit¢ ndsledujici prednasky.

Vystavba treti tunelové trouby tunelu Gubrist na severnim
obchvatu Ziirichu, ktery by mél odstranit dennodenni zicpy
v tomto dseku.

Vystavba zZelezni¢niho dvojkolejného tunelu Eppenberg za
ucelem dosazeni plné étyfkolejného (!) provozu na trati Ziirich
— Bern, kde denné jezdi 550 vlaka.

Dokoncuje se sanac¢ni tunel Belchen dl. cca 3,2 km na dalni-
ci A2 mezi Basileji a Egerkingenem budovany pro moZzZnost
uzavreni jedné ze dvou stavajicich tunelovych trub z roku 1970
kvuali sanaci jejich osténi, vyrazné poSkozenych bobtnavymi
horninami.

Pripravuje se projekt druhé tunelové trouby Gotthardského sil-
ni¢niho tunelu, odsouhlaseny celondrodnim referendem.
Zajimavosti je podminka referenda, Ze prestoze budou obé trouby
dvoupruhové, provozovany budou kazda trouba vZdy pouze jed-
nim jizdnim pruhem. Divodem je prili$né nezvySeni intenzit sil-
ni¢ni dopravy pres Gotthardsky masiv, coz by luxusni prakticky
ddlni¢n{ Etyfpruh jist€ zpusobil.

Velmi problematickd je dostavba a zprovoznéni druhé tunelové
trouby bazového tunelu Lotschberg. Z finan¢nich duvodu byl pred
deseti lety zprovoznén tunel se dvéma jednokolejnymi tunely na
cca tretiné délky a zbytek tunelu se provozuje jako jednokolejna
trouba s obousmérnym provozem, prestoze druhd trouba byla jiz
téméf vyrazena a dnes slouZi jako zachrannd cesta. Tehdejsi
finan¢ni dspora se ukazuje dnes jako zdsadni chyba, kapacitné
tunel jiZ dnes nestali a ndklady na dostavbu pri zachovani provo-
zu v provozovanych Cdstech tunelu vcetné zachovani funkéni
zdchranné cesty pri jeji prestavbé na normalni tratovy tunel jsou
extrémni.

Tuel

Po deseti letech preruseni byla v roce 2017 obnovend razba
tunelu Riedberg v extrémnich podminkdch sesuvné oblasti s pru-
mérnym aktudlnim dennim postupem pouhych 0,5 m! Primarn{
osténi se provadi pod ochranou mikropilotovych destnika vrta-
nych z tzv. kapli¢ek kazdych 6 m po krocich dl. 3 m. Primarn{
ostén{ je z monolitického betonu s vyztuzi z valcovanych profila
HEB 200 a svafovanych armoko$u a méd v Sestimetrovém kroku
proménnou tloustku od 50 cm do 150 cm (!) véetné protiklenby
tloustky 70 cm. Primérni osténi provedené do roku 2007 pred zasta-
venim stavby bude kompletné vybourdno a vyse uvedenou techno-
logii monolitického primérniho osténi provedeno znovu. Duvodem
je fakt, Ze sesuv v bridli¢natych horninéch, ve kterych je tunel budo-
vén, se pohybuje cca 1 cm za rok a tunel musi byt schopen se pohy-
bovat i se sesuvem a byt pritom v provozu. Predpoklddand skute¢-
nd redlnd Zivotnost tunelu je tak maximalne 80 let.

Albulatunnel v kantonu Graubinden je novy jednokolejny (roz-
chod 1,0 m) 5860 m dlouhy Zelezni¢ni tunel, raZzeny soubézné
s puvodnim tunelem z roku 1903 (pamatka UNESCO). Stary tunel
bude po uvedeni nového tunelu do provozu slouzit jako tnikova
cesta. Predndska byla orientovana zejména na nesmirné sloZitou
logistiku v extrémné nepristupném terénu pii zachovani provozu
na stavajici trati. PrordZka se pldnuje na srpen letoSniho roku.

Spole¢ny projekt Rakouska a Svycarska (spolkovd zemé
Tyrolsko a kanton Graubiinden) — vodni elektrarna v ddoli feky
Inn je historickym projektem jiz od dvacétych let minulého stole-
ti, ktery se realizuje aZ v nynéjsi dekdde. Souddsti stavby je mimo
jiné i extrémné dlouhd (23 km) privodni $tola s prevySenim cca
200 m. Jednim z nejvétsich problému bylo ale vyfeSeni majetko-
pravnich vztahu a mezistdtni dohody. Nétok do privadéle je totiZ
na Svycarském UGzemdi, ale vlastni elektrarna na rakouském tzemi.

Zelend linka metra v Dohd (Katar) predstavujici tratové tune-
ly délky dvakrdt 17 km se Sesti stanicemi byla stavebné realizo-
véna v rekordnim Case pouhych 18 mésicu pfi nasazeni Sesti
zeminovych razicich §titd. A to i presto, Ze béhem ramadédna
byly z bezpe€nostnich divoda realizovdny prakticky nulové
vykony! Byl zde pouzit smluvni systém ,,Design-Build plus
Provisional Sums*.

Odborné exkurze v tretim dnu konference jsou vzdy tradi¢né
perfektné organizovany. V leto$nim roce byly na vybér nésle-
dujici stavby ve Svycarsku — tunel Bozberg, tunel Gubrist,
tunel Riedberg, tunel Belchen, tunel Eppenberg a tunel Albula.

Vice informaci 1ze nalézt rovnéZz na nasledujicich vybranych
odkazech.

https://www.bbt-se.com/

http://www.nordumfahrung .ch/verkehrsinformationen/webc-

ams/westportal-des-gubristtunnels-blickrichtung-st-gallen/

http://www.belchentunnel.ch/
http://www.eppenberg-woeschnau.ch/startseite-copy-2-2
https://www.swissinfo.ch/ger/politik/abstimmung-schweiz-
28.2-2016-zweite-gotthardroehre-resultat/41982350
https://lwww.srf.ch/news/regional/bern-freiburg-wallis/arbei-
ten-am-riedbergtunnel-wieder-aufgenommen
https://www.gemeinschaftskraftwerk-inn.com/

Ing. VLASTIMIL HORAK,
AMBERG Engineering Brno, a.s.
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KONFERENCE TUNNEL SAFETY AND VENTILATION 2018
TUNNEL SAFETY AND VENTILATION 2018 CONFERENCE

The international conference ,,Tunnel Safety and Ventilation*
organised regularly every two years by the Graz University of
Technology was held in Graz from 12th to 14th June 2018. The
total of 41 lectures on the theme of operational safety in road
and railway tunnels and in metro were presented during the two
conference days. An excursion to the “Zentrum um Berg” inde-
pendent research centre of underground construction was orga-
nised at the end of the conference.

Ve dnech 12.—14. Cervna 2018 se konala v Grazu 9. meziné-
rodni konference ,,Tunnel Safety and Ventilation“. Konferenci
organizuje Technologickd Universita v Grazu pravidelné kazdé
dva roky. Ve dvou konferencnich dnech bylo prezentovano cel-
kem 41 predndSek na téma bezpecnost provozu v silni¢nich,
ZelezniCnich tunelech a v metru. Byly zde predneseny systémy
vétrdn{ tunelu, jejich optimalni fizeni, systémy detekce mimo-
fadnych udalosti, dopravnich nehod a poZaru v Zelezni¢nich a sil-
ni¢nich tunelech. Dalsi predndsky se zabyvaly problematikou

rizikovych analyz v tunelech, modelovdnim chovdni cestuji-
cich v pripadé nehody a pozaru v tunelu. Byly predndseny
moznosti instalace stabilniho hasicitho zafizeni v silni¢nich
tunelech, které sniZuje poZarni zatiZeni a umoznuje zdchranu
cestujicich a zabranuje vyraznému poskozeni tunelové kon-
strukce. Rozprasovani vodni mlhy v odsavanych zplodinach
hofeni pfi poZaru se vyuzivd také ke sniZeni jejich teploty
a umoznuje sniZeni mnoZstvi odsdvanych zplodin hofeni. Na
zavér konference byla zorganizovana exkurze do vyzkumného
nezavislého centra podzemnich staveb ,,Zentrum am Berg®,
kde v aerdlu povrchového lomu na siderit (ocelek) v Styrian
Erzberg je budovano rakouské vyzkumné centrum s dvéma sil-
ni¢nimi a dvéma Zelezni¢nimi tunelovymi troubami, kazda cca
400 m dlouhd. Vyzkumné centrum slouZi pro testy se zamére-
nim na konstrukce a provoz v podzemnich stavbach, pfi neho-
dach a pozarech.

Ing. MIROSLAV NOVAK, METROPROJEKT Praha a.s.

ZPRAVA Z TISKOVE KONFERENCE CKAIT ,STATIKA STAVEB NEBO STATISTIKA SPADLYCH STAVEB -

NAZORY ODBORNIKU CKAIT*

REPORT FROM THE PRESS CONFERENCE OF THE CKAIT (THE CZECH CHAMBER OF AUTHORISED
ENGINEERS AND TECHNIQUES IN CONSTRUCTION) ON ,STRUCTURAL STATICS OR STATISTICS OF
COLLAPSED STRUCTURES — OPINIONS OF CKAIT EXPERTS"

Problems of the poor condition of civil engineering structures
and, in an extreme case, their collapses, is not only a question of
bad or insufficient maintenance but also of often wrong design
already at the design preparation stage. Especially in the past
years, the interest not only of the professional public was aroused
by medialised collapses, first of all of bridge structures. The well
known truth that many of those structures were in an unsatisfacto-
ry condition due to neglected maintenance subsequently turned
out. As a result, this theme has become more important. Searching
for the causes of the originated situation is currently dealt with not
only by project owners, administrators and representatives of pro-
fessional chambers. It becomes an unwritten rule that even large
construction companies themselves ensure independent assessing
of design documents and, first of all, structural analyses, which
should be the basis of each design for the supporting system of
a building structure. The gravity of the situation is known even to
the Czech chamber of authorised engineers and techniques in con-
struction, which convened a press conference on “Structural sta-
tics or statistics of collapsed structures — opinions of CKAIT
experts” for 28th March 2018 to the CKAIT building in Sokolska
Street in Prague. The meeting of renowned experts from the field
of civil engineering with the journalists interested in this theme
was organised in the form of a mini-conference, for which each of
the lecturers prepared a brief presentation with the opportunity to
discuss on the lectured theme immediately after its end. The ques-
tions were answered not only by the lecturers, but even people pre-
sent in the hall engaged in the discussion.

1. UVOD

Problematika Spatného stavu stavebnich konstrukcei a v extré-
mnim pripadé jejich havdrii nenf jen otdzkou $patné nebo nedo-
state¢né UdrZzby, ale mnohdy i chybného ndvrhu jiZ v projekéni

priprave. Zvlaste v poslednich letech vzbudily zdjem nejen
odborné verejnosti medializované havérie zejména mostnich
konstrukci. Nésledné se ukdzala znamd pravda, Ze celd rada
téchto konstrukef je kvuli zanedbané idrzbé v nevyhovujicim
stavu, ¢imz toto téma nabylo na vyznamu. Patrdnim po prici-
ndch vzniklé situace se dnes zabyvaji nejen investori, spravci
a zastupci profesnich komor. Stdvd se nepsanym pravidlem, Ze
i velké stavebni firmy si samy a na vlastni naklady zajistuji
nezavislé posuzovani projektové dokumentace a zejména sta-
tickych vypocti, které by mély byt zdkladem kazdého ndvrhu
nosného systému stavebni konstrukce.

Zavaznost situace si uvédomuje i Ceskd komora autorizova-
nych inZenyru a architektt, kterd svolala na 28. 3. 2018 do
budovy CKAIT v Sokolské ulici v Praze tiskovou konferenci
na téma ,,Statika staveb nebo statistika spadlych staveb — ndzo-
ry odborniki CKAIT“. Setkdni renomovanych odborniki
z oboru stavebnictvi s novindri se zdjmem o toto téma probiha-
lo formou minikonference, na kterou si kazdy z prednasejicich
pripravil kritkou prezentaci s moznosti diskutovat na predna-
Sené téma ihned po jejim ukonceni. Na dotazy odpovidali nejen
prednésejici, ale do diskuse se zapojovali i pfitomni v sile.

2. ZAHAJENI TISKOVE KONFERENCE A SEZNAMEN(
S PROBLEMATIKOU

V tvodnim slové konstatoval predseda CKAIT, pan
Ing. Pavel Krecek, FEng., Ze svoldni tiskové konference je reak-
ci na aktudlni déni ve spolecnosti, kterou zaujalo zficeni lavky
pro pési v Tréji nebo havarijni stav nekterych dal§ich mostnich
konstrukci. Uvedl, 7e snahou CKAIT neni jen téma statika, ale
i hledani cesty ke zlepSeni odborné trovné autorizovanych
osob. Zejména mladi inZenyfi jsou podle jeho ndzoru mnohdy
ve firmach vystaveni bezprizornimu stavu a komora ma pro né
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pripraveny vzdélavaci program, ktery by mél mladym inZeny-
rum na praktickych piikladech v tomto sméru pomoci. Velky
problém vidi v zanedbané infrastruktufe. Podle jeho slov nen{
problém sehnat finance na realizaci stavby nebo ziskdnf{ staveb-
niho povoleni, ale problém je zajistit jeji udrzbu po dobu Zivot-
nosti. V Zivotnim cyklu stavby znamena projektova dokumenta-
ce ndklady v jednotkdch procent, ndklady na vlastni stavbu se
pohybuji do 40 % a zbyvajici ¢ast by mela byt vynaloZena na
udrzbu stavby.

3. NOSNE SYSTEMY STAVEB

Po tvodnim slové piedsedy CKAIT se mikrofonu ujal
prof. Ing. Jan Vitek, CSc., FEng., ktery se ve svém prispévku
zabyval kvalitou nosnych systému staveb, a to zejména
v pozemnim stavitelstvi. Prvnim bodem jeho prispévku byl
navrh stavby. V této oblasti vidi zdsadni problém v uvazovani
nékterych investoru, ktefi neberou v dvahu technickou ndro¢-
nost stavby v kontextu dostupnych investi¢nich ndkladu. To
vede na jedné strané k ndvrhu slozitych konstrukef, které vyza-
duji odpovidajici projekéni i stavebni pripravu, na druhé strané
ke snaze investora s ohledem na omezené finan¢ni moZnosti co
nejvice usetrit. Pfi ndvrhu stavby by mél architekt tzce spolu-
pracovat se statikem a ndvrh technického feSeni by mél byt
jejich spole¢nym dilem. Nelze postupovat tak, Ze architekt
vymysli jakykoli tvar konstrukce a statik pak je postaven pred
problém takto tvarové navrZzenou konstrukci nadimenzovat.
Timto zpUisobem se postupovat nedd, konstruk&ni systém mus{
byt rozumny a pak muZe byt funkéni. V oblasti architektonic-
kych soutézi inzenyrskych staveb uvedl prof. Vitek vlastni zku-
Senost, kdy jsou soutéZe vypisovany s velkou vahou na archi-
tektonické feSeni a tomu odpovidé zastoupeni inZenyru v hod-
noticich komisich. Vysledkem je pak vyhodnoceni soutéze bez
inZenyrského hlediska s tim, Ze vitézné navrhy maji vady, nebo
jsou nerealizovatelné, jak se ukazuje napr. u soutéZe na lavku
pres Karlin — HoleSovice v Praze. V tomto pfipadé probéhla
soutéz jiz podruhé a opét byl vybran obtizné realizovatelny
ndvrh.

Dals$im tématem prezentace byla koncepce statického systé-
mu, kterd je v souCasné dob¢ vyrazné ovlivnéna dostupnosti
vypoletni techniky a dobou zpracovéni statickych vypo&ta.
V dobdch, kdy statické vypo&ty byly kvuli nedostupnosti vypo-
Cetni techniky pracné, se do ndvrhu ve vétsi mife zapojovalo
premysleni a vysledkem byl takovy ndvrh, jehoZ redlnost pak
staticky vypocet vétSinou potvrdil. Zastancem tohoto pristupu
byl napf. prof. Freyssinet, zakladatel predpjatého betonu, ktery
i bez moZnosti pouziti vypocetni techniky navrhl a postavil
fadu vyznamnych konstrukci. Dne$ni situace s moZnostmi
vypocetni techniky vede k tomu, Ze architekt konstrukci navrh-
ne, projektant ji bez premysleni zada do vypocetniho programu
a pokud vysledky na prvni pohled nejsou vadné, navrh se pro-
hldsi za hotovy projekt. Vysledkem je obtizné realizovatelna
a drahd konstrukce Casto zatizend vadami, které se zpravidla
fe$i ve vyztuzovani a dimenzich jejich jednotlivych prvku,
nikoli v koncepci jejiho navrhu. Déle je tieba si uvédomit, Ze
matematické modely konstrukei jsou vZzdy uréitym zjednoduse-
nim, které nepredstavuje realitu a vysledky zdvisi na presnosti
vstupnich ddaju. Proto je nutnd nezévisld kontrola vysledka
téchto vypoctu.

Dal$im aspektem ovliviiujicim ndvrh nosnych systému sta-
veb je precenovani vyznamu norem. Ty je nutno podle ndzo-
ru prof. Vitka dodrZovat, ale ndvrh nosné konstrukce je nutné

Tuel

fesit inZenyrskym pristupem. Normy slouzi k zachovéni bez-
pecnosti a pravidel a musi s nimi pracovat vzdélani odbornici,
nebot’'normy nenahrazuji vzdélani. Za zcela Spatny byl oznacen
pristup navrhu konstrukce ,na hranici normy*. Konstrukce
navrzend na hranici normovych poZadavku neni ekonomickd,
ale rizikova.

Vyznamnym faktorem pfi ndvrhu nosného systému kon-
strukce je zohlednéni predpoklidaného postupu vystavby.
To je zcela béZné napr. u mostnich staveb. U pozemnich staveb
je vSak podle nazoru prof. Vitka velmi Casto toto hledisko opo-
mijeno. Zavedeni ¢i nezavedeni postupu vystavby do statické-
ho ndvrhu konstrukce zévisi na konstrukénim systému a muze
predstavovat ve vysledku rozdil az 30 %. Pti navrhu ,,na hrani-
ci normy* pak muZe nezohlednéni postupu vystavby predsta-
vovat zdvazny problém. U subtilnich ,,dspornych* prvka kon-
strukcf je nutno zapoditat i ndklady na sloZitéjsi provadéni a pri
ekonomickém hodnoceni zohlednit nejen financni narocnost
vlastni konstrukce, ale i naklady souvisejici s jejim postupem
vystavby.

Kvalita projektu je podle nazoru prof. Vitka rozhodujici pro
kvalitu stavby. Co se dobrfe vyprojektuje, to se také da dobre
postavit a muZze dobre fungovat. Na projektu nelze Setfit uZ jen
proto, Ze tvoii pouze jednotky procent z celkovych nédkladu
stavby, takze zvySeni ceny projektu v fadu desitek procent se
do ndkladu stavby promitd jen minimalné. V porovndni s tim je
prinos kvalitniho projektu neporovnatelny. Proto plati, Ze nej-
levnéjsi projekt je rizikovy projekt a je rizikem jak pro vystav-
bu, tak pro funkci objektu. V zavéru prezentace bylo konstato-
véno, Ze kontrola projektu je stdle oZehavym tématem. Kazdy
se muZe pri ndvrhu konstrukce splést, kontrolni mechanismus
v nasem systému v CR nemdme a je nutné ho zavést. Snaha
zlevnovat stavby vede k jejich déleni na mensi ¢ésti tzv. ,,sala-
movou metodou“. Tento zpusob je mozny pouze v piipad€ per-
fektné fungujici koordinace mezi témito mensimi celky jak ve
fazi projektovani, tak realizace.

Dotaz na prof. Vitka: Jak byste si predstavoval pripadnou
kontrolu projektu, kdyZ uvadite, Ze u nds neexistuje?

Odpovéd: Modely jsou rizné. V Némecku existuje systém
zkuSebnich inZenyru (Priifingenieur), ktefi s projektantem spo-
lupracuji na projektu od zacatku a kontroluji ho. Tento systém je
u nds ziejme obtizné zaveditelny s ohledem na systém ¢innosti
autorizovanych inZenyru. U nds by se mél zavést takovy systém,
ktery by podle vyznamu stavby poZadoval kontrolu projektu dal-
Sim subjektem jako nezavislou kontrolou. Jednd se o systém
zavedeny v Anglii, kde jsou stavby rozdeleny podle vyznamu do
tif kategorii, pficemz u nejslozitejsi (tfeti) kategorie je jmenova-
na nezdvisld kanceldr, kterd projekt kontroluje jiz v prabéhu pro-
jektovani, aby tato Cinnost nezdrzovala a vCas zachytila pri-
padné zdavady.

Dotaz na Ing. Krecka: Jak se divéte na tento navrh?

Odpovéd: Proti kontrole nikdo nic nenamitd a je moznd
i v soucasné dobé. V prubéhu tvorby stavebniho zdkona se
navrhovalo zavedeni funkce experta. Ten byl ale nesystémovy,
takZe se tam nakonec nedostal, protoze to nebylo v souladu
s dalSimi predpisy. VEtsi projekéni kancelare maji sva kontrol-
ni oddé€leni a dokumentaci kontroluji. Problém je u jednotlivct
a ddle u neustdlého soutéZeni projektové dokumentace na nej-
nizsi cenu. Zdkon o zaddvani verejnych zakdzek toto u sluzeb,
mezi néz projektovani patri, zakdzal, nicméné rozhodujicim
kritériem se vzdy stdva cena.

Poznamka prof Vitka ke kontrole: V Anglii se vnitrni kon-
trola u organizace tykd myslim kategorie staveb 1 a 2. U nas je
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problém jak u velkych, tak malych staveb a i u malych staveb
je kontrola nutnd. Je nutné omezit lidsky faktor, protoze kazdy
se muze splést a i u administrativni budovy o nékolika patrech
kontrola nutna je.

4. BUDOUCNOST PROFESE = HODNOCENI PRACE

Tématem ,,Budoucnost profese = hodnoceni prace* se ve své
prezentaci zabyval mistopredseda CKAIT pan Ing. Robert
Spalek. V tivodu svého vystoupeni fekl, Ze pokud neni ohodno-
cena prace, nelze pocitat s kvalitou a jedna se o spojené nado-
by. Ve spole¢nosti je alarmujici nedostatek kvalifikovanych
technickych pracovniku, coZ souvis{ s tim, Ze ze strany statu
necitime podporu studia technickych oboru. Tuto skutednost je
treba podporit, nikoli jen deklarovat, Ze existuje nedostatek.

Dal$im problémem je jiZ zminéné podfinancovani technic-
kych oboru a soutéZeni na nejnizsi cenu. Jednd se o pozusta-
tek krizového obdobi, ktery vak ve spole¢nosti zustava, i kdyz
se situace postupné zlepsuje. Kromé akademické sféry eviduje-
me i velky nedostatek kvalifikovanych femesinika, coZ vede
k tomu, Ze kvalifikovany femeslnik je mnohdy 1épe ohodnocen,
neZ stavebni inZenyr. Primérnd hrubd mzda stavebniho inZeny-
ra byla v roce 2016 na 67,2 % platu strojniho inZenyra a na
574 % platu 1ékare. Ohodnoceni je pfimo imérné zdjmu o pro-
fesi, proto ubyva kvalitnich zdjemcu o prici v oboru a ndsled-
kem toho dochézi ke starnuti odbornikua, zejména v projekci.
RemesIné obory se rozvijeji velmi pomalu a systém, kdy velké
firmy mély sva odbornd uciliste, nebyl Spatny.

Svou roli hraje i odliv odborniku do zahraniéi, i kdyZ to
neni ten hlavni duvod vzniklé situace. Generace kvalifikova-
nych odborniku starne a priliv mladé generace je v technickych
oborech nedostatecny. Neschopnost stdtu zvyhodnit technické
obory vede k nezdjmu o technické stredni a vysoké $koly, coz
je pochopitelné, protoZe tyto obory jsou sloZzitéjsi, nez jiné
napr. humanitni obory. Problém je i rozdilna kvalita fakult. Po
revoluci vznikla celd rada zejména soukromych $kol, jejichZ
droven nedosahuje kvality tradi¢nich vysokych $kol, ke kterym
patii CVUT, VUT Brno nebo VSB Ostrava, které si sviij stan-
dard dr7i. Vysoky pocet fakult vede k vy§§imu poctu studentt
i pedagogt, coZ snizuje na né kladené ndroky. Nizka prestiz
femesel pak vede k nutnosti pouZivat nekvalifikovanou pracov-
ni sflu. Nejpaléivéjsi je ale odliv pracovniki mimo sektor sta-
vebnictvi, coZ souvisi s ohodnocenim profese v praxi.
SoutéZeni na nejniZ§i cenu zdkon zakazuje u projektu nad
2 mil. K¢&, takze projekty pod toto hranici se zpravidla soutézi
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na nejnizsi cenu, i kdyZ v soucasné dobé probihd zpracovéni
metodik a v této oblasti je komora aktivni a metodiky vypraco-
vava. Podhodnoceni staveb v projekéni priprave ma pak dopad
na provadeéni, ztraty v dotacnich programech nebo prodrazova-
ni staveb. Pokud tvor{ cena projekénich praci 5 az 8 % z celko-
vych ndkladu na stavbu, coZ je zanedbatelné a nedostate¢nd
projekéni pfiprava maZe mit fatdlni dopad na celkové financo-
vani staveb.

MoZnosti ndpravy neuspokojivého stavu nejsou mozné bez
platového ohodnoceni a tim zvySeni zajmu o obor, coZ plati
zejména pro elitni obor, kterym statika kvuli své ndrocnosti
a odpovédnosti je. Aby se penize do systému dostaly, je nutné
zavést do soutezi ad, aby jedinym kritériem nebyla cena, coz
by mély zlepSit metodiky ministerstva pro mistni rozvoj.
Dal$im faktorem je popularizace oboru jak ze strany komory,
tak stdtu a prehodnoceni financovani vysokych $kol, tak aby
byly zvyhodnény spolecensky potrebné obory.

V zdkoné o zaddvéni verejnych zakdzek je uvedeno kritéri-
um minimalni ceny. Kdyz bylo toto téma pred par lety disku-
tovédno s panem predsedou UHOZ, bylo jim feceno, Ze projek-
tant muZe projektovat i za nulovy honordr. Na dotaz, jakd je
pak podle tohoto zdkona mimoradné nizka nabidkova cena,
bylo feCeno, Ze vSechny zdkony nejsou v souladu. Komora
vytvorila pro zaddvéani zakazek malého rozsahu novou metodi-
ku, ktera byla odsouhlasena ministerstvem a méla by byt na
jeho strankdch vyvéSena. V metodice ma cenova slozka nabid-
ky vdhu 40 %. Dalsi vahy jsou kvalita tymu a kvalita vedoucich
pracovniku. Dalsim kritériem je vybaveni a legdlnost softwaru,
nebot’ cena drahého programového vybaveni tvori vyznamnou
¢ast hodinové sazby v fadu desitek korun. Vybérové rizeni se
re$i dvoukolové obdlkovou metodou, kdy v prvnim kole se
musi prokézat splnéni kvalifikaénich predpokladu a a7 ve dru-
hém kole se otevird obalka s nabidkovou cenou. Za mimoradné
nizkou cenou se v tomto pripadé povazuje 80 % odhadované
ceny projektu, pri¢emz stanoveni ceny projektu se doporucuje
podle portédlu ,,ceny za projekty”, ktery dava objektivni ceny
projekénich praci. Ke zvySovéni platu zaméstnanct bylo fece-
no, ze je zavislé na moznosti ziskavani zakdzek. Soucasna situ-
ace je v oblasti verejnych zakazek velmi $patna a pro malou
firmu nemd cenu soutézit. Oproti soukromym investorim je
v tomto sméru situace nejhorsi.

5. SOUCASNY STAV NOSNYCH KONSTRUKCI STAVEB,
JEHO PRICINY A MOZNOSTI NAPRAVY

Soucasny stav nosnych konstrukei staveb, jeho priciny
a moznosti ndpravy hodnotil ve svém prispévku pan
Ing. Michal Drahordd. V posledni dobé doslo v CR k nékolika
zasadnim havdriim konstrukei pfi provozu, coz je z celospole-
Cenského hlediska vyznamnéjsi, neZ havdrie konstrukce pri
vystavbé. Pod pojmem bezpecnost nosnych konstrukei se rozu-
mi schopnost odoldvat zatiZenim a plnit vSechny funkce, které
jsou na né kladeny béhem provozu. Nejednd se jen o bezpec-
nost proti poruseni, ale i o deformace a nadmérné pruhyby,
které brani v jejim uzivani. Konstrukci je nutno vybavit tako-
vymi vlastnostmi, aby slouzila po celou dobu navrhované
zivotnosti, coz byva az 100 let. K soucasné situaci je nutno fict,
7e k tomu, aby konstrukce havarovala, je potieba vice okolnos-
ti, nebot’ konstrukce maji relativné velkou bezpe¢nost. Stav je
védzny, neohroZuje piimo bezpe¢nost staveb v Ceské republice,
ale je potreba ho resit.
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V sektoru dopravnich staveb je situace vypjatd, nebot’ se
tyka vSech, ktefi pouzivaji dopravni infrastrukturu, kterd tvori
zékladni ¢dst naSi spoleCnosti a na které jsme vysoce zdvisli.
Proto je nutné ji udrzovat v takovém stavu, aby byla v rozum-
né mire pouZzitelnd. Systém kontroly dopravnich staveb, zejmé-
na silni¢nich a Zelezni¢nich mosta je na velmi vysoké trovni.
Bylo feceno, Ze u silni¢nich mostu se tento systém kontinudlné
vyviji 40 let, u Zelezni¢nich mostu je to jesté déle a v tomto pri-
pad¢ je velkou vyhodou, Ze se o tento systém stara stdle stejna
firma, kterd je ve vlastnictvi stitu. Pfesto Ze systém kontroly
a feSeni krizovych situaci je i v porovndni s ostatnimi evrop-
skymi stdty na vysoké drovni, stav dopravni infrastruktury se
neustédle zhorSuje, protoZe se nedostdva prostfedki na opravy.
Jako priklad je mozné uvést vyvoj stavu mostu, které se zara-
zuji podle stavebniho stavu do sedmi stavi od nejlep$iho do
havarijniho. Konstrukei, které jsou v soucasné dobé ve Spat-
ném, velmi Spatném nebo havarijnim stavu a v blizké budouc-
nosti budou vyzadovat opravu nebo prestavbu je asi 25 %.
Z udaju je zfejmé, jak v prabéhu Casu klesd pocet mostu v dob-
rém stavu a narUsta jejich poCet ve $patném stavu. Jedn4 se pre-
dev§im o mosty na silnicich druhé a treti tfidy ve spravé kraju,
kde se o né stard specializovand, stdtem zfizend organizace.
Nejhor$i stav je v pripadé mistnich komunikaci, které patri
méstum a obcim, které maji malé rozpoCty a nejsou schopné se
0 mosty rozumn¢ starat. Na béznych komunikacich je cca
20 000 mostu a stejné mnozstvi se jich nachdzi ve spravé obei
a mest.

V sektoru pozemnich staveb je situace jind a systém kon-
troly neexistuje. Vyjime¢né je mozné se se systémem kontroly
setkat u velkych vlastnika, typicky statnich investora nebo vel-
kych podniku, ale béZny stav je, Ze takovy systém neexistuje.
Situace je kritickd zejména u staveb uZivanych verejnosti, tj.
staveb pro bydleni, obchodnich a sportovnich center. Na zdva-
du se prijde zpravidla az ve fazi, kdy se s tim neda nic délat.
Z pohledu vlastnika dalSi investice a ndprava vady nic neprine-
se, nebot’ on vydélavad na uzivani stavby, nikoli na jeji udrzbé
a nejlepsi stav je jeji dobry vzhled na povrchu. Zavaznost situ-
ace narustd imérné, jak klesaji zkuSenosti, znalosti a povédo-
most vlastnika o tom, co se s konstrukci muze stat. Pokud ma
stavba zpocatku drobnou zdvadu, neznamena to, Ze ji ma kazdy
rok stejné bezvyznamnou, ale zdvaznost této poruchy s ¢asem
roste. Nejvice ohrozené stavby jsou ve veku 40+, kde se potka-
vé nékolik nepriznivych faktora. Je to zejména kvalita prové-
déni, kdy stavby vznikaly v 60.-70. letech minulého stoleti
a soucasné ddrzba téchto staveb byla nulovd. Kazd4 technicka
norma predpoklddd, Ze konstrukce se udrzuje. Pokud se neudr-
Zuje, zvySuje se riziko jejtho poSkozeni. Duvoda havdrie je
zpravidla n€kolik. Typickym prikladem je nevhodny ndvrh
v kombinaci s problémy pfi provadeéni a Spatnou tdrzbou kon-
strukce zpusobenou snahou vlastnika maximalizovat svuj zisk
na tdkor ndklada na ddrzbu. Nejveét§sim problémem je ale celo-
spoleCenskd situace, kdy tento stav nikomu nevadi a vSichni
jsou s timto stavem ,,spokojeni*. Nejhor$im dusledkem tohoto
stavu je rostouci riziko poruch a havdrif se skrytym sniZovdnim
bezpecnosti staveb.

Jakym zpusobem je mozné vzniklou situaci feSit?
Ing. Drahorad uvedl, Ze komora v tomto sméru podnika néjaké
kroky. Zasadni je dodrzovédni platnych pravnich predpisu. N4§
pravni systém umoznuje kontrolu, ale u pozemnich staveb ji
nevyZaduje. U dopravnich staveb je zdkonem poZadovéna
a existuje k tomu technickd legislativa. DuleZitd je technickd
osvéta, protoZe jen ten, kdo vi, co chce a co muze a ma dostat

Tuel

v rdmci projektové pripravy a vystavby a ktery si pln¢ uvédo-
muje svou odpovédnost, miZe byt fddnym hospoddfem. S tim
souvisi podpora vzdélavani, protoze abychom takovéto vlastni-
ky méli, potfebujeme mit odborné vzdélané lidi na strané pro-
jektanta, investora, stavebnika i zhotovitele.

6. STAVEBNI FIRMY A PROBLEMY SE STATIKOU V PRAXI

Predseda Ceské tuneldiské asociace ITA-AITES pan
Ing. Ivan Hrdina se v zavéru tvodni ¢dsti tiskové konference
zabyval tématem ,,Stavebni firmy a problémy se statikou v pra-
xi“. V uvodu svého vystoupeni uvedl, Ze kvalita je pro staveb-
ni firmu ten nejzdsadnéjsi faktor. Nedilnou soucdsti kvalitni
stavby je kvalita nosné konstrukce. Kazda stavba vznikd jako
jedineéné dilo, je nutné ji nove navrhovat, stavét i provozovat.
Stavebni projekt propojuje mnoho dcastnika stavebniho proce-
su, ktefi by méli mit spole¢ny zdjem na kvalité stavby. Realita
je v8ak jind a motivace jednotlivych dcastnika vystavby je roz-
dilna. Dodavatel stavby je podle nazoru Ing. Hrdiny aZ témer
na konci celého procesu. MuZe ze své pozice jen velmi mélo
zlepsit, o to vice toho muZe pokazit. VSe zacind u kvality zdmé-
ru a konceptu a v této oblasti se nevyplati Setrit ¢as ani penize.

Odpovédnost za navrh a jeho kvalitu nese architekt a projek-
tant a o duleZitosti jejich spolupréce jiZz hovofil prof. Vitek.
Statik v dne$ni dobé je mnohdy jen subdodavatelem projektan-
ta, od kterého je vyZadovéno co nejrychlejsi a nejlevnéjsi rese-
ni. Pfi¢inou nekvalitni projektové dokumentace, jak jiz bylo
feCeno, je nezdjem stiatu o obor stavebnictvi, Skolstvi, slozita
legislativa, nekompetentni zadavatelé s prili§ velkym tlakem na
Cas a cenu, nedostatek zkuSenych projektantt i chyby v koor-
dinaci jednotlivych ¢asti projektové dokumentace.

Obecné je znama zavislost nakladu na kvalit€ a s tim souvi-
sejici vliv tlaku na minimdlni ceny. Snahou je najit optimum,
kdy mé stavebni firma Sanci s co nejmensimi naklady dosah-
nout co nejvyssi kvality. V pripravné fazi lze ziskat mnohé,
¢eho ve fazi realizace jiz nelze dosdhnout. Ve firemni praxi se
ukazuje kontrola projektové dokumentace jako nezbytna ve
vSech fazich projektu, a to jak pfi zpracovani nabidky, tak hlav-
né pri realizaci. Stdle Castéji lze nalézt nedostatky i ve statické
Casti projektové dokumentace. Proto byla ve firmé Metrostav a.s.
zavedena povinnd kontrola a na jednotlivych divizich pusobi
statici, na centréle firmy pusobi tym expertu, ktefi podle sloZi-
tosti projektu dokumentaci kontroluji. Otdzkou vsSak je, jak
vzniklé zmény prosadit v praxi at’uZ u vetejnych investoru, tak
u soukromych investoru, kde obecnd praxe poZzaduje po uza-
vieni kontraktu do 30 dnu zkontrolovat projektovou dokumen-
taci a pokud neni v tomto terminu odhalena chyba, prevzit za
ni odpovédnost.

Pfi realizaci stavby narustd problém nedostatku kvalitniho
technického persondlu, ktery nasledné v prakticky nepretrzitém
provozu mnohdy pod hrozbou trestné pravni odpovédnosti resi
vzniklé problémy. Ziskat takové pracovniky je velmi obtiZné.
Samostatnou kapitolou je délnicky persondl, kde 1ze pocitit jak
libytek vlastniho persondlu, tak zaméstnancu subdodavatel-
skych firem. Zaveérem bylo zopakovino, Ze Gcastniky stavebni-
ho procesu jsou vSichni, tj. investor, architekt, projektant, zho-
tovitel i spravce stavby a vSichni nerozdilné odpovidaji za kva-
litu a za to, Ze stavby nebudou padat.

Dotaz: Nebylo by feSenim vzniklé situace zavedeni PPP pro-
jektu, kde by odpovédnost nejen za stavbu, ale i za jeji provo-

zovani prevzal zhotovitel?
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Odpovéd Ing. Ivan Hrdina: Je to jedna z moZnosti, kterd V Z4dném z prispévku nebyla uvedena tunelovd stavba nebo
také nese své rizika. Pokud projekt nebude rddné pripraven priklad z praxe, ktery by se ndvrhem, realizaci a idrzbou pod-
a procesy spravné nastaveny, tak to muZe v naSem prostredi zemnich dél zabyval, i kdyZ se jednd o stavby se zvySenym rizi-
opét zhavarovat. kem provaddéni. Ze se jedna o mimoradné diileZitou oblast sta-

Odpovéd Ing. Pavel Kre¢ek: V CR byly dosud realizované vebnictvi, ukazuje i fakt, Ze podle statistického vyhodnoceni
tfi PPP projekty. Dalnice D47 na severu Cech, StieSovickd dochdzi na délku postavenych tunelii v Ceské republice k havi-

nemocnice a nyni je v procesu projekt ddlnice D4 do Pribrami. rii tunelové stavby 10x Castéji nez v sousednim Rakousku. Snad
Nové podnéty tyto projekty ziskdvaji vétSinou s novym politic- pravé proto predpisy pro projektovani podzemnich staveb
kym uspofadanim. Smiilou téchto projekti je, e v CR se uva- s pozadavkem na ur¢itou miru kontroly pfichdzeji. Jednd se pre-
7uje s vyhledem na jedno volebni obdobi. Piikladem miZe byt | devsim o predpis MDCR, oboru pozemnich komunikaci, ktery
i situace v Praze, kde je pfipraveno a realizovdno minimum v kapitole 7 technickych kvalitativnich podminek pro doku-
projektil. Reseni pomoci PPP projekti je schiidné, ale musi byt mentaci staveb pozemnich komunikaci s ndzvem ,, Tunely, pod-
dobre pripravené. zemni objekty a galerie” (TKP-D7) uklddd objednateli projek-

Dotaz: Pokud je situace takov4d, jakd je a madme jen omezené tové dokumentace jak ve stupni DUR, tak DSP vypracovéni
moZnosti fedeni, nestalo by za to se zabyvat kontrolou a mecha- | nezdvislého expertniho posouzeni, které se stdvd po doplnéni
nismem, jak projekty kontrolovat? Co udélat pro to, aby se do stanoviska zhotovitele projektové dokumentace a rozhodnuti
procesu projektovani kontrola dostala? objednatele o zapracovani pf}pomfnek expertniho posouzeni

Odpovéd Ing. Pavel Krecek: My viichni jsme v profesi jiz nedilnou soucdsti Cistopisu DUR/DSP. Je vSak jen na objedna-
dlouho. Za naSich mlads$ich let se nestavély takové krdasné stav- teli, jaky rozsah expertniho posouzeni piisluSného stupné pro-

by, jako nyni. Nenf viechno tak $patné. Kontrola je potieba | Jektové dokumentace zajisti a zda jeho souldsti budou napr.
a méla by byt zafazena do rekodifikace stavebniho prava. M4 | 1nezavislé statické a geotechnické vypocty. PoZadavky na kon-

to viak i svd ,ale“. Nékdo bude muset tuto &innost zaplatit | (rolu projektové dokumentace se pak obecné zabyvi kapitola
7.8. tohoto predpisu. Pozadavky na ddrzbu silni¢nich a délnic-
nich tunelt za provozu pak definuji technické podminky ¢. 154
MDCR, oboru silni¢ni infrastruktury s ndzvem ,,Provoz, sprava
a udrzba tuneli pozemnich komunikaci“. Obdobny predpis
pozadujici nezavislou kontrolu projektové dokumentace Zelez-
ni¢nich tunell neexistuje a je pouze zdleZitosti objednatele, zda
si takovou kontrolu vyzada.

PoZadavky na statické vypocty staveb spadajicich do ¢innosti
provddéné hornickym zpusobem se dostaly i do posledniho
znéni zdkona &. 61/1988 Sb. ve znéni pozdéjsich predpisu ze dne
15. 6. 2018, kde se v § 5b mimo jiné uvadi, Ze ,,Statické, popri-
padeé jiné vypoCty musi byt vypracovény tak, aby byly kontrolo-
vatelné*“. Vzhledem ke sloZitosti geotechnickych vypoctu, pou-
7ivani mnohdy nelinedrnich materidlovych modelu a sloZitych
konstitutivnich vztaht modelujicich chovédni konstrukce i horni-
nového prostredi je tento pozadavek urcité na miste. Zkusenosti
z projek¢ni praxe a kontroly projektové dokumentace ukazuji, Ze
kontrolovatelnost takovych vypodta neni vZdy samozfejmosti.
DalSim kontrolnim mechanismem je poZadavek vyhlasky
55/1996 Sb. v platném znéni, kterd v § 28 u podzemnich staveb

a nékdo bude muset mit odpovédnost. A to je moment, ktery
povede ke zvySeni kvality, ale také ceny za tyto sluzby. Proto
byla svoldna tato tiskova konference, ve které chceme apelovat
na spole¢nost, aby se systémove vénovala rozvoji a vizim vcet-
né kvality jako takové. Komora dostala i pokuty za to, Ze méla
kdysi honordrové sazebniky. MozZnost je vytvéret ji byla ode-
brana. Proto se §lo jinou cestou, aby zadavatel védél, jakd je
pracnost. Ve vztahu k jednotlivym fazim projektu komora
vypracovala pracnosti s tim, Ze kazdy ma jinou hodinovou
sazbu. Tak je mozné kontrolovat u mimoradné nizkych cen pro-
jektovych praci, Ze néco neni v pordadku. Zdroven od
1. ledna 2018 patii technicky dozor stavebnika mezi vybrané
¢innosti. Tim se dostal projektant, zhotovitel i technicky dozor
stavebnika na stejnou droven. Déle bylo se Svazem mést a obci
uzavieno memorandum, ve kterém CKAIT nabizi nékteré sluz-
by. Zavérem byla opét zdiraznéna apelace do spole¢nosti véno-
vat se kvalité a poskytovat dostatek finan¢nich prostredkt na
tdrzbu staveb vSeobecné.

7. ZAVER . . . . . . a
razenych observa¢ni metodou vyzaduje posouzeni projektové
Tématem tiskové konference byla obecne problematika stati- dokumentace odbornym znalcem ustanovenym podle § 5¢ zdko-
ky stavebnich konstrukci se zaméfenim na mosty a pozemni | pa 61/1988 Sb. Ceskym béfiskym tGradem.
stavby. Spole¢nym jmenovatelem vSech prednesenych piispév- Na tiskové konferenci byl vyjadfen ndzor jednotlivych pred-
ku i ndsledné diskuse bylo zcela nevhodné soutéZeni projektové nésejicich z fad zastupci CKAIT i odborné vefejnosti, byla
dokumentace i vlastni realizace staveb podle kritéria nejniZsi konstatovdna fakta o situaci v oblasti zpracovavdni statickych
ceny a z toho plynouci mimofddny tlak na dspory jak pfi zpra- | vypo&tl a stavu nosnych konstrukei i o pfi¢indch a moZnych
covani projektové dokumentace, tak vlastni realizace stavby. nasledcich stdvajici situace. Byly nastinény moZnosti feent,
V pfipad€ zpracovéni projektové dokumentace tento poZzadavek | jednoznaény postup nebo navrh CKAIT pro feseni stévajiciho
vede k nasazeni co nejmensiho poétu co nejméné kvalifikova- stavu vSak piitomnym z fad novindiG pfedloZen nebyl.
ného persondlu s vyuZitim co nejlevnéjstho programového | Vzhledem ke sloZitosti problému a mnoZstvi pfi¢in vzniklé
vybaveni po co nejkrat$i dobu. V pripade realizace vede kritéri- situace je nutno celou véc feSit na stitni Grovni vytvorenim
um nejniz$i ceny k pozadavku na mnohdy rizikovy ndvrh sta- zakonnych opatfeni a nastavenim celého systému tak, aby

p4T3

vebnich konstrukei na ,hrané” pozadavki norem a predpisi k obdobnym situacim nemohlo dojit. Pozitivnim pfinosem tis-
a k nasazeni méné kvalifikovaného persondlu. Dalsim z aspektu kové konference byla zcela jisté otevrenost, s jakou byly pred-

je prestiZ oboru jako takového, ziskdvdni mladych stavebnich naSky prezentovdny a s jakou byla ndslednd diskuse vedena,
technikl a inZenyru ochotnych prevzit na sebe odpovédnost za i sam fakt, Ze si je komora vzniklé situace védoma a danou pro-
ndvrh a realizaci stavby. Bylo konstatovano, Ze se jedna o celo- blematikou se intenzivné zabyva.

spolecensky problém, ktery komora neni schopna sama resit, je

vsak schopna zménu nastaveni systému svou ¢innosti podporit. Ing. LIBOR MARIK, HOCHTIEF CZ, a. s.
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTIONS

CESKA REPUBLIKA
MODERNIZACE TRATI ROKYCANY - PLZEN

Modernizace Zelezni¢ni trati Rokycany — Plzen v délce cca
15 km zahrnujici ejpovické tunely délky 2x4150 metru se sta-
vebné blizi nezadrzitelné ke svému zdvéru.

V jiznim tunelu jsou kompletné osazeny vSechny kabelovody,
pozérni suchovod a ze 2/3 je poloZena i pevnd jizdni drdha. Jsou
natazeny vSechny kabelové trasy pro slabo- a silnoproud, zabez-
pecovaci, sdélovaci zatizeni a vyzarovaci kabel. Ddle je montova-
no osvétleni tunelu a trakéni vedeni. V severnim tunelu jsou kabe-
lovody jiz také dokonceny a probihd zde montdz kabelovych tras.

Propojky jsou dokonce jiz plné technologicky vybaveny
a bude zde dochdzet k postupnému oZivovani technologickych
celku. Ve stfedni Césti tunelu je na povrchu vybudovéno ener-
gocentrum s plné vybavenou technologif.

Portal na rokycanské strané je jiz definitivné obloZen gabiony
a v zarezu probihd obklad pilotovych stén pomoci desek. Na
plzenské strané jsou vybetonovany jiZ oba tunelové portdly.

Takto nové zmodernizovand trat’ zkrédti tu puvodni ve své
délce priblizné o 6100 metru.

Ing. BORIS SEBESTA, boris.sebesta@metrostav.cz

SLOVENSKA REPUBLIKA
TUNELY NA DIALNICNE)J SIETI

Tunely Ov¢iarsko a Zilina

Na dseku D1 Hri¢ovské Podhradie — Lietavskd Licka s dizkou
13,2 km sa nachddzaji dva dialni¢né dvojrirové tunely:
Ovéiarsko a Zilina.

Tunel Ovciarsko (obr. 1) s dizkou 2367 m sa zacal razit

12. 9. 2014. Betonaz sekundarneho ostenia STR bola ukoncend
v oktébri 2017 a betondZz sekunddrneho ostenia JTR bola ukon-
¢end v decembri 2017.

Kompletne zrealizované je aj sekundédrne ostenie na vSetkych
8 prie¢nych prepojeniach medzi STR a JTR.

Momentdlne prebiehaji priace na konstrukcidch vozovky —
sypanie Strkodrvy a poklddka cementovej stabilizicie.

Realizuje sa tieZ poklddka zdkrytovych dosiek na kdblové

Obr. 1 Tunel Ovciarsko — podklad pod vozovku STR
Fig. 1 Ovciarisko tunnel — NTIT roadway subgrade

THE CZECH REPUBLIC

MODERNISATION OF ROKYCANY - PLZEN RAILWAY
TRACK SECTION

The modernisation of the ca 15km long Rokycany — Plzen rail-
way track section comprising the 2x4150m long Ejpovice tunnels is
inevitably approaching the conclusion of the civil-engineering part.

In the southern tunnel tube, all cable ducts and the fire main have
been completely installed and laying of 2/3 of the slab track has
been finished. The installation of all cableways for weak-current
and heavy-current lines, security signalling equipment, communi-
cations and a radiating cable has been finished. The installation of
tunnel lighting and electric traction equipment is underway. In the
northern tunnel tube, cableways have also been finished and the
installation of cable routes proceeds.

The technology equipment of cross passages has been fully com-
pleted and equipment complexes will be gradually debugged. An
energy centre fully equipped with technology is on the surface in
the central part of the tunnel.

The cladding of the portal on the Rokycany side with gabions has
been finally finished and the cladding of pile walls in the cutting
with slabs is under construction. On the Plzen side, casting of conc-
rete at both tunnel portals has been finished.

The railway track newly modernised in this way will reduce the
length of the original track approximately by 6100 metres.

Ing. BORIS SEBESTA, boris.sebesta@metrostav.cz

THE SLOVAK REPUBLIC
TUNNELS ON MOTORWAY NETWORK

ovéiarsko and Zilina tunnels

There are two double-tube motorway tunnels in the 13.2km long
section of the Hri¢ovské Podhradie — Lietavskd Liicka section of the
D1 motorway: Ov&iarsko and Zilina.

The excavation of the 2367m long Ovciarsko tunnel (see Fig. 1)
started on the 12th September 2014. Casting of the secondary conc-
rete lining of the NTT was finished in October 2017, whilst the cas-
ting of the secondary concrete lining in the STT was finished in
December 2017.

The realisation of the secondary lining in all 8 cross passages bet-
ween the NTT and STT has also been completed.

Obr. 2 Tunel Zilina — cementobeténovd vozovka
Fig. 2 Zilina tunnel — concrete roadway




kandly a Sachty. Predpokladany zaciatok poloZenia cementobe-
ténového krytu vozovky je 7/2018. Po jej poloZeni a dostatoc-
nom vytvrdnut{ sa naplno rozbehni prace na montdzi technolo-
gickych rozvodov a technologického vybavenia tunela. TaktieZ
prebiehaji dokoncovacie prace na definitivnych udpravich
tunelovych portdlov.

Tunel Zilina je 687 m dlhy dvojrirovy tunel na stavbe D1
Hricovské Podhradie — Lietavska Licka. Slavnostné prerazenie
JTR bolo 5.12.2016 a STR 9. 2. 2017.

Tunel Zilina je 687 m dlhy dvojrirovy tunel na stavbe D1
Hri¢ovské Podhradie — Lietavskd Licka. Na oboch tunelovych
rirach je uZ ukoncené aj sekunddrne ostenie tunela na razenej aj
hibenej Casti, taktieZ aj na prie¢nych prepojeniach.

Na oboch tunelovych rirach je uz ukoncené sekundarne oste-
nie tunela na razenej aj hibenej Casti, taktieZ aj na prieCnych pre-
pojeniach.

V 26. tyzdni 2018 bola urobend poklddka cementobeténovej
vozovky (obr. 2) v oboch tunelovych rirach. Po dostatoénom
vytvrdnuti beténovej vozovky budi pokracovat’ prace na osddza-
ni zakrytovych dosiek v chodnikoch a realizécii technologického
vybavenia tunela. Pokracuju tieZ prace na definitivnych upravach
tunelovych portdlov — betondZ obkladovych mirov.

Priamym zhotovitelom tunela je ZdruZenie spolo¢nosti
Doprastav, a.s. Bratislava a Metrostav a.s.

Tunel Cebrat

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

V uplynulych mesiacoch boli diagnostikované rozsiahle pro-
blémy so stabilitou Gzemia na zdpadnom portdli tunela Cebrat’
a nadvizujicom useku dialnice, ktoré si vyZaduju rozsiahle
zmeny Vv technickom rieSeni. Z tohto dovodu su aj 15. 7. 2018
eSte stdle prace na tomto tuneli pozastavené.

Zhotovitelom stavby je zdruZenie spolo¢nosti OHL 7S, a.s.,
a Vahostav — SK,, a.s.

Tunel Visiiové

Najdlhsi slovensky tunel Visnové s dizkou 7,5 km je sucastou
useku dialhice D1 Lietavskd Licka — ViSnové — Dubn4 Skala,
ktory je vedeny juzne od krajského mesta Zilina. Zhotovitelom
dialni¢ného useku je zdruZenie firiem Salini Impregilo S.p.A
a Diha, a.s. Tunel s dvomi rirami v porovnani s ostatnymi tunel-
mi vo vystavbe, je stavebne ndrocnejsi na systém vetrania s vet-
racou Sachtou a odsdvanim dymu v pripade poZiaru v dvoch
oblastiach, cez Sachtu a cez vetraci kanal v tuneli nad medzistro-
pom v tseku pri vychodnom portdli.

Razenie tunela Visnové sa zacalo v aprili v roku 2015 razenim
severnej tunelovej riry od zdpadného portalu. Po 38 mesiacoch
razenia je od zdpadného portdlu zaciatkom jila 2018 vyrazenych
3054 m severnej tunelovej riry a 2980 m juZnej tunelovej rury.
Od vychodného portdlu je v priaznivejsich geologickych pod-
mienkach vyrazenych 4070 m severnej tunelovej riry a 4179 m
juznej tunelovej rury. Spolu je teda vyrazenych 14284 m. Do
ukondenia razenia tunelovych rir uz zostava prerazit'len 602 m,
pricom prerazka sa oCakdva koncom augusta 2018. V stbehu
s razenim prebieha tiezZ betondz sekundarneho ostenia od oboch
portdlov, pricom je zaciatkom jila 2018 ukoncenych celkom
7352 m hornej klenby, ¢o je takmer 50 % diiky tunelovych rur.

Paralelne s razenim tunelovych rir prebieha aj razenie priec-
nych prepojeni. V tuneli je navrhnutych celkom 29 prepojeni
troch réznych typov. Najmensi profil je ureny pre unikajice
osoby, stredny umoznuje prijazd zdsahovych jednotick a zdroven
umiestnenie miestnosti s technologickym vybavenim a v najvic-
Som profile je, okrem toho, navrhnuté umiestnenie trafostanic.
Na konci februdra 2018 bolo prerazenych alebo v $tadiu razenia
celkom 26 prie¢nych prepojeni.
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Currently the work is proceeding on the roadway structure — pou-
ring crushed gravel and placing cement stabilisation. In addition,
covering slabs are being laid on cable ducts and shafts. The place-
ment of the concrete roadway cover is planned to start in July 2018.
After the placement and sufficient hardening of the concrete road
cover, the installation of the technology distribution lines and tun-
nel equipment will fully begin to run. The finishing work on the
final structures of the tunnel portals is also in progress.

The 687m long Zilina tunnel is a twin-tube tunnel in the
Hricovské Podhradie — Lietavskd Licka section of the D1 motor-
way construction. The ceremonial breakthrough of the STT and
NTT took place on the 5th December 2016 and the 9th February
2017, respectively. The secondary lining has been finished in both
tunnel tubes, both in the mined and cut-and-cover parts, as well as
the cross passages.

Laying of the cement roadway cover (see Fig. 2) in both tunnel
tubes was finished in the 26th week of 2018. The work on the
installation of concrete covers on walkways and the realisation of
the tunnel equipment will continue after sufficient hardening of the
roadway concrete. The finishing work at the portals — casting of
concrete cladding walls — also proceeds.

The direct contractor for the tunnel construction is the
Consortium consisting of Doprastav, a. s. Bratislava and Metrostav
a. s. Praha.

Cebrat tunnel

The Cebrat tunnel (1994m) is part of the Hubova — Ivachnova
section of the D1 motorway.

Extensive problems were diagnosed during the past months
regarding the stability of the area at the western portal of the Cebrat
tunnel and the following motorway section; they require extensive
changes in the technical solution. This is the reason why the work
on this tunnel is still (as of the 15th July 2018) suspended.

The contractor for the construction is a consortium consisting of
OHL 7S, a. s., and Vdhostav — SK, a. s.

Visiiové tunnel

The 7.5km long Visnové tunnel, the longest Slovakian tunnel, is
part of the Lietavskd Licka — Visiiové — Dubnd Skala section of the
D1 motorway. It runs south of the regional town of Zilina. The con-
tractor for the motorway section is a consortium formed by Salini
Impregilo S. p. A and Duha, a. s. The twin-tube tunnel is more
complicated in comparison with the other tunnels under constructi-
on as far as the construction of the ventilation system is concerned.
It comprises a ventilation shaft and smoke extraction in the case of
a fire through a shaft and ventilation duct in the tunnel, above the
intermediate deck in the section at the eastern portal.

The excavation of the Visniové tunnel commenced from the wes-
tern portal of the northern tunnel tube in April 2015. As of July
2018, after 38 months of the excavation from the western portal, the
excavation of 3054m and 2980m of the northern and southern tun-
nel tubes, respectively, were finished. The lengths of 4070m and
4179m of the northern and southern tunnel tubes, respectively, were
excavated. Altogether, the length of the excavated tubes amounts to
14,284m. Only 602m of the excavation remain until the completi-
on of the excavation of the tunnel tubes, with the breakthrough
expected by the end of August 2018. The casting of the concrete
secondary lining proceeds concurrently from both portals. As of the
beginning of July 2018, the aggregate length of the upper vault of
7352m, representing nearly 50% of the length of the tunnel tubes,
has been finished.

The excavation of cross passages proceeds in parallel with the
excavation of the tunnel tubes. The total of 29 cross passages of
three different types has been designed for the tunnel. The smallest
profile is designed for escaping persons, the medium-size profile
allows for the access of intervention units and, at the same time, for

)
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Obr. 3 Tunel Presoy
Fig. 3 PreSov tunnel

Tunel PreSov

Tunel Presov (obr. 3) je dialni¢ny tunel vo vystavbe a nachad-
za sa na useku dialnice D1 PreSov zdpad — PreSov juh. Tunel
PreSov prechddza vrchom Malkovskd horka, ktory je tvoreny
flySovymi sedimentmi s r6zne zloZenymi subhorizondlne uloZe-
nymi flovcovymi a pieskovcovymi vrstvami.

Trasa tunelovej Casti obchvatu PreSova bude tvorend dvoma
nezdvislymi tunelovymi rdrami. Severnd tunelovd rira bude mat
dizku 2230,50 m a juZna tunelova rdra bude dlha 2244 m. Medzi
tunelovymi rdrami je navrhnutych 8 prie¢nych prepojeni na vytvo-
renie tnikovych ciest a pristupovych ciest pre zachranné zlozky.

Smerovo je trasa vedend v tvare prediieného pismena ,,S%,
zloZzeného z kruhovych oblikov, prechodnic a s priamou Castou
v strednej Casti tunela. Tvar trasy umoznuje vhodné situovanie
portdlov vo vztahu k morfoldgii terénu a taktiez zaistuje vhodné
svetelné pomery pri vjazde a vyjazde z tunela.

Vzajomna vzdialenost osi tunelovych rir je premenliva, pri-
¢om minimdlna hodnota (osovo) je 29 m, resp. 30 m na oboch
portdloch a maximdlne 40 m v strednej Casti trasy tunela. Vyska
nadloZia dosahuje v strednej Casti trasy az 100 m.

Vyskové vedenie oboch tunelovych rir je definované rovno-
mernym pozdiinym sklonom od zdpadného portdlu smerom
k vychodnému portalu v sklone 2,80 %.

Nosnd konStrukcia tunela je tvorend primdrnym ostenim
s docasnou statickou funkciou a ndslednym sekunddrnym oste-
nim ako definitivnou nosnou konstrukciou.

Razenie tunela bude realizované metédou NRTM s rozdelenim
do vystrojovacich tried. Vyrub bude deleny horizontdlne
a v menej priaznivom prostredi aj so spodnou klenbou. Plocha
vyrubu sa podla vystrojovacich tried bude pohybovat’ od cca
80 m* do 105 m*.

Ochrana tunela pred podzemnou vodou je zaistend tzv. systé-
mom ddZdnikov (t.j. kombindcia plos$nej hydroizoldcie — félia
hribky min. 2 mm, uloZend medzi primdrne a sekunddrne oste-
nie hornej klenby, chrdnend geotextiliou s drendZnou fukciou)
a pozdiinou drendZou za sekunddrnym ostenim. Hydroizoloa¢na
félia bude zdroven plnit’ funkciu sekundérnej ochrany pred G¢in-
kami bludnych pridov.

Slovenskd tuneldrska asocidcia

TUNELY NA MODERNIZOVANEJ ZELEZNICNEJ TRATI

Tunel Diel

Tunel Diel prechddza masivom vrchu Diel, ktory tvorf central-
nu Cast’ meandru Vdhu v oblasti Nosickej priehrady. Tunel je

locating the rooms containing technology equipment; in addition to
this equipment, the installation of transformer stations is designed
for the largest profile passage. As of the end of February 2018, the
excavation of the total of 26 cross passages has been finished or is
in progress.

Presov tunnel

The PreSov tunnel (see Fig. 3) is a motorway tunnel under con-
struction. It is located in the PreSov West — PreSov South section of
the D1 motorway. The PreSov tunnel passes under the Malkovskd
Horka hill, which is formed by flysh sediments consisting of diffe-
rently composed sub-horizontally deposited claystone and sandsto-
ne layers.

The route of the tunnelled part of the PreSov by-pass will be for-
med by two separate tunnel tubes. The northern tube will be
2230.50m long, whilst the length of the southern tunnel tube will
amount to 2244m. There will be 8 cross passages designed to be
between the tunnel tubes. They will create escape routes and access
routes for rescue units.

In terms of the horizontal alignment, the route runs on an exten-
ded letter “S” consisting of circular curves, transition curves and
a straight part in the middle part of the tunnel. The geometry of the
route allows for suitable locating of portals in relation to the terra-
in morphology and, in addition, ensures suitable lighting conditions
at the entrance and the exit from the tunnel.

The distance between centre lines of the tunnel tubes is variable,
with the minimums of 29m and 30m at both portals and the maxi-
mum of 40m in the central part of the tunnel. The height of the
overburden reaches up to 100m in the middle part of the route.

The vertical alignment of the two tunnel tubes is defined by
a uniform gradient of 2.80% rising from the western portal toward
the eastern portal.

The load-bearing structure of the tunnel is formed by the prima-
ry lining with a temporary static function and the following secon-
dary lining as the final load-bearing structure.

The tunnel will be driven using the NATM, with the excavation
categorised into excavation support classes. The excavation face
will be divided horizontally and will even contain an invert in a less
favourable environment. The excavated area will range from ca
80m? to 105m?, depending on the excavation support classes.

The tunnel protection against ground water is provided by a sys-
tem of the so-called umbrellas (i.e. a combination of aerial waterp-
roofing — the waterproofing membrane with the minimum  thick-
ness of 2mm installed between the primary and secondary linings
of the upper vault, protected by a geotextile with a drainage functi-
on) and by longitudinal drainage behind the secondary lining. The
waterproofing membrane will at the same time fulfil the function of
the secondary protection against the effects of stray currents.

Slovak Tunnelling Association

TUNNELS ON THE MODERNISED RAILWAY LINE

Diel and Milochov tunnels

The Diel tunnel passes under the massif of Diel hill forming the
central part of the Vah river meander in the area of the Nosice
dam. The tunnel design length amounts to 1082 metres. The tun-
nel is being driven through the massif under the Nimnica spa. The
western portal is located at the edge of the village of Nimnica; the
eastern portal will be located in an area of a forest above the secon-
dary road class II/507 running from Pichov to Povazska Bystrica
along the right bank of the dam reservoir. The Diel tunnel will
have an escape gallery having its mouth in the area of the eastern
portal of the tunnel.

The work inside the tunnel is proceeding by gradual excavation
of the excavation face divided into the top heading, bench and



navrhnuty s dizkou 1082 metrov. Razenie tunela prebieha v masi-
ve popod kiipele Nimnica. Zdpadny portdl je situovany na okraji
obce Nimnica, vychodny portdl bude situovany v tizemi lesa nad
cestou druhej triedy II/507, ktord vedie z Pichova do PovaZskej
Bystrice po pravom brehu priehrady. Tunel Diel bude mat tiniko-
v §télnu vydstujiicu do priestoru vychodného portélu tunela.

Price vo vniitri tunela prebiehaji postupnym razenim v dele-
nej Celbe na kalotu, stupenl a dno a zhotovovanim primarneho
ostenia. Podmienky razenia sa od poslednej aktualizacie ¢lanku
zhorsSili. Doslo k zvidc¢Senym konvergencidm, pricom sa ndsled-
ne preslo z tretej vystrojovacej triedy do Stvrtej. Z trhavinového
razenia sa preslo na strojné — tunelbagrom. Geologicka skladba
je tvorend flovcami rézneho typu, ktoré su zvetrané, tektonicky
porusené, a len vynimoc¢ne zdravé. Pieskovce, ktoré sa mali
v trase tunela na zdklade geologickych predpokladov nachddzat,
sa zatial' neobjavili. K ddtumu 20. 6. 2018 bolo v kalote vyraze-
nych 765 m, o st % z celkovej dizky tunela.

Na vychodnom portdli prebieha postupné odtazovanie masivu
a realizdcia stien portdlovej jamy. Steny s vytvorené z mikro-
pilét, na vrchu si zmonolitnené do murika z pohladového bet6-
nu, a s postupnym odtazovanim masivu sd speviiované roznasa-
cimi Zelezobeténovymi prahmi, ktoré su kotvené lanovymi kot-
vami. Postupne sa otvdra Celba tunelovej riry a celba dnikovej
S$tolne, ktord vyustuje na vychodnom portali tunela.

Tunel Milochov

Na preklenutie tpitia vrchu Stavnd, juZne od miestnej Casti
Horny Milochov — mestskej Casti Milochov mesta Povazska
Bystrica, je navrhnuty novy tunel Milochov. Projektovana dizka
tunela je 1861 metrov. Tunel bude mat jednu tnikovd $tolnu,
ktord bude vyustovat' v obci Milochov.

Raziace prace zo zdpadného portdlu si momentdlne zastave-
né a to z toho ddvodu, Ze projekt uvazoval s razenim tunela
z vychodného portdlu. Pévodne sa neuvazovalo s razenim
z oboch strdn a to pre problémovy vyvoz ribaniny cez obec
Milochov. Preto sa po 115 metroch vyrazenych v kalote zo
zdpadu Celba zastavila a tunel sa zabezpecil proti vstupu.

Spustili sa vSak konecne prace na razenf tunela z vychodného
portalu. Po otvoreni a stabilizacii portdlovej jamy sa pod ochra-
nou dvojitého mikropilétového ddzdnika zacalo z razenim
v delenej &elbe. Celba sa rozdelila v kalote na dve &asti zvislou
stenou tvorenou priehradovym nosnikom, striekanym beténom
a ocelovymi sietami. Razi sa postupne v lavej, objemovo mensej
Zasti na diku 10 metrov. Nasledne sa doberie prava, vicsia Cast’.
Po zrovani Celieb sa zdemontuje zvisld stena a ndsledne sa celba
zabezpeci sklolaminatovymi kotvami a vita sa novy mikropil6-
tovy ddzdnik pre dalSiu etapu. K 27. 6. 2018 je tymto spdsobom
vyrazenych cca 26 metrov v kalote tunela. Dovod takéhoto
postupu spociva v tom, Ze geologicku skladbu tvori deluvidlna
kamenito-flovita sut’s dlomkami silno zvetranych prieskovcov,
dalej pies¢ity il, strednej aZ vysokej plasticity, tuhej konzisten-
cie, stredne ulahnuty ilovity piesok a polygenetickd sut’.

Celu stavbu realizuje zdruZenie Nimnica zloZené zo spoloc-
nosti Doprastav — TSS Grade — SUBTERRA — EZ Praha. Tunel
Diel realizuje spolo¢nost TUBAU, a.s. a tunel Milochov
spolo¢nost’ Subterra a.s. Generdlnym projektantom pre investo-
ra Zeleznice Slovenskej republiky je spoloénost REMING
CONSULT ass.

Ing. JAN KUSNIR, REMING CONSULT a.s.
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bottom sequences and the installation of the primary lining. The
excavation conditions have deteriorated since the last updating of
the paper. The convergences increased and the third excavation
class was subsequently replaced by the fourth class. The excavati-
on method using explosives was replaced by mechanical excavati-
on using a tunnel excavator. The geological composition is formed
by various types of claystone, which are weathered, tectonically
faulted and only exceptionally sound. The sandstone which was to
be encountered on the basis of geological assumptions has not
appeared yet. As of the 20th June 2018, 765m of the top heading
excavation have been finished, i.e. 3% of the tunnel total length.

At the eastern portal, the massif is being gradually excavated and
the portal pit walls are being realised. The walls are formed by mic-
ropiles and are made monolithic at the top into an architectural conc-
rete finish wall. The excavation walls are supported with reinforced
concrete walers anchored with cable anchors. The excavation face of
the tunnel tube and the excavation face of the escape gallery ending
at the eastern portal of the tunnel are gradually being exposed.
Milochov tunnel

The new tunnel, Milochov, is designed to cross the bottom of
Stavna hill south of the local part named Horny Milochov — the
Milochov municipal district of the town of PovaZskd Bystrica.
The design length of the tunnel amounts to 1861 metres. The tun-
nel will have one escape gallery ending in the municipality of
Milochov.

The realisation of the tunnel excavation from the western portal
has currently been suspended because of the fact that the design
required that the excavation commenced from the eastern portal.
The excavation from both sides was originally not taken into con-
sideration because of the problematic transport of the muck via the
municipality of Milochov. For that reason the heading stopped
after completing 115m of the top heading excavation and the tun-
nel was secured against entry.

On the other hand, the work on the excavation of the tunnel from
the eastern portal has commenced. After the completion of the
excavation and stabilisation of the portal pit, the sequential exca-
vation of the tunnel started, under the protection of a double cano-
py tube pre-support. The top heading excavation was divided into
two parts by a vertical wall formed by a lattice girder, shotcrete
and welded mesh. The sequential excavation starts in the left-hand
part with a smaller volume, ending at the distance of 10 metres
from the start. Subsequently, the larger, right-hand part is excava-
ted. After completing the excavation, the excavation face is stabi-
lised with fibreglass reinforced plastic anchors and the drilling for
the new stage of the canopy tube pre-support starts. As of the 27th
June 2018, ca 26 metres of the top heading excavation using this
procedure has been finished. The reason for this procedure lies in
the fact that the geological composition comprises deluvial stony
rubble with fragments of heavily weathered sandstone, sandy clay
with medium to high plasticity and stiff consistency and medium
compacted clayey sand and polygenetic debris.

The entire project is being realised by the Nimnica consortium con-
sisting of Doprastav — TSS Grade — SUBTERRA — EZ Praha. The
Diel tunnel construction is being realised by TUBAU, a. s. and the
contractor for the Milochov tunnel construction is Subterra a.s.
The general designer for the project owner, Zeleznice Slovenskej
Republiky (Slovak Railways) is REMING CONSULT a. s.

Ing. JAN KUSNIR, REMING CONSULT a.s.
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Tuel

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

175 LET OD OTEVRENI TUNELU POD TEMZ[ REALIZOVANEHO POMOCI TUNELOVACIHO STITU
175 YEARS FROM INAUGURATION OF THE TUNNEL DRIVEN UNDER THE THAMES

USING A TUNNELLING SHIELD

The paper contributes to the 150" anniversary of the inaugu-
ration of the tunnel under the river Thames.

Prvni pokus o podtunelovani TemzZe v Londyné je datovdn
do roku 1799. Snaha inZenyra Ralpha Dodda propojit tunelem
severni a jizni breh TemZe nebyl dspé$ny. Netspéchem skon-
¢il i druhy pokus, tzv. projekt Archway z let 1805 az 1809, a to
jiZ pfi razbé pilotni §toly minimdlnich rozmért 1x1,5 m v pro-
stiedi bahnitopis¢itych fi¢nich ndplava. Konsorcium odborni-
ku tehdy vyslovilo ndzor, Ze razba tunelu pod TemZ{ je nepro-
veditelnd.

Tento vyrok vSak byl neprijatelny pro anglického inZenyra
francouzského puvodu Marca Isambarda Brunela, velmi
schopného technického vizionare, ktery si nechal v roce 1818
patentovat zcela novou tunelovaci metodu — razbu a vyztuzo-
vani vyrubaného prostoru pomoci na svété prvniho tunelovaci-
ho Stitu, ktery se stal zakladem mnohem pozd¢jSich skvélych
technologii razby tunela plnoprofilovymi tunelovacimi stroji
ve vSech typech hornin a zemin.

Bruneluv §tit byl navrZen jako ocelové konstrukce obdélni-
kového prurezu s vySkou 7 m a §itkou 12 m, do obvodového
plasté s britem bylo vsazeno jedendct mohutnych vertikdlnich
prepazek a dvé prepazky horizontdlni ve tretinach vysky Stitu,
taktéZ opatfené brity. Ve §titu tak bylo vymezeno 36 oddéle-
nych bunék a v kazdé z nich provadél jeden délnik postupnou
téZbu zeminy s prubéZnym sestupnym prepazovanim zeminy
v Cele bunky fo§nami vodorovného prilozného pazeni (obr. 1).
Zatla¢ovani bfita §titu do zeminy zajiStovaly mechanické $rou-
bové lisy v horni a spodni ¢4sti Stitu, jejichZ zdvih byl necelych
12 cm (Sitka pouzivanych cihel), ktery umoznoval pod ochra-
nou §titového plasté po staZeni lisu vyzdéni dal§iho prstence
cihelné obezdivky dvojice tunelu s klenutym vnitinim licem
a klenbovymi prostupy ve stiedni st€né. O stejnych cca 12 cm
byla v jednotlivych bunkdch odtéZena zemina, $titové brity se
obnaZily a postup zatlaceni $titu do zeminy, staZeni lisu
a vyzdéni dalSiho prstence osténi se opakoval. Predpoklddany
postup byl pomaly, cca pouhé 3 m tydne.

MARC BRUNEL'S
THAMES TUNNEL SHIELD

.
==t

THE TUANEL CXike THE HIVAR THAMES .
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Obr. 1 Schéma levé poloviny Brunelova §titu — rez je veden rovinou soumer-
nosti Stitu

Fig. 1 Chart of the left half of Brunel’s shield — the cut is led in the plane of
the shield symmetry

Pro tuto zcela puvodni technologii vypracoval v roce 1823
Marc Brunel projekt pro Thames tunnel (obr. 2) mezi ndbrezi-
mi Rotherhithe a Wapping, ziskal duvéru a penize soukromych
investori a v roce 1825 byla spolenosti Thames Tunnel
Company stavba zahdjena. Nejprve byla na jiznim bfehu
Rotherhithe vybudovdna technologii spousténé studné mohut-
n4 Sachta o pruméru 15 m s hloubkou 20 m, v niZ byla instalo-
véana parni Cerpaci stanice a pristupové schodiste.

Ze dna této Sachty tunelovaci Stit zacal razbu 381 m (1500
stop) dlouhého tunelu v pfimém sméru do pozdéji budované
Sachty Wapping na severnim brfehu Temze (obr. 3). Razba
v mistnich nepfiznivych geologickych podminkach fi¢nich
bahnitopis¢itych nédplavi, s nadlozim tunelu ke dnu TemZe

Obr. 2 Puvodni Brunelovo schéma tunelu a §titu
Fig. 2 Original Brunel’s chart of the tunnel and the shield

Wapping

Rotherhithe

T i E;I-l'i LA LT R ko haiahig
381 m (1500 stop)

T R L R il

Obr. 3 Tunel mezi Sachtami Rotherhithe a Wapping
Fig. 3 Tunnel between Rotherhithe and Wapping shafts
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Obr. 4 Nejzndméjsi vyobrazeni razby Brunelovym Stitem
Fig. 4 The most famous depiction of excavation using Brunel’s shield

pouhych 4 az 8 m, probihala v prvnich desitkdch metra
pomérné dspésne (obr. 4) a reditelstvi spolecnosti umoznilo
denné za vstupné stovkdm ndvstévniku sledovat $tit za provo-
zu, coZ zfejme nezanedbatelné vylepSovalo platebni bilanci
spolecnosti.

Price pod ochranou Stitu byla z hlediska stability vyrubu
relativné bezpe¢nd, nicméné pro délniky ve Stitu byly pra-
covni podminky mimoradné naro¢né — zapachu z prosakujici
temZské vody, sirovodiku z tlejicich organogennich néplavu
a obCasnému zahorovani metanu nemohla pouhd samovolna
difuze vzduchu mezi vstupni Sachtou a tunelem zabranit.
Vedle mnoha délniku posléze onemocnél i vykonny inZenyr
projektu a jeho funkci v poloviné roku 1826 prevzal Isambard
Kingdom Brunel, technicky mimoradné zdatny dvacetilety
syn Marca Isambarda Brunela.

V kvétnu roku 1827 doslo k prvni mimoradné udalosti
z hlediska stability zemniho prostredi, a to k vykominovani
nadlozi do koryta TemZe a zatopeni tunelu, zfejmé spdrou
mezi horni ¢asti plaste Stitu a cihelnou definitivni obezdiv-
kou. Ke ztratdim na Zivotech nedoslo, pocetnd osadka stacila
tunel spésné opustit vstupni Sachtou Rotherhithe. Pri likvida- =i
ci této havirie osvédCil Brunel junior svoje technické schop- Obr. 5 Likvidace privalu Temze do tunelu pomoci potdpécského zvonu
nosti — trychtyrovy propad ve dné¢ TemZe ucpal v jeho zuzu- Fig. 5 Liquidation of Thames water breakout into the tunnel using a diving bell
jici se Casti tézkym ocelovym potdpécskym zvonem spuste-
nym jefabem z lodi (obr. 5). Horni roz§irujici se trychtyf pro-
padu byl ucpdn stovkami pytli naplnénych jilovitou zemi-
nou. Po dspésném dokonceni téchto nakladnych praci v fece g’ PERSy
byla vylerpdna voda z tunelu, tunel byl vycistén a obezdivka 3“5&“!“"
opravena. Oslavny banket pfimo v tunelu dokumentoval S N
vybranym vyznamnym hostim obnovenou tésnost a stabilitu ' ' _d '
jiz hotovych 170 m tunelu i pfipravenost tunelovaciho Stitu
k dalsf razbe.

Za necely rok poté, v lednu 1828, vSak doslo k dal§imu pru-
valu vod do tunelu, tentokrat se ztratami na lidskych Zivo-
tech. Sest déIniki havarii nepieZilo a sam Brunel junior hava-
rii prezil s téZce podlomenym zdravim a tunel natrvalo opus-
til. Spole¢nost Thames Tunnel Company po této druhé hava-
rii dal§f razbu tunelu zastavila vzhledem k zdsadnim problé-
mum s dal$im financovdnim vystavby. PferuSeni trvalo dlou-
hych sedm let.

Marc Isambard Brunel vSak svou ideu podtunelovani

TemZe tunelovacim Stitem neopustil. V roce 1834 se mu ' 3 . .
datil h d K fi Enich Yodkil. vEetnd d Obr. 6 Po dokonceni v roce 1843 se tunel stal na 22 let turistickou atrakci pro pési
podarilo schnat dostatek financnich prostredku, vcetne pod- Fig. 6 After the completion in 1843, the tunnel became for 22 years a tourist

statné stdtni pujcky, a v roce 1835 byla vystavba obnovena. attraction for pedestrians
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Obr. 7 Prvni parni viak linky East London projel tunelem v roce 1869
Fig. 7 The first steam train of the East London Line passed through the tun-
nel in 1869

Stary zrezively §tit byl demontovan a nahrazen novou vylep-
Senou verzi. Ani obnovend razba vSak nepokracovala bez
problému. Pfi ¢tyfech povodnich v letech 1837 az 1840 byl
tunel opakované zaplaven, trvaly také problémy se sirovodi-
kem a zahofovanim metanu pri jeho koncentraci v ovzdusi
nad 5 %. Nicméne v roce 1841 byla razba celého tunelu po
peti letech dokoncena.

Tunel byl ndsledné vybaven plynovym osvetlenim,
vozovkou s chodniky, obé Sachty pristupovymi toCitymi
schodisti a v brfeznu roku 1843 byl slavnostné otevien za
pritomnosti kralovny Viktorie a prince Alberta. Pro pretrva-
vajici financ¢ni problémy spole¢nosti Thames Tunnel
Company nebyly vybudovany pristupové tunelové rampy,
které by umoznily puvodné predpoklddany provoz kocdra
a ndkladnich povozu. Dalgich 22 let proto slouZil pouze
jako tunel pro pési (obr. 6) a stal se svetové vyhleddvanou
placenou turistickou atrakci.

V roce 1865 byl tunel zakoupen spolecnosti East London
Railway Company, kterd od roku 1869 zacala po dobudovani

POHLEDNICE S TUNELY V RAKOUSKU II

PICTURE POSTCARDS WITH TUNNELS IN AUSTRIA |I

In this part of the series, we bring seven new picture post-
cards showing tunnels or, more generally, underground spa-
ces created by people in Austria, the closest neighbour of the
Czech Republic. It is not only because people in this friend-
ly country “love tunnels”, but they even did not and still do
not hesitate to present them in picture postcards and to use
these postcards in common postal services. In the contributi-
on presented this time, there are five picture postcards
showing railway tunnels, one picture postcard with a short
road tunnel and, finally, one picture postcard showing a large
space which originated by underground excavation of a raw

mineral material.

V dne$nim dilu seridlu prind$ime dalSich sedm pohlednic
priblizujicich tunely, resp. obecné€ji podzemni prostory
vytvorené ¢lovékem u nejblizsich sousedi CR — v Rakousku.
Nejenze v této pratelské zemi ,,maji tunely radi, ale nevahali
a stile nevédhaji je prezentovat i na pohlednicich a tyto

Obr. 8 Po rekonstrukci je tunel od roku 2010 soucdsti priméstského Zeleznic-
niho systému London Overground

Fig. 8 After reconstruction in 2010, the tunnel is part of the suburban train
system, the London Overground

obou ramp tunel vyuzivat pro vedeni trati East London Line
(obr. 7), zaClenéné pozdeji do systému londynského metra.
V roce 1995 byla East London Line dlouhodobé uzavrena,
Temzsky tunel, ktery ziskal statut technické pamaétky, byl cit-
livé rekonstruovan a od roku 2010 je provozovanou soucdsti
londynské Zelezni¢ni sité London Overground (obr. 8), coz je
rozsahly systém priméstské Zeleznice obsluhujici svymi 112
stanicemi zna¢nou ¢ast okoli Londyna a prilehlou ¢ast hrab-
stvi Hertfordshire.

prof. Ing. JIRI BARTAK, DrSc.
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pohlednice vyuzivat v bézném postovnim styku. V predkla-
daném prispévku je nové prezentovano pét pohlednic s Zelez-
ni¢nimi tunely, jedna pohlednice s kratkym tunelem silni¢nim
a kone¢né jedna pohlednice s rozsahlou prostorou vzniklou

podzemni téZbou nerostné suroviny.

ZELEZNICNI TUNEL KARAWANKY

Karawansky tunel (slovinsky Predor Karavanke) byl
v tomto seridlu predstaven jiz v Casopisu Tunel ¢. 1/2016.
Pouze pro stru¢né zopakovani: tunel, prekondvajici stejno-
jmenny krasovy masiv Alp, se nachdzi na Zelezni¢ni trati
Villach Siid (Korutany, Rakousko) — Jesenice (Slovinsko),
s dal$im smérovanim drdhy na pristav Terst v Italii. Dnes
dvoukolejny (v pocatku provozu jen s jednou koleji) a od
samého pocdtku elektrifikovany tunel byl otevieny
30. 9. 1906 v délce 7976,50 m — obr. 1. Béhem jeho stavby
zahynulo pfi vyronu metanu 14 tuneldfu. V soudasnosti je

pripravovana rekonstrukce tohoto objektu. [1, 2]
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Karawanken-Bahnbau XXl Nordselte Tunnel.

Obr. 1 Zeleznicni stavby Karawanky XXIII. Severni strana tunelu. Verlag
von Joh. Leon sen., Klagenfurt. No. 1002/2. 1905. [sbirka autorii]
Zobrazeny (a zde zatim nedokonceny) severni portdl tunelu se nachdzi asi
800 metrii jizné od Zelezniéni stanice Rosenbach. Tuneldfi v dobovych pra-
covnich odévech jsou vybaveni olejovymi (tzv. sicilskymi neboli tuneldrsky-
mi) kahanci. Typické je hierarchické seskupeni pracovnikii — ve stredu sku-
piny stoji vedeni stavby s techniky a geology, po obou strandch potom Fado-
vi razici.

Fig. 1 Karawanky XXIII railway structures. Northern side of the tunnel.
Verlag von Joh. Leon sen., Klagenfurt. No. 1002/2. 1905. [authors’ collection]
The northern portal of the tunnel (until now unfinished) shown in the pictu-
re is located about 800 metres south of the Rosenbach railway station. The
tunnellers clad in period workwear are equipped with miner’s oil lamps (the

so-called Sicilian or tunnelling lamps). The hierarchical arrangement of

workers is typical — construction management with technicians and geolo-
gists in the centre of the group, ordinary miners on both sides.

Mezi lety 1986-1991 byl v pfedmétné stopé vystaveén jed-
norourovy déalni¢ni tunel, kdyZ po roce 2023 je u n¢j planova-
no otevreni dal§iho (tj. druhého) tubusu.

TUNEL SCHLOSSBACH

Tunel SchloBbach, délky 721,52 m, se nachdzi na
Karwendelské dridze (nazyvané téz Mittenwaldskd). O ni se
v tomto seridlu psalo jiz v ¢. 4/2014, 1/2016 a 1/2018 Tunelu.
Opéet pro struéné zopakovani: draha spojuje Innsbruck

Wien, XVIL Turkenschanspark mit kavfmtinnischem Krankenhaus.

Obr. 3 Videii. Park na Tureckych Sancich s Komeréni nemocnici.
B.K.W.1.724N. Kolorovand fotografie. 1916. [sbirka autorii]
Na pohlednici je jihozdpadni portdl Velkého tunelu Turecké Sance. Zobrazené

Pohlednice byla v r. 1916 prostiednictvim polni posty 94 adresovdna c. k. Ceta-
Fi PéStho pluku 75.

Fig. 3 Vienna. Tiirkenschanz Park with Commercial Hospital.
B.K.W.1.724N. Coloured photo. 1916. [authors’ collection]

The picture postcard shows the south-western portal of the Large Tiir-
kenschanz tunnel. The buildings of the former Commercial Hospital presented
in the postcard are currently used by the Universitdt fiir Bodenkultur.

The picture postcard was addressed in 1916 through field mail 94 to an impe-
rial and royal sergeant of infantry regiment No. 75.

Obr. 2 Karwendelskd drdha, most pies potok Schlofbach. A 1054. K. Redlich
Innsbruck. Reprodukce barevné kresby. Okolo 1910. [sbirka autorii]

Na pohlednici je zddli, vpravo nahore, vidét zdpadni portdl tunelu Schlofbach,
navazujici na casto zobrazovany odvdiny oblouk stejnojmenného ocelového
prihradového mostu.

Fig. 2 Karwendel railway line; bridge over the Schlofbach brook. A 1054. K.
Redlich, Innsbruck. Reproduction of a colour drawing. Around 1910. [aut-
hors’ collection]

The western portal of the Schlofibach tunnel viewed from the distance is shown
in the top right corner of the picture postcard it links to the frequently pictured
bold arch of the steel truss bridge of the same name.

>

(Tiroly, Rakousko) s Mittenwaldem a Ga-Pa (v Bavorsku,
Némecko). Byla postavena v letech 1910 az 1912 jako elekt-
rifikovana jednokolejna lokdlni trat’' a od samého pocatku
méla zdsadni vliv na standardy provozu elektrickych vlaku ve
stredni Evropé.

Dréha sleduje feku Inn a jednim z jejich levych piitoku je
prudky potok SchloBbach. Jeho tzké a hluboce zafiznuté
koryto prekondva Zeleznice mezi stanicemi Hochzirl a Reith
ocelovym obloukovym mostem 66 m dlouhym, pojmenova-
nym podle predmétného potoka — SchloBbach. Na most pak
bezprostredné navazuje (neprekvapivé opé€t stejnojmenny)
tunel — obr. 2. [1, 3]

TUNELY TURECKE SANCE VE VIDNI

Velky a Maly tunel Turecké Sance (Tiirkenschanz) lezi na
tzv. Predméstské drdze (Vorortelinie), mezi stanicemi Wien
Brigitenau a Wien Hiitteldorf (trat OBB 120 01). Ta byla otev-
fena 1. 6. 1898 jako spojovaci, napri¢ zdpadni Casti Vidné,
zpocatku jako jednokolejnd, 1899 byla poloZena i druhd kolej.
Trat’ je od roku 1987 elektrifikovana a jiz bez nakladniho pro-
vozu slouZi jako tzv. S-Bahn, ve vSedni dny s 10minutovymi
jizdnimi intervaly.
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Na 10,9 km dlouhém tdseku se nachdzeji ¢tyfi tunely, z toho
dva — Velky a Maly tunel Turecké Sance vedou pod méstskym
parkem, otevienym roku 1888 a pojmenovanym podle opev-
néného tureckého tdbora z 2. obléhdni Vidné v roce 1683.
Velky tunel Turecké Sance (na severu) je dl. 704,56 m, Maly
tunel (na jihu) potom 244,68 m. Oba tunely jsou odd€leny cca
90 m dlouhym zarezem — obr. 3. [1, 4]

TUNEL MUTTERER

Tunel Mutterer (obr. 4), dl. 148 m, je jednim ze dvou krat-
kych tunelt na draze v ddoli Stubai (Stubaibahn) v Tyrolsku.
Jde o elektrickou tramvaj tizkého rozchodu 1000 mm, para-
metru horské Zeleznice. Stavba drdhy byla realizovand 1903—
1904 a spojuje, v délce pres 18 km, Innsbruck s Fulpmes. Za
1. svétové valky byla hojné vyuZivand k doprave ranénych do
vyznamné vojenské nemocnice pravé ve Fulpmes. Mezi vilka-
mi a po 2. z nich se stala vyznamnym cinitelem rozvoje turis-
tického ruchu v tddoli Stubai.

Obr. 5 Vrcholek Schafbergu (Ovéi hory), 1780 m. Nejkrdsnéjsi vyhlidkovd
hora. Pohled ze Salzkammergut, s horskym Zeleznicnim tunelem. Cosy
Verlag. Alfred Griindler, A-5013 Salzburg, Miinchner Bundesstr. 156. Cca
1980. [sbirka autori]

V levém dolnim rohu pohlednice je neobezdény jizni portdl tunelu
Schafbergspitze 2, nachdzejictho se pod vrcholem hory, tesné pred konecnou
stanici Zeleznice. Vpravo je vidét hladina jezera Wolfgangsee.

Fig. 5 Top of Schafenberg (Sheep Mountain), 1780m a.s.l. The most beauti-
ful sightseeing mountain. A view from Salzkammergut, with a mountain rail-
way tunnel. Cosy Verlag. Alfred Griindler, A-5013 Salzburg, Miinchner
Bundesstr. 156. Ca 1980. [authors’ collection]

The unlined southern portal of the Schafbergspitze 2 tunnel located under the
top of the mountain, just before the end station, is shown in the bottom left cor-
ner. The surface of Wolfgangsee lake can be seen on the right.

Obr. 4 Stubaiskd drdha — Most u Mutters. 839 K. Redlich, Innsbruck,
L’andhausstrasse 8. Kolorovand fotografie. 1917. [sbirka autorii]

Ustiednim motivem obrdzku je vyznamny Mutterersky viadukt. Uprostred je
zobrazeny jiZni portdl stejnojmenného (dnes opusténého) tunelu od Zeleznicni
zastdvky Raitis.

Pohlednice byla v r. 1917 zasland prostiednictvim tzv. ,,vojenské péce* do
Prahy. Odesilatel na ni pise svému synkovi z vojenské nemocnice F ulpmes.
Fig. 4 Stubai railway - Bridge at Mutters. 839 K. Redlich, Innsbruck,
Landhausstrasse 8. Coloured photo. 1917. [authors’ collection]

The central theme of the picture is the important Mutterer viaduct. The southern
portal of the tunnel of the same name (today abandoned) viewed from the Raitis
intermediate railway station is shown in the centre.

The picture postcard was sent in 1917 through the so-called “military care” to
Prague. The sender writes in it to his son from the military hospital in Fulpmes.

V 80. a 90. letech 20. stol. probéhla na této Zeleznici-tram-

vaji fada zdsadnich modernizaci. Po dokonceni nového via-
duktu Muhlgraben byl stary tunel Mutterer opustén. [1, 5]

TUNEL NA SCHAFBERGSPITZE 2

Schafbergska ozubnicovd drdha je nejstrméjsi trati v Ra-
kousku. Je provozovand v Solné komore (Salzkammergut),
a to od jezera Wolfgangsee na Schafberg (Ov¢i horu — 1785 m
n. m.). Jeji délka Cini 5,85 km a s max. sklonem 25,5 % pre-
kondva vyskovy rozdil 1190 m. Zeleznice byla oteviend v roce
1893 a dnes (s motorovym vybocenim) je na ni zachovana
parni trakce s lokomotivami vytdpénymi olejem. Zeleznice
jezdi od kvétna do zaf{ a doba jizdy az tésné pod vrchol hory
¢ini 30 minut.

Na trati se nachdzeji dva krdtké tunely. Prvni (tunel
Schafbergspitze 1, dl. 87 m) zhruba v poloviné trasy, tésné
pred stanici Schafbergalpe, druhy potom (tunel Schafberg-
spitze 2, dl. 26 m — obr. 5) pred kone¢nou stanici pod vrcho-
lem hory. [6]
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GRUSS VON DER GERLOSSTRASSE
SALZBURG - TIROL

Obr. 6 Pozdrav ze silnice Gerlos. Salzburg — Tirolsko. Krimmelské vodo-

pddy (Krimmler Wasserfille), nejvyssi v Evropé, nositel evropského
Diplomu ochrany prirody.

Monopol Kunst- und Ansichtskarten-Verlag Schollhorn & Co.
Innsbruck, Colingasse 6. Okénkovd pohlednice. 1980. [sbirka autoru]
V okraji levého okénka jsou vidét véhlasné vodopddy a v jeho spodni cdsti
se nalézd, v poradi ve druhé serpentiné stoupdni do prismyku Gerlos,
severozdpadni portdl predmétného krdtkého tunelu. Dalsi serpentiny hor-
ské silnice jsou vyobrazeny v pravém dolnim okénku pohlednice.

Fig. 6 Greetings from Gerlos road. Salzburg — Tirol. Krimmler water-
falls (Krimmler Wasserfille), the highest in Europe, holder of the
European Natural Protection Diploma.

Monopol Kunst- und Ansichtskarten-Verlag Schollhorn & Co. Innsbruck,
Colingasse 6. Multi-window postcard. 1980. [authors’ collection]

The famous waterfalls can be seen at the edge of the left window, whilst
the north-western portal of the short tunnel in question is found at the
postcard bottom, in the second hairpin bend of the road climbing to
Gerlos pass.

TUNEL NA SILNICI GERLOS U KRIMMELSKYCH VODOPADU

Silnice B165 Gerlos vede v délce 61 km uddolim feky
Salzach ze Salzburska pres prusmyk Gerlos do Zillertalu
v Tyrolsku. Bezprostiedné za obci Krimml opousti tdoli reky
a po¢ind serpentinami strmé stoupat do stejnojmenného pru-
smyku. [7] A pravé zde — na druhé strané reky — lze spatfit
Krimmlerské vodopady (Krimmler Wasserfille), s 385 m nej-
vy$$i v Evropé a 5. nejvySsi na svéteé. [8] Pocate¢ni smycka
komunikace vyuZivd k ziskdni vySky i bezejmenny (?) kratky
(cca 25 m) presypany tunel — obr. 6.

Pozn.: podle hodnoceni z roku 2015 je silnice Gerlos ve
$patném technickém stavu a napr. cyklistum se nedoporucuje.

JEZERNI JESKYNE (SEEGROTTE) HINTERBRUHL

Jeskyné s nejveétsim podzemnim jezerem v Evropé vznikla
Cinnosti Cloveka. Nachdzi se v byvalém sddrovcovém dole,
exploatovaném od roku 1848 u obce Hinterbriihl v Dolnich
Rakousich. K zaplaveni spodniho patra doSlo ndhle béhem
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Obr. 7 Jezerni jeskyné, Hinterbriihl u Modlingu/NO. Nejvétsi evropské pod-
zemni jezero. Plavba na motorovych ¢lunech. RAU-COLOR Hans. H. Rau,
Wien 111, Weissgerberlinde 60. Cca 1980. [sbirka autori]

Fig. 7 Lake cave, Hinterbriihl at ModlingINO. Europ’s largest underground
lake. Cruising on motorboats. RAU-COLOR Hans. H. Rau, Wien 1,
Weissgerberlinde 60. Ca 1980. [authors’ collection]

odstfelu v roce 1912. NaraZeny pramen zaplavil cca 20 tis. m3
vody vnitini prostory o plose 6200 m2. Dusledkem této ud4-
losti bylo opusténi dolu.

Béhem druhé svétové vdlky byla v podzemi umisténa tovar-
na, ve které veézni z koncentra¢niho tabora Mauthausen vyra-
béli proudové stihacky Heinkel a snad i komponenty pro rake-
ty V2. Po osvobozeni sovétskou armadou byla podzemni
tovdrna znicena.

Dnes je dul pristupny vefejnosti. Lze zde vidét odpocinko-
vou mistnost pro horniky, stdje pro koné, modrou tun — obr. 7,
kapli sv. Barbory s pomnikem umudenych véziu z let
1944-1945, velky sdl vyuZivany jako koncertni mistnost
a vyklenek se zbytky letounu He 162. Hlavnim ldkadlem je
lodni plavba po podzemnim jezerfe. V roce 1993 zde byly nata-
Ceny scény amerického filmu Tti musketyri. [9]

doc. Ing. VLADISLAV HORAK, CSc.,
Ing. RICHARD SVOBODA, Ph.D.,
Ing. MARTIN ZAVACKY

Podékovdni: Prispévek byl vypracovdn s finanéni pomoci
EU , OP Vyzkum a vyvoj pro inovace*, projekt reg.
¢.CZ.1.05/2.1.00/03.0097, v rdmci ¢innosti regiondlniho cent-
ra AdMas$ ,,Pokrocilé stavebni materidly, konstrukce a tech-
nologie* a programu Centra kompetence Technologické agen-
tury Ceské republiky (TACR) v rdmci projektu Centrum pro
efektivni a udrZitelnou dopravni infrastrukturu (CESTI), ¢islo
projektu TEO1020168.
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PROF. ING. JOSEF ALDORF, DRSC. OSMDESATILETY
PROF. ING. JOSEF ALDORF, DRSC. OCTOGENARIAN

Cas velmi rychle b&Zi a ani se
nam nechce Véfit, ze 29. fijna
2018 oslavi jiz osmdesaté naroze-
niny uzndvany odbornik v oblasti
podzemniho stavitelstvi, vysoko-
Skolsky profesor pusobici na
VSB-TUO v Ostravé, dlouholety
aktivni &len Ceské tuneldiské aso-
ciace a redakcni rady casopisu
Tunel pan prof. Ing. Josef Aldorf,
DrSec.

Profesni zaméreni prof. Aldorfa zapocalo jiZ jeho stredo-
Skolskymi studii na hornické primyslovce, po jejichZ Gspés-
ném zakonceni se pak dale rozvijelo na Hornicko-geologic-
ké fakulté VSB (dnes VSB-TUO) v Ostravé v ramci studia
zaméfeného na hornickou geotechniku a vystavbu dold.
S Vysokou Skolou banskou-Technickou univerzitou
v Ostravé je pak déle spojen cely profesni Zivot pana profe-
sora, od roku 1962 pusobi na této univerzité jako pedago-
gicky a védecko-vyzkumny pracovnik. Béhem svého puso-
beni na této vysoké Skole ziskal titul docenta, doktora ved
a profesora. Byl inicidtorem a realizdtorem transformace
oboru vystavba dolt do oboru geotechnika a podzemni sta-
vitelstvi, jehoz byl dlouholetym odbornym garantem.
Zaslouzil se zna¢nou mérou o vznik nové Fakulty stavebni
na VSB-TUO v roce 1997. Pfedeviim jeho zasluhou je
VSB-TU Ostrava v soucasné dobé jedinou vysokou $kolou
v ramci Ceské i Slovenské republiky, kde lze studovat
samostatny obor geotechnika, zahrnujici rovnéz podzemni
stavitelstvi, a to ve vSech stupnich vysokoskolského studia
(bakalarské, navazujici magisterské a doktorské studium).
Oblasti odborného pedagogického i védecko-vyzkumného
zajmu prof. Aldorfa je predevs§im podzemni a hornické sta-
vitelstvi, navrhovani a posuzovani podzemnich konstrukc{
s vyuzitim metod matematického modelovdani a vyvoj
a aplikace novych technologii a materidlu vyuZivanych
v geotechnice a podzemnim stavitelstvi. Je zakladatelem
védni oblasti mechanika podzemnich konstrukci.

Jak jiz bylo fefeno, odborné zaméreni prof. Aldorfa se
postupné vyvijelo od hornické geotechniky a vystavby dolu,
uplatiované pfi feSeni mnoha komplikovanych problému
jak v ostravsko-karvinském reviru, tak i v oblasti povrcho-
vych hnédouhelnych doli v severozdpadnich Cechach,
k problematice podzemniho stavitelstvi. Prof. Aldorf se
vyznamné podilel na projektovéni i procesu realizace mno-
ha vyznamnych tunelovych staveb v CR, mezi nejvyznam-
n¢j$i z nich patri tunel Valik, Klimkovice, Dobrovského
tunely v Brné¢ a tunel Jablunkov.

I v soucasné dobé je prof. Aldorf vyhleddvanym odborni-
kem v oblasti geotechniky, podzemniho a hornického stavi-
telstvi, nejen kolegové na katedre, ale i pracovnici firem
a odbornych instituci se na néj s duvérou obraceji s Zadosti
o radu &i odborny nézor. Vychoval fadu odborniku, ktefi
dosahli vyznamného postaveni ve firmach se zamérenim do
oblasti geotechniky ¢i podzemniho stavitelstvi, fada z nich
vede Ci se podili na realizaci vyznamnych tunelédrskych sta-
veb jak v CR, tak i v zahranidi.

Time runs very fast and we do not want to believe that
Prof. Josef Aldorf, DrSc., a renowned expert in the field of
underground structural engineering, a university professor wor-
king at the VSB — Technical University of Ostrava (VSB-TUO),
a long-time an active member of the Czech Tunnelling
Association and the Editorial Board of TUNEL journal, will
celebrate his eightieth birthday on the 29th October 2018.

The professional focus of Prof. Aldorf commenced already by
his studies at a secondary vocational school of mining and was
further developed after successful completion of studies at the
Faculty of mining and geology of the VSB university (currently
VSB-TUO) in Ostrava within the framework of studies focused
on mining geotechnics and development of mines. The entire
professional life of Prof. Aldorf has been associated with the
VSB — Technical University of Ostrava. Since 1962, he has been
working at this university in the position of a pedagogical and
scientific research worker. During the course of his work at this
university he won the title of docent, doctor of sciences and pro-
fessor. He was an initiator and implementer of the transformati-
on of the study branch of development of mines into the branch
of geotechnics and underground structural engineering, the pro-
fessional guarantor of which he was for many years. He signifi-
cantly contributed to the origination of the new Faculty of civil
engineering at the VSB-TUO in 1997. First of all thanks to him
the VSB TUO in Ostrava is currently the only university within
the framework of the Czech and Slovak Republics where it is
possible to study geotechnics as an independent branch compri-
sing also building, at all degrees of university studies (bachelor,
master and doctoral studies). The field of the professional teach-
ing and scientific-research interest of Prof. Aldorf is, first of all,
the underground and mine construction engineering, designing
and assessing underground structures using mathematical
modelling methods and the development and application of new
technologies and materials used in geotechnics and underground
construction engineering. He is a founder of the scientific
branch of mechanics of underground structures.

As already mentioned above, the professional focus of
Prof. Aldorf has developed gradually from mining geotechnics
and mine construction, which were applied to the solutions to
many complicated problems of the underground construction
industry both in the Ostrava-Karvind district and the area of
brown-coal opencast mines in Northern Bohemia. Prof. Aldorf
significantly participated in designing and realisation of many
important tunnel construction projects in the Czech Republic,
with the Valik and Klimkovice tunnels, the Dobrovského tunne-
Is in Brno and the Jablunkov tunnel among them.

Prof. Aldorf is even today a sought expert in the field of geo-
technics, underground and mine construction engineering, not
only at the faculty department. Not only his colleagues at the
department, but also workers of companies and professional
institutions, turn to him for advice or professional opinion. He
has educated numerous professionals who achieved important
positions in companies focused on the field of geotechnics or
underground construction engineering; many of them are heads
or participate in the realisation of important tunnelling projects

both in the Czech Republic and abroad.




Jsem velmi rdda, Ze mdm tu vzacnou moZznost pracovat
s panem prof. Aldorfem jiz pres 30 let, velmi si vdzim jeho
odbornych i lidskych vlastnosti a jeho stdle neutuchajiciho
zdjmu o rozvoj oboru, feSeni komplikovanych problému
geotechnické praxe i déni na katedre. Na Fakulté stavebni
VSB-TUO plisobi prof. Aldorf v souéasné dobé na pozici
emeritniho profesora, v letoSnim roce univerzita ocenila
zasluhy prof. Aldorfa v oblasti pedagogické, védecko-
vyzkumné i v oblasti spoluprdace s praxi prestiZnim ocené-
nim Stopa absolventa. Jméno prof. Aldorfa a jeho stopa se
tak staly souédsti tzv. chodniku sldvy na VSB-TUO.

Za celou redakéni radu Casopisu Tunel si dovoluji poprat
naSemu panu profesorovi hlavné hodné zdravi, sil, spokoje-
nosti a elanu.

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

SEDMDESATNIK ING. KAREL SCHARF
ING. KAREL SCHARF SEPTUAGENARIAN

Ing. Karel Scharf 31. fijna 2018
oslavi v plné svézesti a Zivotni
aktivité vyznamné Zivotni jubile-
um — ten den se doZije sedmdesati
let. Mozna nékteri Ctendri Casopi-
su Tunel si poloZzi otdzku, kdo je
Ing. Karel Scharf a jak jeho Cin-
nost souvisi s naSim cCasopisem.
Téchto &tenafu nebude asi mnoho,
ale presto je vhodné uvést, Ze
Ing. Karel Scharf jiz dlouhou fadu
let dobfe a spolehlivé preklada
Ceské a slovenské ¢lanky i vybrané texty z rubrik ¢asopisu do
angli¢tiny. Tunel sice vychazi ve tfech jazycich, tj. v Cestiné,
slovenstin€ a angli¢tiné od konce roku 1998, ale Ing. Karel
Scharf nasko¢il, jak se fikd, do jedouciho vlaku s malym zpoz-
dénim.

A jeho preklady mély od zacatku vysokou profesiondlni
i jazykovou uroven, coZ se s pribyvajicimi lety jesté zlepSo-
valo. Za chvili si fekneme, jak systematicky Karel Scharf na
své anglictiné a hlavné na tuneldrské anglické terminologii
pracoval. Nynf jen chci coby byvaly sekretai Ceské tunelarské
asociace ITA-AITES potvrdit, Ze fada zahrani¢nich tunelar-
skych odbornika i &eskych kolegu, ktefi dost let pracovali
v zahranii, hovorili o vyborné drovni anglickych preklada
v Tunelu s tim, Ze pred¢i i nekteré vyznamné zahrani¢ni dvoj-
jazy¢né tunelarské Casopisy. Zajimavosti je, Ze na svétovém
tuneldiském kongresu v Ciné v roce 1996 byl nas Casopis
vyhodnocen jako nejlepsi, asi i diky kvalité prekladu.

Kdyz se tedy ohlédneme za koreny Karlovy znalosti angli¢-
tiny i jeho ldsky k tomuto jazyku, muZeme na zacdtku pfipo-
menout jeho studium na stfedni vSeobecné vzdélavaci Skole
(SVVS) v Benesové v dobé, kdy cely svét zaujal fenomén
skupiny Beatles, coz v Karlovi probudilo zdjem o angli¢tinu.
Jeji znalost pak soustavne zvySoval zaroven se svoji profesni
kariérou.

Ta po ukonéeni studia na Stavebni fakulte CVUT, obor kon-
strukce a doprava, v roce 1971 zacala jen kratce na zavode 04
Vodnich staveb, odkud plynule presel do nové vzniklého podniku
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I am very glad that I have had the rare opportunity to work
with Prof. Aldorf already for 30 years; I greatly appreciate his
professional and human qualities and his abiding interest in the
development of the industrial branch and solving complicated
problems of the geotechnical practice and in the events at the
faculty department. Prof. Aldorf currently works at the Faculty
of Civil Engineering in the position of an emeritus professor;
this year, the University appreciated Prof. Aldorf’s merits in the
field of teaching, scientific-research and the field of the collabo-
ration with the practice by a prestigious award — Graduate’s
Footprint. Thus Prof. Aldorf’s name and his footprint have beco-
me parts of the so-called Walk of Fame at the VSB-TUO.

I would like to wish our dear professor on behalf of the whole
Editorial Board of TUNEL journal first of all good health,
strengths, contentment and vitality.

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

Ing. Karel Scharf will celebrate an important anniversary in full
freshness and vigour on 315t October 2018 — that day he will live to see
seventy. Some readers of TUNEL journal may ask themselves a ques-
tion: Who is Ing. Karel Scharf and how are his activities related to our
journal? These readers probably will not be many, but still it is reaso-
nable to say that Ing. Karel Scharf has well and reliably translated
Czech and Slovak papers and texts selected from columns of TUNEL
journal into English for many years. The trilingual TUNEL journal
(Czech, Slovak and English) has been published since the end of 1998,
but Ing. Karel Scharf, as they say “jumped on the moving train” with
a small delay.

The level of his professional and language qualifications in transla-
ting was high from the beginning and was improving with the passing
years. In a moment we will tell you how Ing. Karel Scharf worked sys-
tematically on his English and, first of all, his knowledge of English
tunnel construction vocabulary. Now I only want, as a former secreta-
ry of the ITA-AITES Czech Tunnelling Association, to confirm that
many foreign tunnel construction professionals, as well as Czech col-
leagues who worked abroad for some years, spoke about the excellent
level of English translations in TUNEL, saying that they are better than
some distinguished bilingual tunnel construction journals. The fact
that our journal was assessed as the best one at the World Tunnel
Congress in China in 1996, probably also thanks to the quality of trans-
lation, is also interesting.

When we look back at the roots of Charles’s knowledge of English
and his love to this language, we can in the beginning remember his
study at the secondary general-education school in BeneSov at the time
when the whole world was captivated by the phenomenon of the
Beatles. It was the source of his interest in English. Subsequently he
deepened his knowledge simultaneously with his professional career.

After graduating from the Czech Technical University in Prague
with a degree in civil engineering from the Department of Civil
Engineering and Traffic Structures in 1971, he was shortly employed
by plant 04 of Vodni Stavby company, from which he was fluently
transferred to the newly founded company, Metrostav. At the begin-
ning he worked in the position of site manager’s assistant on the
Zelivka waterworks and, in 1975, was appointed as a site manager for
the green field construction of Budovatelu (today Chodov) station of
Prague metro Line C, where, without telephone, transmitter or car, he
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Metrostav. Pracoval nejprve jako asistent stavbyvedouciho na VD
Zelivka a v roce 1975 byl jmenovdn stavbyvedoucim stanice
Budovatelu (dnes Chodov) na trase C prazského metra, kde si bez
telefonu i vysilacky a auta zpusobil zanét chodidel pri nékolika-
dennich cestdch k telefonu na stanici Roztyly. Po dobudovéni
hrubé stavby presel na stavbu nejvétsiho prazského vodojemu
Jesenice a ndsledné byl v roce 1981 jmenovéan vedoucim oddéle-
ni technické kontroly a posléze vedoucim odboru technicko-hos-
podéarské kontroly. V té dobé po letech samostudia navstévoval
jazykovou skolu, kterou ukoncil statni jazykovou zkouskou z ang-
lického jazyka.

Pak byl jmenovan vedoucim oddéleni zahrani¢niho podni-
kdni a zajiStoval pripravu smlouvy na stavbu tunelu Selatin
u Izmiru v Turecku. Po jejim uzavieni zajiStoval na dradech
v Izmiru jeji pfipravu a slozil zkousku z turectiny. Ndsledné
na stavbé pusobil jako tlumoénik a plnil razné dkoly s potte-
bou znalosti jazyku. Od roku 1991 pracoval opét v oddélen{
zahrani¢niho podnikédni a v roce 1994 odjel do Indie, kde ve
staté Radjastan pusobil na stavbé produktovodu.

Po névratu z Indie pracoval jako vedouci interniho auditu
Metrostav a.s., a to aZz do odchodu do duchodu. SoubéZné
s touto praci slozit zkousku z angli¢tiny na British Council.

Mnoho z nés, ktefi jsme s nim kolem ¢asopisu Tunel spolu-
pracovali, jsme netusili, jak mnohotvarnd a zdvazna byla jeho
profesni kariéra.

Pri zvySovéani znalosti anglické tuneldfské terminologie
sehrdl prekvapivou roli vlak, kterym Karel kazdy den dojizdél
do pridce v Praze z BeneSova. Za jizdy si v Casopise Tunnels
and Tunnelling zatrhdval tunelarské terminy, které si pak zpra-
covaval do tabulek v excelu.

Pied zdvérem bych chtél uvést to nejdulezitéjsi. Vedle kva-
lity prekladu to byla uroven spoluprdce s Ing. Karlem
Scharfem, kterd se vyznacovala jeho ob&tavosti a spolehlivos-
ti, se kterou dokdzal pracovat i v asovém stresu, protoze je
jasné, Zze vedouci redaktori nemohli pfi nejlepsi vuli doddvat
podklady pro preklad vcas a museli ¢asto po korekturdach
vyzadovat provedeni i rozsdhlych zmén.

Abych Ti, Karle, touto cestou podékoval za Tvou obétavou
préci pro Casopis Tunel, jsem byl vyzvan jeho redak¢ni radou.
TakZe dovol, abych Ti jménem vSech tendfu Casopisu, jeho
redakéni rady i predsednictev Ceské a Slovenské tuneldiské
asociace (a i za sebe) popral do dal$ich let pevné zdravi, poho-
du v rodiné i stdlou radost ze ¢tyf vnoucat a pozadal T¢, abys
jesté dlouho pro Tunel preklddal.

Ing. MILOSLAV NOVOTNY,
byvaly sekretdr CzTA ITA-AITES

TuHel

developed inflammation of soles after multiple everyday walks to
Roztyly construction site to order supplies for the next day.
Subsequently, after completing the carcass of the station, he was tran-
sferred to the construction of Jesenice water reservoir, the largest one
for Prague. In 1981, he was appointed to manage the department of
technical inspection and subsequently the manager of technical and
economic inspection. At that time, after years of self-studies, he atten-
ded the State Language School, finishing it by a general state exam
from English.

Later he was appointed into the position of the head of the foreign
business department and collaborated on the preparation of the con-
tract for the Selatin tunnel near Izmir, Turkey. After its conclusion, he
secured its preparation at authorities in Izmir, passing even an official
exam from Turkish. Subsequently he worked on the construction site
in the position of an interpreter and fulfilled various tasks requiring the
knowledge of the languages. From 1991, he again worked in the fore-
ign business department. In 1994, he left for India, Rajasthan, where he
worked for 2 years in the position of the superintendant on a 100km
long section of a product pipeline.

After returning from India, until retirement, he worked in the positi-
on of the manager of internal audit of the company of Metrostav.
Concurrently with this work he further studied English and passed the
British Council exam.

Many of us who collaborated with him around TUNEL journal were
not aware of how varied his career was.

A surprising role in the process of increasing his knowledge of
English tunnelling terminology was played by his commuting from
Benesov to work in Prague. While travelling, he red Tun-
nels&Tunnelling journals and underlined tunnel construction terms in
them to transfer them later into Excel spreadsheets.

Before the conclusion, I would like to mention the most important
thing. Apart from the quality of his translations, it was always the level
of the collaboration with Ing. Karel Scharf, which was characterised by
his unselfishness and reliability with which he managed to work even
under time stress, because it is obvious that chief editors could not at
the best will submit papers for translation on time and even had to
require extensive changes to be made even after proofreading.

To thank you in this way for your devoted work for TUNEL journal
was the idea of the editorial board, which asked me to prepare it. So
allow me to wish you, on behalf of all journal readers, its editorial
board and the Board of the Czech and Slovak Tunnelling Associations
(and also me), all the best for good health, family comfort and conti-
nuing joy of four grandchildren in the years to come and to ask you to
continue to translate TUNEL journal for a long time.

Ing. MILOSLAV NOVOTNY,
former secretary of ITA-AITES CzTA

PADESAT LET GEOTESTU V PODZEMNIM STAVITELSTVI
FIFTY YEARS OF GEOTEST IN UNDERGROUND CONSTRUCTION INDUSTRY

This year, the company of GEOtest celebrates the 50t anniversary of
its entry to the market. It is, according to the opinion of the authors, an
opportunity to remind us of its history and activities in the field of underg-
round co truction projects were and still are one of its most interesting acti-
vities. A reader who would seek more detailed information on GEOtest
activities in the underground construction industry from 1968 to 2008 is
referred by the authors to the paper commemorating the fortieth anniver-
sary of the company published in TUNEL journal issue No. 4/2008.

Spolecnost GEOtest slavi v tomto roce 50 let na trhu, a to je podle
nédzoru autoru prilezitost pfipomenout si jeji historii a aktivity v pod-
zemnim stavitelstvi. Za padesét let existence firmy podzemni stavby

vzdy byly, a stdle jsou, jednou z jejich nejzajimavéjSich Cinnosti.
Ctendre, ktery by hledal podrobn&jsi informace o ¢innostech GEOtestu
v podzemnim stavitelstvi v letech 1968 az 2008, autori odkazuji na ¢l4-
nek pripominajici Ctyficdté vyro¢i spolecnosti v Casopise Tunel
¢. 4/2008.

1. STRIPKY Z HISTORIE GEOTESTU

Uplné pocitky dnesni akciové spolecnosti GEOtest Ize vystopovat uz
v pocdtku 50. let minulého stoleti, kdy v Brn¢ vznikl subjekt, nabizeji-
ci geologické sluzby na komeréni bazi — Ustav pro priizkum a t&zbu
keramickych surovin (jednalo se o pobocny zdvod stejnojmenného

podniku se sidlem v PreSoveé).
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ku InZenyrskogeologicky a hydrogeologicky priizkum (IGHP) Zilina
(brnénsky zdvod Stavebni geologie byl ve strukture IGHP veden jako
zavod €. 2, zavod €. 1 byla Stavebni geologie Praha, zdvod ¢. 3 byl
v Bratislavé, zavod &. 4 v Ziling).

V kvétnu 1968 byl brnénsky zdvod Stavebni geologie vyclenén
z koncernu IGHP a vznikl samostatny ndrodni podnik GEOtest Brno.
Perlickou je, Ze ndzev podniku vyplynul z vefejné soutéZe mezi zamést-
nanci a stejny ndpad méli dva z nich. Prvni logo firmy (obr. 1) rovnéZ
vymyslel a navrhl zaméstnanec firmy, ¢len zeméméfické skupiny.

Béhem privatizace v roce 1992 byla firma transformovana do akcio-
vé spolenosti a na trhu tak pusobi po padesiti letech dodnes, jako
GEOtest, a.s.

Obr. 1 Puvodni logo ndrodniho podniku GEOtest Brno
Fig. 1 Original logo of GEOtest Brno, national enterprise

Zévod prosel béhem padesatych let, podobng jako celd spolecnost, | 2. GEOTEST V PODZEMNIM STAVITELSTVI

bourlivym vyvojem a v roce 1958 byl, spolu s nékolika dal$imi podni- Jednim z prvnich nejvyznamnéjsich podzemnich dél, na kterych

ky (napf. Moravskymi zemévrtnymi zdvody, Uhelnym prizkumem GEOtest pracoval, byla stavba podzemni elektrarny Preerpavaci vodni
Rosice), sloucen do ndrodniho podniku Geologicky prizkum Brno. | elektrarny (PVE) Dlouhé strané. Firma se t&astnila od poloviny 60. let
Jeho nédplni byl piivodné predevsim loZiskovy geologicky prizkum,ale | minulého stoleti po dobu 30 let viech fazi vystavby tohoto krasného
zédbér se rychle rozsifoval i do inZenyrské geologie a hydrogeologie. inZenyrského dila — tzn. byla na stavbé pritomna v raznych rolich od
V roce 1960 byl proto v rdmci Geologického pruzkumu Brno, n. p., zfi- tivodnich etap inZenyrskogeologického pruzkumu az po uvedeni dila
zen zavod Stavebni geologie, jako administrativné i vyrobné samostat- do provozu v roce 1996.
né jednotka. Od téchto prvnich studii a pruzkuma pro PVE Dlouhé strdné se
Geologicky pruzkum Brno byl v roce 1965 podroben dal3f reorgani- GEOtest ruznym zpusobem podilel na vystavbé desitek podzemnich
zaci a jeho zdvod Stavebni geologie byl za¢lenén do narodniho podni- dél, jejichz vycet shrnuje tabulka 1.

Tab. 1 Cinnost GEOtestu v podzemnim stavitelstvi v Ceské republice a na Slovensku
Table 1 GEOtest activities in underground construction industry in the Czech Republic and in Slovakia

Zeleznicni tunely

nazev Zeleznicni trat druh Cinnosti doba ¢innosti
Velkomezificsky Studenec—Kfizanov IG/GT prlizkum pro zaklenuti zafezu 1966-1978
Tunel €. 6 Brno—-Ceska Trebova IG/GT prlizkum pro rekonstrukci, GT dozor a monitoring 1975-1986
Tunel €. 7 Brno—-Ceska Trebova GT dozor rekonstrukce 1977-1980
Tunel €. 8 Brno-Ceska Trebové IG/GT prlizkum, GT dozor rekonstrukce 1978-2006
Tunel €. 1 Brno—-Ceska Trebova IG/GT prlizkum, GT dozor rekonstrukce 1985-2015
Tunel €. 2 Brno—Ceska Trebova GT prizkum, GT dozor 1986-2008
Novohamersky Karlovy Vary—Potlcky GT prlzkum, dozor rekonstrukce 1989-1990
Tunel €. 8a Brno-Ceska Trebové IG/GT prlizkum pro novostavbu, GT dozor 1989-2004
Luéansky Liberec-Tanvald GT prlizkum pro rekonstrukci 1989
Jarovsky Praha-Vrané nad Vltavou GT prizkum pro rekonstrukci 1990-1992
Trebovicky Ceska Trebova-Prerov IG/GT prlizkum pro rekonstrukci 1996-1997
Tatenicky Ceska Trebova-Prerov IG/GT prlizkum pro rekonstrukei 1997-1997
Tunel €. 4 Brno-Ceska Trebové GT dozor rekonstrukce po havarii 2004

Préticky Strelice-HruSovany nad JeviSovkou GT prazkum pro rekonstrukci 2007-2008
Mosty u Jablunkova Bohumin-Zilina posudek havérie, GT dozor rekonstrukce 2009-2013
Podhradsky Cercany-Svétla nad Sézavou GT prlzkum pro rekonstrukci 2015
Ejpovicky Rokycany-Plzen GT monitoring a IG/GT prlizkum od 2015 dosud

Silniéni tunely

nazev stavba druh Cinnosti doba ¢innosti
Cerveny kopec VMO Brno reSerdni IG/GT prizkum 1972
Cacovice-Lesna VMO Brno IG/GT prlizkum 1974-1975
Husovicky VMO Brno IG/GT prlizkum, GT monitoring 1994-1997
Piséarecky Dalnicni pfivadé¢ k VMO Brno IG/GT prlizkum, GT monitoring 1994-1998
Klimkovicky D47 IG/GT prlizkum, GT monitoring 1995-2008
Cervenohorské sedlo R44 IG prizkum 1996-1998
6 tunelli R44-alt. vedeni trasy reSersni IG/GT prazkum 1996
Horni Lipova-Vapenna 1/60 reersni IG/GT prizkum 1996
Kralovopolsky VMO Brno IG/GT prlizkum, GT monitoring 1998-2014
Obchvat Jihlavy 1/38 IG/GT prlizkum, GT monitoring 2002-2003
Liberec /35 diagnostika a provozni monitoring 2014
Hrebec 1/35 diagnostika a provozni monitoring 2014
Povézsky Chimec D18 GT dozor 2015-2016
TKB Blanka Méstsky okruh hydrogeologicky priizkum a monitoring 2016-2017

Energetické a vodohospodaiské stavby (kaverny, Stoly a privadéce)

nazev stavba druh Cinnosti doba €innosti
Kruzberk-Domoradovice Kruzberk-skupinovy vodovod |G prizkum, sanace 1961-1966
Slavi¢ PVE IG/GT prlizkum 1964-1966
Obtokova Stola VD DaleSice IG/GT prlizkum, GT dozor 1964-1978
Dlouhé Strané PreCerpavaci vodni elektrarna (PVE) IG/GT prlizkum 1964-1986
Cierny Vah PVE IG/GT prlizkum 1971-1973
Hrhov PVE IG/GT prlizkum 1973-1975
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Stola Kamenomlynska Stoka Kamenomlynska-Hlinky

Kunova Teplice PVE

Mala Vieska PVE

Stola Malé Lhota II. Bfezovsky vodovod
Bystrc-Bosonohy Brnénsky oblastni vodovod
Cerveny Kamen PVE

Korouzné Brnénsky oblastni vodovod
Cacovice—Kr. Pole Stoka C

Svarec-Stépanovice Brnénsky oblastni vodovod
Sl. Harta-Dolejsi Kuncice VD Slezska Harta |. stavba

Komin-Bystrc Brnénsky oblastni vodovod
Tabor Néprava kanalizaéni soustavy
Tabor Obnova rybnika Jordan

Tuel

GT dozor 1973-1974
reersni |G prizkum 1973

IG/GT prlizkum 1975-1977
IG/GT prizkum, GT dozor 1980-1992
IG prizkum 1980-2013
IG/GT prlizkum 1981-1982
IG/GT priizkum 1981-1983
IG prizkum, dozor sanace 1981-2001
IG/GT prizkum, GT dozor 1983-2005
IG/GT prizkum, GT dozor 1996-1998
IG/GT prlizkum, GT dozor 2004-2014
GT dozor 2009-2010
GT dozor 2012-2013

Tunely pro méstskou hromadnou dopravu

nazev stavba

druh ¢innosti

doba éinnosti

Brno, Taborska-LiSer (tramvajovy) reSer$ni IG/GT prlzkum 1973

Tunel Kamenomlynska VMO Brno (tramvajovy) IG prizkum 1973

4 podzemni trasy Brno, tramvajové podzemni trasy reersni IG/GT prizkum 1974
Vevefi—Cejl Brno, Vevefi-Cejl IG/GT prlizkum 1975-1988
Tunel Spilberk Brno, tramvajové podzemni trasy GT prlzkum a monitoring 1978-1979
Tunel Zabovieska VMO Brno (tramvajovy) IG/GT priizkum a GT monitoring 2007-soucasnost
Metro V.A Praha GT supervize 2011-2014
Stanice metra Karlovo naméstiPraha, bezbariérové zpfistupnéni stanice IG/GT prlizkum a pasportizace 2014

Stanice metra Andél Praha, bezbariérové zpfistupnéni stanice GT monitoring 2014-2015
Kamechy Brno-Bystrc prodlouzeni trasy IG prizkum 2015-2016
Severojizni tunelovy diametr  Brno, tramvajovy/zelezniéni reSersni IG/GT prizkum 2018
Kolektory

nazev stavba druh éinnosti doba €innosti
Kolektory . fadu Brno GT prazkum a monitoring 1973-2010
Kolektory . fadu Jihlava GT priizkum a monitoring 1983-1984
Kolektory 1. fadu Brno GT prizkum a monitoring 1993-2009

Ostatni podzemni dila a prostory

dilo/prostor misto druh €innosti doba €innosti
Historické podzemi Jihlava posuzovani stavu vyztuze, HG prlizkum 1964 -1966
Historické podzemi Znojmo posuzovani stavu vyztuze, HG prizkum 1965-1969
Historické podzemi Brno posuzovani stavu vyztuze, HG prizkum 1973-2010
Historické podzemi Nové Mésto na Moravé posuzovani stavu vyztuze 1995

DUl Rozinka RozZinka

vyzkumné Ukoly — geofyzikalni prizkum

2010-soucasnost

3. VYBRANE ZAJIMAVOSTI Z PODZEMNICH STAVEB,
NA KTERYCH SE GEOTEST PODILEL

Price na PVE Dlouhé strané (pruzkumné prace 1964—1986) zala-
ly jesté za existence Geologického pruzkumu Brno, kdy byly zahdjeny
prvni etapy geotechnického prizkumu. V rémci pruzkuma bylo kromé
vrtnych praci provedeno i Sest pruzkumnych §tol, ve kterych se reali-
zoval rozsdhly program polnich geotechnickych zkousek. Na zdklade
jejich vysledku byla upfesnéna poloha kaverny podzemni elektrarny,
kterd se posunula o cca 50 m oproti puvodné pldnované poloze. Na
obr. 2 je dokumentovano provadeéni smykové zkousky v jedné z rozra-
7ek pruzkumné $toly.

Zajimavosti inZenyrskogeologického pruzkumu pro tlakové priva-
déce PVE Hrhov (prizkumné prace 1973-1975) byla razba §tol tak-
tka dokonalého kruhového profilu pomoci trhacich praci. Na obr. 3 je
jeden z tenzometrickych profila v pruzkumné Stole Viola II.

Pii priizkumu a projektovém feSeni rekonstrukce tunelu €. 1 na trati
Brno — Ceska Trebova (90. 1éta 20. stoleti), vedeném v tibo¢i svahu,
nebylo moZno provést rekonstrukci tunelu tim, Ze bude jeho profil
zvetsen a proveden v zdrezu. V neprospéch tunelové varianty, tj. pre-
razby tunelu na vétsi profil, zase hrala minimalni mocnost nadlozi
a s tim spojena geotechnicka rizika pfi razbé. GEOtest proto navrhl na
tehdejsi dobu odvazné feSeni, spocivajici v pri¢ném sepnuti masivu
soustavou lanovych predpjatych kotev dl. 30 m. Ty vnesly do hornino-
vého prostredi predpéti, které podpofilo vznik horninové klenby
a umoznilo provést razbu bez vétSich potizi. Na obr. 4 jsou zachyceny
kotvy sepinajici masiv (kotva v popied je osazena tenzometrem).

Tramvajovy tunel pod brnénskym Spilberkem je jednou ze sta-
veb, které nebyly realizovany, ackoliv na jejich pfipravu bylo vynalo-
Zeno spousta Usili a penéz. Pod Spilberkem byla v letech 1978-1979
vyrazena pruzkumnd Stola v délce 500 m. Ve Stole byl proveden
komplex polnich geotechnickych zkousek a rozsahly geotechnicky
monitoring. Vysledky prizkumu a monitoringu ukdzaly na piiznivé

foto GEOtest photo GEOtest
Obr. 2 Smykové zkousky v rozrdzce R-4, celkové uspordddni smykové zkous-
ky v ramu
Fig. 2 Shear tests in tunnel stub R-4, general arrangement of the shear test

in the frame




. foto GEOtest photo GEOtest
Obr. 3 Tenzometricky profil v priuzkumné Stole Viola I1

Fig. 3 Strain-gauge profile in Viola II exploration gallery

geotechnické podminky a realizovatelnost tunelu. Prizkumnd §tola je
dodnes, s trochou Usili, pfistupnd a je hmatatelnym dikazem toho, jak
1ze dobre rozebéhnutou pripravu stavby dspésne zastavit. Na obr. 5 je
momentka ze Stoly, zachycujici jeji stav priblizné v roce 2007.

O ddlni¢nim tunelu Klimkovice (vystavba v letech 2005-2008) toho
bylo napsano hodné a stavba je ¢tendfim zndma. Za zminku stoji pro-
veden{ kabelové Sachty z tunelové propojky na povrch za pouZiti tech-
nologie Raise boring. Na zacdtku realizace Sachty byl proveden tech-
nologicky vrt o hloubce cca 30 m z povrchu do stropu tunelové propoj-
ky. Vrt se vlivem nepfiznivé uklonénych vrstev horninového masivu
odklonil a strop tunelové propojky minul. Umisténi vrtu v propojce
bylo nalezeno az s pomoci zkuSeného proutkare, ktery pozici vrtu
v boku propojky stanovil s presnosti na 10 cm. Podrobnéjsi informace
o provddéni kabelové Sachty ¢tendr najde napr. v Casopise Tunel
¢. 1/2007.

Stavba Kralovopolského tunelu (stavba tunelu 2007-2012) je éte-
ndrum rovnéZ dostate¢né zndmd z mnoha ¢lénku a publikaci a jejf uni-
katnost, spo&ivajici mimo jiné v rozsahlém geotechnickém pruzkumu

photo: https://lwww.kafelanka.cz/mistaltrstola.php
Obr. 5 Dnesni stay Stoly
Fig. 5 Current condition of the gallery
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foto GEOtest photo (te.\'t
Obr. 4 Cdst kotev sepinajicich masiv (kotva v popFedi je osazena tenzometrem)
Fig. 4 Part of anchors tying the massif together (a strain gauge is installed on
the anchor at the forefront)

v&etné provedeni tfech pruzkumnych $tol, rovnéz. MoZna neni tak
tplné zndmo, 7e geologicky sled razeb nebyl tak fadni, jak by se pri
razb¢ v brnénskych téglech mohlo zdat. V dvodnim tseku razeb tune-
lu 1T ve staniceni cca 1,433 byla v kaloté nafarana stard studna (zasy-
pand, ale jesté s puvodnim dfevénym potrubim), puvodné zdsobujici
jeden z krdlovopolskych domu (obr. 6 a 7).

Razby tunelu Ejpovice (2015-2017) jsou rovn€Z zndmy z mnoha
prispévku a publikaci, kromé své technické vyluénosti i tim, Ze jsou
v tuto chvili jedinym velkym tuzemskym tunelovym projektem ve
vystavbé. Geologickd dokumentace raZeb ani zde nebyla prosta pre-
kvapeni. Necekané bylo napriklad zastiZen{ vyssich koncentraci mag-
netického mineralu pyrhotin ve spilitech behem razeb pod vrchem
Chlum. Pyrhotin v rubaniné tspésné matl magneticka ¢idla na paso-
vém dopravniku raziciho stroje Viktorie a zastavoval ho. V nékte-
rych dsecich se z téchto divodu zpomaloval postup razby. Problém

foto GEOtest photo GEOtest

Obr. 6, 7 Studna nafdrand v kaloté jizniho tunelu
Fig. 6,7 A well stricken at the southern tunnel tube top heading

i 37

foto photo: https://www.kafelanka.cz/mistaltrstola.php

Obr. 8 Spilit nabohaceny pyrhotinem
Fig. 8 Spilite enriched in pyrhotin
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byl &dste¢ne vyfesen sniZenim citlivosti ¢idel a zvySenim Cetnosti pro-
hlidek rezné hlavy stroje, zda nedochdzi k jejimu poskozeni (magne-
tickd ¢idla primarne detekuji ocelové dlomky, zda nedochdzi k vyla-
movani ocelovych feznych Easti stroje). Na obr. 8, 9 je spilit naboha-
ceny pyrhotinem a priklad Celby ve spilitech.

4. ZAVER

Ohlédnuti za padesiti lety GEOtestu kon¢i. Co se za za tu dobu zmé-
nilo? Meéfici aparatury a postupy, logaritmickd pravitka a tabulky
nahradily po&itade. Nejdulezitéj$i vSak vzdy byli, jsou a déle budou
lidé a jejich pokora, poctivost a profesiondlni pristup. Na nich GEOtest
vZdy budoval a déle buduje duvéru svych obchodnich partneru, kterd
zavazuje i do let pristich.

RNDr. JIRI PAVLIK Ing. JAN STACH, Ing. DAVID RUPP,
Mgr. PAVEL VIZDA Ing. TOMAS EBERMANN, Ph.D.,
GEOfest, a.s.

Joto photo: https://www.kafelanka.cz/mista/trstola.php

Obr. 9 Priklad Celby ve spilitech
Fig. 9 Example of excavation face in spilite

ZPRAVODAJSTVI CESKE A SLOVENSKE TUNELARSKE ASOCIACE ITA-AITES
CZECH AND SLOVAK TUNNELLING ASSOCIATION ITA-AITES REPORT

www.ita-aites.cz

VALNE SHROMAZDENI CZTA ITA-AITES
GENERAL ASSEMBLY OF ITA-AITES CZTA

The General Assembly of the ITA-AITES Czech Tunnelling
Association was held on Wednesday the 30th May 2018. The CzZTA
medal for the work in the field of underground construction was awar-
ded to Ing. Milan Majer. Further on, Ing. Ivan Hrdina, chairman of the
CzTA, informed about the activities of the association in the past year,
when it continued to publish TUNEL journal, organise Tunnel
Afternoons and commenced the preparation of the Underground
Construction 2019 conference. The annual technical tour was again
organised, this time to Austria, concretely the Semmering Base Tunnel
construction site and the Leoben research centre. The report on the
economy of the Association and discussion about the proposal on the
Association budget for 2018 were the next points of the Assembly. The
present attendees were informed about the plan of Association’s acti-
vities for 2018, where common activities will continue (publishing
TUNEL journal, holding Tunnel Afternoons and organising a techni-
cal tour) and the preparation of the conference Underground
Construction 2018. Another very important point lied in approving the
new wording of the Articles of Association. The results of the student
competition for the best master thesis from the field of underground
construction for 2017 were announced subsequently. Apprecmtlons
were received by Ing. Jan Skefik (Problems of technical seismism in
underground construction); Ing. Tom4§ Urbdnek (Comparison of the
influence of injecting grout into ground for the excavation of a metro
station); Ing. Gabriela Hulkové (Assessment of excavation face stabi-
lity during shield tunnelling through soils at the transition between dra-
ined and non-drained behaviour) and Ing. Josef Haba (Tunnelling
under high overburden and through faulted rock mass). In the General
Assembly part focused on technical problems, prof. Ing. Jif{ Bartdk,
DrSc. delivered an interesting lecture on the 175" anniversary of the
tunnel under the Thames.

Valné shromédzdéni Ceské tunelarské asociace ITA-AITES se kona-
lo ve stiedu 30. kvétna 2018 v hotelu Olanka v Praze 3. Jednéni zah4-
jil a ridil predseda CzTA Ing. Ivan Hrdina.

Na zalatku programu jedndni byla predina medaile CzTA Ing.
Milanu Majerovi za dlouholety prinos podzemnimu stavitelstvi. Tato
medaile byla udélena jiz jako dvacdtd osmd v poradi. V tomto roce
nebylo dopredu zndmé jméno nového drzitele medaile, proto to bylo
zvlasteé pro Ing. Majera velké prekvapeni.

Predseda CZzTA Ing. Ivan Hrdina informoval pfitomné o ¢innosti aso-
ciace v minulém roce, kdy pokracovalo vyddvani ¢asopisu Tunel, pora-
dani Tunelarskych odpoledn{ (do zacdtku roku 2018 jich asociace uspo-
fadala jiz 32). Nové se zacalo s pripravou konference Podzemni stavby

www.sta-ita-aites.sk

Praha 2019, jejiz 14. ro¢nik se uskute¢ni v ervnu pristiho roku. Také se
konal odborny zdjezd, tentokrat do Rakouska, kde dcastnici navstivili
stavbu bazového tunelu Semmering a vyzkumné centrum v Leobenu.

Dalsim bodem jednéni byla zprdva o hospodareni asociace, kterou
prednesl ¢len predsednictva Ing. Véclav Soukup. V roce 2017 stejné
jako v tom predchozim se jeste podarilo dosdhnout priznivého vysled-
ku, kdy jeji hospodareni skonéilo opét se ziskem, a to diky tspordm
v jednotlivych polozkdch rozpoctu. Tento trend ale pro dalsi roky jiz
vzhledem k situaci v oboru nebude pokréovat. Ddle byli pritomni
sezndmeni s ndvrhem rozpoctu asociace na rok 2018, kdy je pldnova-
na ztrdta ve vysi 234 tisic K&, kterou lze predpoklddat zejména kvali
pokracujicimu poklesu C€lenu asociace. Tato ztrita bude Cerpdna
z rezervy vytvorené diky minulym konferencim.

Ing. Markéta Pruskova obeznamila pritomné s planem ¢innosti aso-
ciace na rok 2018, kdy se bude pokracovat v béznych aktivitach — vyda-
vani Casopisu Tunel, porddani Tuneldrskych odpoledni i odborného
zajezdu a jiz naplno pobém i pﬁprava konference PS 2019. Uvedla rov-
néZ spole¢nosti, kterym jsou vénovana nésledujici ¢isla Casopisu Tunel
aZ po ¢islo 2/2019, které bude konferencnim ¢islem pro PS 2019.

Dile pritomni zastupci jednotlivych pracovnich skupin CzTA infor-
movali o jejich ¢innosti. V soucasnosti jsou aktivni pracovni skupiny
pro konvenc¢ni tunelovani, mechanické tunelovéni, odbornou vychovu
a pro legislativni pomoc.

foto photo Ing. Libor Ma¥ik

Obr. 1 Preddvdni medaile CzTA Ing. Milanu Majerovi
Fig. 1 Passing the CzTA medal to Milan Majer




foto photo Ing. Libor Marik

Obr. 2 Ocenénd studentka Ing. Gabriela Hulkovd
Fig. 2 Appreciated student Ing. Gabriela Hulkovd

Dalsim velmi vyznamnym bodem bylo schvéleni novych stanov
CzTA. Vsichni ¢lenové CZTA obdrzeli spolu s pozvankou v zdkonném
terminu ndvrh stanov, na miste byly tyto stanovy po kratké diskuzi jed-
nomyslné prijaty.

Poté jiz doc. Dr. Ing. Jan Pruska sezndmil ucastniky s vysledkem
studentské soutéZe o nejlepsi diplomovou préci z oblasti podzemnich
staveb za rok 2017. Letos stejné jako v soutéZi za rok 2016 byli oce-
néni Ctyfi studenti. Na prvnim misté se umistil byvaly student FSv
CVUT Ing. Jan Skefik s diplomovou praci na téma Problematika
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technické seizmicity pri budovdni podzemnich dél. Druhé misto obsa-
dil Ing. Tomds Urbdnek z VSB TU-Ostrava s tématem Porovndni viivu
horninovych injektdzi na razbu stanice metra. Treti misto patrilo shod-
né Ing. Gabriele Hulkové, kterd zpracovala téma Posouzeni stability
Celby pri razbé pomoci §titu v zemindch na prechodu mezi odvodnénym
a neodvodnénym chovdnim, studovala také na FSv CVUT a Ing. Josefu
Habovi s praci s ndzvem Razba pod vysokym nadloZim a v poruseném
horninovém masivu, rovnéZ z FSv CVUT. VSem ocenénym poblaho-
prdl a predal odménu predseda CzTA Ing. Ivan Hrdina.

Prof. Ing. Pavel Pfibyl, CSc. vystoupil s informaci o ¢innosti spolec-
nosti PIARC a Ing. Jifi Smolik sdélil krétce delegdtiim a hostiim val-
ného shromédzdeéni tdaje o Cinnosti sekce Silni¢ni tunely Ceské silnic-
ni spolecnosti.

Prof. Ing. Matou$ Hilar, M.Sc., Ph.D. informoval o stavu pripravy
konference Podzemni stavby Praha 2019. Veskeré tdaje Ize nalézt na
webovych strankach konference www.pspraha.cz. Upozornil, Ze ter-
min pro zasilani abstrakty je 30. zafi 2018.

Ing. Markéta Pruskova ozndmila mista a terminy konén{ dalSich svéto-
vych tuneldfskych kongresu. WTC 2018 se uskutecnilo v SAE v Dubaji ve
dnech 20. — 26. dubna 2018, WTC 2019 je pldnovano v Itdlii v Neapoli
3. = 9. kvétna, WTC 2020 se uskutecni v Malajsii v Kuala Lumpur
15. - 21. kvétna a v letosnim roce ziskalo poradatelstvi WTC pro rok 2021
Dinsko, jedinym kandidétem byla Kodan, termin je stanoven na 14. - 21. kvétna.

V ¢asti zasedani zamerené na odbornou tematiku vystoupil prof. Ing.
Jirf Bartak, DrSc. s velmi poutavou prednaskou o 175letém vyroci
tunelu pod TemZi. 3 . .

Ing. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz, sekretdr CzTA

VALNE ZHROMAZDENIE SLOVENSKEJ TUNELARSKEJ ASOCIACIE
GENERAL ASSEMBLY OF SLOVAK TUNNELLING ASSOCIATION

The General Assembly of the Slovak Tunnelling Association was
held on the occasion of the conference Tunnels and Underground
Construction 2018 in Zilina. The election of the new STA Board for
the period of years 2018-2022 took place during the Assembly.
Ing. Tibor Bielokostolsky, Ing. Miloslav Frankovsky, Ing. Viktdria
Chomova, RNDr. Michal Kubi§, PhD, Ing. Jan Kusnir, Ing. Sona
MasaroviCovd, PhD, Ing. Ivan Michale, Ing. FrantiSek Ockajék,
Ing. Peter Schmidt, Ing. Peter Stetko, PhD and Ing. Robert Zwilling
became the newly elected members of the STA Board. In the subsequ-
ent programme point, Ing. Miloslav Frankovsky, Chairman of the STA
Board, presented the Activity Report, in which he informed about the
activities of the association during the previous term of office
2014-2018. The Financial and Management Report was presented by
Ing. Ivan Michale, a member of the STA Review Committee. He con-
firmed that the economic results of the association in the previous year
as well as the whole 2014-2018 period were favourable. Ing. Viktdria
Chomova, chairman of the Preparatory Committee, summarised the
initial pieces of knowledge from the just finished lecturing part of the
conference. The newly elected STA Board gathered for the first time
at a meeting on the 215t June 2018 at Terraprojekt a. s. Functionaries
of the Association were elected at the meeting in compliance with the
Statutes. Ing. Miroslav Frankovsky and Ing. FrantiSek Ockajdk were
elected the Chairman and Vice-Chairman, respectively, and Ing. Vik-
téria Chomové was appointed the Secretary.

Pri prilezitosti konania konferencie Tunely a podzemné stavby 2018
v Ziline sa uskutocnilo aj valné zhromazdenie Slovenskej tuneldrskej aso-
cidcie. Konalo sa po skonceni predndskovej Casti konferencie vo Stvrtok
24.5.2018 v priestoroch hotela Holiday Inn.

Ako prvy bod valného zhromazdenia sa uskutocnili volby nového
vyboru STA na obdobie rokov 2018-2022. Valné zhromazdenie z predlo-
zenej kandiddtky z celkového poctu 13 kandidatov zvolilo 11¢lenny
vybor STA na obdobie nasledujtcich Styroch rokov, ako aj dvojclenni
reviznu komisiu STA. Novozvolenymi ¢lenmi vyboru STA sa stali
Ing. Tibor Bielokostolsky, Ing. Miloslav Frankovsky, Ing. Viktdria
Chomovéd, RNDr. Michal Kubi§, PhD, Ing. Jin Kusnir, Ing. Sona
Masarovicova, PhD, Ing. Ivan Michale, Ing. FrantiSek Ockajék, Ing. Peter
Schmidt, Ing. Peter Stefko, PhD a Ing. Robert Zwilling.

V daliom bode programu predniesol predseda STA Ing. Miloslav
Frankovsky spravu o ¢innosti, v ktorej informoval o aktivitdch asocidcie

za predoslé funkéné obdobie 2014-2018. Klii¢ovymi aktivitami, na ktoré
sa ststredila ¢innost'vyboru, boli najmi nasledovné:

* konferencie Tunely a podzemné stavby konané v rokoch 2015 a 2018
v Ziline;

¢ odborné semindre zamerané na prebiehajiice stavby tunelov — tunely
Polana a Svr¢inivec v roku 2014, tunel Povazsky Chlmec v roku
2017,

* podiel na vyddvani Casopisu Tunel spolocne s CzTA;

e aktivna tcast'na konferencii Podzemn{ stavby Praha 2016;

e spoluprdca s univerzitami a vysokymi Skolami, podpora tcasti vyso-
koskolskych Studentov na tuneldrskych odbornych podujatiach,
finan¢nd a organizac¢nd podpora exkurzif na tunelové stavby.

Spravu o financovani a hospodéreni uviedol ¢len reviznej komisie STA
Ing. Ivan Michale, ktory potvrdil priaznivé hospoddrske vysledky asocid-
cie v obdobf predoslého roku, ako aj v celom obdobi 2014-2018.

Predsednicka pripravného vyboru konferencie Ing. Viktéria Chomova
zhrnula prvé poznatky z prave ukoncenej prednaskovej Casti konferencie
a zéroven podakovala celému pripravnému vyboru ako aj vietkym, ktor{
sa podielali na zorganizovani TPS 2018.

V nasledovne;j diskusii vystiipilo desat'ticastnikov valného zhromazde-
nia, pricom zdvery diskusie boli formulované nasledovne:

1. Je potrebné zodpovednejSie pristupovat’k aktualizicii informacif na

webovej strdnke STA.

2. Je potrebné nadviazat spolupracu s dal§mi profesnymi organizdcia-
mi — SKSI, FIB, SCS a zvézit spolo¢ny postup pri ziskavani Stu-
dentov na technické odbory.

3. V spolupréci s vysokymi Skolami je potrebné hladat’a realizovat'pro-
jekty za dcelom zvySenia zdujmu zo strany Studentov o Stidium
technickych predmetov — orientovat’sa na zdkladné a stredné Skoly.

4. V spoluprici s vysokymi Skolami je potrebné hladat'moZnosti zahra-
ni¢nych exkurzii/praxe pre vybranych Studentov s podporou STA.

Novozvoleny vybor STA sa prvykrdt stretol na rokovani dia
21. 6. 2018 na Terraprojekte a.s. V stlade so znenim stanov sa na nom
uskutocnila volba funkciondrov asocidcie. Za predsedu bol navrhnuty
Ing. Miloslav Frankovsky, za podpredsedu Ing. FrantiSek Ockajdk a za
sekretdra bola vymenovand Ing. Viktéria Chomovd. Pritomni ¢lenovia
vyboru jednohlasne potvrdili vSetky tri nomindcie.

Ing. MILOSLAV FRANKOVSKY



Vystavba dalnicniho tunelu Spltzenherg,Nemecku
Construction of Spltzenberg mateg el,

Vystavba méstského tunelu Skarholmen, Svédsko
Construction of Skarhulmen uty tunnel Sweden:

Nedrzime se pri zemi

AN avinr ckisely am Fhoe armiind
Never stuck on the ground
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Dopravni infrastruktura

Specializace na dopravni stavby je nasi nosnou technologii. Disponujeme tymem zku$enych technikd a mame
potfebné vyrobni kapacity umoznujici optimalizaci projektd podle poslednich technologickych poznatkd.
Do realizovanych projektl prinasime kvalifikaci, odbornost a zkudenosti z celého svéta, které nam skyta nase
matefska spole¢nost HOCHTIEF AG. Pravé sdileni zkusenosti a technologickych moZnosti koncernu je jednou
z nadich hlavnich konkuren&nich vyhod.

HOCHTIEF CZ a. s.
Plzenska 16/3217
150 00 Praha 5
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