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Viézeni Ctenari casopisu TUNEL!

Clanky publikované v tomto &isle charakterizuji nékolik novych zajimavych trendi v Geském a slovenském podzemnim sta-
vitelstvi, na které bych rad poukazal.

Hned ve &tyfech ¢ldncich se piSe o stavbdch v hlavnim mésté Praze, které predstavuje vyznamného investora i v dobé, kdy se
statni i soukromé investi¢ni aktivity znaéné snizily. A dobrym prfislibem do budoucnosti je i to, Ze diky koncepénimu postoji
orgdnu hlavniho mésta i Dopravniho podniku hlavniho mésta Prahy by rozvoj metra mél ddle pokracovat.

Nazev ¢lanku o realizaci novostavby Zelezni¢niho tunelu na Slovensku pripomind dalsi potésitelny fakt, Ze po padesatileté pre-
stdvce se v krasné a ¢lenité slovenské krajiné budou zase budovat Zelezni¢ni tunely. Trasovan{ koridoru na vyssi rychlosti se bez
nich neobejde.

Clanky o plnoprofilovych tunelovacich strojich odrazeji dnedni dobu, dobu dokonalych, sofistikovanych technickych vyrob-
ku, k nimZ stroje pro stavbu tunelt ur¢ité patri. Diky nim jsou razby tunelt tak bezpecné, Ze by nemélo dochdzet k poskozovani
budov na povrchu dzemi poklesy nebo k propadim terénu.

I dalsi ¢lanky v tomto &isle jsou velmi poutavé a nabizeji originélni, jesté nepublikovany, pohled na riznd témata a slibuji pri-
jemné Cteni tfeba u $dlku kavy.

Cislo je vénovano dvéma vyznamnym firmam. Metrostav, a. s., ktery je jisté vedouci stavebni spole¢nosti v oblasti podzem-
nich staveb v Ceské republice, letos oslavuje velmi pékné 40. vyro&i svého zaloZeni. To bylo spjato se zahdjenim vystavby praz-
ského metra. Ve Slovenské republice slavi Sedesaté vyroci vzniku Skanska SK a. s., jejiz pradvni predchidce, Bériské stavby, byl
zaloZen v roce 1951 a od roku 1957 sidli v Prievidzi.

Obéma spolecnostem prejeme do dalSich let mnoho dspécha.

Ing. Otakar Hasik,
¢len redakcni rady ¢asopisu Tunel

Dear readers of TUNEL journal!

The articles published in this journal issue characterise several interesting trends in the Czech and Slovak underground
construction industry I would like to point out.

As many as four of the articles deal with construction projects in Prague, the Czech capital, which has remained an important
client for contactors even at the time during which both state and private investment expenditures have been significantly redu-
ced. Another good promise for the future is the fact that, owing to the conceptual attitude of the capital authorities and Prague
Public Transit Company, the metro system should continue to expand.

The title of the paper on the construction of a new tunnel in Slovakia reminds us of another important fact that, after a fifty-
year break, railway tunnels will again be constructed in the beautiful, dissected Slovak landscape. Designers accommodating
alignments of corridors to higher speeds cannot cope without them.

The papers on full-face tunnelling machines reflect the current period, characterised by perfect, sophisticated technical pro-
ducts, among which tunnel construction machines certainly belong. Thanks to them, driving of tunnels is so safe that no dama-
ge should be caused to existing buildings by the subsidence or sinking of the ground surface.

Even the other papers contained in this issue are very catching, offering original, till now unpublished, views of problems and
promising pleasant reading, possibly over a cup of coffee.

This issue is dedicated to two important firms. This year, Metrostav a. s., which is undoubtedly a leading contractor in the area
of underground construction in the Czech Republic, has been celebrating the nice 40th anniversary of its foundation, which was
associated with the commencement of the construction of the Prague metro. In the Slovak Republic, Skanska SK a.s., the pre-
decessor in title of which, Banské Stavby, was founded in 1951 and has had its seat in Prievidza since 1957, celebrates the 60th
anniversary of its origination.

We wish both companies lots of success in the years to come.

Ing. Otakar Hasik,
Member of TUNEL Editorial Board
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VAZENI CTENARI CASOPISU TUNEL,

v letosnim roce slavi spolecnost Metrostav 40 let své existence na Ceském,
potazmo &esko-slovenském stavebnim trhu. Proto jsem s potéSenim privital moz-
nost pribliZit historii i sou¢asnost Metrostavu na strankdch tohoto renomovaného
specializovaného periodika, i kdyZ jsem si védom, Ze odbornici o nds dobte véd{
a pro mnohé z nich jen zopakuji zndmé skutecnosti.

Jak je zfejmé z ndzvu firmy, puvodné byla zaloZena cilené pro vystavbu praz-
ského metra. Od svého vzniku v roce 1971 se v pribéhu let pfeménila v univer-
zalni stavebni spole¢nost, schopnou uskutecnovat naro¢né projekty verejnych
i soukromych investori doma a v posledni dobé stdle vice i v zahrani¢i. Tento
posun je zietelny predevsim v poslednich dvou desetiletich.

V historii firmy Metrostav se odraZejf i d&jiny moderniho Ceského tuneldfstvi.
Metrostav se aktivné ucastnil zaloZeni Ceskoslovenského tuneldrského komitétu,
organizace, jeZ vznikla v roce 1982 z iniciativy podnika zi¢astnénych na vystav-
bé metra v Praze. Hlavnim motorem a organizdtorem tohoto procesu byl
Ing. Jaroslav Grédn, vedouci technického odboru a pozdéji ndméstek feditele
Metrostavu. Jeho zdsluhou doslo téZ k navdzani prvnich kontakti s podzemnim
stavitelstvim v zahranici. I proto bxl nominovén na drZitele ,,Cestne medaile
memoriam. Po vzniku samostatné Ceské republiky se nase tuneldrskd orgamzace
piejmenovala na Ceskou tuneldfskou asociaci a jejimi viidéimi osobnostmi j jsou
vzdy Celni predstavitelé nasi spole¢nosti — nejdrive Ing. Jindfich Hess a nyn{
Ing. Ivan Hrdina.

InZenyr Grén by jisté ocenil i to, Ze v dubnu 2011 byly zahdjeny razby tratovych
tunelt metra trasy VA metodou TBM. Metrostav razbu tunelu metra pomocf $titt
mechanizovanych i nemechanizovanych provadél jiz od pocdtku vystavby praz-
ského metra. Predchudce dnesniho supermoderniho TBM-EPB, mechanizovany
§tit TSEB-1 o priiméru 5,80 m ruské vyroby, razil tratové tunely pod Vitavou na
trase A mezi Kldrovem a Staroméstskou a také tratovy tsek na trase IB mezi
Mustkem a Florenci. Specialitou téchto strojnich razeb bylo zhotoveni definitivni
obezdivky na principu ¢erpaného betonu do posuvného bednéni pod pracovnim
nazvem pressbeton.

Jak jsem se jiz zminil, dva o nékolik generaci kvalitativné vyse vybavené plno-
profilové razici Stity EPB se aktudlné podileji na prodlouzeni metra z Dejvic do
Motola. Jejich nasazeni umoZznuje zejména maximalizovat vykon a pfitom mini-
malizovat riziko. Dald{ neméné dileZitou vyhodou je moZnost porovndvat se
v téchto dovednostech se zahrani¢ni konkurenci, a to na vhodné zvolenych pro-
jektech doma i v cizing.

Metrostav ale zvlddd i jiné tunelovaci technologie. Prvky Nové rakouské tune-
lovaci metody (NRTM) byly u nds prvné vyuZity na prelomu osmdesdtych
a devadesdtych let rovnéZ pii vystavbé prazského metra, a to na trase IVB, ¢ds-
te¢né pii vystavbe stanic VysoCanskéd a Hloubétin, pfi vystavbé tratovych tuneld
Kolbenova — Hloubétin a zejména pii razbé prvniho dvoukolejného tunelu metra
v dseku Hloubétin — Rajskd zahrada.

Od té doby bylo touto metodou dokon¢eno mnoho tunelovych staveb v CR,
jako jsou tunely na dalSich trasdch metra IVC1 a IVC2, véetne prvni jednolodni
stanice Kobylisy, silni¢ni a délni¢ni tunely Hrebe¢, Panenskd, Libouchec, Valik,
Klimkovice, Zelezni¢ni tunely MlCechvosty, Krasikovské a Hnévkovské tunely
nejdelsi zelezni¢ni tunel v CR Biezensky, tunely prazského Nového spojeni, mést-
sky tunel Mrézovka a dalsi. Rada dopravnich tunelu a staveb, jako napriklad tune-
ly Radejéin, Prackovice a dalsi, se nyni jesté buduje.

Za zminku rozhodné stoji také aktivity vyvijené Metrostavem v zahrani¢i. At'uz
je to podil na vystavbé tunelu Euerwang v Némecku, stavba tunelu Lucica
v Chorvatsku, loni dokoncené islandské tunely s tictyhodnou délkou 3,9 a 7,1 km,
¢i v soucasné dobé razené tunely pro helsinské metro ve Finsku.

Co fici na z4vér: Postavit takové mnoZstvi tunell a podzemnich staveb se dé
jediné se silnymi a odborné vybavenymi tymy. Ty jsou nejen v samotném
Metrostavu, ale téZ u kooperujicich organizaci projekénich, konzultacnich, inves-
torskych a dodavatelskych.

KdyZ se porozhlédneme po vystavbé evropskych tuneld,
zjistime, Ze na mnohych z nich po roce 1990 zustala Ceskd ¢i
slovenskd stopa. At uZ v d€asti jednotlivcu, techniki, specia-
listu, razi¢Q, nebo v Gcasti ¢eskych ¢i slovenskych firem na
vystavbé v pozici nejprve subdodavatelt, ale v posledni dobé
i tieba partnert nebo lidri ve sdruZenich.

Cesi a Slovdci v této profesi za poslednich 20 let vyrostli
a zdokonalili se. A proto je muzeme potkdvat i na mnohych
tunelovych projektech v Evropé a ve sveté. A to je nejen poté-

Sujict, ale i prinosné pro dalsi rozvoj tunelafiny v nasi zemi.

ING. PAVEL PILAT
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DEAR READERS OF TUNEL JOURNAL,

This year, Metrostav company celebrates the 40 years of its presence on the Czech or
Czech-Slovak construction market. This is why I welcomed with pleasure the opportunity to
give you an idea of the history and presence of Metrostav on the pages of this renowned spe-
cialised periodical, despite the fact that I know that we are well known to professionals and
[ will only repeat facts which are well known to them.

As it is obvious from our company name, it was originally founded with the aim of con-
structing the Prague metro. Since its origination in 1971, during the course of years, it has trans-
formed itself into a universal construction company, which is capable of implementing chal-
lenging projects for both public and private clients at home and, of late, ever more abroad. This
shift has been obvious first of all during the past two decades.

The history of Metrostav even reflects the history of the Czech tunnel construction indust-
ry. Metrostav actively participated in the foundation of the Czechoslovak Tunnelling
Committee, an organisation which originated in 1982 on the basis of an initiative of compani-
es involved in the construction of metro in Prague. The main source of the driving force and
main organiser was Ing. Jaroslav Grén, the head of the department of technology and, later,
adeputy director of Metrostav. He deserves the credit for establishing initial relationships with
the underground construction industry abroad. It was one of the reasons why he was nomina-
ted as the holder of the Medal of Honour in memoriam. After the origination of the indepen-
dent Czech Republic, our tunnelling organisation was renamed the Czech Tunnelling
Association. The masterminds of the association have always been prominent representatives
of our company - first of them was Ing. Jindfich Hess and today it is Ing. Ivan Hrdina.

Jaroslav Gran would certainly have appreciated even the fact that April 2011 saw the com-
mencement of the excavation of running tunnels for Metro Line VA using full-face tunnelling
machines. Metrostav drove tunnels using both mechanised and non-mechanised shields from
the beginning of the Prague metro construction. The predecessor of today’s state-of-the-art
EPB shields was the 5.80 m diameter TS¢B-1 mechanised shield manufactured in the Soviet
Union. It drove running tunnels under the Vltava on the Line A between Kldrov and
Staroméstsk4 Station, as well as the track section on the Line IB between Mustek and Florenc.
A special feature of these mechanical drives was that the final lining was cast using concrete
pumped behind a slip form, with the working name “compressed concrete”.

As I have mentioned above, two EPB shields, the equipment of which is, in terms of quali-
ty, several generations higher, which are currently participating in the metro extension from
Dejvice to Motol. The deployment of the shields makes first of all maximising of the perfor-
mance possible while minimising the risks. Another not less important advantage is the possi-
bility of comparing the skills with foreign competitors on properly selected projects at home
and abroad.

Metrostav has even mastered other tunnelling techniques. Elements of the New Austrian
Tunnelling Method (the NATM) were applied by our company for the first time at the end of
the 1980s, also to the construction of the Prague metro, the Line [VB and partly to the con-
struction of VysoCanskd and Hloubétin stations, running tunnels between Kolbenova and
Hloubétin stations and, first of all, the Hloubétin — Rajskd Zahrada section, which was the first
double-track metro tunnel built in Prague.

Since then, many tunnel structures have been completed in the CR using the NATM, such
as tunnels on subsequent metro lines IVC1 and IVC2 (including Kobylisy single-span station),
road and motorway tunnels Hrebe¢, Panenskd, Libouchec, Valik, Klimkovice; railway tunnels
MiI&echvosty , Krasikov I and IT and Hnévkov I and IT; the Bfezno tunnel - the longest rail tun-
nel in the CR; the New Connection tunnels in Prague, the Mrdzovka urban tunnel etc. Many
transport-related tunnels and structures, e.g. the Radejcin, Prackovice and others, are still under
construction.

Definitely worth mentioning are also activities performed by Metrostav abroad, namely on the
construction of the Euerwang tunnel in Germany, the Lucica tunnel in Croatia, tunnels in Iceland
with the respectable lengths of 3.9 and 7.1 km or mined tunnels for the Helsinki metro, Finland.

What to say in conclusion? Constructing such a number of tunnels and underground struc-
tures is possible only if strong and technically competent teams are available. Such the teams
are employed not only by Metrostav itself but also by cooperating organisations - designers,
consultants, clients and other contractors.

If we look around the construction of European tunnels, we will find
out that a Czech or Slovak trace has remained on many of them after
1990. It has the form of the participation of individuals, technicians, spe-
cialists, miners or collaboration of Czech or Slovak companies on the
construction in the beginning in the position of sub-contractors, but late-
ly even as members or even leaders of consortia.

Czechs and Slovaks have grown up and became better in this profes-
sion during the past 20 years. For that reason we can even meet them at
many tunnel construction projects in Europe and in the world. This fact
is not only heart-warming but also beneficial for the future development
of the tunnel construction industry in our country.

generalni Feditel Metrostav, a. s
General Director Metrostav a. s.
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VAZENI CITATELIA CASOPISU TUNEL,

Banské stavby, ako prdvny predchodca firmy Skanska, oslavuju tento rok 60. vyrocie
svojho vzniku. V roku 2003 sa firma rozhodla vydat'na spolocni cestu pod vlajkou nadna-
rodného koncernu Skanska, ktory uz budci rok oslavuje neuveritelnych 125 rokov od svoj-
ho zaloZenia. .

Firma Skanska, vznikla v roku 1887 vo Svédsku, ktorti zalozil R. F. Berg a dal jej ndzov
Skanska Cementgjuteriet s cielom vyrabat' cement, beton a realizovat' betonové konstruk-
cie. Toto obdobie je poznacené vyznamnou a v stavebnictve revoluénou zmenou, a to pou-
Zitim Zelezobetdnu v stavebnych konstrukcidch.

UZ po desiatich rokoch od svojho vzniku firma zacala postupne prenikat’do zahranicia
a pre svoje velké ambicie expandovala postupne do celej Skandindvie. Dals{ velky rozmach
zaznamenala v 50. rokoch, ked prenikla postupne na trhy_inych kontinentov: Juznd
Amerika, Afrika, Azia a ndsledne v roku 1971 aj na trh USA. DalSou vInou expanzie spo-
locnosti boli 90. roky minulého storoCia — expanzia v EurGpe, ktord zasiahla mimo iné aj
trh Ceska a Slovenska. Firma sa takto postupne stala svetovym lidrom na stavebnom trhu,
jednak ako jedna z 3 najvécsich stavebnych korpordcif na svete, ale sticasne aj ako jeden
z vyznamnych developerov, ¢o sa tyka komer¢nych, rezidencnych a infrastrukturdlnych
projektov. Tolko stru¢ne o historii Skanska.

Vrétine sa este na chvilu na koniec 19. storotia, a to konkrétne do roku 1884, ked
v Bratislave, v tom Case v Pressburgu, ktory bol sicastou rakiisko-uhorskej monarchie,
zakladajd gréf Adolf von Pittel a stavebny inZinier Viktor Brausewetter firmu Betonové
stavby. Firma sa v tych rokoch zaoberala stavanim velkych vyrobnych zdvodov a hél, budo-
vanim kanalizdcii vo velkych aglomerdcidch, neskor vystavbou elektrdrni, priehrad,
mostov, ale aj pozemnych komunikdcif. Neskor firma prestahovala svoje sidlo do Viedne,
zmenila ndzov na Pittel und Brausewetter a postupne expandovala prostrednictvom svojich
pobociek po celej monarchii, a teda aj na dzemie terajSieho Ceska a Slovenska. Po 2. sve-
tovej vojne novd komunistickd moc zndrodnila vSetky stkromné spoloCnosti, vritane zdvo-
du firmy Pittel und Brausewetter so sidlom pobocky v Moste. Nasledne bolo sidlo presu-
nuté do Ostravy a zmeneny ndzov na Diln{ stavby Ostrava. O Styri roky neskor vznikol
Zavod Slovensko v Banskej Bystrici a uz chybal len maly krocik k historickému medzni-
ku z pohladu nasej firmy. V roku 1951 bol zavod osamostatneny a na jeho zdklade vznikla
firma Banské stavby, n. p., ktord od roku 1957 sidli v Prievidzi.

Podnik rastol a expandoval a v roku 1989 zamestndval viac ako 4000 pracovnikov.
Definitivne sa tak zaradil do rodiny najvyznamnejsich stavebnych firiem na Slovensku
(v tom Case Hydrostav, Véhostav, Doprastav).

Dalsf, tzv. porevoluény vyvoj po roku 1989, uz bol opisany v jednom z minulych ¢isel
(3/2006) casopisu Tunel. Toto obdobie sa vyznacovalo hlavne recesiou v tazobnom prie-
mysle a hladanfm novych prileZitosti na trhu.

Preco tento podrobny opis histcrie oboch firiem? Vzdy, ked hladime do budicnosti,
nesmieme zabddat'na minulost, z ktorej sa dd vzdy poucit'a inSpirovat. Uvedomme si, Ze
obidve firmy prezili viac ako sto rokov. A treba zddraznit, Ze tych viac ako sto rokov bolo
poznacenych takymi udalostami ako prvd svetovd vojna, velkd hospodarska kriza
v tridsiatych rokoch, druhd svetové vojna, u nds nastup komunizmu a zndrodnenie sikrom-
nych spoloénosti. Po dalsich Styridsiatich rokoch nasledovala privatizdcia a pocas celej his-
térie firiem mnoho inych dolezitych, ale aj kritickych udalosti, vplyvajicich negativne na
hospodarenie podnikatelskych subjektov. Napriek tomu obe firmy prezili a z kazdej krizy
vysli este viac odolnejsie a silnejSie. Tento odkaz minulosti je pre nds poucny a inspirativny,
a o je dolezité, doddva ndm dnes tak potrebny optimizmus.

Preto som oprdvneny verit, Ze aj v tejto sti¢asnej nelichotivej situdcii na stavebnom trhu,
firma Skanska preZije a ndsledne bude schopnd zvlddnut nové vyzvy, ktoré dalsf vyvoj
a sdm Zivot prinesie. Samozrejme toto prajem nielen firme Skanska, ale vSetkym, ktorf si
na tomto trhu a dokdzu svojimi znalostami a svojou ¢innostou prispiet’k rozvoju podzem-
ného stavebnictva

Ceska republika je obkolesend pohoriami, Slovensko mé priamo vo svojom srdci naj-
vicsie pohorie Zapadnych Karpat. Spolocne sme tak odstideni na riesenia, ktoré sa vacsi-
nou nedajd inak realizovat'ako v podzemi.

Ulohou nés vsetkych, ktorf sa zaoberdme podzemnym sta-
vebnictvom, ktoré méme radi a dobre sa v iom citime, je pre-
svedCit'nielen samych seba, ale aj naich spoluob¢anov o tom,
ze nase diela sd nielen vynimocné a obdivuhodné, ale si pre
Tudi prospesné, zdroven ekologické a sii pre nds vietkych
nepostradatelné. M6j prihovor k vam, milf Citatelia, ukon¢im
v duchu sloganu Slovenskej tuneldrskej asocidcie: ,, Tunely st
potrebné!* e

s

Zdar Boh!

Tuel

DEAR READERS OF TUNEL JOURNAL,

This year, Banské stavby, a. s., as a Skanska predecessor in line, celebrates the 60th anni-
versary of its origination. In 2003, the company decided that it would set out for a joint path
under the flag of the Skanska supranational concern, which will celebrate astounding 125
years of its existence next year.

Skanska was founded in 1887 in Sweden by R.FBerg, who named it Skanska
Cementgjuteriet. The company aim was producing cement, concrete and carrying out large
concrete structures. This period is distinguished by an important change, which was revoluti-
onary in civil engineering: using reinforced concrete for building structures.

As early as ten years after its foundation, the company gradually started to spread its acti-
vities abroad. With its great ambitions it gradually expanded throughout Scandinavia. It achi-
eved other great development in the 1950s, during which it gradually penetrated markets on
other continents: Southern America, Asia and, subsequently in 1971, even the USA. Another
wave of the company expansion was the 1990s. Its expansion in Europe affected, among other
countries, even the Czech and Slovak markets. In this way the company has gradually beco-
me world’s leader on the civil engineering market, both as one of the three world’s largest civil
engineering corporations and also as one of the most important developers in the field of com-
mercial, residential and infrastructural projects. This introduction was a brief summary of
Skanska history.

Let me get back for a while to the end of the 19th century, concretely to 1884, in which
Count Adolf von Pittel and a building engineer Viktor Brausewetter founded Concrete
Structures firm in Bratislava, then Pressburg, which was part of the Austro-Hungarian monar-
chy. At that time the firm was involved in constructing big manufacturing plants and factory
buildings, developing sewerage systems in large agglomerations, later in builing power plants,
dams, bridges and also roads. Later the firm moved its seat to Wien, changed its name to Pittel
und Brausewetter and gradually expanded through its branches all over the monarchy, inclu-
ding today’s Czechia and Slovakia. After World War II, the new communist power nationali-
sed all private companies, including the Pittel und Brausewetter plant with a branch in the
town of Most. Subsequently, the seat was moved to Ostrava and its name was changed to
Dilnf stavby Ostrava (Constructions for Mines). Four years later a branch was established in
Banskd Bystrica, Slovakia and only a small step remained to the, from our company’s view-
point, historic milestone. In 1951 the branch was given independence and became the base for
the origination of Banské Stavby, a national enterprise having its seat in Prievidza from 1957.

The enterprise grew and expanded; in 1989 it was employing over 4,000 workers. Thus it
definitively ranked among the most important construction companies in Slovakia (at that
time Hydrostav, Vahostav, Doprastav).

The next post-revolution development after 1989 was described in previous Tunel journal
issues (3/2006). This period of time was distinguished first of all by a recession within the
mining industry and by seeking new market opportunities.

Why have I presented this detailed description of the history of the two companies?
Whenever we are looking into the future, we must not forget the past, from which it is always
possible to learn lessons and get inspired. Let us become aware of the fact that both compa-
nies have survived over one hundred years. In addition, it is necessary to put stress on the fact
that this period exceeding 100 years was marked by such events as World War I, the Great
Depression in the 1930s, World War II and, in our country, the start of the communist power
and nationalisation of private companies. After other forty years, privatisation and many other
important, but also critical, events negatively affecting the economy of enterprising subjects
followed in the history of the two firms. Yet the two companies have survived and emerged
from each crisis even more resistant and stronger. This legacy of the past is illuminating and
inspiring for us and, what is important, endows us with optimism, which is so necessary today.

This is why I have the right to believe that Skanska will survive even this currently diffi-
cult situation on the construction market and later will be capable of coping with new chal-
lenges brought in by the next development and the life. Of course, I am wishing this not only
to Skanska but to all of those who are present at the market and are able to contribute through
their activities to the development of the underground construction industry.

The Czech Republic is surrounded by mountain ranges and Slovakia has the highest moun-
tain range, the Western Carpathians, directly in its heart. Both countries are therefore prede-
stined to use solutions which mostly cannot be realised in another way then underground.

The task for all of us who are involved in underground con-
; struction, which we love and feel well in, is to convince not
\\ only our self but also fellow citizens that our workings are not
o only exceptional and admirable but also beneficial for people,
/'J ecological and indispensable for all of us. I will conclude my
. speech to you, dear readers, in the spirit of a slogan of the
- Slovak Tunnelling Association: “Tunnels are necessary!”

God speed you!

ING. PETER WITKOVSKY

Clen predstavenstva a riaditel Zavodu Tunely SK, Skanska SK a.s.
Member of the Board and Director of Tunely SK Plant of Skanska SK a.s.
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TECHNOLOGIE RAZBY ZEMINOVYMI STITY JEDNOKOLEJNYCH
TUNELU METRA VA
DRIVING SINGLE-TRACK TUNNELS OF PRAGUE METRO VA LINE
BY EARTH PRESSURE BALANCE SHIELDS

DAVID CYRON, PETR HYBSKY, STEFAN IVOR, JAN PRAJER, FILIP SCHIFFAUER, OTAKAR HASIK

uvoD

Nasazeni modernich plnoprofilovych tunelovacich stroja
(technologie EPBS — zeminové S§tity) na prodlouZeni trasy
Metra VA z Dejvic do Motola se stava skute¢nosti. Nastalo tak
obdobi nabyvéni praktickych zkuSenosti a také doba vhodna
pro zvefejnéni konkrétnich postupt a ¢innosti souvisejicich
s technologii EPBS pfi razbé jednokolejnych tuneli. Na dvod
vsak je tieba uvést, Ze technologie EPBS je technologii kom-
plexni a velmi obsdhlou, a tak by kazda jednotlivd ¢ast pouZzi-
té technologie razby jednokolejnych tuneld metra vydala na
samostatny ¢ldnek. Tento prispévek do ¢asopisu Tunel je zpra-
covan nékolika autory, ktefi jsou ¢leny projektového tymu
Metrostavu, a. s., na vySe uvedeném useku stavby metra
a také projektantem Metroprojekt Praha, a. s. Cilem ¢lanku je
elementdrni popis vybranych technologickych zafizeni
i navazujicich operaci pri razbé zeminovymi Stity (EPBS), tj.
zejména uvedeni nejduleZitéj$ich parametru $titu, popis logis-
tického feSeni dopravy za Stitem, stavby segmentového osténi
i aplikace vyplnové injektaze za osténim a také vybeér tunelo-
vactiho stroje.

POUZITI PLNOPROFILOVEHO TUNELOVACIHO STROJE
Z HLEDISKA PROJEKTANTA

Pro realizaci dopravnich tuneli konvenénim tunelovdnim
jsou jisté nesporné diivody, protoZe doposud byly v CR viech-
ny tyto tunely konvenéné vyrazeny. Nicméné nutno fict, Ze
bylo dosaZeno nékolika limitu, které jiz nelze prekrodit.

Pfi raZeni tunell metra v zeminach byly poklesy vétsi neZ
2 cm i pfi pouziti svislého ¢lenéni a dal§ich opatfeni. Podle
metody ztraty objemu to odpovidalo ztrité objemu 1,5 %.
Vypocetni metoda obsahuje parametry stanovené na zdkladé
zkuSenosti a ty fikaji, Ze pokud poZadujeme ztrdtu objemu
okolo 1 % nebo mensi, je mozné toho dosdhnout jen razbou
plnoprofilovym tunelovacim strojem.

Dal$im limitem je, Ze razba NRTM je svou podstatou razba
s otevienou Celbou, tedy je zde na elbé tieba i vice nez hodi-
nu obnaZena hornina nebo zemina. V tom pripadé nelze zcela
vyloucit vyjeti horniny do vyrubu nebo zdval.

Naopak razba v pevnych horninach vyZaduje rozpojovéni za
pomoci trhacich praci. V obydleném tzemi je Casto obtizné
s ucastniky a nésledn€ s banskym tdfadem projednat povoleni
trhacich praci, je nutno postupovat pii omezenych trhacich
pracich nebo jen skalnim bagrem.

Bylo nasnadé, Ze se viemi t€mito limity se bude nutno poty-
kat i v projektu prodlouzeni metra VA. Problémy jsou zde jesté
umocnény razbou pod zdstavbou. Pritom ¢&lenéni vyrubu
a dal$i opatfeni zase omezuje denni postup a celkovy harmo-
nogram vystavby.

Pokud se podivime na obdobné stavby v podobnych pod-
minkach v zahraniéi, jsou nejéastéji razeny pomoci plnoprofi-
lového tunelovaciho stroje. Jako priklad s nékterymi paramet-
ry uvedme stavbu metra ve Vancouveru, kde pfi razbé zemino-
vym Stitem byly poklesy na povrchu do 5 mm, podchdzely se

INTRODUCTION

The deployment of modern full-face tunnelling machines on
the extension of the Metro Line A from Dejvice to Motol (metro
line section VA) is becoming reality. This means that a learning
curve period has started. For that reason the time has come
which is suitable for publishing information about particular
procedures and activities associated with this technology
during the course of driving single-track tunnels. Anyway, it is
necessary to state at the beginning that the technology using
full-face tunnelling machines is complex and very comprehen-
sive, therefore any part of the single-track metro tunnel driving
technology would be sufficient for a separate paper. This paper
for TUNEL journal has been prepared by several authors, who
are members of the Metrostav a.s. project team working on the
above-mentioned section of the metro construction, and also by
Metroprojekt Praha a. s., the designer. The objective of the
paper is to provide an elementary description of selected pieces
of the equipment and associated operations performed during
the excavation by Earth Pressure Balance (EPB) shields, first of
all to present the most important parameters of the shield, desc-
ribe the logistic solution for transport behind the shield, erecti-
on of the segmental lining, application of back grouting and
selection of the tunnelling machine.

THE USE OF A FULL-FACE TUNNELLING MACHINE
AS VIEWED BY THE DESIGNER

There are certainly unquestionable reasons for driving tunne-
Is by conventional methods, because till now the excavation of
all tunnels in the CR has been completed using conventional
techniques. Nevertheless, it is necessary to admit that several
limits have been reached which can never be surpassed.

When driving metro tunnels through soils, the settlement
values were higher than 2.0 cm even if the vertical excavation
sequence (side drifts and central pillar) and other measures
were applied. According to the volume loss method, these valu-
es corresponded to the loss of 1.5 per cent. The calculation met-
hod contains parameters determined on the basis of experience.
These parameters suggest that if we require the loss of volume
to be about 1 per cent or smaller, we can reach it only by using
a full-face tunnelling machine.

Another limit lies in the fact that the NATM excavation is in
essence open-face excavation, with the surface of the excavated
opening exposed possibly for an hour or longer. In this case it
is impossible to completely exclude slipping of ground into the
excavation or a tunnel collapse.

Conversely, driving tunnels through hard rock requires blas-
ting to be applied to breaking it. In a residential area it is often
very difficult discuss with the parties and, subsequently, with
the Bureau of Mines, to obtain a blasting permission; blasting
limits have to be complied with or a rock excavator has to be
solely used.

It was obvious that all of these limitations would have to be
coped with even when implementing the metro Line VA exten-
sion project is being implemented. The problems in this case
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vyskové budovy, tloustka jednopldastového montovaného oste-
ni byla 250 mm. Ur¢itym milnikem pfi razbé zeminovym
Stitem byla stavba metra v Los Angeles, kde investor mél
pfimo panicky strach z poklesu terénu a pozadoval nulové
seddni. Diky novym technickym reSenim, zejména obzvlasté
dlouhému $nekovému dopravniku, bylo nulovych poklesu sku-
te¢né dosazeno.

Po zvéazeni vSech podminek stanovil projektant v souladu
s investorem, Ze razba tratovych tunelt prodlouZeni metra VA
bude provedena plnoprofilovym tunelovacim strojem.

Téchto stroju je mnoho riznych druhu, ale pokud se podiva-
me na podminky, které budou v Praze pri prodlouzeni metra
VA, zjistime, Ze musi byt pouZit stroj, ktery umi vyvodit tlak
na Celbu pii razbé v zeminach a pod hladinou podzemni vody.
To splnuji zeminovy §tit nebo bentonitovy S§tit. Zeminovy Stit
(EPBS) je méné nakladny a neni nutna sloZzitd separace vyru-
baného materidlu. ProtoZe i zrnitost zastiZzenych zemin v Praze
je vhodnd, byl tento stroj stanoven v projektu pro vybér zhoto-
vitele a nasledné i vybérem zhotovitele potvrzen.

RAZBA TECHNOLOGII EPBS NA TRASE METRA VA

Jednokolejné tratové tunely stavby prodlouzeni trasy
A metra v Praze ze stanice Dejvicka do stanice Motol budou
razeny zeminovymi Stity, coZ je typ pouZité technologie, kdy
vyrovnavani tlaku od okolni horniny eventudlné i podzemni
vody v okoli plnoprofilové hlavy stroje i v odtéZovaci komore
je béhem razby fizené provadéno za pomoci rozpojené
a vhodné upravované horniny ¢i zeminy (napf. pridanim stla-
&eného vzduchu, eventudln€ vody ¢&i chemickych prisad). Pro
razbu byly vyrobeny S$tity s poradovymi C&isly vyrobce
Herrenknecht (Némecko) S-609 a S-610. Uvedené oznacleni je
pouzivano pro plnoprofilové tunelovaci stroje s primérem vét-
§im neZz 5 m. Oba stroje pro metro maji vnéj$i prameér Stitu
605 cm s moznosti nastavovaciho nadfezu plnoprofilovou hla-
vou az na 610 cm.

Samotny zeminovy §tit se sklddd ze Stitové Casti, 7 zavés-
nych vozika a z jedné mostové &dsti. Tyto dily prvniho stroje
S-609 (nazvaného Tonda) byly od konce ledna 2011 dopravo-
viny po Castech na staveni$té BRE1 (obr. 1), lezici vychodné
od kfizovatky Vypich cca 500 m pred stanici Petfiny. Razby
jednokolejnych tunelt technologii EPBS byly zahdjeny
v poloviné dubna tohoto roku na levé tunelové troubé (pohled
ve sméru razby) pomoci stroje S-609. MontdZ a zahdjeni razeb
pomoci druhého stroje, jehoZ oznaceni je S-610 (Adéla), jsou
pldnovany s tfimési¢nim odstupem.

Trasu razenych jednokolejnych tuneld, kterou musi stroje
do stanice Dejvickd urazit, je mozno rozdélit na dva hlavni
useky. Prvni zalind na zarizeni stavenist¢ BRE1 a konéi na
stavenis§ti E2 situovaném priblizné v poloviné trasy. Druhy
usek zahajuje z E2 a konCi pred stanici Dejvickd. Stanici
Petfiny, tj. stavebnim oddilem SO 07 ST Petfiny + odstavy,
budou oba §tity pouze protazeny predem vyrazenymi diléimi
vyruby jednolodni stanice. RaZba pak bude znovu zahdjena
v predem pripravenych zardZkdch na konci stanice. Za stanici
Petfiny pak bude razba jednokolejnych tunelt pokracovat
v SO 06 TU Veleslavin — Petfiny bez preruseni v délce 1066 m
az do tfilodni stanice Veleslavin. Tfilodni stanici Veleslavin se
§tity protdhnou pfedem vyraZenymi bo¢nimi tunely stanice.
Poté zahdji kritkou razbu v SO 04 TU Cerveny vrch —
Veleslavin délky cca 150 m az do oteviené stavebni jamy na
staveni$ti E2. Po projeti obou stroju jaimou E2 bude zahdjen
presun kompletniho technologického vybaveni (systém pdso-
vych dopravniku, chlazeni, michaci centrum a ostatnf) ze zafi-
zeni staveni$t¢ BREI na zafizeni stavenisté E2, &imZ se pro
provadeni definitivnich osténi stanic uvolni prvni dsek véetné
dvou stanic Petfiny a Veleslavin. Z jimy E2 bude ndsledovat
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are further aggravated due to driving tunnels under existing
buildings. At the same time, the excavation sequence and other
measures reduce daily advance rates and the overall constructi-
on time available.

If we look at similar projects implemented in similar conditi-
ons abroad, tunnels are most frequently driven using full-face
tunnelling machines. As an example containing some of the para-
meters, let us mention the construction of metro in Vancouver,
where the ground surface subsidence when driving tunnels by an
EPB shield did not exceed 5 mm, high-rises were passed under
and the thickness of the single-shell segmental lining was
250 mm. Metro construction in Los Angeles, where the project
owner was panically afraid of terrain subsidence and required
zero values, became a certain milestone in driving tunnels by
EPB machines. Owing to new technical solutions, first of all an
especially long screw conveyor, the zero subsidence was really
achieved.

After taking all conditions into consideration, the designer, in
agreement with the project owner, decided that the running tun-
nels of the metro VA line extension would be driven using
a full-face tunnelling machine.

There are lots of various types of these machines, but if we see
the conditions to be encountered in Prague during the work on
the metro VA line extension, we find out that the machine to be
used has to be capable of producing a pressure on the excavati-
on face when driving through soils and under the water table.
This requirement is met by EPB shields or slurry shields. EPB
shields are less expensive and the complex system of separation
of the muck is not necessary. Since the grain size distribution of

o s, R

Obr. 1 Zarizeni stavenisté BREI — celkovy pohled (foto Jan Tatar)
Fig. 1 BRE 1 construction site — overall view (Photo courtesy of Jan Tatar)
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razba Stitem v délce cca 100 m. Jednolodni stanici Cerveny
vrch (SO 03) budou oba §tity protazeny bez raZeni. Za stanici
Cerveny vrch pak stroje zahdji nejdelii a nejsloZitéjsi dsek
razeb z pohledu predpoklddaného geologického prostredi.
Tento tsek o délce cca 1760 m v SO 02 TU Dejvickd — Cer-
veny vrch konéi ve stanici Dejvickd SO 01, kde budou oba
stroje demontovany a po Cdstech presunuty na povrch.
Celkoveé oba zeminové Stity vyrazi jednokolejné tunely

o délce cca 8100 m (2x4050 m).

DOPRAVA A MONTAZ STITU S-609, $-610

Doprava prvniho tunelovaciho komplexu byla rozloZena na
celkem 38 kamionech, z nichZ pét presahovalo §ifku ¢tyr met-
rl a dva ndklady presahovaly dokonce §ifku Sesti metru. S té-
mito dvéma kamiony musea jet doprovodnd vozidla vletné
policejnich aut. V pripadé zbylych kamiona s $ir§im nékla-
dem, které byly vypraveny z Itdlie, byla celkovd doba tran-
sportu prodlouzena z jednoho tydne az na deset dni. Divodem
byl problém s doprovodem italské policie. V podstaté se vSak
déd shrnout, Ze diky dobré pripravenosti a planovani celkove
probéhly dovozy dili komplexu bez vétSich problému.
VyloZeni a spousténi jednotlivych dild celého komplexu pak
bylo zabezpeeno pomoci mobilniho jefabu Liebherr LR 1750
na pasovém podvozku.

Postup montéze $titu S-609 se fidil presné stanovenym har-
monogramem. V prubéhu zahdjeni navédzeni Casti stroje a pri
jeho kontinudlni montédZi se ukézalo, jak byla duleZitd pfipra-
va v podobé rozvrZzeni ¢asovych a prostorovych ndroku na
tento proces. Stroj byl navdzen v ucelenych jiZ smontovanych
Castech, které vétSinou sestdvaly z rozloZenych dilu zdvés-
nych vozika. K tomu v§ak bylo nutno pfimontovat dal3{ kon-
struk&ni a strojni &dsti. AZ poté se mohlo pristoupit ke spusté-
ni sestaveného vozu zdvésu do montazni Sachty. Nejdfive po
smontovani byly spustény pres montdzni Sachtu na predem
pripravené koleje v montdzni komore voziky ¢&. 5, 4, 3, 2.
Nasledné samotné dily §titu vetné fezné hlavy byly smonto-
vény na liZku na dné montdZni Sachty o pruméru cca 21 m
a hloubky 34 m. Pro zasunuti t€lesa $titu do predem pfiprave-
nych startovacich zarazek byl cely razici komplex doplnén
o vozik ¢. 1 a mostni konstrukci uzptisobenou pro manipulaci
se segmenty. Takto sestaveny tunelovaci komplex byl po
dvodni ¢ast raZeb provizorné napojen na voziky ¢. 6 a 7, které

Obr. 2 Montdzni komora s édsti zdvésu stroje EPBS (konkrétné ndvesy ¢. 3,4
a 5) (foto Jan Tatar)

Fig. 2 Assembly chamber with a part of the back-up train (concretely gantries
No. 3,4 and 5) (Photo courtesy of Jan Tatar)
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soils to be encountered in Prague is suitable, this machine type
was required by the tender documents and the selection was
confirmed in the tender design documents.

TUNNELLING ON THE METRO LINE VA USING
FULL-FACE TUNNELLING MACHINES

Single-track running tunnels on the metro Line VA extension
in Prague from Dejvickd station to Motol station will be driven
by EPB shields. This shielding technology is characterised by
balancing of the pressure induced by surrounding ground or
even ground water in the surroundings of the full-face cutterhe-
ad and in an extraction chamber, which is carried out in
a controlled manner during the driving advance by means of the
disintegrated and properly treated rock or soil (e.g. by adding
compressed air or water or chemical additives). Herrenknecht
AG (Germany) manufactured shields with serial numbers S-609
and S-610 for this project. The above marking has been used for
full-face tunnelling machines with diameters exceeding 5 m.
The two machines for the metro have shields with outer diame-
ters of 605 cm, featuring the possibility of setting the full-face
cutterhead to overcut the profile diameter up to 610 cm.

The EPB shield itself consists of a shield section, 7 backup
carriages and one bridge section. These components of the first
S-609 machine (named Tonda) were transported in parts to the
BREI1 construction site, starting from the end of January 2011
(see Fig. 1). The site is found east of Vypich intersection, about
500 m before Petfiny station. The excavation by the EPB shield
commenced in mid-April 2011 in the left-hand tunnel tube (vie-
wed in the direction of the excavation), using the S-609 machi-
ne. The assembly and commencement of the excavation by the
other machine, marked S-610 (Adéla) are planned to lag 3
months behind.

The route of the mined single-track tunnels to be passed
through by the shields running to Dejvicka station can be divi-
ded into two main sections. The first section begins on the BRE
1 site and ends on the E2 site, which is located approximately
in the middle of the route. The second section starts from the E2
site and ends before Dejvickd station. Petfiny station,
i.e. construction lot SO 07 Petfiny station + stabling tunnels,
will be overcome by the shields, which will be only pulled
through pre-excavated drifts, forming parts of the excavation
for the single-vault station. Then the excavation will be restar-
ted at stubs pre-prepared at the end of the station. Behind
Petfiny station the excavation of the single-track tunnels will
continue without interruption along the 1,066 m long construc-
tion section SO 06 TU Veleslavin — Petfiny, ending in
Veleslavin 3-vault station. The shields will be pulled through
the 3-vault Veleslavin station along tunnels pre-excavated on
the sides of the station cross-section. Then they will commence
the excavation of a short (about 150 m long) section SO 04 TU
éerveny Vrch—Veleslavin, up to the open construction trench on
the construction site E2. When the passage of both tunnelling
machines through construction trench E2 has been finished,
moving of complete equipment (the system of belt conveyors,
cooling system, a mixing centre and other) from BRE] site to
E2 site will start. Thus the initial section including Petfiny and
Veleslavin stations will be vacated for the installation of the
final lining in the stations. Shield driving will continue from E2
construction trench at the length of about 100 m. Both shields
will be pulled through the single-vault station Cerveny Vrch
(SO 03) without being operated. Behind Cerveny Vrch station
the machines will be launched to drive the longest section,
which will be the most difficult in terms of the anticipated geo-
logy. This 1,760 m long section within SO 02 TU Dejvickd —
Cerveny Vrch lot ends at Dejvicka station (SO 01), where both
machines will be dismantled and moved in parts to the surface.
In total, the two EPB tunnelling machines will drive single-
track tunnels at the length of about 8,100 m (2x4,050 m).
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byly umistény na povrchu a ke komplexu se pripojily aZ
v dobé, kdy vozik &. 5 byl zatazen do tunelu. Pak bylo mozné
spojit tunelovy komplex v jeden celek a dostrojit ho komplet-
né v Sachté a montdzni komore, coZ je dvoukolejny tunel
metra orientovany od montdzni Sachty smérem k Motolu
(obr. 2).

ZEMINOVY STIT, PRINCIP FUNKCE

Earth Pressure Balanced Shield neboli zeminovy Stit se
vyznacuje moznosti vyrovnavani tlaku s pomoci rozpojené
zeminy vhodné konzistence s tlakem vyvozovanym okolnim
horninovym prostfedim béhem razby. Princip razby zemino-
vymi $tity (obr. 3) je zaloZen na rozpojovani horniny na Celbé
tunelu (1) pomoci feznych ndstroji umisténych na rotujici
fezné hlave (2). Rozpojend hornina pak prochazi pres otvory
v fezné hlavé do odtéZovaci komory (3), kde se promichava
S jiz rozpojenou rubaninou. Sila tlatnych vdlcu je prendSena
do rozpojené rubaniny prostrednictvim tlakové prepdzky (4),
jez oddéluje prostor s proménlivym tlakem (kopirujici tlak
v okolnim horninovém prostiedi) a navazujici Cédst stroje
v tunelu (s obvyklym atmosférickym tlakem). Zajisténim pro-
titlaku brédni tlakova prepazka nekontrolovanému pronikani
rubaniny z Celby tunelu do prostoru stroje, stabilizuje sténu
Celby a zabranuje vzniku nadvylomu. RovnovaZzného stavu je
dosazeno, jakmile rozpojend rubanina v odtéZovaci komore
brani samovolnému pronikdni rubaniny do odtéZovaci komo-
ry stroje. To muZe byt zpusobeno horninovym a hydrosta-
tickym tlakem zeminy zastiZenym na Celbé tunelu. Aby
k tomu nedos$lo, musi tlak na ¢elbé tunelu zhruba odpovidat
tlaku ve zbytku odtéZzovaci komory. Jestlize by narostl tlak,
vyvolany rozpojenou rubaninou v tlakové komofe stroje
béhem vyrovndvéni tlakd, pak se rubanina v odtéZovaci
komofte a hornina na ¢elbé tunelu mohou dile konsolidovat,
coZ muze zpusobit otfesy pied Stitem. Naopak pokud bude
tlak v komore snizovdn, muZe rubanina pred feznou hlavou
stroje pronikat do odtéZovaci komory stroje a zpusobovat
seddni povrchu nad strojem. Snahou je, aby vysledné ovlivné-
ni zeminového prostifedi v okoli stroje, a tim i povrchu nad
zeminovym Stitem bylo minimalni.

ZEMINOVE STITY JAKO RESENI PRO PRODLOUZENI
TRASY METRA VA

V pripadé plnoprofilovych tunelovacich stroju pro prodlou-
Zeni trasy VA se jednd o zeminové §tity s prumérem fezné
hlavy 6080 mm. Celkovd délka stroje presahuje 100 metru,
véha je témé&F 700 tun. Reznd hlava (obr. 4 a 5) je rozdélena do
tii celku pro usnadnéni jeji montdZe a zejména demontédze po
ukonceni razeb. Osazena je 17 dvojitymi valivymi dlaty
a ¢étyfmi jednoduchymi obrysovymi dlaty, které lze vysunout
a zvetsit tak razeny prumér az na 6100 mm. Pro razbu
v zeminéch je moZno kompletné vyménit valiva dldta za fezné
noZze, které jsou do mékkého prostredi vhodné&jsi.

O posun §itu a o pritlak razici hlavy se stard sestava 16
dvojic hydraulickych lisu. Odtlatovdnim od zabudovaného
osténi tla¢i pisty cely Stit dopfedu a soucasné tdhnou za
sebou kompletni zavés stroje (voziky a mostovou &ast), na
kterém je umisténa technologicka ¢dst. Puvodni ndvrh podi-
tal s mens$im poctem pistd o vét§im pruméru, ale pro dsporu
mista se pristoupilo k feSen{ pouZit pisty o menSim praméru
a ty sprahnout do dvojic. Prostor §itu je totiz vybaven znac-
nym mnoZstvim zafizeni. Kromé jiz zminénych pisti po
obvodu §titu se jednd o pretlakovou a pracovni komoru, hlav-
ni motorovou jednotku s prochdzejicim $nekovym dopravni-
kem, artikula¢nich pisti atd. Sestavu doplfiuje propletenec
hadic a rozvoda, a to jak hydraulickych s fizenymi ventily

Obr. 3 Grafické zobrazeni principu zeminového Stitu
Fig. 3 Graphical representation of the EPB shield principle

TRANSPORT AND ASSEMBLY OF SHIELDS S-609, S-610

The first tunnelling complex was divided for transport purpo-
ses into 38 camions, the width of five of which exceeded four
metres. The width of two loads even exceeded six metres. These
two camions had to be accompanied by escort vehicles inclu-
ding police cars. As far as the remaining camions carrying wider
loads dispatched from Italy are concerned, the total time of the
transport was extended from one week up to ten days. The rea-
son was a problem with the Italian police escort. Nevertheless,
it is in essence possible to sum up that, owing to good prepared-
ness and planning, the transport of the parts of the complex was
finished without more significant problems. Unloading and
lowering of individual parts of the whole complex was perfor-
med by a mobile crawler-mounted crane Liebherr LR 1750.

The S-609 shield assembly procedure followed a precisely
prepared schedule. It turned out even at the beginning of supp-
lying the machine components to the site and continually assem-
bling them how important the preparation during which the time
and spatial requirements of this process were laid out was. The
machine was assembled from pre-assembled parts, which most-
ly consisted of dismantled parts of back-up gantries. It was
necessary to attach other structural and mechanical parts to
them. Only then was it possible to set about lowering
a completely assembled back-up gantry down the assembly
shaft. Completed gantries 5, 4, 3 and 2 were the first ones to be
lowered through the assembly shaft on a track pre-prepared in
the assembly chamber. Then the components of the shield itself,
including the cutterhead, were assembled on a cradle at the bot-
tom of the assembly shaft about 21m in diameter and 34 m deep.
For the purpose of pushing the shield body in pre-prepared laun-
ching arresters, the entire tunnelling complex was supplemented
by gantry No. 1 and the bridge structure, which was adjusted for
handling the segments. After the initial stretch of the excavati-
on, the tunnelling complex which had been assembled in the
above-mentioned way was temporarily connected with gantries
No. 6 and 7, which were located on the surface and were coup-
led to the complex only after gantry No. 5 had been pulled in the
tunnel. Subsequently it was possible to join the entire complex
to form one unit and completely finish the fitting-out in the shaft
and assembly chamber. The assembly chamber is a double-track
metro tunnel heading from the assembly shaft toward Motol (see
Fig. 2).

EARTH PRESSURE BALANCE SHIELD - FUNCTION
PRINCIPLE

An Earth Pressure Balance Shield is characterised by the abi-
lity to balance pressure by means of disintegrated ground with
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a podruznymi rozvody, tak i ostatnich rozvodu vody, chemie,
napojeni ¢idel a podobné. Ve zkratce se da konstatovat, Ze co
se ,,pfipravi na zavésu, to se zuzitkuje ve $titu. Celo stroje
tvori padesétitunovy monoblok Fezné hlavy, kterym otaéi
sestava osmi hydraulickych motoru. Za feznou hlavou nésle-
duje odtéZovaci a pracovni komora s pretlakovou (kompres-
ni) komorou. Zakomponovani pracovni komory do S§titu se
jiz dnes ukazuje jako velice proziravé rozhodnuti. Pfi pouZi-
ti pracovni komory se totiZ pridava dalsi prostup pres tlako-
vou prepdzku. Prostup navazujici na pretlakovou komoru ma
kruhovy profil mensiho prufezu a pro transport napft. feznych
nédstroji na vyménu se nehodi. Pak by pracovnici zajistujic{
servis $titu museli mit vSechny tyto fezné ndstroje i s po-
mocnou mechanizaci v pretlakové komore, a to po dobu
komprese. Z tohoto duvodu se mezi pretlakovou prepazku
a pretlakovou komoru pridala pracovni komora a s tim sou-
visejici dal$i prostup pres tlakovou prepazku, tzv. materialo-
vy. Ten je vétsi, obdélnikového prufezu. Ve spodni dsti pra-
covni komory je prostor pro ndhradni fezné ndstroje i po-
mocnou mechanizaci, takZe pretlakova (kompresni, neboli
hyperbarickd) komora zustala volnd pouze pro pracovniky.
Pii kontrole fezné hlavy a vyméné feznych néstroju bez pre-
tlaku se tak pouzivaji dvé pracovisté, kdy na jednom (napf.
u materidlového prostupu) se Cisti feznd hlava a na druhém
pracovisti muZe soucasné probihat vymeéna feznych ndstroju,
coz vyrazné urychli cely proces a zkréti tak nutnou dobu pre-
stavky v razbach. O pohon fezné hlavy se stard Sest hydrau-
lickych motort s piikonem 1200 kW. Sestndct dvojic hyd-
raulickych pisti generuje maximdélni pfitlak na Celbu
o velikosti 39 000 kN (obr. 6). Aby se do hlavniho loZiska
nedostala rubanina nebo voda, je tento systém chrdnén ztra-
tovym kandlkovym mazanim za pouziti maziva HBW. Pro
pripad preruseni razeb na del$i dobu v nestabilnim, pfipadné
zvodnélém prostredi, je na stroji nachystan rozvod bentoni-
tu, ktery lze namichat a zacerpat jak do odtéZovaci komory
a pred feznou hlavu, tak i do prostoru mezi vyrub a §tit.
S jeho pomoci je eliminovdno rozvolnovani vyrubu
a pripadné nésledné sedanim povrchu. Zaveés stroje je s touto
motorovou ¢4sti stroje spojen ocelovou konstrukci podobnou
mostu. Ten je zde proto, aby celd spodni Cdst tunelu zustala

Obr. 4 Reznd hlava zeminového Stitu S-609 (Tonda)
Fig. 4 Cutting head of S-609 (Tonda) EPB shield
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suitable consistency acting against the pressure induced by the
surrounding ground environment during the course of the exca-
vation. The principle of driving tunnels by EPB shields (see
Fig. 3) is based on disintegrating ground at the tunnel face (1)
by means of cutting tools mounted on a rotating cutting head
(2). The disintegrated ground passes through openings in the
cutting head to the extraction chamber (3), where it is mixed
with the ground which was disintegrated before. The force
generated by thrust cylinders is transferred into the disintegra-
ted muck via the pressure bulkhead (4), which divides the space
with the variable pressure (copying the pressure existing in the
ground environment) and the adjacent part of the machine
found inside the tunnel, which is under the normal atmospheric
pressure. Through the counter-pressure, the pressure bulkhead
prevents the muck from penetrating to the machine space, sta-
bilises the excavation face and prevents overbreaks. The state
of equilibrium is reached when the disintegrated muck in the
extraction chamber starts to prevent the muck from spontane-
ously penetrating to the extraction chamber. This effect can be
caused by the ground pressure and hydrostatic pressure encoun-
tered at the tunnel face. To avoid it, the pressure at the tunnel
face has to roughly correspond to the pressure existing in the
remaining part of the extraction chamber. If the pressure in the
pressure chamber induced by the disintegrated ground grows
during the process of balancing the pressures, the muck found
in the extraction chamber and ground at the tunnel face can
further consolidate, possibly causing quaking in front of the
shield. Conversely, if the pressure in the chamber is lowered,
the muck in front of the cutting head can penetrate to the extrac-
tion chamber, causing the settlement of the surface above the
machine. There is an effort to minimise the resultant impact on
the ground environment in the vicinity of the machine and the
associated impact on the ground surface above the EPB shield.

EPB SHIELDS AS A SOLUTION FOR THE METRO LINE VA
EXTENSION

As far as the full-face tunnelling machines for the extension
of the Line A are concerned, they are of the Earth Pressure
Balance type; the diameter of their cutting heads is 6,080 mm.
The total length of the machine exceeds 100 metres, the weight
is nearly 700 tonnes. The cutting head (see Figures 4 and 5) is
divided into three units to allow easier assembly and, first of
all, dismantling after the end of driving the tunnels. It is fitted
with 17 twin-disc cutters and four single-disc gauge cutters,
which can be extended, thus the excavated diameter can be inc-
reased up to 6,100 mm. When driving tunnels through soils, it
is possible to replace disc cutters with rippers, which are more
suitable for a soft environment.

Shifting of the shield ahead and the thrust on the cutting head
is provided by a set of 16 pairs of hydraulic jacks. The entire
shield is propelled by thrust cylinders leaning against the com-
pleted lining. At the same time the cylinders pull the complete
back-up train behind the shield (gantries and the bridge part).
They carry the technological part. The original design required
a smaller number of cylinders with a larger diameter, but becau-
se of efforts to save space, a solution consisting of cylinders
with smaller diameters coupled in pairs was adopted. The space
inside the shield is equipped with many facilities. Apart from
the above-mentioned cylinders installed around the shield peri-
meter, there are a hyperbaric chamber and a working chamber,
the main motor unit with a screw conveyor passing through it,
articulation cylinders etc. there. The set is supplemented by
a tangle of hoses and distribution lines, both hydraulic with
controlled valves and secondary distribution lines and other
systems distributing water, chemicals or other lines, e.g. conne-
cting the sensors. In short, it is possible to state that “what is
prepared in the back-up is used in the shield”. The front end of
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Obr. 5 Spousteéni Fezné hlavy montdzni Sachtou
Fig. 5 Lowering the cutting head down the assembly shaft

volnd pro transport a budovani segmentového osténi. K mon-
tazi osténi slouzi vakuovy erektor, dopravujici jednotlivé
segmenty osténi do spravné pozice

Za mostem se nachdzi fidici kabina a dal§i nezbytné prvky,
jako napriklad pdsovy dopravnik, ktery probihd celym zaveé-
sem stroje. Zaves tvori jednotlivd technologickd centra umis-
ténd na vozicich, potfebnd pro chod celého systému. Jedna se
o sekci obsahujici hydraulické pumpy, trafostanice, bubny
s vle€nymi kabely a potrubim, sekci pro prodluzovani veske-
rych vedeni v tunelu atd.

SLEDOVANI A ZAZNAM RAZEB

Aby bylo mozné mit zadokumentované postupy raZeb
zeminovym S§titem a moZzZnost on-line sledovani v§ech proce-
su, jsou oba tunelovaci komplexy vybaveny systémem od
firmy VMT, ktery je zndm pod ndzvem ,,IRIS*. Systém kon-
tinudlné sbird, zpracovand a vyhodnocuje vSechna dostupna
data z tunelovaciho stroje a preddva je v prehlednych vyka-
zech. Samotny systém je nainstalovan pfimo na tunelovacim
stroji a na poc&italich opravnénych zaméstnancu projektové-
ho tymu. Diky tomu je moZzné online sledovat z kanceldre
pozici stroje s ohledem na povrch, jeho hlavni pracovni hod-
noty, provadénou navigaci stroje, sled sestavovanych seg-
mentu do prstenct apod. Systém rovnéz davd varovné signa-
ly v pripadé prekroCeni pfedem nastavenych parametri jak
pro stroj, tak napr. pro poklesy na zdstavbé, které mohou byt
rovnéZ sledovdny prubézné. Diky tomu lze pfi relativné
rychlych postupech plnoprofilovych tunelovacich stroju zaji-
stit bezpe¢nou razbu s rychlou reakei odpovédnych pracov-
nikd tymu s minimalizaci{ dopadu raZzenych tunelt na konfi-
guraci terénu ¢i povrchovou zdstavbu.

LOGISTIKA PRO STROJE EPBS NA TRASE VA,
NAVRH A ZKUSENOSTI

Navrh a vyslednd koncepce logistiky pro razby jednokolej-
nych tunelu vzesla ze snahy o optimélni vyuZiti v§ech progre-
sivnich prvka na zeminovém S§titu a s ohledem na situaci ZS
a podminky pro zahdjeni razeb. Celd koncepce logistického
zajisténi technologie pak byla navrZena na maximalni mozny
postup zeminového Stitu aZ k teoretickému vykonu 900 m za
mésic. Pfi 30 pracovnich dnech v mésici to je az 30 m za den,
tzn. 20 prstenct denné na jeden §titovy komplex. Pfi maxi-
mélnim soubéZném postupu obou §titi je potieba privézt

the machine is formed by a fifty-tonne compact block of the
cutting head, which is rotated by a system of eight hydraulic
motors. Behind the cutting head there are the extraction cham-
ber and working chamber with a hyperbaric (compression)
chamber. The incorporation of the working chamber into the
shield turns out today to be a very far-sighted decision. The fact
that a working chamber is used means that an additional ope-
ning through the pressure bulkhead is available. The opening
leading to the hyperbaric chamber has a circular profile with
a smaller diameter, thus it is not suitable for transporting, for
example, cutting tools and replacing them. This means that
workers providing services for the shield would have to have all
cutting tools and auxiliary mechanical equipment inside the
hyperbaric chamber throughout the time spent under the com-
pression. For that reason the working chamber was added, to be
installed between the pressure bulkhead and the hyperbaric
chamber, providing another passage through the pressure bulk-
head, the so-called “material passage”. This larger passage
cross-section is rectangular. In the bottom part of the working
chamber there is a space for spare cutting tools and auxiliary
mechanical equipment, thus the hyperbaric chamber remains
free only for workers. When inspecting the cutting head and
replacing cutting tools without overpressure, two work places
are used; the cutting head is cleaned at one workplace (e.g. the
one which is at the material passage) and cutting tools replace-
ment can be carried out simultaneously at the other workplace.
This system will significantly accelerate the entire process and
will reduce the time required for breaks during the excavation.
The cutting head is propelled by six hydraulic motors with the
input of 1,200 kW. Sixteen pairs of hydraulic cylinders genera-
te the maximum thrust against the face of 39,000 kN (see Fig.
6). The system is protected by a loss lubrication channel system
preventing the muck or water from entering the main bearing.
HBW grease is used. A bentonite distribution system is prepa-
red on the machine in case the excavation is suspended for
a longer time in an instable or water-bearing environment.
Bentonite can be mixed and pumped to both the extraction
chamber and the annular space between the excavated surface
and the shield. The use of this system eliminates loosening of
the excavation and the possible subsequent settlement of the
surface. The back-up train is connected with this motor section
of the machine via a steel structure in the form of a bridge. The
bridge is intended to allow the vacation of the entire bottom
part of the tunnel so that it remains free for transport and
assembling the segmental lining. The lining is erected using
a vacuume-assisted erector, placing individual lining segments
into correct positions.

Obr. 6 Vrchni pohled na §titovou Cdst stroje S-609 béhem montdZe (foto Jan Tatar)
Fig. 6 View of the top of the shield part of S-609 tunnelling complex during
assembly (Photo courtesy of Jan Tatar)




Obr. 7 Dvajice zdsobniku pro dopravnikové pdsy, stojicich v blizkosti montdz-
ni Sachty (foto Jan Tatar)

Fig. 7 The pair of silos for conveyor belts located in the vicinity of the assem-
bly shaft (Photo courtesy of Jan Tatar)

40 prstencu na mezisklad segmenta a poté je distribuovat ke
stitaim. Z uvedeného vyplyvd, Ze je nutno ke stroji dopravit
minimdlné jeden prstenec za hodinu.

Pri razbé §tity vznikd v jednom cyklu priblizné 45 m? ruba-
niny, kterou je potfeba dopravit od $titd na mezideponii. Ta
byla navrZena na povrchu v prostoru zarizeni stavenisté. Déle
je nutné dopravit ke stroji 3,8 m? vypliové malty pro zainjek-
tovani prostoru mezi vyrubem a vnéj$im plastém kazdého
prstence a zminované segmenty pro jeho montdz.

Do logistiky proto zahrnujeme:
* Systém pasovych dopravniku — odtéZeni rubaniny
—ZS BREI tunelovy pds $ife 650 mm, péds v pristupové
Stole Sife 800 mm
— 7S E2 tunelovy pas §ife 650 mm

e Doprava segmentu na kolové platformé MSV
— MSV 16 t, vykon 147 kW
— nadstavba na dopravu osob
— jefdbovad platforma s nosnosti 1,5 t

* Doprava dvoukomponentni vyplinové malty
— michaci zafizeni na komponentu A v ramci ZS, Cerpani{
komponenty A ke Stitu potrubim 2,5
— komponenta B — urychlujici pfisada v zdsobniku 2 m? za
Stitem, doplnovdna z IBC kontejnert dopravovanych
MSV

* Doprava chladici kapaliny, chladici jednotky — chlaze-
ni motoru
— potrubi 6 pro dopravu chladiva, chladivo je voda, jed-
notky jsou umistény v ramci ZS, pro kazdy $tit jedna
samostatna jednotka

* Vystrojeni povrchu i podzemi
— vedeni potrubi na povrchu a v podzemi
— feSeni ergonomie rozmisténi jednotlivych technologii na
ZS

Systém pasovych dopravnika (dédle jen CBS) (obr. 7) byl
reSen ve spoluprici s firmou H+E logistik (ddle jen HE),
ktera dodala CBS takzvané ,,na kli¢* v¢. projektové doku-
mentace. Pfi samotné montdzi byli pfitomni supervizori
firmy H+E, ktefi koordinovali jednotlivé fdze montaz{
a ddle se podileli na rozbéhu CBS. Z duvodu komplikova-
ného usporadéani zafizeni stavenist€ nebylo mozné postupo-
vat podle projektové dokumentace a bylo nutné postupné
modifikovat projektovou dokumentaci podle redlné situace
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Behind the bridge there is the operator’s cabin and other indis-
pensable elements, for example a belt conveyor, running throug-
hout the back-up train length. The back-up train consists of indi-
vidual technological centres required for functioning of the
whole system, which are mounted on the gantries. There are
a section containing hydraulic pumps, transformer stations, reels
with towing cables and tubes, a section for extending all lines in
the tunnel etc. there.

EXCAVATION MONITORING AND RECORDS

With the aim of allowing all EPB shield excavation advances
to be documented and all processes be monitored, both tunnel-
ling complexes are equipped with the system developed by VMT
which is known under the name of “IRIS”. The system continu-
ally collects, processes and evaluates all data on the tunnelling
machine available and transfers it in the form of synoptic
records. The system itself is installed on the tunnelling machine
and computers of authorised members of the project team.
Owing to the system it is possible to observe from an office the
machine position relative to the surface, main working parame-
ters of the machine, the machine navigation being carried out, the
sequence of the segments being installed to form a lining ring etc.
In addition, the system gives warning signals in the case of exce-
eding preset parameters both for the machine an, for example, for
settlements measured on buildings, which can be also monitored
continuously. Owing to the system it is possible, with relatively
high advance rates of the full-face tunnelling machines, to gua-
rantee safe driving of tunnels with rapid response of responsible
members of the team, thus minimising the impact of the mined
tunnels on the terrain configuration or existing buildings

LOGISTICS FOR EPB SHIELDS ON THE LINE VA,
DESIGN AND EXPERIENCE

The design and final concept of logistics for the excavation of
single-track tunnels arose from the effort for using all progres-
sive elements on the EPB shield with respect to the constructi-
on site layout and conditions for commencing the drive. The
entire concept of the logistics required for supplying equipment
has been designed for the maximum possible advance rate of
the EPB shield, up to the theoretical rate of 900 m per month.
With 30 working days in a month this means up to 30 m per
day, i.e. 20 rings per day per one tunnelling complex. In the
case of the maximum simultaneous advancing of both shields it
is necessary to bring 40 rings to an intermediate stockyard for
segments and subsequently distribute them to the shields. It fol-
lows from this information that it is necessary to carry at least
one ring per hour to the machine.

Approximately 45 m? of muck is produced in the shield dri-
ving process during one cycle. The muck has to be transported
from the shields to an intermediate stockpile. This stockpile
location has been designed to be on the surface, in the area of
the construction site. In addition, it is necessary to transport to
the machine 3.8 m? filling grout to be injected to the annular
space between the excavation and the outer surface of each ring
and the above-mentioned lining segments.

For that reason we include the following components into the
logistics:
* A system of belt conveyors for mucking out
— BRE]1 site — tunnel belt 650 mm wide; 800 mm wide belt
in the access tunnel
— E2 site — tunnel belt 650 mm wide

* Transport of segments on a wheeled platform — a Multi
Service Vehicle (MSV)

— MSV 16 t, output of 147 kW

— superstructure for transport of persons

— crane platform with load-bearing capacity of 1.5t
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Obr. 8 ZkouSeni dvoukomponentni vypliiové malty na testovacim zarizeni,
které simuluje podminky sméSovdani komponenty A a B na tunelovacim stroji
(foto Jan Tatar)

Fig. 8 Testing of two-component filling grout on a testing machine which
simulates conditions of blending components A and B on the tunnelling
machine (Photo courtesy of Jan Tatar)

na ZS. I samotné sefizovani pdsu, které probéhlo pred zaha-
jenim razby, nebylo bez problému. Nejvétsi potiZz byla se
sefizenim pdsu v pristupové §tole Katefina a s modifikacemi
na presypech. Pfesto byla celd instalace CBS dokoncéena do
pldnovaného rozjezdu Stitu.

Z duvodu komplikované situace s usporaddnim zemino-
vych $titt a padsovych dopravniki v montdzni komore byly
oproti puvodné uvazované kolejové dopravé navrzeny na
dopravu segmentu specidlni kolové platformy MSV (Multi
Servise Vehicle). Jednd se o viceicelova kolova vozidla,
ktera byla zatim pouzita dspés$né jen na nékolika projektech
napriklad v So¢i (Rusko), v Istanbulu (Turecko), v Sofii
(Bulharsko). Jejich vyhodou je moznost dopravy s ndkladem
pfimo mezi podzemim a povrchem pfi 15% stoupdni.
Vyhodou je fiditelnost obou ndprav. Velky rozvor nédprav
cca 11 m neumoznil zajeti MSV pres kfizeni pristupové §toly
s montazni komorou. Proto bylo prvni vozidlo spusténo do
podzemi montdZzni Sachtou. Niz8i svétld vysSka obsluznych
kabin si vyZddala vybér Fidi¢G meniiho vzristu. Rizeni
a obsluha vozidla se jevi jako jednoducha a nedochazi zatim
k zadnym dopravnim kolizim.

Nezbytnym vybavenim §titu, které nebylo obsaZeno v pu-
vodnim ndvrhu logistiky, jsou takzvané chladici véze, tzn.
vyménikova stanice pro druhy otevieny okruh chlazeni
Stitu. Jednd se o klasické RAN kontejnery, ve kterych je
instalovdna nadrz o objemu 6 m? s dvojici ¢erpadel. Na stfe-
Se je kontejner vybaven chladicim ventildatorem. Cely
systém bézi nepretrzité po celou dobu razeb. Je nutné udr-
zovat teplotu vody pod 25 °C. Pro obéh je pouZzito potrubi
o prufezu 6 s chladici kapalinou, kterou je voda. Cinnosti,
kterd je duleZitd pro bezproblémovy chod vyménikovych
stanic, je Casté Cisténi filtri na Stitu a nutnost manuélniho
rozbéhu pri ndhodném vypnuti. Nevyhodou je oteviend
nddrz, kterd se musi jednou za mésic Cistit zejména od rzi.
Dil&i feSeni spo¢ivd v pouziti dodatednych filtru a galva-
nizovaného potrubi.

Nedilnou souddsti logistiky je i ergonomie rozmisténi jed-
notlivych technologickych celki na povrchu ZS. Je nutné
zajistit obsluzitelnost jednotlivych technologii, a to jak pfi
doplnovani, tak i pri pripadnych opravdach a servisech.
K tomu je zapotfebi navrhnout a vyrobit vodici konstrukce

TuoufHel

* Transport of two-component filling mortar

— mixing equipment for component A in the framework of the
site facility, pumping of component A to the shield via 2.5%
pipeline

— component B — accelerating admixture in a 2 m? silo behind
the shield; it is replenished from IBC containers transpor-
ted on the MSV

* Transport of cooling fluid; cooling units — cooling of
motors

— pipeline 6 for transporting the coolant; water is the coo-
lant; the units are installed on the construction site; separa-
te unit for each shield

e Installations on the surface and underground

— installation of pipelines on the surface and underground

— solution for ergonomics of locating individual pieces of
equipment within the site facility

The belt conveyor system (hereinafter referred to as the CBS)
(see Fig. 7) was solved in collaboration with H+E Logistik
(hereinafter referred to as H+E), which supplied the turnkey
CBS, including the design. The assembly itself was supervised
by H+E employees, who coordinated individual phases of the
work and subsequently participated in starting of the CBS.
Because of the complicated layout of the construction site it
was not possible to follow the design. It was necessary to step-
by-step modify the design documents according to the real situ-
ation on site. Even adjusting of the belt, which was performed
before the tunnel excavation commencement, was not trouble-
free. The biggest problem was with adjusting the belt in the
Katerina access gallery and with modifications at transfer
points. Despite the problems the whole installation was finished
before the planned shield launching date.

Because of the complicated situation regarding the EPB
machines and belt conveyors in the assembly chamber, special
wheeled MSV platforms were designed for the transport of
lining segments to be used instead of the originally planned rail-
bound system. Till now, these multi-purpose wheeled vehicles
have been successfully used only on several projects, for exam-
ple in Sochi (Russia), Istanbul (Turkey) or Sofia (Bulgaria).
Their advantage is the possibility of transporting loads directly
between the underground and the surface at a rising gradient of
15 %. Another advantage is the possibility of steering both
axles. The large distance between axles of about 11 m did not
allow the MSV to pass over the intersection of the access galle-
ry with the assembly chamber. For that reason the first MSV was
lowered underground via the assembly shaft. The lower net
height of operators’ cabins required smaller operators to be
selected. Steering and operating the vehicle appears to be sim-
ple; till now no traffic collisions have happened.

Cooling towers, i.e. heat exchangers for the second open cir-
cuit of the shield cooling system, are indispensable equipment
of the shields. They were not contained in the original logistics
design. The exchangers are classical containers produced by
RAN, housing a 60 m? tank with a pair of pumps. A fan is
installed on the container roof. The whole system runs continu-
ously throughout the tunnelling work. The water temperature
has to be maintained under 25°C. The coolant (water) circula-
tes through 6“-diameter pipes. Frequent cleaning of filters
installed on the shield is an activity which is important for the
failure-free operation of the heat exchangers. Also important is
manual starting in the case of an accidental switch-off. The
open tank, which has to be cleaned once in a month, first of all
removing rust, is a disadvantage. A partial solution lies in using
additional filters and galvanised pipes.

An inseparable part of the logistics is also the ergonomics of
locations of individual technological units on the surface in the
construction site space. It is necessary to ensure that individual
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pro potrubi, které vede od jednotlivych technologii az ke equipment parts are accessible for the operation, both for com-
Stitu. Konstrukce vedeni Sachtou jsou uzpisobeny pro sdru- plementing and for contingent repairs and servicing. This task
Zena potrubi vzdy pro jeden S§tit, tj. dvé potrubi 6 pro requires designing and producing structures guiding the pipeli-
chlazeni, jedno potrubi 6“ pro pfivod vzduchu a jedno nes from individual equipment units to the shield. The structu-
potrubi 2,5 pro dopravu komponenty A a lutnovy tah ze res guiding the pipelines through the shaft are modified always
spiro potrubi pro vétrani. to carry a combination of pipelines leading to one of the shields,
i.e. two 6 cooling pipelines, one 6* air supply pipeline, one 2,5
DVOUKOMPONENTNI VYPLNOVA INJEKTAZ pipeline supplying component A and a Spiro ventilation duct.

Jednim z davodu, pro které byl pro razbu metra VA TWO-COMPONENT BACK GROUTING

vybrdn zeminovy §tit, je pozadavek na co nejvétsi mozné
omezeni seddni povrchu v poklesové kotliné razby. Jednim
z aspekti, které se na minimalizaci sedédni podileji, je vyu-
7iti dvoukomponentni malty pro vyplnovani prostoru za
vnéj$im licem prefabrikovaného segmentového osténi.
Vyplnova malta je aplikovdna soucasné s postupem stroje,
¢imZ je minimalizovdna doba, po kterou je vyrub nezajis-
tén, coz v kone¢ném dusledku vede k redukci ztraty zemi-

One of the reasons why EPB shields were chosen for driving
the metro Line VA was the requirement for minimising the sett-
lement within the settlement trough as much as possible. One of
the aspects which contribute to the minimisation is the use of
two-component grout designed to fill the space behind the outer
surface of the prefabricated segmental lining. The filling grout
is injected simultaneously with the tunnelling machine advan-
cing. This procedure minimises the duration of the phase during

ny (volume loss). which the excavated opening is left without support and, in the
Kromé vySe popsaného plni vypliovd malta jeSté funkci final result, leads to the reduction of the volume loss.
statickou. Diky jeji aplikaci dochdz{ ke zmonolitnén{ prsten- In addition to the above-mentioned role, the filling grout has
ce z prefabrikovaného osténi, ktery je sdm o sobé podle teo- a structural function. Owing to its application the lining ring con-
rie stavebni mechaniky konstrukci staticky preurcitou sisting of precast elements, which is, according to the structural
a vytvori z néj konstrukci staticky neurcitou. Velmi zdsadni mechanics theory, in its substance, a statically overdetermined
je i ta skute¢nost, Ze vyplnénim mezilehlého prostoru dojde structure, is made monolithic and it converts the structure to sta-
ke spoluptsobeni osténi s okolnim horninovym masivem tically determinate. Another substantial fact is that after filling of
a dojde k vyrovndni zatiZeni, které na osténi plisobi. the annulus the lining starts to act jointly with the surrounding
V konkrétnich podminkéch stavby jednokolejnych tunelét | ground mass, thus the loads acting on the lining get equalised.
trasy metra VA jde o mezikruZi pii¢ného fezu presahujiciho In the concrete conditions of the construction of single-track

tunnels on the metro Line VA, the cross-sectional area of the
annulus to be continually filled with the excavation proceeding
exceeds 2.5 m”. Because the volume in question is not negli-
gible, filling is required to proceed continuously and uniformly
so that the composite action of the lining and the ground mass
takes place as quickly as possible. This requirement also means
that the grout strength values must get close to the values gua-
ranteeing a stable position of the prefabricated tunnel lining
inside the excavated opening as soon as possible. At the same
time it is necessary for the grout to be pumpable to several kilo-
metre distances (the distances between the mixing centre in the

2,5 m?, které je nutno spolu s postupujici razbou vyplnovat.
JelikoZ se jednd o prostor nezanedbatelného objemu, je
pozadovidno, aby byl souvisle a rovnomérné vyplnén a aby
spoluptisobeni mezi osténim a horninou nastdvalo co moZnd
nejrychleji. Tim je vymezen poZadavek, aby se malta svou
pevnosti co nejdrive priblizila hodnotdm zajistujicim stabil-
ni polohu prefabrikovaného osténi ve vyraZeném vyrubu
tunelu. Zdroven je nutné, aby malta byla Cerpatelnd na kilo-
metrové vzdalenosti, coZ jsou distance mezi michacim cent-
rem v prostoru zafizeni staveni$té a samotnym tunelovacim

strojem. i area of the site and the tunnelling machine itself).

Tyto dva protichudné pozadavky byly vyfeSeny pouZzitim These two contradictory requirements have been solved by
dvoukomponentn{ vypliové malty. Komponenta A se skladd using a two-component filling grout. Component A consists of
z vody, cementu, bentonitu, plastifikacni a stabilizacni pfisa- water, cement, bentonite and plasticising and stabilising additi-
dy. V presnych hmotnostnich pomérech je podle zvolené ves. The grout is mixed in a mixing facility on site, with the
a predem odzkousené receptury michdna v michacim zafize- components dosed in precise weight ratios, following a pre-tes-
ni umisténém na staveniSti. Odtud je potrubim dopravoviana ted formula. From this place it is transported to storage tanks
do zdsobnich nddrzi v zavésu za tunelovacim §titem. Odtud je mounted on the back-up train. The grout is pumped from the
pri zdbérovém kroku stroje injektdZnim zafizenim Cerpdna do tanks during each advance step by a grouting machine to jets on
trysek v ocasni &asti §titu, kde je k ni t&sné pied vyplnénim the tail shield, where component B is added to it just before the
prostoru za osténim v presné stanoveném poméru pfidavana | filling operation, precisely following the prescribed ratio.

Component B is in substance an accelerator, which causes
a change in the consistency from the liquid state to gel during
about 15 — 20 seconds after mixing it with component B. The gel
displays gradual gaining of strength, which finally reaches valu-
es of several MPa. Component B is transported in an IBC con-
tainer on the MPS vehicle, to be re-pumped to a 2 m? storage
tank found behind the shield.

Filling of the annulus behind the outer surface of the lining
through jets is an extremely important operation. This is so
because problems associated with the application of filling grout
could lead to affecting of the advance rate or even stopping of the

komponenta B. Je to v podstaté urychlovaci prisada, kterd po
smichani s komponentou B zpusobi po cca 15 az 20 vtefindch
zménu konzistence z tekutého stavu v gel. Ten vykazuje
postupny ndrust pevnosti, kterd findlné dosdhne hodnot néko-
lika MPa. Komponenta B se dopravuje v IBC kontejneru na
vozidle MSV a preerpava do 2 m? zdsobn{ nadrZe za Stitem.

Vypliovani prostoru tryskami za vnéjs$im licem osténi je
nanejvys§ duleZitou operaci. Problémy tykajici se pravé apli-
kace vyplnové malty by totiZ mohly vést k ovlivnéni rychlos-
ti &i dokonce zastaveni postupu raZeb, ohrozeni spravné sta-

tické funkce tunelového osténi ¢i vyvoldni nadmérnych veli- excavation, jeopardising proper structural function of the tunnel
kostf seddn{ povrchu terénu. Z téchto divodi byla procesu lining or inducing excessive magnitudes of the terrain subsiden-
injektdZe a hleddni optimélni receptury dvoukomponentnf ce. For these reasons the grouting process and searching for an
vypliové malty vénovana zna¢nd pozornost (obr. 8). Po dlou- optimum formula for the filling grout were paid significant atten-
hodobém laboratornim zkouseni byla vyvinuta receptura pro tion (see Fig. 8). After long-term laboratory testing, a formula

konkrétni podminky stavby. was developed for the particular site conditions.
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Na prvni pohled by se mohlo zdat, Ze namichani jednotli-
vych slozek je véc trividlni. CoZ o to, michéani je vskutku
véc snadnd, ov§em namichat celou maltu, tak aby fungovala
spravné a splnovala vSechny poZzadované vlastnosti, je véc,
kterd by patrné zaméstnala i zkuSené alchymisty na dvore
Rudolfa II. O tom se mohli pracovnici Metrostavu presvéd-
¢it ihned pfi zahdjeni raZeb a ndslednému zacdtku pouziva-
ni systému dvoukomponentni vyplnové malty. OdzkousSena
receptura zacala vykazovat zpocdtku odli§né vlastnosti, nez
jaké byly dosazeny béhem laboratornich zkouSek. Zejména
méla vy$§i hodnoty viskozity, nez jaké byly poZadovany.
Zménu viskozity 1ze resit kuprikladu priddnim vody ¢&i plas-
tifikacni prisady. Hodnoty viskozity se tak dostanou na
poZadované hodnoty, muze vSak dojit k tomu, Ze bude nega-
tivné ovlivnéna vyslednd pevnost smési. A takto by se dalo
pokracovat. Kazdd zména nékterého z parametra muze zlep-
it jednu z kvalitativnich vlastnosti smési za soucasného
zhorSeni jinych parametrd. Do hry navic vstupuje fakt, Ze
kvalitu smési ovliviiuje nejen pomér jednotlivych slozek,
ale i poradi a doba michdni, provozni charakteristiky
michac¢ky a v neposledni fadé proménlivé vlastnosti cemen-
tu &i bentonitu. JelikoZ v podminkach stavby nelze ménit
receptury pri kazdé nové doddvce zminénych slozek, je
tfeba mit takovou recepturu, kterd bude dostate¢né odolnd
vadi drobnym zméndm vlastnosti, které tyto slozky priroze-
né maji.

Pouzivani dvoukomponentni vyplnové malty pro vyplio-
vani mezery mezi osténim a horninou je prevzato z Japonska
a v Evropé je technologickou operaci zavddénou teprve
v nedavnych letech. Problémy, které provazeji navrh spravné
receptury, systém michdni, Cerpani potrubim na dlouhé vzda-
lenosti, ale i docasné uskladnovéni v zdsobnicich, znamena-
ji, Ze optimdlni feSeni je véci komplexni. Poznatky, které
budou béhem aplikace dvoukomponentni vyplinové malty na
projektu metro VA ziskdny, mohou byt uzZite¢né na dalSich
projektech, které, jak pevné doufame, budou v Ceské repub-
lice navazovat.

ZAVER

Jsou dvé mozZnosti, jak vybrat pro razbu tunelu plnoprofi-
lovy tunelovaci stroj.

Prvni moZnosti je, Ze razbu strojem stanovi dokumentace
pro vybér zhotovitele. Druhou alternativou je, kdyz zadavaci
dokumentace ponechd rozhodnuti o zpusobu razby na zhoto-
viteli. Ten v nabidce uvede razbu pomoci plnoprofilového tu-
nelovaciho stroje, pokud ji povazuje za vhodnéj$i a vy-
hodné;jsi.

V pripadé prodlouzeni metra VA byla razba pomoci zemi-
novych §titd stanovena projektem, resp. investorem.
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It could seem at first sight that mixing individual components
is a trivial task. It is true that mixing is really easy. However,
blending the whole grout to function correctly and meet all
required properties is a task which would probably have set to
work even experienced alchemists at Rudolph II court.
Metrostav’s workers had the opportunity to see it immediately
on the commencement of the excavation and during the subse-
quent commencement of using the system of two-component
filling grout. At the beginning of grouting, the grout started to
exhibit properties which differed from those which had been
reached during the laboratory testing. First of all the viscosity
values were higher than required. Viscosity can be modified,
for example, by adding water of a plasticising additive. In this
way the viscosity values get to the required values, but it may
happen that the resultant strength of the mixture is affected.
And we could continue in this way further. Each change in one
of the parameters can improve one of qualitative properties of
the mixture concurrently with worsening of other parameters.
In addition, the fact comes into play that the mixture quality is
influenced not only by the proportion between individual com-
ponents but also by the duration of mixing, performance cha-
racteristics of the mixing machine and, at last but not least, by
variable properties of cement or bentonite. Because it is impos-
sible in site conditions to change formulae for each new supply
of the above-mentioned components, it is necessary to have
a formula which will be sufficiently resistant to petty changes
in properties these components naturally tend to.

Using two-component filling grout for filling the annular
space between the lining and ground has been taken over from
[Japan and in Europe it is a technological operation which was
introduced only in recent years. Problems attending the design
for a correct formula, the system of mixing, long-distance pum-
ping via a pipeline, but also temporary storing in silos mean
that an optimum solution is a complex matter. The know-how
which will be gathered during the course of the application of
the two-component filling grout on the metro Line VA project
can come in handy on other projects which, we hope, will fol-
low in the Czech Republic.

CONCLUSION

There are two options for selecting a full-face tunnelling
machine for driving a tunnel.

The first option is to have the mechanical excavation prescri-
bed in tender documents. The other alternative is if tender
documents allow the contractor to decide on the excavation
method. The contractor will bid the excavation by the full-face
tunnelling machine if he considers it to be more suitable and
advantageous.

In the case of the extension of the metro Line VA, the exca-
vation by means of EPB shields was prescribed by the design
or the project owner.
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MESTSKY OKRUH V PRAZE - TUNELOVY KOMPLEX BLANKA
RAZENY TUNEL KRALOVSKA OBORA
ZHODNOCENI PRUBEHU RAZEB
CITY CIRCLE ROAD, PRAGUE BLANKA COMPLEX OF TUNNELS
KRALOVSKA OBORA MINED TUNNEL
ASSESSMENT OF TUNNELLING PROCESSES

JAN KVAS, MILOSLAV SALAC

UVODEM

Dne 10. 1. 2011 doslo k vyvezeni posledniho kubiku horniny
z razeb tunelu Krdlovskd obora, ktery svym rozsahem patii mezi
nejrozsdhlejsi podzemni dila v Ceské republice. Cely tunelovy
komplex Blanka je vibec nejvétsi ¢eskd civilni tunelovd stavba,
kterd kdy byla u nds realizovdna jako jeden stavebni celek.
Kombinace raZenych a hloubenych tunelt vytvari trasu méstského
okruhu v délce cca 5,5 km, z toho délka jen raZenych tunelovych
trub v&etné vzduchotechnickych podzemnich objekti je 6 km.
Razeny tunel Kralovskd obora md za sebou velmi pestrou etapu
razeb s mnohymi technickymi a technologickymi problémy, etapu
razeb ve velmi slozitych az dramatickych geotechnickych podmin-
kéch, ve sloZitém tizemi méstské zastavby a v podminkdch nutnych
pro respektovani spolecenskych a Zivotnich podminek dotéenych
obyvatel. V prabéhu vystavby tunelu Kralovska obora bylo jiZ pub-
likovéno nékolik ¢lanka jak v Casopise Tunel, tak napifklad ve
sborniku u pfileZitosti kondni 11. mezindarodni konference pod-
zemnich staveb v Praze v roce 2010 a déle v pfispévcich na néko-
lika dal8ich tuneldrskych konferencich &i semindfich. Nyni je ¢as
na rekapitulaci, zhodnoceni, zamySleni a pouceni se z jedné tune-
1arské etapy, kterd provéfila odbornou a profesiondlni kvalitu vSech
zdcastnénych — zhotovitele a jeho subdodavatell, projektanta
a supervizora, investora a organy sttn{ spravy. Uvodem je nutno

Obr. 1 Celkovd situace
Fig. 1 General project plan

INTRODUCTION

10th January 2011 saw the last cubic metre of rock from the
excavation of the Krdlovska Obora tunnel hauled out. Through its
extent, this tunnel belongs among the largest underground works in
the Czech Republic. The entire Blanka complex of tunnels is the
largest Czech civilian tunnel construction ever carried out in our
country as a single construction package. The combination of
mined and cut-and-cover or cover-and-cut tunnels makes up
a 5.5 km long section of the City Circle Road route, comprising
6 km of mined tunnel tubes including underground ventilation
structures. The Krdlovskd Obora mined tunnel passed through
a very chequered tunnelling stage, posing many technical and tech-
nological problems, characterised by very difficult, even dramatic,
geotechnical conditions, very complicated urban environment, in
conditions necessary for respecting societal needs and needs of
lives of residents affected by the works. Several papers have alre-
ady been published during the course of the Krdlovskd Obora tun-
nel construction, both in TUNEL journal and, for example, in the
proceedings of the 11th international conference Underground
Construction, Prague, and contributions to several other conferen-
ces and seminars focused on tunnelling. Now the time is proper for
recapitulating, assessing, contemplating and gathering the know
how from one tunnelling stage which has tested the technical and
professional quality of all
parties to the construction —
the contractor with sub-con-
tractors, the designer and
supervisor, project owner and
state authorities. To start
with, it is necessary to note
that the tunnelling operations
on the Krdlovskd Obora tun-
nel were not free of serious
problems. Removing and
remedying them required lots
of efforts and expensive pro-
cedures. Nevertheless, today,
with retrospect, we can say
that the tunnel excavation
processes were brought off
well and the completion of
the excavation of spaces for
ventilation structures belongs
among excellent performan-
ces of the Czech tunnel con-
struction industry. The aut-
hors draw readers’ attention
to the fact that the tunnel
name “Krdlovskd Obora” has
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poznamenat, Ze razby na tunelu Kralovska obora nebyly bez zavaz- not been commonly used during the course of the construction, the-
nych problému, jejich odstranovani a napravovani stdlo mnoho refore many readers know it under the name of SPELC, which had
sili a nakladnych postupt. Nicméné s odstupem Casu lze Tici, Ze originated as a working designation by abbreviating the name of
razby tunelu byly zvlddnuty dobre a Ze vyraZeni vzduchotechnic- the section: Spejchar — Pelc-Tyrolka.

kych objektl patii mezi excelentni vykony Ceského tuneldfstvi.
Autofi upozornuji na skutecnost, Ze ndzev tunelu Krélovska obora SUMMARY OF THE COMPLETED TUNNEL
nebyl béhem vystavby béZné pouzivdn a mnohym d&tendfum je EXCAVATION TASKS

tento tunel zndm pod oznafenim SPELC, které jako pracovni

. . e : ol The summary below contains all tunnel excavation tasks com-
vzniklo komprimaci ndzvu tdseku Spejchar — Pelc-Tyrolka.

pleted on the Kralovskd Obora tunnel, including accompanying
mined structures required for the operation of the Blanka tunnel
itself, found between the Letnd and Troja portals.

REKAPITULACE VYRAZENYCH TUNELOVYCH OBJEKTU

V nésledujicim prehledu jsou uvedeny veskeré vyraZzené objekty 1. Northern Tunnel Tube (NTT); 2,230.3 m
na tunelu Kralovskd obora véetné doprovodnych razenych objektu a) double-lane structure; excavated cross-sectional areas of
nutnych pro vlastni provoz celého tunelového komplexu Blanka, 118 m? and 138 m? respectively (ventilation duct),
a to mezi portdly Letnd a Troja. 1,661.3 m long; driven from the Troja portal
1. Severni tunelova trouba (STT), 2230,3 m b) lay-bys; excavated cross-sectional area 171 m?, 54.5 and
a) dvoupruh, plocha ve vyrubu 118 m?, resp. 138 m? (VZT 52.8 m long respectively, driven from the Troja portal
kandl), délka 16613 m, z portalu Troja ¢) triple-lane structure; excavated cross-sectional areas of 168 m?
b) zdlivy, plocha ve vyrubu 171 m?, délka 54,5 a 52,8 m, and 198 m? respectively (ventilation duct); 569.1 m long,
z portdlu Troja driven from the Letnd portal (387.0 m) and Troja portal
¢) tifpruh, plocha ve vyrubu 168 m?, resp. 198 m? (VZT kanal), (182.1 m)

délka 569,1 m, z portdlu Letna (387 m) a Troja (182,1 m)
2. Southern Tunnel Tube (STT); 2,223.4 m

2. Jizni tunelova trouba (JTT), 2223,4 m a) double-lane structure; excavated cross-sectional areas of
a) dvoupruh, plocha ve vyrubu 118 m?, resp. 138 m? (VZT 118 m? and 138 m? (ventilation duct); 1,789.0 m long, dri-
kandl), délka 1789 m, z portdlu Troja ven from the Troja portal
b) zélivy, plocha ve vyrubu 171 m?, délka 544 a 549 m, b) lay-bys; excavated cross-sectional area 171 m?, 54.5 and
z portdlu Troja 52.8 m long respectively, driven from the Troja portal
¢) tiipruh, plocha ve vyrubu 168 m?, resp. 198 m? (VZT ¢) triple-lane structure; excavated cross-sectional areas of 168 m?
kanal), délka 4344 m, z portdlu Letna and 198 m? respectively (ventilation duct); 434.4 m long,

driven from the Letna portal
3. Technologické propojky (TP)

a) pruchozi, plocha ve vyrubu 57-69 m?, celkovd délka 3. Cross passages (CP)
1274 m, TP 13,15,16,18,19, z portdlu Troja, TP 12 a) pedestrian passages; excavated cross-sectional areas of 57
z portdlu Letnd — 69 m?, aggregate length of 127.4 m; CPs 13,15,16,18,19
b) prijezdné, plocha ve vyrubu 78 m?, celkovd délka 41,6 m, driven from the Troja portal, TP 12 driven from the Letnd
TP 14,17 z portdlu Troja portal
¢) ostatni, TP 12a, pouze pro potrebu razeb a ndsledné uza- b) vehicular passages; excavated cross-sectional areas of 78 m?,
vfena a vyplnéna aggregate length of 41.6 m, CPs 14,17 driven from Troja
portal
4. Technologicka centra (TGC) c) other, CP 12a — only for the need of tunnelling operations —
a) TGC 5, plocha ve vyrubu 85 m?, délka 27,6 m, z portédlu subsequently closed and backfilled
Troja
b) TGC 4, plocha ve vyrubu 119 m?, délka 71 m, z portdlu 4. Technical Services Centres (TSC)
Troja a) TSC 5, excavated cross-sectional area of 85 m?; 27.6 m
long; driven from the Troja portal
5. Vzduchotechnické objekty (VZT) b) TSC 4, excavated cross-sectional area of 119 m?; 71.0 m
a) strojovna vzduchotechniky, plocha ve vyrubu 287 m?, long; driven from the Troja portal
délka 1234 m, z portdlu Letnd
b) vzduchotechnicky kandl SO 03, plocha ve vyrubu 50 m?, 5. Ventilation structures
délka 85,3 m, z portdlu Letna a) ventilation plant cavern; excavated cross-sectional area of
¢) vzduchotechnicky kanél SO 04, plocha ve vyrubu 39-99 m?, 287 m?; 123.4 m long; driven from the Letnd portal
délka 120,6 m, z portdlu Letna b) ventilation duct SO 03, excavated cross-sectional area of
d) vzduchotechnicky kandl SO 07, plocha ve vyrubu 72-90 m?, 50 m?; 85.3 m long; driven from the Letnd portal
délka 105,6 m, z portdlu Letnd ¢) ventilation duct SO 04, excavated cross-sectional area of
e) vzduchotechnicky kandl SO 08, plocha ve vyrubu 72-90 m?, 39 - 99 m?; 120.6 m long; driven from the Letnd portal
délka 80,8 m, z portdlu Letna d) ventilation duct SO 07, excavated cross-sectional area of
f) vzduchotechnickd Sachta SO 09, plocha ve vyrubu 89 m?, 72 - 90 m?; 105.9 m long; driven from the Letnd portal
hloubka 39,2 m e) ventilation duct SO 08, excavated cross-sectional area of
2) vzduchotechnickd Sachta SO 10, plocha ve vyrubu 56 m?, 72 - 90 m?; 80.8 m long; driven from the Letnd portal
hloubka 38,7 m f) ventilation shaft SO 09, excavated cross-sectional area of
89 m?; 39.2 m deep
6. Ostatni (SOS vyklenky, VZT pozarni kanaly atd.) g) ventilation shaft SO 10, excavated cross-sectional area of

56 m?; 38.7 m deep
Celkové mnoZstvi rubaniny 755 130 m?
Celkové mnoZstvi stifkaného betonu pro primarni osténi 115 938 m? 6. Other (SOS niches, fire ventilation ducts etc.)
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Hydraulické svorniky Superswellex dl. 8,0 m v kazdém zabéru
Superswellex hydraulically expanded rock bolts 8 m long in each round

Ochranny destnik IBO R32L, dI. 9,0 m kazdy 5. zabér
Protective umbrella, IBO R32L, 9.0 m long, in each round

Svorniky R32L dl. 9,0 m

Strojov!m vVZT R32L rockbolts, 9.0 m long

Ventilation plant
cavern

!

LEGENDA - LEGEND

1 - Destnik S1 trubky pr. 114/6,3 dI. 12,0 m - Canopy tube pre-support S1, tubes 114/6.3, 12.0 m long
2 - Destnik S2 IBO R32L dI. 12,0 m - Protective umbrella S2, IBO R32L, 12.0 m long

3 - Svorniky IBO R32L délky 12,0 m — R32L rockbolts, 12.0 m long

4 - Destnik S3 IBO R32L dI. 12,0 m - Protective umbrella S3, IBO R32L, 12.0 m long

L -'. _-—_,_,.-:r_F-i_ f
_____ l It ___ -
~ Ml - - - =

FAZE 0 - vychozi stav pired zahajenim razeb
PHASE 0 - initial condition before commencing excavation

- Destnik J2 1BO R32L dI. 12,0 m — Protective umbrella J2, IBO R32L, 12.0 m long

- Destnik J4 IBO R32L dl. 6,0 m — Protective umbrella J4, IBO R32L, 6.0 m long

- Destnik J1 trubky pr. 114/63 dI. 12 m — Canopy tube pre-support J1, tubes 114/6.3, 12.0 m long
- Destnik J3 R32L dl. 12,0 m — Protective umbrella J3 R32L, 12.0 m long

- Svorniky IBO R32L délky 12,0 m - IBO R32L rock bolts 12.0 m long

© oo~

Obr. 2 Vysledné projektové ieSeni propojeni tuneli se strojovnou vzduchotechniky
Fig. 2 Resultant design solution for a connection between tunnels housing the ventilation plant

Celkové mnozstvi zabudované armatury do priméarniho osténi
(rdmy + sité) 4188 t

Celkové mnozstvi kotev (HUS 248 648 m, IBO 115 513 m,
event. ostatni 105 521 m) (obr. 2)

INZENYRSKOGEOLOGICKE PRUZKUMY A SKUTECNE
ZASTIZENE GEOLOGICKE POMERY

Zdkladem pro predstavu o geologickych pomérech v trase tune-
lu Krélovskd obora bylo vyraZzeni pruzkumnych §tol o celkové
délce 2150 m v letech 2002 az 2005. Béhem téchto razeb byl pro-
vddén podrobny geotechnicky pruzkum a monitoring, vysledky
byly podkladem pro vypracovani zavére¢né zpravy v 3/2006.

Skute¢né zastizené geologické poméry byly podrobné popsany
v jiz publikovanych &lancich — viz Uvod. Pokud budeme chtit
jednoduse porovnat predpoklady a skute¢nost, 1ze konstatovat, Ze
se dobfe kryji z pohledu rozsahu a typu geologickych poloh.
Skute¢né byla zastiZzena souvrstvi prazského ordoviku se zastou-
penim dobrotivskych, libeniskych, fevnickych a letenskych vrs-
tev. Disproporce mezi predpoklady a skute¢nosti vyplyvaly pre-
dev§im z hor$i kvality horninového prostiedi a z chovani horni-
nového masivu v tomto prostredi. Tykalo se to predev§im dobro-
tivskych vrstev v oblasti pod Stromovkou a ¢astecné i letenskych
vrstev u portdlu Letnd. Tektonickd degradace dobrotivskych vrs-
tev pod Stromovkou se zvodnélym a extrémné nizkym nadlozim
byly rozhodujicimi vlivy pfi vzniku mimorddnych udélosti.
V dané lokalité byla disproporce mezi predpoklady a skute¢nost{
naprosto zjevnd a kromé likvidace vlastnich mimoradnych uda-
losti vyvolala nutnost pouziti velmi ndro¢nych a rozsdhlych
sanacnich opatfeni, kterd byla nezbytna pro vylepSeni kvality
horninového prostredi a pro realizovatelnost vlastnich tunelo-
vych trub vibec.

Dulezité a s respektem ocekdvané bylo chovéani horninového
masivu v oblasti letenskych vrstev pod hustou obytnou zdstavbou
na Letné. V tomto tizemi byly navrZeny a ndsledné razeny ty nej-
vetsi tunelové profily a nejslozitéj§i kombinace pranika jednotli-
vych tunelovych trub a vzduchotechnickych objektu. Predstavy
o kvalite¢ horninového prostiedi bylo mozno mit jen na zdklade
vysledkt z vrtného prizkumu a zkuSenosti z razeb v obdobnych
podminkdch na jinych tunelovych stavbach. Kromé kvalitni horni-
nové stability bylo nutné zajistit co nejmensi deformaéni ozvény
z razeb na povrch a na obytnou zdstavbu na ném tak, aby nedo-
chdzelo k vyznamnéj$im poSkozenim objekta a ke zhorSeni jejich
funk¢nosti obydleni. Ve skuteCnosti se geologické podminky

Aggregate volume of muck 755,130 m?

Aggregate volume of sprayed concrete for primary linings
115,938 m?

Aggregate amount of reinforcement used for the primary lining
(arches + welded net) 4,188 t Aggregate length of anchors (HUS
248,648 m, IBO 115,513 m, others 105,521 m) (see Fig. 2)

ENGINEERING GEOLOGICAL INVESTIGATIONS AND
ACTUALLY ENCOUNTERED GEOLOGICAL CONDITIONS

The basis for developing the notion of geological conditions
along the Kralovska Obora tunnel route was provided by the exca-
vation of exploratory galleries at the aggregate length of 2,150
metres during 2002 through 2005. The results of the geotechnical
investigation and monitoring which was carried out during the dri-
ves were the basis for the work on the Final Report in March 2006.

The actually encountered geological conditions were described in
detail in previously published papers — see the Introduction. If we
wish to compare the assumptions and reality in a simple way, it is
possible to state that they well agreed with each other in terms of the
extent and types of individual geological positions. The Prague
Ordovician formation containing the Dobrotiva, Liben, Revnice and
Letnd strata were really encountered. Disproportions between
assumptions and the reality followed, first of all, from worse quality
of the ground environment and from the behaviour of the ground
mass in this environment. This applied most of all to the Dobrotiva
strata in the area of Stromovka Park and, partially, even the Letnd
strata at the Letna portal. Tectonic degradation of the Dobrotiva stra-
ta under Stromovka and the water-bearing and extremely shallow
overburden were the deciding effects resulting into emergencies. The
disproportion between assumptions and reality was totally obvious
in this particular location. Apart from the liquidation of the emer-
gencies themselves, the disproportion brought about the necessity of
applying very demanding and extensive rehabilitation measures,
which were necessary for improving the quality of the ground envi-
ronment and for technical viability of the tunnel tubes in general.

An important moment which was expected with respect was the
behaviour of the ground mass in the area of the Letnd strata under the
dense residential development in Letnd. The largest tunnel profiles
and the most complicated combinations of junctions between indivi-
dual tunnel tubes and ventilation structures were designed to be dri-
ven from and subsequently within this area. Notions of the quality of
the ground environment could be developed only on the basis of
results of the borehole survey and the experience obtained during the



20. rocnik - €. 3/20M

projevily jako velmi pfiznivé, umoznujici realizovat projektem sta-
novené postupy razeb a instalaci primdrniho osténi, nedoslo
k vyraznym stabilitnim a deforma¢nim problémum bezprostredné
ohroZujicim obytnou zdstavbu.

V dokumentaci pro stavebni povoleni (DSP) a ndsledné
v dokumentaci pro zadani stavby (DZS) byly podminky razeb
ureny typem a rozsahem technologickych tfid NRTM (TT). Ve
sborniku pro konferenci podzemnich staveb v Praze 2010 je uve-
dena tabulka s predpoklddanym a se skute¢né zastizenym rozsa-
hem TT. Obecné lze konstatovat, Ze oproti predpokladam doslo pri
realizaci k posunu k hor§im tfiddm, nejkvalitnéjsi TT 2 nebyla
vubec zastiZena, ale naopak bylo nutné zavést TT 5am (modifiko-
vanou) pro razby pod Stromovkou, kterd v DZS nebyla vibec uva-
zZovana (obr. 3).

TECHNOLOGIE RAZEB TUNELU

Tunel Krédlovskd obora je svym rozsahem, ndro¢nosti v trase
a mnoZstvim pouzitych profila velmi komplikované podzemni
dilo. Jiz na zagatku pfipravnych a pozdgji i projektovych praci byla
jednoznaéné stanovena zakladni technologie raZzeb — Nova rakous-
kd tunelovani metoda (NRTM). Tato metoda je dnes jiZ fazena
mezi konveéni tuneldrské technologie a pro tento typ raZenych
tunell je vhodna diky své adaptibilité v ruznych geologickych pro-
stfedich a v ménicich se podminkdch béhem razeb. Ale prece
jenom vlastni délka dseku (2x2230 m) evokovala moznost zahra-
vat si s pouzitim TBM. Byly provedeny zdkladni analyzy nasazeni
TBM, jejich vyhod a nevyhod a nakonec rozhodnuti o pouZiti
NRTM pried realizaci bylo definitivni a nevratné a cely tunelovy
labyrint byl vyraZen touto metodou. Béhem celé realizace razeb
byla zdkladem pii rozhodovani o postupech, zatiidovani do TT
NRTM, volbé dopliujicich opatieni atd. velmi rozsdhla observace
viech vysledki méfeni a sledovdni. Na presnosti, peclivosti
a technické erudici vyhodnocovéni této observace zdvisela tech-
nickd, technologicka a statickd feseni predev§im v mistech se zvy-
Senymi geotechnickymi riziky a geologickymi problémy.

V casopise Tunel &. 2/2010 je podrobné popsdn prubéh razeb
hlavnich dopravnich tunelovych trub — STT a JTT do prordZek
kalot v zimé& 2010 véetné prubéhu mimoradnych uddlosti a jejich
likvidaci. Od té doby byly STT a JTT vyrazeny ve zbylych ¢astech
profila a byl vyraZen cely komplex vzduchotechnickych objektu,
kterym vévodi strojovna vzduchotechniky jako nejvétsi vyraZzeny
prostor na celém komplexu Blanka s vyrubem 287 m?.

Jednim z hlavnich principit NRTM je moZnost roz¢lenovat tune-
lové profily na dil¢i vyruby, a to s ohledem na velikosti vyruba
a zastiZzené geologické podminky. Jednotliva ¢lenénfi a velikosti

Obr. 3 Celba dvoupruhového tunelu se zastizenou polohou kiemenii pii razbé
pod Vlitavou

Fig. 3 Excavation face of the double-lane tunnel with a quartzite layer
encountered during the course of driving under the Vitava River
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course of driving other tunnels. Apart from good quality, stable
ground conditions, it was necessary to ensure the lowest possible
deformation response of the surface and residential buildings on it so
that more significant damage to buildings and worsening of their
living function were prevented. In reality, the geological conditions
proved to be very favourable, allowing the excavation procedures
prescribed by the design and the installation of the primary lining to
be carried out; no significant stability-related and deformational pro-
blems directly threatening residential buildings were experienced.

In the final design and subsequently in the tender documents, the
excavation conditions were determined by means of types and ran-
ges of the NATM excavation support classes. A table is presented in
the Proceedings of the conference Underground Construction 2010,
Prague, containing the assumed and actually encountered extent of
the individual classes. It is generally possible to state that, compa-
red with the assumptions, ground quality was shifted toward worse
excavation support classes during the excavation; the highest quali-
ty class 2 was never encountered and, even the opposite, class Sam
(modified), which had not been taken into account, had to be intro-
duced for the excavation under Stromovka Park (see Fig. 3).

TUNNEL EXCAVATION TECHNIQUE

The Kréalovska Obora tunnel is a very complicated underground
construction as far as its extent, complexness of the route and the
number of cross-sections used are concerned. The basic excavation
technique — the New Austrian Tunnelling Method (NATM) was spe-
cified at the very beginning of the planning and later also in the
design work. This method, which is today categorised as
a conventional tunnelling technology, is suitable for this type of
mined tunnels owing to its adaptability to various geological envi-
ronments and changing conditions during the course of the excava-
tion. Nevertheless, the length of the section (2 x 2,230 m) evoked
a possibility of playing with the idea of using a full-face tunnelling
machine. Basic analyses of the deployment of these machines, their
advantages and disadvantages, were conducted. Eventually the
decision to apply the NATM, made before the works commence-
ment, became final and irreversible. The entire tunnel labyrinth was
eventually driven using this method. Very extensive observation of
all results of measurements and monitoring provided the basis for
making decisions on the procedures, categorisation into the NATM
excavation support classes, selection of supplementary measures
etc. during the course of the entire tunnelling stage. The technical,
technological and structural solutions, first of all in locations with
increased geotechnical risks and geological problems, depended on
accuracy, thoroughness and technical erudition.

TUNEL journal issue No. 2/2010 presents a detailed description
of the course of the excavation of the main tunnel tubes to carry
traffic — the NTT and STT, till the breakthroughs of top headings
in winter 2010, including the course of emergencies and their liqu-
idation. Since that time, the NTT and STT excavation was com-
pleted in the remaining parts of the cross-sections and the excava-
tion for the entire complex of ventilation structures was completed,
with the ventilation plant cavern which is the largest space excava-
ted within the whole Blanka complex having the excavated cross-
sectional area of 287 m?.

One of the main principles of the NATM is the possibility of
dividing tunnel profiles into partial headings, taking into conside-
ration the sizes of excavation faces and the geological conditions
encountered. Individual excavation sequences and sizes of indivi-
dual partial headings had to bring into accord requirements for the
application of pieces of the equipment set and requirements for
acceptable deformation responses. A horizontal excavation sequen-
ce (top heading, bench and invert) was originally proposed for
double-lane tunnels including lay-bys and other tunnel profiles in
the final design, while a vertical sequence (side drifts and central
core) was proposed for triple-lane tunnels throughout their lengths,




Obr. 4 Pruhled ze spojovaciho kandlu do STT a ddle pod JTT
Fig. 4 A view down a connecting duct to the NTT and further under the STT

jednotlivych dil¢ich vyrubu musely skloubit pozadavky
na pouZiti mechanismu strojni sestavy a na prijatelné defor-
macni odezvy. V DZS bylo pro dvoupuhové tunely véetné zali-
vl a pro ostatni tunelové profily VZT objektu navrZzeno vodo-
rovné ¢lenéni a pro tiipruhové v celé délce svislé bez ohledu na
zatfidéni do TT z diavodu zajisténi co nejmensi deformadni
odezvy razeb na povrchovou zastavbu. Ve skutecnosti veSkeré
razby na tunelu Krdlovskd obora probéhly vesmés s pouZitim
vodorovného ¢lenéni, pouze na dvoupruhovych tunelech STT
a JTT zatiidénych do TT 5am a pii razbach zalivi za Slechto-
vou restauraci bylo pouZzito svislé rozélenéni profilu kalot.
Z tohoto pohledu doslo k nejzasadnéjsi zméné ¢lenéni na tfi-
pruhovych tunelech. Tato zména byla velmi podrobné provére-
na statickym vypoltem predev§im z hlediska konvergenci
v tunelovych troubach a deformaci na povrchu s pouzitim kore-
lace geotechnickych parametru zastizenych geologickych
poméru. Observace razeb pod Letnou s vyuZitim podrobnych
vysledki geotechnického monitoringu kontrolovala a ko-
rigovala téméf kazdy metr tunelovych trub a pfi jakémkoli
naznaku rizika bylo pfikro¢eno k tpravé technologického
postupu napriklad uzavirdnim celého profilu tunelu, prekotve-
nim rizikové zény, zkracenim zdbéru, dpravou trhacich praci
atd. Vysledky se dostavily ve formé udrZeni pozadovanych
deformacénich parametrd na velmi pfiznivych hodnotdch bez
nutnosti zdsadnim zpusobem omezovat obyvatelnost povrcho-
vé zdstavby. To je obrovsky tdspéch pfi vyrazeni tak ndro¢ného
tunelového komplexu s tak obrovskymi profily a s tak odvaz-
nym a origindlnim fe§enim pruniku VZT kandlu s tfipruhovymi
troubami STT a JTT (obr. 4, 5, 6).

Obr. 5 Kaverna 2 — pohled na vyraZenou strojovnu vzduchotechniky s bocni
rozrdzkou kandlu 8

Fig. 5 Cavern 2 — a view of the completed excavation of the ventilation plant
cavern with a side opening drift for duct No. 8

Obr. 6 Pohled z STT do spojovaciho kandlu 4
Fig. 6 A view from the NTT down the connecting duct No. 4

irrespective of the NATM class, with the aim of securing the smal-
lest possible deformational response of existing buildings to the
excavation. In reality, all tunnelling on the Kralovskd Obora tunnel
were carried out mostly using the horizontal sequence, with the
exception of double-lane NTT and STT tunnels categorised as
class 5am and during the course of excavation of lay-bys behind
Slechtova restaurant, where the vertical sequence was applied to
the top headings. From this point of view, the most substantial
change in the excavation sequence was applied to triple-lane tun-
nels. This change was verified in a very detailed way by
a structural analysis, first of all as far as convergences in the tun-
nel tubes and ground surface deformations were concerned; the
correlation of geotechnical parameters of the geological conditions
encountered was applied in the analysis. The observation of the
excavation under Letnd using detailed results of geotechnical
monitoring checked and corrected nearly each metre of the tunnel
tubes. In nearly each case of a sign of a risk, the technological pro-
cedure was adjusted, for example by closing the whole tunnel pro-
file lining, additional anchoring within the risk zone, reducing the
round length, modifying the blasting procedure etc. Results came
in the form of maintaining favourable values of the required defor-
mational parameters without the necessity of limiting the inhabita-
bility of existing buildings. This is a great success in driving such
the demanding complex of tunnels with so large profiles and so
daring and original solution of the junction of the ventilation duct
with triple-lane NTT and STT tunnel tubes. (see Figures 4,5,6)
Taking into consideration the composition and quality of the
ground environment, blasting was used for rock disintegration, with
the exception of locations with lower rock quality existing in
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Vzhledem ke skladbé a kvalit€ horninového prostiedi bylo
dominantné pouzivdno rozpojovani hornin pomoci trhacich
praci, pouze v mistech se sniZenou kvalitou v poruchovych
pasmech a s extrémné nizkym nadlozim, kde geologické pod-
minky vyzadovaly zatfidéni razeb do TT 5a a 5am, bylo nutné
pouzit rozpojovani strojni pomoci tunelbagru. V nékterych dse-
cich byly metody rozpojovéani kombinovany tak, aby razba byla
co nejbezpecnéjsi. Pri pouzivani trhacich praci predev§im pod
zdstavbou na Letné bylo nutné dodrzovat predepsané max. hod-
noty kmitdni z projektové dokumentace, které se pohybovaly
v rozmezi 5-15 mm/sec. Tyto max. hodnoty mély zabranit vét-
§im poSkozenim objektd a dodrZet normové hygienické limity.
Znamenalo to vSak upravit pouzivani trhacich praci. Postupné se
zkousSelo nékolik dprav — presplitting, déleni Celby pfi odstfelech
atd., avSak bez zdsadnéjsiho zlepSeni. Nakonec bylo rozhodnuto
zameénit neelektricky roznét za elektronicky s rozbuskami I-kon.
Vzhledem k tomu, Ze se jednalo o prvni provozni pouZiti
v Ceské republice, byla nejdiive provedena poéitatova simulace,
kterd prokdzala, Ze je mozné provést vylom celé kaloty na jeden
odstrel, zvysit diléi ndloze az o 250 % a zvétsit zdbér aZ na
2.8 m, to vSe pii sniZeni seismického zatiZzeni objektu o 30 %.
Nasledné probehly zkousky .,in situ*, které potvrdily predpokla-
dy simulace a elektronické rozbusky I-kon se staly soucdsti pro-
vadeéni trhacich praci.

Pravidelnd méfeni d¢inka trhacich praci zajiStoval jak zhotovitel,
tak i investor. Co se vSak nedalo méfit, byly subjektivni hlukové
a seismické vjemy obyvatel na Letné, které vyustily v zdkaz pou-
zivani trhacich, vrtacich a bouracich praci v no¢nich hodinéach. To
mélo velky vliv na pldnovanou vykonnost razeb, a tim i na posun
ukonceni raZeb.

Patefnimi mechanismy strojni sestavy po celou dobu razeb tune-
lu Krélovskd obora byly:

— vrtaci viz AC ROCKET BOOMER L2C a E2C - total,

— tunelbagry Liebherr R934 a R944,

— kolovy naklada¢ VOLVO BM L120 a L180,

— kolové dampry VOLVO A25C 4 x 4 a A25D 6 x 6,

— pojizdné zdvihaci pracovni ploSiny AC DC 16/HL 230MB,

— pojizdny pistovy manipuldtor MEYCO POTENZA.

ZAVERECNE SHRNUTI

Dokonceni razeb na hlavnich tunelovych troubédch a objektech:
— STT - prordzka na kaloté 12. 1. 2010, dokon&eni razeb
20.10. 2010
—JTT — prorazka na kaloté 16. 2. 2010, dokonceni razeb
25.7.2010
— Strojovna VZT — dokonceni razeb 3. 8. 2010
— Ostatni VZT objekty — dokonceni razeb 10. 1. 2011
Celkova doba raZzeb na tunelu Krdlovskd obora — 07/2007 az
01/2011, tj. téméF 42 mésicu.
Celkova délka vSech vyrazenych objektd 5210 m, tzn. Ze mésic-
né se v pruméru vyrazilo témer 130 m tunelovych profila.

ING. JAN KVAS, Jjan.kvas@metrostav.cz ,
ING. MILOSLAV SALAC, miloslav.salac@metrostav.cz,
METROSTAV, a. s.

Recenzoval: prof. Ing. Jifi Bartdk, DrSc.
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weakness zones and locations with extremely shallow overburden
where geological conditions required the excavation to be categorised
as the NATM classes 5a and Sam, where a tunnel excavator had to be
applied. In some sections the disintegration techniques were combi-
ned with the aim of achieving as safe excavation as possible. When
blasting was being applied, first of all under buildings in Letn4, it was
necessary to observe the peak particle velocity limits set by the
design, ranging from 5 to 15 mm per second. These maximum valu-
es were intended to prevent bigger damage to structures and observe
sanitary limits prescribed by standards. But it meant that the blasting
procedures had to be adjusted. Several modes were tried in successi-
on — presplitting, dividing the excavation face when blasting etc., wit-
hout any more significant improvement. Eventually the decision was
made that non-electric firing would be replaced with I-kon electronic
detonators. Since this was the first case of the use in operation in the
Czech Republic, the first step was conducting a computer simulation,
which proved that it was possible to excavate the whole top heading
in one blasting step, to increase partial charges by up to 250 per cent
and extend the round length up to 2.8 m; all of that with the seismic
load on structures reduced by 30 per cent. Subsequent in-situ tests
confirmed the assumptions obtained by the simulation; electronic
detonators I-kon became part of the blasting operations.

Regular measurements of effects of blasting operations were
conducted by both the contractor and the project owner. What
could not be measured was the subjective perception of noise and
vibration by Letna residents, which resulted in a ban on blasting,
drilling and breaking of structures during night hours. All of that
seriously influenced the planned efficiency of the excavation and
resulted in a delay of the excavation completion.

The following main pieces of mechanical equipment set were
used throughout the excavation of the Krdlovskd Obora tunnel:

— AC ROCKET BOOMER L2C and E2C - total drilling rigs

— Liebherr R934 and R944 tunnel excavators

— VOLVO BM L120 and L180 wheeled loaders

— VOLVO A25C 4 x 4 and A25D 6 x 6 wheeled dumpers

— AC DC 16/HL 230MB travelling hoisting platforms

— MEYCO POTENZA travelling piston manipulator

FINAL SUMMARY

The completion of excavation for the main tunnel tubes and
structures:
—NTT - top heading breakthrough on 12th January 2010, com-
pletion of excavation on 20th October 2010
— STT - top heading breakthrough on 16th February 2010, com-
pletion of excavation on 25th July 2010
— Ventilation plant cavern — completion of excavation on 3rd
August 2010
— Other ventilation structures — completion of excavation on 10th
January 2011
The total time of excavation on the Kralovska Obora tunnel: July
2007 — January 2011, i.e. nearly 42 months.
The total length of all completed tunnels is 5,210 m, which
means that nearly 130 m of tunnel profiles were excavated per
month.

ING. JAN KVAS, Jjan.kvas@metrostav.cz ,
ING. MILOSLAV SALAC, miloslav.salac@metrostav.cz,
METROSTAYV, a. s.

SATRA, PUDIS, SG-GT Podrobny geotechnicky prazkum a monitoring. Zévéredna zprava, 03/2006
Kvas, J., Zelenka, M., Sala¢, M. RaZzené tunely jako soucdst tunelového komplexu Blanka. Tunel, ¢. 2, 2010
Kvas, J., Skrabek, J., Sala¢, M. Krdlovskd obora Tunel, 11th International Conference Underground Construction, Transport and City

Tunnels, Proceedings, Prague 2010
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LANSIMETRO - ZKUSENOSTI Z RAZEB V HELSINKACH
LANSIMETRO - EXPERIENCE FROM TUNNELLING IN HELSINKI

VACLAV PAVLOVSKY, ALES GOTHARD

2N,

V zari roku 2010 zahdjili pracovnici divize 5, Metrostavu, a. s.,
razby trojice pristupovych tunelt projektu Linsimetro. Na prelo-
mu roku 2010 a 2011 spoleénost usp€la v soutéZi na vystavbu
1,3 km dlouhého tseku vlastnich tratovych tunelt, jehoZ realiza-
ce prave dspésné zapocala. Metrostav, a. s., pracuje ve Finsku ve
sdruzeni s mistni spolecnosti Destia Oy. Pracovnici divize 5 jsou
zodpovédni za vlastni razby tuneld, vystrojeni vyrubu vietné
vystavby definitivntho osténi a za nedilné injektazni prace.
Partnerovou hlavni dlohou je odtéZeni a odvoz rubaniny,
v pripadé€ pristupovych tunelu priprava hloubenych portdlovych
lseku a razba tif vétracich Sachet tratového dseku.

Projekt Lansimetro — zdpadni metro je nové dopravni spojeni
mezi mésty Helsinky a Espoo s planovanou prepravni kapacitou
100 000 cestujicich za den a prfimo navazuje na jedinou provozo-
vanou trasu. Vzrustajici ndroky na prepravu osob vyZaduji vza-
jemné propojeni sousednich meéstskych aglomeraci. Stavajici
péteini linka metra s prepravni kapacitou 50 mil. cestujicich/rok
je dlouhd 21 km. Trasa byla budovdna v letech 1969-1982
a prodlouzena na vychod roku 1998. Po svém dokonceni bude
celd linka metra (véetné své soucasné asti) pIné automatizovana,
tj. vlaky metra budou linkou projiZzdet zcela bez strojvedoucich.

Nova trasa je vyprojektovdna v délce 14 km z Ruoholahti
v Helsinkdch do stanice Matinkyld v Espoo. ProdlouZeni metra
je v celé délce vedeno pod povrchem dvojici jednokolejnych tra-
tovych tunelu, které propojuji 7 novych stanic. Pro zaji$téni ven-
tilace podzemi bude vyraZeno 15 vétracich Sachet. Cel4 trasa je
pro razby rozdélena na 10 dseku, ke kterym je nutné vyrazit 9 pii-
stupovych tuneld o souhrnné délce 3,5 km (obr. 1). Pred-
pokladany celkovy objem vytéZené horniny je 3 mil. m3.
Odhadovand vySe ndklada je 714 mil. Eur. Na financovén{ pro-
jektu se z 30 % podili stét, zbytek je rozdélen pomérnou délkou

In September 2010 workers of Division 5 of Metrostav
a. s. started to drive three access tunnels for the Linsimetro
project. At the end of 2010 the company won a contract for
the construction of a 1.3 km long section of running tunnels
of the metro; the works have successfully commenced.
Metrostav a. s. operates in Finland as a member of
a consortium, jointly with a local company Destia Oy.
Employees of Division 5 are responsible for driving the tun-
nels, installing the excavation support including the final
lining and performing inseparable grouting. The main task
for Metrostav’s partner is loading and removing the muck
and, in the case of the access tunnels, preparing cut-and-
cover portal sections and sinking three ventilation shafts on
the track section.

The Linsimetro — Western Metro project provides a new
transportation link between Helsinki and Espoo, with the
planned carrying capacity of 100,000 passengers a day. It
directly links to the only operating metro line. Increasing
demands for transport of persons require the neighbouring
agglomerations to be interconnected. The existing backbone
metro line with the annual carrying capacity of 50 million
passengers is 21 km long. The route was constructed during
1969 — 1982 and was extended eastward in 1998. After its
completion, the whole metro line (inclusive of its existing
part) will be fully automated; trains will pass along the line
without engine drivers.

The new route is designed at the length of 14 km, from
Ruoholahti, Helsinki, to Matinkyld station in Espoo. The
metro line extension is led throughout its length underg-
round, through a pair of single-track running tunnels, inter-
connecting 7 new stations. Fifteen ventilation shafts will be
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Obr. 1 Prehlednd mapa — Liinsimetro
Fig. 1 Synoptical map — Linsimetro
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Obr. 2 Portdl pristupového tunelu Myllykalio
Fig. 2 Myllykalio access tunnel portal

trasy mezi Helsinky 28 % a Espoo 72 %. Rozhodnuti o zahdjeni
vystavby bylo u¢inéno v roce 2006 a termin uvedeni metra do
provozu je stanoven na podzim 2014. Béhem pripravné
a projekéni fdze na projektu pracovalo az 400 projektantu.
Nejvetsi infrastrukturni projekt ve Finsku zastfeSuje spolecnost
Lénsimetro Oy.

Trojice dpadnich pfistupovych tunelt Lauttasaari (405 m),
Myllykallio (283 m) a Koivusaari (567 m) slouzici pro rozra-
Zen{ vlastnich tratovych tuneld metra se nachdzi v centru rezi-
denéni zdstavby na ostrové Lauttasaari (obr. 2). Tunely maji
pri¢ny profil od 31 m2 do 58 m2 s vyskou skalniho nadlozi od
5 do 40 m. Z geologického hlediska se jednd o razby v tvrdych
skalnich hornindch, pfevazné Zuldch a pod hladinou podzemni
vody. Kvalita horninového masivu je obecné velice dobrd, pro
tuneldiské priace velmi pfiznivd. Je vSak raznorodd, od pev-
nych celistvych formaci az po znaéné rozpukané lokdlni poru-
chy drénujici podzemni vodu, nékdy také s proplastky sedi-
mentu.

Pro hodnocenf kvality horninového masivu se pouzivd finskd
klasifikace Finnish engineering geological classification system
(RG) by Korhonen 1974. Jde o objektivni popis vlastnosti masivu
sklddajici se ze:

1. stupné navétrdni, velikosti minerdlu a jejich zastoupent,

2. mineralogické tvrdosti,

3. rozpukanosti,

4. vyplné puklin.

Tratovy dsek LUGE — Karhusaari dlouhy 1,3 km pfipojuje
metro od hranice mésta Helsinky a pokracuje smérem na zdpad
do Espoo. Soucdsti razeb je dvojice jednokolejnych tratovych
tuneld s osovou vzddlenosti kolem 25 m. BéZny profil tunelt je
36,2 m2 (obr. 3). Tunelové trouby jsou vzdjemné spojeny propoj-
kami po cca 200 m. V tdseku jsou také vyprojektovany dvé jed-
nolodni technologické komory s raZenym profilem 318 m?2, kazda
délky 35 m a také trojice svislych vétracich Sachet obdélnikového

TuoufHel

sunk to ventilate the underground. The whole route is divided
for tunnelling purposes into 10 sections, requiring 9 access
tunnels to be driven at the aggregate length of 2.5 km (see
Fig. 1). The anticipated total volume of muck amounts to 3
million m3. The estimated cost is EUR 714 million. Thirty
per cent of the project funding is provided by the state; the
remaining part is divided proportionately to the respective
lengths of the route between the city of Helsinky (28 %) and
Espoo (72 %). The decision on the commencement of the
construction was made in 2006; the deadline for bringing it
into service is the autumn of 2014. Up to 400 designers wor-
ked on the design during the planning and design phases. The
largest infrastructural project in Finland is managed by
Lansimetro Oy.

The three downhill gradient access tunnels Lauttasaari (405 m),
Myllykallio (283 m) and Koivusaari (567 m), providing
access to points of attack on the running tunnels of the metro,
are found in the centre of a residential development on
Lauttasaari island (see Fig. 2). The cross-sectional areas of
the tunnels vary from 31 m2 to 58 m2, the rock cover is 5 to
40 m high. From the geological point of view, the excavati-
on passes through hard rock, mostly granite, and under the
water table. The quality of the rock mass is generally very
good, favourable for tunnelling. However, it is variable, ran-
ging from sound compact formations to significantly fissured
local failures draining ground water and sometimes contai-
ning sedimentary intercalations

Quality of rock mass is assessed using the Finnish engine-
ering geological classification system (RG) by Korhonen
1974. It provides an objective description of properties of
rock mass, consisting of:

1. the degree of weathering, sizes of minerals and their

representations

2. mineralogical hardnesses

3. degree of fracturing

4. filling of joints

The 1.3 km long track section LU6E — Karhusaari connects
the metro from the border of the city of Helsinki and proce-
eds westward to Espoo. Part of the tunnelling contract is
a pair of single-track running tunnels with the distance bet-
ween centres of about 25 m. The common tunnel profile area
is 36.2 m?2 (see Fig. 3). The tunnel tubes are interconnected
by cross passages roughly every 200 m. Two single-vault
technical services chambers are designed for this section. The
excavated cross-sectional area of each chamber is 318 m2, the
length is 35 m. In addition, three vertical ventilation shafts
with 9.4 x 6.5 m rectangular ground plans are parts of the job.
The route of this section, in the direction from the east, is par-
tially led under the sea; then it crosses an express highway
and, at its end, passes under foundations of a Nokia adminis-
trative complex (see Fig. 4). The overburden height varies
from 35 m to a mere 15 m under the sea bottom. The excava-
tion of the tunnel tubes proceeds slightly uphill to both sides
from the point of attack provided by the 280 m long
Karhusaari access tunnel.

The mined sections of the Lénsimetro project are a typical
example of the Drill&Blast tunnelling method, which is
exceptionally suitable for Scandinavian geological conditi-
ons. It is a cyclic method of disintegrating rock by blasting,
proceeding full-face with the excavation rounds up to 6 m
long. The zone ahead of the face is stabilised with cement
grout (pre-grouting) up to the distance of several round
lengths. The single-shell final lining of the tunnel consists of
rock bolts and shotcrete.

Blasting operations are especially thoroughly monitored,
first of all in the case of the excavation of the access tunnels,
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Obr. 3 Vzorovy priény Fez tratbvého tunelu
Fig. 3 Typical running tunnel cross-section

pudorysu 9,4x6.,5 m. Trasa dseku je smérem od vychodu z&asti

vedena pod mofem, déle protind rychlostni komunikaci a na svém
konci podchdzi zdklady administrativniho komplexu spole¢nosti
Nokia (obr. 4). Vyska nadloZi se pohybuje od 35 m a klesa aZ na
cca 15 m pod morskym dnem. Tunelové trouby jsou na obé strany

Obr. 4 Situace tratového tiseku LUGE
Fig. 4 Track section LUGE layout
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which run under dense deve-
lopment, with the overburden
height gradually growing.
A condition survey of buil-
dings found above the route
of the mined tunnels was con-
ducted before starting the
excavation.

The working time available
for blasting operations is
from 7:00 a.m. to 10:00 p.m.;
it is restricted only to wor-
king days. The area affected
by the construction works
was determined before the
commencement of blasting
operations by a risk analysis.
The permissible loading
induced by seismic effects of
blasting (vibration mm/s) is
specified for each buil-
ding/structure. These values
are monitored on-line and the
results are automatically pla-
ced on the Internet and sent in
the form of SMSs to the pro-
ject owner and the tunnelling
contractor. This is why the
production drilling accuracy,
proper structure of charges
and, first of all, priming the
delays are very important
(see Fig. 5). Even though the
geological conditions allow
the application of the maxi-

mum round lengths in terms of the drilling technology, each
excavation face has to be approached individually. If neces-
sary, round lengths have to be reduced even to 2 m, taking
into consideration the charge weight limits. Emulgit type of

explosives is used for the
rock disintegration, both in
the form supplied in cartrid-
ges and in the form of pum-
ped emulsion. Explosives are
initiated by non electric deto-
nators. Cuts are straight with
four relief wells 102 mm in
diameter; common diameters
of production boreholes
range from 45 to 54 mm. The
tolerance specified in the
design  for  unavoidable
overbreak is + 400 mm for
side walls and the crown and
+600 mm for the tunnel bot-
tom (see Fig. 6). Muck is
removed to a central stockpi-
le, where each truck passes
a quality check, securing that
only disintegrated rock conta-
ining no contaminants (sedi-
ments, shotcrete rebound) is
used for deposition in the sea.
When the muck has been
removed, it is necessary to
clear the excavated surface
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rozrazeny mirné dovrchni razbou z jediného, 280 m dlouhého,
pristupového tunelu Karhusaari.

Razené ¢asti projektu Lansimetro jsou typickou ukdzkou tune-
lovaci metody Drill&Blast, kterd je mimorddné vhodnd do skan-
dinavskych geologickych podminek. Jedna se o cyklickou meto-
du rozpojovani horniny pomoci trhacich praci, s pobiranim celby
v celém profilu a délkou jednotlivych zdbéru az 6 m. Piedpoli
Zelby je v predstihu nékolika zdbéri sanovdno cementovymi
injektdZemi — pregroutingem. Jednoplastové definitivni osténi
tunelu se sklddé ze svornikové vystroje a stifkanych betonu.

Trhaci prace jsou zvlast peclivé sledovdny, a to zejména
v pripadé raZeb pristupovych tunelt, které jsou raZeny pod hustou
zdstavbou s postupné narustajici vySkou nadloZi. Pred zahdjenim
razeb byla provedena pasportizace budov nad trasou razenych
tunelu.

Pracovni doba pro provadéni trhacich praci je od 7:00 do 22:00
pouze v pracovnich dnech. Rizikovou analyzou provedenou pred
vlastnim zahdjenim trhacich praci je vymezena oblast dotéend
vystavbou. Pro kazdy objekt je stanoveno dovolené zatiZenf seis-
mickymi tcinky (kmitdni mm/s) trhacich praci. Tyto hodnoty jsou
online monitorovany a vysledky jsou automaticky umistovany na
internet a odesildny formou SMS objednateli a dodavateli staveb.
Velmi duleZit4 je proto presnost odvrténi produk&nich vrtt, sprav-
na konstrukce ndloZe a zejména Casovani jednotlivych ndlozek
(obr. 5). I kdyZ geologické podminky umoznuji maximalni zabér
z hlediska technologie vrtani, je nutné ke kazdé Celbe pristupovat
individudlné a v pripadé potfeby i zkracovat zdbéry vzhledem
k mezni ndloZi aZ na 2 m. Pro rozpojeni horniny jsou pouZivany
jak ndlozkované trhaviny typu Emulgit, tak zaCerpavané emulze.
K pocinu ndloZi je pouZivano neelektrickych roznétu. Zalomy
jsou primé se ¢tyrmi odlehfovacimi vrty praméru 102 mm, béZzné
pruméry produk&nich vrtd jsou v rozsahu 45-54 mm. Projektem
stanovend tolerance technologického nadvylomu je + 400 mm ve
sténach a stropu tunelu a + 600 mm v jeho dné (obr. 6). Rubanina
je odvdzena na centrdlni sklddku, kde kazdy ndkladni automobil
projde kontrolou kvality a pouze rozpojend hornina bez necistot
(sediment, spad ze stfikanych beton) muZe byt pouZita pro zasyp
do more. Po odtéZeni je nutné vyrub strojné zalistit specidlnim
trnem, ktery je upnut na vylozniku bagru. PouZivani sbijecich kla-
div neni dovoleno.

Razby predchdzi vrtani Ctyf protilehle umisténych prazkum-
nych predvrta délky 25 m. Béhem vrtdni je sledovédna a zaz-
namendvana penetraéni rychlost vrtného naradi, technologicky
vyplach, eventudlné poloha a mnozstvi zastizené podzemni vody.
V kazdém vrtu je provedena zkouska hltnosti, pfi které je vrt utes-
nén obturdtorem a ndsledné zaCerpan vodou pii pretlaku 0,5 Mpa.
Po 5 minutdch je sledovan ubytek tlaku vody ve vrtu a vy-
hodnoceno Lugeonovo &islo. Pri hodnoté Lu 0,8 a vyssi je poté
odvrtdn ochranny injektdZni deStnik sklddajici se az z 20 vrta
délky 25 m a zahdjena injektaz. Cely proces se pravidelné opaku-
je kazdych 20 m razby, tzn. dodrZzeni vzajemného prekryvu jed-
notlivych destniki 5 m. Pro injektdZni smési je pouZivan rychle
tuhnouci mikrocement (d95 < 20 ym) v pomérech w/c 1,0 az 0,6.
V piipadech velkych spotfeb smési je mozno pouZit také cemen-
tu Rapid (CEM 1II 42,5 R). Pouzité injektdZni cementy musi
spliovat pozadavky cementovych norem SFS EN 197-1+Al. Po
zékladn{ injektdZi je moZné zahdjit vrtdni produk&nich vrta tepr-
ve tehdy, vydrzi-li injektdZni smés seismické ucinky trhacich
praci a pfi vrtdni se nevyplavuje spolu s vyplachovou vodou
z vyvrtu. Minimdlni doba pro zahdjeni vrtani, méfeno od ukonce-
ni injektaZe je 6 hodin a pro provedeni trhacich praci 10 hodin.
Zkrdceni technologické prestdvky je podminéno prokdzanim
dostatecné pevnosti injektaze. Kritériem tspésnosti je dodrZen{
tfid tésnosti tunelu predepsanych projektem:

— tfida AA prusaky vody <2 1/min/100 m pro tratové tunely,

Obr. 5 Trhaci prdce v pristupovém tunelu
Fig. 5 Blasting operations in an access tunnel

by a scaler fitted to the excavator boom. The use of hydrau-
lic hammers is not permitted.

Before the excavation starts, four 25 m long probe holes
located on opposite sides of the face are drilled. During the
course of drilling the rate of the penetration of the drilling
tool, the drilling fluid and the position and amount of water
encountered (if any) are followed and recorded. The absorp-
tion capacity test is conducted on each borehole. During the
test the borehole is sealed by a packer and pressurised with
water at 0.5 MPa. The drop in water pressure in the borehole
is monitored after 5 minutes and Lugeon’s criterion is deter-
mined. If the criterion value is equal to 0.8 or higher, drilling
for a protective grouting umbrella consisting of 20 boreholes
25 m long is carried out and grouting operations starts. The
entire process is regularly repeated every 20 m of the exca-
vation, which means that the overlap of individual umbrellas
is 5 m. Rapid-hardening cement (d95 < 20 pm) is used for the
grout mixture with the w/c ratios ranging from 1.0 to 0.6. If
the consumption of grout is high, it is possible to use Rapid
cement (CEM II 42.5 R). The cements used for the grout must
meet requirements of cement standards SFS EN 197-1+Al.
After the basic grouting is completed, it is possible to start to
drill the production holes only if the grout stands seismic
effects of blasting and is not washed out together with the
drilling water. The minimum times for starting the drilling
operation and for the execution of blasting, measured from
the end of grouting, are 6 hours and 10 hours, respectively.
Reducing the duration of the technical break is conditioned
by proving sufficient strength of the grout. The criterion for
the success is the adherence to the following tunnel tightness
classes prescribed by the design:

— class AA water seepage rate < 2

for running tunnels,

—class A water seepage rate <5 1/min/100 m,

—class B water seepage rate < 10 1/min/100 m.

If more water seeps to the tunnel in the particular section
then the design prescribes that the area must be post-grouted.
The grout is in all cases pumped into boreholes by an Atlas
Copco Unigrout EH 45-200-2 x 110 MWB set. Polyurethane-
based grouting materials can be used in the cases of excepti-
onal failures with strong water inflows.

The rock bolts used as the excavation support are divided
into the following categories:

— rock bolts installed before the commencement of excava-

tion (first of all before the excavation of portal sections),

1/min/100 m



Obr. 6 Pristupovy tunel Lauttasaari
Fig. 6 Lauttasaari access tunnel

—tfida A prasaky vody <35 1/min/100 m,

—tif{da B prusaky vody < 10 1/min/100 m.

Pokud v daném tuseku vnikd do tunelu vice vody, nez uklada
projekt, musi byt oblast injektovdna zpétné — postgrouting.
Zacerpavani smési je ve vSech pripadech provadéno jednotkou
Atlas Copco Unigrout EH 45-200-2 x 110 MWB. Pro pfipady
mimoradnych poruch se silnymi pritoky vody lze pouzit injektaz-
ni materidly na bazi polyuretanu.

Svorniky pouzivané jako vystroj vyrubu se déli podle nasledu-
jicich kategorii:

— svorniky osazované pred zapocetim raZeb (zejména pred raz-

bou portdlovych tseku),

— svorniky docasné, prerusujici cyklus razby,

— svorniky trvalé, které jsou soucdsti definitivniho osténi,

— doplitkovd svornikovd vystroj.

Svorniky prerusujici cyklus razby jsou osazovany v mistech
urenych projektem, popt. pokud hrozi uvolnéni bloka horniny
ohrozujicich bezpecnost pracoviste. Jednd se zejména o docasné
svorniky s mechanicky rozpinanou hlavou délek 3-5 m
a moZnosti zpétného zainjektovéni pred ndstiikem betont. Pokud
spliuji pozadavky protikorozni ochrany, lze je pfiznat jako sou-
¢ast definitivniho osténi.

Svorniky trvalé jsou pruty z hfebinkové oceli & 25 mm, délek
3-5 m osazované systematicky do rastru 2x2 m. Svorniky nejsou
vybaveny rozndSeci podlozkou a ani 7ddnym jinym zpusobem
aktivovany. Instalace trvalych svornikd musi sledovat raZbu
nejméné ve vzddlenosti 30 m od &elby, pro eliminaci d¢inka trha-
cich praci na injektdzni zdlivku.

Dopliikova svornikova vystroj zahrnuje zejména samozavrtné
kotvy typu TITAN 40/16, které tvori ochranné destniky délek az
12 m v mistech zhorSené geologie. Pro tratovy tsek LUGE (1,3
km) je predpokladdno osazeni 45 000 m samozdvrtnych kotev.
V oblasti razeb pod hladinou mofte je stavdjici vyztuz doplnéna
o dalgich 44 radiélnich svorniku na béZzny metr tunelu (obr. 7).

Materidl pouZity pro vyrobu svornika je ocel A 500HW.
Veskera trvald vyztuz musi mit protikorozni povrchovou dpravu
skladajici se z zarového pozinkovani tl. 105 ym a epoxidového
nétéru tl. 300 gm. Dodavatelem svorniku s protikorozni ochran-
nou je spoleCnost Minova Bohemia, s. r. 0. Zdlivka je smési béz-
ného portlandského cementu a pisku (max. zrnitost 2 mm) stroj-
né zamichdvand v poméru 1:1, w/c max. 0,4. Tfida pevnosti zaliv-
ky je C30/37, stupné vlivu prostredi XA2 a XS2. Pozadovand
Zivotnost svornikové vystroje je 100 let.

Veskeré vrtné prdace jsou provddény tfemi poloautomatickymi
tiilafetovymi vrtacimi jednotkami Tamrock Axera T11-315
TCAD. Horniny obsahuji vysoky podil tvrdych materiala (Zivce,
kfemeny), které jsou zna&né abrazivni. Zivotnost vrtnych korunek
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— temporary rock bolts, interrupting the excavation cycle,
— permanent rock bolts, forming a part of the final lining,
— supplementary rock bolting support.

The rock bolts interrupting the excavation are installed in
locations specified by the design or when there is the threat
of loosening rock blocks jeopardising the safety at work.
Temporary mechanically expanded rock bolts 3-5 m long are
used first of all, allowing post-grouting before the shotcrete
is applied. If they meet corrosion protection requirements,
they can be recognised as parts of the final lining.

The permanent rock bolts are from deformed reinforcing
bars 25 mm in diameter, 3-5 m long, which are installed sys-
tematically in a 2x2 m grid. The rock bolts are not equipped
with faceplates and are not activated in any other way. The
installation of permanent rock bolts must follow after the
excavation at least at the distance of 30 m from the excavati-
on face so that the effects of blasting operations on the grout
are eliminated.

The supplementary rock bolting support comprises, first of
all, TITAN 40/16 self-drilling anchors, forming up to 12 m
long protective umbrellas in the locations of deteriorated
geology. The installation of 45,000 pieces of self-drilling
anchors is expected for the LUGE track section (1.3 km). In
the area of driving under the sea surface, the existing reinfor-
cement is enhanced by additional 44 radial rock bolts per
linear meter of the tunnel (see Fig. 7).

The rockbolts are made of A SO0HW steel. All permanent
support elements must have corrosion resistant finish consis-
ting of a 105 pm thick hot-dip galvanised coat and a 300 pm
thick epoxy coat. The rock bolts provided with the corrosion
protection are supplied by Minova Bohemia, s. r. 0. The grout
is a mixture of common Portland cement and sand (maximum
grain-size of 2 mm), which are mechanically mixed in the
ratio of 1:1, with the maximum w/c of 0.4. The grout strength
grade is C30/37; environmental exposure classes are XA2
and XS2. The design life of the rock bolt support is 100
years.

All drilling is carried out using three Tamrock Axera T11-
315 TCAD semi-automatic triple-boom drill rigs. The rock
mass contains a high proportion of hard materials (feldspar,
quartzite), which are highly abrasive. The drilling bits last
only for several tens of meters, but they can be once or twice
resharpened and reused.

Similarly to the rock bolts, structural concretes are also
divided into basic categories:

— shotcrete applied immediately during the course of the

works, which means interrupting the excavation,

— application of final lining shotcrete.

The immediate application of shotcrete is performed in
worsened geological conditions with the aim of increasing
the level of safety at work. Fibre reinforced shotcrete (60 kg
of steel fibres per m3) is used for this purpose.

The final lining consists of two layers of concrete. The ini-
tial layer is structural, 30 — 100 mm thick, again reinforced
with fibres. In the case of running tunnels, polypropylene fib-
res (about 7 kg/m3) are used instead of steel fibres. The
second layer, 30 mm thick, is from unreinforced concrete; it
is considered to have a protective purpose. Identically with
the case of final rock bolts, even the shotcrete lining must fol-
low after the excavation at the distance of at least 30 m from
the face. Cross drains are installed in the cases of contingent
local dripping.

Material requirements for the quality of shotcrete are based
on the SFS-EN 14487-1 and SFS-EN 14487-2 standards. The
maximum size of grains of aggregates in the concrete is
8 mm. Portland cements are used as the binder. When the wet
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je pouze nékolik desitek metra, lze je vSak jednou az dvakrdt pre-
brousit a opetovné nasadit.

Obdobné¢ jako svorniky se i konstrukéni betony déli do
zéakladnich kategorii:

— bezprostiedni ndstiik betonu v prubéhu praci, jeZ znamena

preruseni razby,

— ndstrik definitivniho osteni.

Bezprostredni ndstrik je aplikovédn pfi zhorSenych geologic-
kych podminkach pro zvyseni drovné bezpecnosti na pracovis-
ti. Pro nastfik je pouzivan beton s rozptylenou vyztuzi (60 kg
ocelovych dratka na m3).

Definitivni osténi se sklddd ze dvou vrstev betonu. Prvn{
vrstva je konstrukéni v tl. 30-100 mm opét s rozptylenou
vyztuzi. V pripadé tratovych tuneli jsou misto ocelovych
vldken pouZzivana vldkna polypropylénovd (cca 7 kg/m3).
Druhd vrstva z prostého betonu tl. 30 mm je uvazZovéna jako
ochrannd. Stejné jako v pripad€ definitivnich svornikd mus{
i stiikané osténi sledovat razbu alespon 30 m od &elby. Pro
pripady lokdlnich dkapu vody jsou instalovdny organizované
drendzni svody.

Materidlové pozadavky na kvalitu stifkanych betont vycha-
zeji z norem SFS-EN 14487-1 a SFS-EN 14487-2. Kamenivo
v betonech smi mit maximalni velikost zrna 8 mm. Jako pojivo
jsou pouzivdny portlandské cementy. Pfi aplikaci ndstfiku mok-
rym zpusobem smi byt pomér w/c maximdlné 0,5. MnoZstv{
vody v betonové smési nesmi byt vySsi nez 200 kg/m3 (sednu-
ti kuzele 100—150 mm). Hustota Cerstvého betonu musi byt
veétsi nez 2200 kg/m3. Ddavkovdni urychlovace tuhnuti nesmi
byt vys$§i neZ 5 % hmotnosti cementu. Tento pomérné prisny
pozadavek splnuji akceleratory Sika Sigunit L53 AF-S.
OSetrujici prisady pro zrdni betonu nejsou povoleny. Povrch je
nutné skrapét vodni mlhou po dobu min. 14 dni od aplikace,
nebo kdyz je dosazeno 80 % jmenovité pevnosti. Kvalitativni
pozadavek na vysledny beton je tfida C30/37, XC3, XFI.
Energetickd pohltivost dratkobetont pii deskové zkousce (pfi
prihybu 25 mm) musi byt min. 1000 J. PouZivand ocelova
vldkna musi byt del$i nez 25 mm. Mez kluzu ocelovych vldken
musi dosahovat minimélne¢ 800 MPa a jejich konce musi byt
roziifené nebo zahnuté. Cerstvd betonova smés je na stavenis-
té dopravovdna v autodomichdvacich a nanaSena manipuléto-
rem Meyco Potenza.

Na stavbdch se pracovnici stfidaji v Sestitydennich turnu-
sech a poté maji 3 tydny volna. Raziéi pracuji ve dvousmén-
ném provozu Sest dni v tydnu v poctu ¢tyf délniku ve sméné.
Pracovni dny jsou vyuZivdny k razbé s primérnym postupem
3.5 metru/Celbu/den, o sobotdch se buduje definitivni osténi.
Celkem na projektu pracuje (v&etné razicu &erpajicich turnu-
sové volno) 31 zaméstnancu divize 5 Metrostavu, a. s.

V soucasné dobé jsou dokonéeny a preddny pristupové tune-
ly Myllykallio a Koivusaari. Posledni pristupovy tunel
Lauttasaari bude dokoncen na podzim roku 2011. Razba trato-
vych tuneld zacala letos v Cervnu a planované dokondeni, v&et-
né vSech doprovodnych objektu, je v prvnim &tvrtleti roku 2013.

ING. VACLAV PAVLOVSKY,

vaclav.pavlovsky @metrostav.cz,

ING. ALES GOTHARD, ales.gothard@metrostav.cz,
METROSTAYV, a. s.

Recenzoval: Ing. Jan Korejcik
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Obr. 7 Svornikovd vystroj v iiseku raZeném pod morem
Fig. 7 Rock bolt support within the section driven under the sea bed

process is applied, the maximum w/c ratio is 0.5. The amount
of water in the concrete mix must not exceed 200 kg/m3
(slump of 100 — 150 mm). The density of fresh concrete must
be higher than 2,200 kg/ m3. Dosing of setting accelerator
must not exceed 5 % of the weight of cement. This relatively
strict requirement is met by Sika Sigunit L53 AF-S accelera-
tors. Curing agents are not permitted. Water mist must be
sprayed on the surface for 14 days after the application as the
minimum, or until 80 per cent of the nominal strength is rea-
ched. The quality of the resultant concrete reaches the grade
C30/37, XC3, XF1. The minimum energy absorption capaci-
ty at the plate test (at deflection of 25 mm) must be 1000 J.
The steel fibres used must be longer than 25 mm. The yield
strength of steel fibres must reach 800 MPa as the minimum
and their ends must be widened or provided with hooks.
Fresh concrete mix is transported to site in mix trucks and is
applied by a Meyco Potenza manipulator.

Six-week tours of duty alternating with 3 weeks off are
applied on sites. The miners work a 6 day / two shift operati-
on with four men in a shift. The excavation proceeds during
working days at the average advance rate of 3.5 metres per
heading per day, while the final lining is erected on
Saturdays. The total number of employees of Division 5 of
Metrostav a. s. (including miners taking time off work) is 31.

To date the Myllykallio and Koivusaari tunnels have been
completed and handed over. The last access tunnel,
Lauttasaari, will be completed in the autumn of 2011. Driving
of the running tunnels started this year in June and the com-
pletion, including all associated structures, is planned for the
first quarter of 2013.

ING. VACLAV PAVLOVSKY,

vaclav.pavlovsky @metrostav.cz,

ING. ALES GOTHARD, ales.gothard@metrostav.cz,
METROSTAYV, a. s.

[2] Sweco: Rakennusselostus LUGE Karhusaaren Rattatunneli, 2010
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RAZENIE A BETONAZ TUNELOV V INTRAVILANE MESTA STOKHOLM
DRIVING TUNNELS AND CASTING CONCRETE TUNNEL
STRUCTURES IN DEVELOPED AREA OF STOCKHOLM

PETER BALUSIK

ovoD

Razenie tunelov v intravildne miest je vZdy skiskou organiza-
cie prdc, logistiky a technologickej discipliny. V pripade susedia-
cich Casti projektu s rdznymi zhotoviteImi je ndro¢nost' navySend
o koordinéciu prac medzi nimi. Projekt Norra Lénken (severna
linka) v Stokholme v sebe spdja vietky tieto znaky.

Norra Linken je projektom severného obchvatu Stokholmu,
ktory po napojeni na uz jestvujice obchvaty Sodra Linken
a Essingeleden vytvori tzv. velky obchvat Stokholmu, ktory
v tvare polmesiaca okolo mesta spoji dva dolezité Stokholmské
pristavy Virtahamnen a Frihamnen (obr. 1). Po sprevddzkovani
ma toto dopravné spojenie odlah¢it’ pozemnu dopravu v SirSom
centre Stokholmu aZ o polovicu. Price na projekte boli zacaté
v roku 2007 a dokoncenie je planované na rok 2015.

Cast realizovana spolo¢nostou Skanska (Skanska Sverige AB
Stora Project a Skanska SK a. s. — Zavod Tunely SK), NL 11,
pozostavala z razeného tunela Karoliner 111, hl'beného tunela
Stdlmastergdrdener 112 a sivisiacich objektov (obr. 2). Kazdy
z tunelov je uréeny pre jeden smer premavky — tunel 111 pre smer
sever — juh a tunel 112 pre smer juh — sever.

RAZENIE TUNELA KAROLINER 111

,Tunel Karoliner 111 m4 celkovi dizku 420 m, z toho je 75 m
hlbend Cast’a zvysok tunela je razeny Nérskou tunelovacou met6-
dou (NTM).

INTRODUCTION

Driving tunnels in developed urban areas is always a test of
the works organisation, logistics and technological discipline.
If neighbouring portions of the project are carried out by diffe-
rent contractors, the demands are further increased because of
the necessity for the co-ordination between them. The Norra
Léanken (the Northern Link) project in Stockholm comprises
the above features in it.

The Norra Lédnken project solves a northern by-pass of
Stockholm, which will form, once it is connected to the exis-
ting Sodra Lanken and Essingeleden by-pass roads, a large by-
pass of Stockholm, the alignment of which will link two major
Stockholm harbours of Virtahamnen and Frihamnen in the
shape of a crescent (see Fig. 1). When this transport connecti-
on has been commissioned, this link is expected to reduce the
surface traffic within the wider centre of Stockholm up to
a half. The work on the project commenced at the beginning of
2007 and the completion is planned for 2015.

The part which has been implemented by Skanska (Skanska
Sverige AB Stora Project and Skanska SK a. s. — Zavod Tunely
SK), NL 11, consists of the Karoliner 111 mined tunnel, the
Stidlmastergardener 112 cut and cover tunnel and associated
structures (see Fig. 2). Each of the tunnels is designed for one
direction of traffic: tunnel 111 for the north-south direction and
tunnel 112 for the south-north direction.

DRIVING THE KAROLINER 111 TUNNEL

— U] a
- Ereresldieds

The Karoliner 111 tunnel is 420 m long in
total, with a 75 m long cut-and-cover part and
the remaining part driven using the Norwegian
Tunnelling Method (the NTM).

As usual in Scandinavian countries, geology
was excellent. Rock mass consisted of granites
and granitic gneiss, interwoven by a system of
discontinuities, with sporadic occurrence of
small bodies of fractured rock.

The mining operations started in mid-2007. The
initial phase comprised the excavation of the
Ramp 195 access adit, with the excavation of the
Karoliner tunnel itself starting from this adit. The
excavated area of the tunnel amounted to 88-104
m?, the overburden height varied from 4 to 20 m.
The full-face excavation system was used (wit-
hout partial headings), with the exception of
a 30 m long section where the Karoliner tunnel
passed under the existing, fully operating Eugenia
tunnel (the E4 interstate highway; 100 thousand
vehicles per 24 hours) (see Figures 3 and 4). In
this section the excavation face was divided into 5
parts. A pilot tunnel with dimensions of 5x5 m
was driven first, with the round length of 3 m.

Obr. 1 Mapa velkého obchvatu mesta Stokholm ( Trafikverket)
Fig. 1 Map of the large by-pass of the City of Stockholm (Trafikverket)

Then individual partial headings followed, with
the blasting round lengths of 0.5 m.
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Obr. 2 Situdcia stavby NL11 (Skanska Sverige AB)
Fig. 2 Construction NLI11 layout (Skanska Sverige AB)

Ako je to obvyklé v Skandindvskych krajinach, geologické
pomery boli vynikajice. Horninovy masiv tvorili granity
a granitické ruly, pretkané systémom diskontinuit a s ojedi-
nelym vyskytom rozsahom malych dtvarov porusenej horniny.

Raziace prdce zacali v polovici roku 2007. V prvej faze bol
vyrazeny pristupovy tunel Ramp 195, z ktorého potom
odStartovalo razenie samotného tunela Karoliner. Tunel mal
plochu vyrubu 88—104 m2, vyska nadloZia sa pohybovala od

Obr. 3 Pohlad na ZB dosku deliacu tunel 111 od tunela Eugenia
Fig. 3 View of the RC slab separating tunnel 111 from Eugenia tunnel

Standard mechanical equipment was used during the tunnel
driving operations; a Titan SSE emulsion explosive (Orica —
DYNO Nobel) charging truck was used as an innovation.

BLASTING OPERATIONS

One of the most important conditions for successful blasting
operations is a correct face drilling system. This was why the dril-
ling set was controlled solely using a total station or a static laser,
with the Bever system installed on the drill rig. The blasting

Obr. 4 Vitanie na odstrel pod tunelom Eugenia (Skanska Sverige AB)
Fig. 4 Blasthole drilling under Eugenia tunnel (Skanska Sverige AB)
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4 do 20 m. Razenie prebiehalo na cely profil (bez delenej
Celby), az na vynimku 30 m dseku, kde tunel Karoliner pre-
chadzal popod jestvujici tunel Eugenia v plnej prevadzke
(medzinarodna cesta E4, 100 tisic vozidiel za 24 hod) (obr. 3,
4). V tomto useku bolo cCelo razenia rozdelené na 5 cCasti.
Najprv bola razend pilotnd Cast'rozmerov cca 5x5 m, na zdber
3 m. Potom boli odstrelované jednotlivé Casti na zdber 0,5 m.

Pri raziacich pracach bola pouzitd Standardnd mechaniza-
cia, ako novinka bola pouzitd nabijacia siprava na emulzni
trhavinu Titan SSE (Orica — DYNO Nobel).

TRHACIE PRACE

Jednym z najddlezitejSich predpokladov tuspesSnosti trha-
cich prac je sprdvne navrtanie Celby, preto bolo pouZivané
vyhradne usmernovanie vrtného voza pomocou totdlnej sta-
nice, resp. statického lasera a Bever systému vo vrtnom
voze. Pomocou spitného vyhodnocovania vitania, d¢innosti
trhacich prdc a spésobenych vibrécii na povrchu, sa optima-
lizovali trhacie prdce a predovSetkym ich negativny udc¢inok
na povrchu.

Pri trhacich pracach bol pouZity inovativny systém — nabi-
jacia siprava Orica — DYNO Nobel Titan SSE na emulznud
trhavinu. Skanska tu pouZzila tento systém po prvy raz.

Nabijacia stprava bola osadend na podvozku ndkladného
auta Mercedes, vybaveného aj vysokozdviZnou ploSinou
znaCky AMYV. Sucastou stpravy je Cerpadlo Titan SSE (Site
Sensitised Emulsion) na plne automatizované ddvkovanie
emulznej trhaviny. Automatizédcia spo¢iva v namiesSani emul-
zie pre danu Cast’ Celby, ako i v samotnom davkovani mnoz-
stva emulzie na meter vyvrtu.

Celba bola oby¢ajne rozdelend do 3tyroch &asti s réznou
mernou nélozou (od 350 do 1300 g/m vyvrtu). Po navitani
Celby na odstrel bola strelmajstrom rozdelend na tieto Casti
sprejovym ndstrekom, takZe pri nabijani bolo zrejmé, akou
mernou ndloZou a s akym ¢asovanim sa ma nabijat’ dany vrt
(obr. 3, 4 ). Na dialkovom ovlddaci sa potom pre jednotlivé
oblasti zvolil druh ddvkovania. Sdprava automaticky podla
zvoleného davkovania mieSala emulziu a zdroven zvolila
rychlost’ vytahovania hadice z vyvrtu, ktoré bolo taktieZ auto-
matizované. Tento systém bol jednak rychly a zdroven zaru-
Coval presné nabitie Celby v sdlade s poziadavkami na opti-
malizdciu dc¢innosti trhacich prac a vibracii nimi spdsobe-
nych. Zaber na odstrel bol zvy€ajne 5 m, pri¢om sa nan pou-
zilo priemerne 800 kg emulznej trhaviny Titan 7000. Na roz-
net bol pouzivany neelektricky roznet NONEL (Orica —

Obr. 5 Nabitd a zapojend celba tunela 111
Fig. 5 Charged and wired face of tunnel 111
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operations and, first of all, negative effects of blasting on the
ground surface were optimised through back-analysing the dril-
ling system, the efficiency of blasting operations and vibrations
induced on the surface.

An innovative system, Orica — DYNO Nobel Titan SSE
emulsion explosive charging truck was applied to the blasting
operations. It was the first application of this system by
Skanska.

The charging set was mounted on a Mercedes truck under-
carriage, which was in addition equipped with an AMV plat-
form lifter. Part of the set is a Titan SSE (Site Sensitised
Emulsion) pump allowing fully automated dosing of the emul-
sion explosive. The automation lies in mixing of the emulsion
for a particular part of the face and dosing of the emulsion
amount per a metre of the blast hole.

The excavation face was usually divided into four parts,
requiring different specific charges (from 350 to 130 g per
a metre of a blast hole). When the blasthole drilling had been
finished, the shotfirer divided the face into the above-mentio-
ned parts, marking them by spray paint so that it was obvious
during the charge loading which specific charge and which
delays are to be used for the particular borehole (see Figures 3
and 4). The dosing types for the respective areas were subse-
quently selected on the remote control device. The set mixed
the emulsion automatically, according to the dosing rate selec-
ted. At the same time it chose the speed of pulling the hose
from the borehole. This process was also automated. The whole
system was quick and at the same time guaranteed precise loa-
ding of charges in the face, complying with requirements for
the optimisation of the efficiency of blasting operations and
vibrations induced. The pull was usually 5 m long, with an ave-
rage consumption of the Titan 7000 emulsion explosive of
800 kg per round. The NONEL non-electric initiation system
(Orica DYNO Nobel) was applied. The face was wired using
a combination of non-electric detonators NONEL LP and SL
connection blocks), with each part of the face comprising iden-
tical specific charge weights connected to one SL connection
block (see Fig. 5).

Vibration reducing measures

Because of the fact that the tunnel was driven in a developed
urban area, under a busy road intersection, in the vicinity of an
operating tunnel or under a hospital, great stress was placed on
minimising vibrations. The whole blasting procedure was adap-
ted to this requirement and it was one of the main reasons why
the SSE charging set was used. Owing to the automated charge
loading process, the set ensured virtually 100 per cent charging
discipline.

The following coordination has to be provided during the
blasting operations:

a) coordination with the works at surface work places and

with the adjacent part of the Norra Linken project, NL12

In the sections which were closer than 20 m from the inter-
section above the tunnel or from the adjacent work places and
surface work places or from the neighbouring Eugenia tunnel,
the blasting operations were permitted only one-by-one and
only during two day-times: at 10 a.m. and 2 p.m. To be able to
keep to these conditions, it was necessary to reach mutual agre-
ement on the times of the blasting among the other firms, 24
hours ahead. In addition, the times of blasting events were
adjusted 1 hour ahead and wireless communications were requ-
ired just before the blasting;

b) coordination with the company providing vibration
measurements
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Obr. 6 Ukdzka grafického zdznamu vibrdcii pri dobrom vysledku (Nitro
Consult AB)

Fig. 6 Illustration of a graphical record of vibrations in the case of a good
result (Nitro Consult AB)

DYNO Nobel). Celba sa zapijala kombindciou neelektric-
kych rozbusiek NONEL LP a SL konektorov (SL connection
blocks) a to tak, Ze kazdd Cast’ Celby s rovnakou mernou
hmotnostou naloZe bola spojend do jedného SL konektora
(obr. 5).

Opatrenia na obmedzenie vibracii

KedZe tunel bol razeny v intravildne, pod frekventovanou
krizovatkou, v blizkosti nachddzajiceho sa tunela v prevadz-
ke, resp. pod nemocnicou, klddol sa velky déraz na minima-
lizciu vibracii. Tomu bol prispdsobeny cely postup trhacich
prac a zdroven to bol jeden z hlavnych dovodov pouzitia
nabijacej stipravy SSE. T4 zabezpecovala, vdaka automatizo-
vanému procesu nabfijania, prakticky 100% disciplinu pri
nabijani trhavin.

Pocas trhacich prdc musela byt zabezpecend koordindcia:

a) s trhacimi pracami na povrchovych pracoviskach a so

susediacou &astou projektu Norra Liinken — NL12

V usekoch, ktoré boli blizSie nez 20 m ku krizovatke nad
tunelom, susediacim a povrchovym pracoviskdm, resp.
k susediacemu tunelu Eugenia, mohli byt trhacie prace vyko-
navané len po jednom a len v dvoch dennych ¢asoch —o 10 h
a 14 h. Z tychto ddévodov bolo nutné dohodnit 24 hodin
dopredu, prostrednictvom stavebného dozoru, s ostatnymi
firmami c¢asy odstrelov tak, aby boli podmienky dodrZané.
Odstrely sa eSte upresnovali 1 hodinu vopred a tesne pred
odstrelmi bola potrebna komunikdacia prostrednictvom vysie-
laciek;

b) s firmou zabezpecujicou meranie vibracii

Meranie vibricii zabezpecovala firma Nitro Consult, ktorej
bolo potrebné nahldsit’ ¢asy planovanych trhacich prac na tyz-
den dopredu a v den odstrelu spresnit’ ¢as a polohu (stanice-
nie) odstrelu;

¢) s nemocnicou Karolinska

V tesnej blizkosti NL11 sa nachddza velky nemocni¢ny
komplex Karolinska a v trase tunela Karoliner 111 dokonca
budova s velmi citlivymi pristrojmi. Preto bolo nevyhnutné
informovat’ nemocnicu o presnych ¢asoch odstrelov a to 24
hodin a 1 hodinu vopred. V Case odstrelu museli byt vSetky
pristroje vypnuté.

Pocas celého priebehu vystavby boli merané a neustdle
vyhodnocované vibricie. Pri prekroceni stanoveného limitu
100 mm.s2 musela byt prehodnotend vrtna schéma a dizka
zdberu tak, aby sa uvedeny limit neprekrocil (obr. 6).
Vysledky merani boli technikovi dorucené okamZzite po
odstrele formou SMS. Jednym z opatreni na zniZenie vibrécii
bolo drzat’ tvar Celby v konkdvnom tvare, tj. tak, aby stred
¢elby mierne predstihoval obrys.
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Vibration measurements were ensured by Nitro Consult. It
was necessary to announce the planned times of blasting ope-
rations to this company one week ahead and to adjust the time
and location (chainage) of the blasting event on the blasting
day;

¢) coordination with Karolinska hospital

The large hospital complex Karolinska is found in the close
vicinity of the NL11, while a building housing highly sensitive
apparatuses is located on the Karoliner 111 tunnel alignment.
This is why it was unavoidable to inform the hospital about
exact times of the blasting event 24 hours ahead and an hour
ahead of the blasting. All apparatuses had to be turned off
during the blasting time.

Vibrations were continually measured and assessed during
the course of the entire construction process. When the set limit
of 100 mm.s2 was exceeded, the blasting patterns and the
round lengths had to be reassessed so that the above-mentioned
limit was no more exceeded (see Fig. 6). The results of measu-
rements were relayed to a technician immediately after the
blast in the form of an SMS. One of the vibration-reducing
measures was keeping the excavation face in a concave shape,
i.e. with the centre of the face found slightly ahead of the face
perimeter.

The vibrations were successfully kept within the limit.
During the whole construction, the round length was reduced
only for preventative purposes within the section passing under
the existing tunnel, Eugenia (see Fig. 7).

As far as the Karoliner tunnel is concerned, two escape rou-
tes (22 m and 18 m long) had to be driven to connect it with the
Eugenia tunnel. These tunnels were driven without any inter-
ruption of traffic, with the blasting operations restricted to 10
a.m. and 2 p.m., when the traffic was interrupted for about 15
minutes. The breakthroughs to the Eugenia tunnel themselves
took place during nights, during times set in advance by the

Obr. 7 Schéma rozmiestnenia meracich bodov na meranie vibrdcii (Skanska
Sverige AB)
Fig. 7 Layout of locations of vibration measurement points (Skanska Sverige AB)
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Vibricie sa podarilo udrzat' v limite. Pocas celej vystavby road administration (Vigverket). During this time traffic was
bola dizka zdberu zmensend len preventivne v useku, ktory stopped from 10 p.m. to 5 a.m. This means that the charges had
prechadzal popod jestvujuci tunel Eugenia (obr. 7). to be loaded and fired, the Eugenia tunnel cleaned and the pas-

Z tunela Karoliner 111 bolo potrebné prerazit'aj dve tniko- sage through the tunnel had to be stopped during this time.

vé cesty (22 a 18 m), ktoré ho spdjali s tunelom Eugenia. Tie
sa razili za plnej prevadzky, s obmedzenim trhacich prac na CASTING OF CONCRETE STRUCTURES OF
10 h a 14 h, ked bola premdvka zastavend na cca 15 minit. STALMASTERGARDENER 112 TUNNEL

Samotné prerazenie do tunela Eugenia sa uskutoc¢nilo
v no¢nych hodinach, v ¢ase vopred stanovenom sprdavou ciest
(Viagverket). V tomto ¢ase bola premdvka zastavend od 22 h
do 5 h hodiny, takZe za 7 hodin bolo potrebné nabit’a odpalit
Celbu, vycistit tunel Eugenia a doCasne zatvorit’ priechod.

The second phase of the NL11 construction was the cut-and-
cover Tunnel 112. The tunnel cross section was that of a 10 m
x 10 m square. The total length of the tunnel is 180 m. The
Tunnel 112 fluently links the cut-and-cover tunnel found in the
adjacent part of the Norra Lianken project — the NL12.

BETONAZ HLBENEHO TUNELA Planning of the construction and the preparation were carri-

= ed out very precisely. All factors restricting the course of the
STALMASTERGAFDENER 12 . . construction were taken into consideration:
Druhou fazou vystavby NL11 bol hlbeny tunel 112. Tunel « Busy traffic in the construction surroundings

mal Stvorcovy priecny profil 10 m x 10 m. Celkovd dlzka A busy road intersection was found in the close vicinity of
tunela je 180 m. Tunel 112 plynule nadvizuje na hlbeny tunel
v dal3ej Casti projektu Norra Linken — NL12.

Planovanie a priprava vystavby bola urobend velmi preciz-
ne. Do tvahy boli brané vSetky faktory, obmedzujice priebeh
vystavby:

¢ Frekventovana doprava v okoli stavby

V tesnej blizkosti stavby sa nachddzala frekventovana kri-
zZovatka s pravidelnymi dopravnymi zdpchami. Situovanie
stavby bolo logisticky na velmi komplikovanom mieste.
Vyrobna beténu bola vzdialend len 15 min jazdy autom, no
v dopravnej Spicke sa tento Cas prediiil az na 45 min.
Situovanie nevyhovovalo aj praci so statickymi Zeriavmi, ked
vyloznik vSetkych troch Zeriavov zasahoval pri rotdcii do
z6ny civilnej dopravy, ako aj do zény aredlu nemocnice
Karolinska, o si vyziadalo $pecidlne opatrenia. Zeriavy boli
vybavené zénovym blokovanim, ¢im bol zamedzeny pohyb
s bremenom ponad premdvku, ¢i nemocni¢né priestory.

¢ Bezprostredné susedstvo stavby NL12

Priestory sklddok materidlu sa prelinali medzi oboma stav-
bami. Bolo velmi ndro¢né udrzat’ poriadok na sklddkach
a zladit jednotlivé operdcie tak, aby nedochadzalo
k zdrzaniam na oboch strandch.

e Zimné obdobie

Stavba sa zacinala vo februdri 2009 a trvala do leta 2010. ST . .
Najchladnejsie mesiace vo Svédsku s obvykle janudr minimisation of the construction time and costs.

a februdr. Teploty v tychto mesiacoch aj v Stokholme zvykni System decisions made during the construction planning
klesnit na —20 °C phase were the main aspect predetermining the success of the

construction. They dealt with the use of prefabrication and pre-
assembly, minimisation of manual work in tying up concrete
reinforcement and the division of the working crew into speci-
alised teams.

the construction site, suffering from regular traffic congestions.
The site location was very complicated in terms of logistics.
The concrete batching plant was at the distance of a mere 15
minutes by road; during peak hours this time was extended up
to 45 minutes. In addition, the location was not satisfactory for
the operation of static cranes: The jibs of all three cranes exten-
ded into the civic traffic zone and the Karolinska hospital
grounds while rotating, therefore special measures were neces-
sary. The cranes were equipped with zone blocking, preventing
them from moving with suspended loads above the traffic or
hospital grounds.

¢ The immediate neighbourhood of the NL12 project

The material storage areas were located in the area on the
border between the two projects. Maintaining order on the sto-
rage sites and harmonising individual operations so that delays
were prevented on both sides was a very exacting task.

* Winter period

The construction works started in February 2009 and conti-
nued till the summer of 2010. The coldest months in Sweden
are usually January and February. Temperatures during these
months usually drop up to -20 °C even in Stockholm.

Apart from the above factors, the planning process took into
consideration even the objectives of the project team, i.e. the

Okrem tychto faktorov pamaétala priprava aj na ciele pro-
jektového timu — minimalizéciu Casu vystavby a ndkladov.

Boli to predovsetkym systémové rozhodnutia poc¢as pripra-
vy stavby, ktoré predurcili dspesSnost’ stavby. I§lo o vyuZitie
prefabrikdcie a predmontdZe, minimalizaciu manudlnej prace
pri viazani ocelovej vystuze, rozdelenie osddky do $peciali- The use of prefabrication and pre-assembly

zovanych timov. The tunnel was divided into 18 approximately 10 m long
blocks. Each of the blocks was designed in a way minimising

Vyuzitie prefabrikacie a predmontaze differences in the formwork and in reinforcement detailed dra-
Tunel bol rozdeleny do 18 blokov diiky cca 10 m. Kazdy wings. If the situation required it, only details were modified
z blokov bol projek¢ne pripraveny tak, aby boli minimdlne roz- (locations of casing pipes, openings, niches etc.). The con-
diely v tvare a vo vykresoch vystuZe. Pokial to situdcia vyZa- struction of the blocks was divided into three stages: the bottom
dovala, zmeny boli len v detailoch (prestupy chréniciek, okn4, slab, walls and roof deck. Reinforcement detailed drawings
vyklenky a pod.). Vystavba blokov bola rozdelena do troch etdp | Wwere carried out with the intention of allowing as many pre-
— spodnd doska, steny a stropnd doska. Vykresy vystuZe boli prepared elements as possible to be used. Some of them (cages
vyhotovené tak, aby bolo moZzné pouZit’' ¢o najviac predpripra- enveloping the waterstops, cage spacers, ladder spacers) were
venych prvkov. Niektoré sa dopravovali ako hotové koSe pria- transported as complete reinforcement cages directly from pro-
mo od vyrobcu — koSe pre tesniace pasy, diStan¢né kose, dis- ducers. Other elements were prepared in a rebar processing
tanéné rebriky. DalSie boli pripravované vo vyrobni vystuZe na facility on site. In certain cases, Swedish regulations allow wel-
stavbe. Svédske predpisy umoziiuji v istych pripadoch pouZitie ded joints on reinforcing bars to be used; this technique was
zvaranych spojov vystuze, ¢o sa na stavbe vyuzilo. used during the construction. The Doka system formwork was
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Obr. 8 Debniaci voz na stropnii dosku tunela 112
Fig. 8 Travelling formwork for the roof deck of tunnel 112

Na debnenie bolo pouzité systémové debnenie Doka,
z ktorého boli predmontované diely Sirky 3 m a vySky 10 m na
debnenie stien. Na debnenie stropnej dosky bol pouzity debnia-
ci voz, na ktorom sa dodebnoval strop podla potreby a velkosti
zalomenia smerového oblika (tunel bol trasovany v obliku)
(obr. 8).

Minimalizacia manualnej prace pri viazani

Pre zrychlenie vystavby boli minimalizované manudlne prace
viazaCov. VSetka pritovd vystuz, u ktorej to bolo moZné, resp.
efektivne, bola dovezend od vyrobcu v balikoch BAMTEC.
Prity boli rozloZzené v ur¢enom rozstupe, v ktorom sd upevnené
paskou a zbalené do roliek (ako koberec). Takto sa doviezli na
miesto urCenia, rozvinuli sa a pracovnici uz len pripevnili jed-
notlivé pruty k predchddzajicej vrstve vystuze.

Na viazanie pritov boli pouZivané viazacie piStole (Max
Rebar Tier). Toto urychlilo armovacie prace a napriek vysokej
cene piStoli ich pouZitie bolo efektivnou investiciou.

Strojnd vybavenost’'bola celkovo na vysokej tirovni.

Rozdelenie osadky do Specializovanych timov

Osadka bola rozdelend do mensich timov podla Specializicie.
Kazdy tim vykondval stdle rovnakid operdciu. Tento krok spolu
s vyuzitim prefabrikdcie a predmontiZe znamenal prakticky
pésovi vyrobu na stavbe (alebo systém tzv. pridovej vystavby).
Kazdy tim vedel presne rozsah prac, ktoré ma vykonat
a odstranili sa tak stratové Casy pri striedani pracovisk, zmene
mechanizacie, ¢i obleCenia.

Postup pri vystavbe

Ako uz bolo uvedené, osddka bola rozdelend do Specializova-
nych timov. Pre realizdciu spodnej dosky a stien boli vytvorené
tri timy. Prvy tim mal na starosti montdZ a demontdZ debnenia
a betondZ. Druhy tim mal na starosti ukladanie ocelovej vystuze
a treti tim pripravu vystuze.

Na debnenie sa pouZivali bloky vyskladané z debnenia Doka.
K dispozicii boli tri sady vonkajSieho debnenia stien a jedna
sada vnutorného debnenia stien. Najprv bolo osadené vonkajsie
debnenie stien prvého bloku, aby druhy tim mohol zacat
s ukladanim ocelovej vystuZe. Pocas prace s vystuzou prvy tim
postavil vonkajSie debnenie na nasledujicom bloku a oddebnil
vnitorné a vonkajsie debnenie stien na predchddzajicom bloku.
Po ukonceni ukladania vystuZe (vystuzovala sa spodnd doska
spolu so stenami) prvy tim zabeténoval spodnd dosku a druhy
tim zacal ukladat’ vystuZ na nasledujicom bloku. S Casovym
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used, with 3 m wide and 10 m high components pre-prepared
for forming the walls. A traveller form was used for the roof
deck, with the deck formwork being completed on it as requi-
red and with respect to the radius of the horizontal curve (the
tunnel alignment was on a curve) (see Fig. 8).

Minimisation of manual work in tying up concrete
reinforcement

The handwork of workers tying up reinforcement bars was
minimised so that the construction process was accelerated. All
reinforcing bars for which it was possible or effective were
transported from producers in the form of BAMTEC rolls. The
bars were spread out at the specified spacing, fixed in the posi-
tions by a tape and rolled up (as a carpet). The rolls were tran-
sported to the site, unrolled and the only operation left for wor-
kers was fixing of the bars to the preceding reinforcement
layer.

Max Rebar Tier tools were used for tying up the reinforce-
ment. This technique accelerated the reinforcement placing
operations; the investment turned out to be effective despite the
high price of the tiers.

The overall level of mechanical equipment was high.

Division of the working crew into specialised teams

The working crew was divided into smaller teams taking into
consideration specialisations. Each team performed always
a single operation. This step, together with the use of prefabri-
cation and pre-assembly, meant that the construction was carri-
ed out using a flow line production system. Each team knew the
exact scope of work it is required to perform. Owing to this sys-
tem down-times originating when changing work places, chan-
ging mechanical equipment or clothing were eliminated.

Construction procedure

As mentioned above, the working crew was divided into spe-
cialised teams. Three teams were formed for the construction of
the bottom slab and walls. The first team was assigned the task
of assembling and disassembling the formwork and casting
concrete. The second team took care of placing reinforcement,
whilst the third team prepared the reinforcement for them.

Formwork blocks assembled from Doka system elements
were used. There were three inner formwork sets and one outer

Obr. 9 Pohlad na postup vystavby
Fig. 9 View of the construction process
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Obr. 10 Pracovnici pri rozbalbvani rolky BAMTEC
Fig. 10 Workers unrolling a BAMTEC roll

odstupom 12 h po zabeténovani spodnej dosky sa zacalo
s debnenim stien. Takto bola zaruc¢end kontinuita prac, pricom
vzdy sa jeden blok debnil, jeden oddebnoval, jeden beténoval
(spodna doska alebo steny) a v dalsom sa ukladala vystuz.

Pre elimindciu vplyvu zmrastovania beténu sa bloky beténo-
vali obkro¢mo v poradi 1,3,5,2,4,7 atd. (obr. 9).

Ukladanie vystuze do spodnej dosky prebiehalo spolu
s ukladanim vystuZe stien. Pre zrychlenie tejto ¢innosti boli pou-
zité rolky BAMTEC pri realizécii spodnej i vrchnej vrstvy spod-
nej dosky. Manudlne boli dokladané a viazané len zosilfiovacie
prvky a prvky napojenia dosky so stenami. Ocelova vystuz stien
bola prichytdvand na pomocnud vystuz pripevnent hlinikovymi
klincami priamo na debnenie. Aby sa urychlilo ukladanie vystu-
Ze stien, prva a druhd vrstva vystuZe sa pripravila vo vyrobni
vystuze (jej sicastou bola beténova plocha na to prispdsobend)
vo forme sieti. Tieto boli skladané taktieZ z rolieck BAMTEC.
Hotové siete boli prevdzané priamo na miesto uloZenia Zeriav-
mi. Dal§{m urychlenim bolo pouZitie dilatacnych koSov namies-
to strmenov (obr. 10, 11).

Dilata¢né Skary medzi blokmi boli rieSené stredovym
a bo¢nym tesniacim pasom (fugeband), pre ktorého osadenie bol
vo vystuzi vytvoreny Specidlny koS. Nebolo preto potrebné
zdihavo vkladat vystuz pre tento detail. Pracovnd Skdra medzi
spodnou doskou a stenami bola ihned oSetrend retardérom tuh-
nutia beténu. Tento sa po 24 hodinach vystriekal vysokotlakym
¢isticom. To zaruCovalo dostato¢né zdrsnenie Skary. Vodotesnost’
(kedZe $kdra sa nachddzala pod droviiou hladiny spodnej vody)
zabezpecCoval tesniaci pds z pozinkovanej ocele Contaflex
a bentonitovy pas Hy-Dra Waterstop. Obidva pasy boli napoje-
né na tesniaci pds na koncoch blokov.

Préce na stropnej doske zacali az s odstupom — po zabeténo-
vani 8. bloku spodnej Casti konStrukcie. Na starosti ju mal Stvor-
¢lenny tim, ktory vykonaval vSetky ¢innosti s tym spojené —
oddebnenie debniaceho voza, jeho presun a osadenie na pozicii,
dodebnenie stropu, uloZenie vystuze dosky a aj samotnu beto-
ndz. Pre urychlenie prac s ukladanim vystuZe boli aj tu pouZité
rolky BAMTEC, dilata¢né rebriky a koSe pre tesniace pasy.

Betonaz

Betondze boli pldnované zvylajne tyzden dopredu.
Dodavatelom beténu, dopravy a beténovych cerpadiel bola
Skanska Sverige AB. Pri vSetkych konStrukcidch boli pouzité
vyhradne ponorné vibratory. Betonova zmes bola vysokej kvali-
ty, €o prispelo k velmi dobrému vyslednému pohladovému efek-
tu, ale i pevnostnym charakteristikim konStrukcii. Kvalitna
beténovd zmes vyZzadovala aj iny spdsob vibrovania, ako sa

Obr. 11 Pracovnici pri montdZi vystuZe stien — osddzanie druhej mreZe pomo-
cou vezZového Zeriavu

Fig. 11 Workers installing reinforcement of walls — placing the second net
using a tower crane

formwork set available. First the outer formwork for the walls
of the first block was erected so that the second team could start
to place steel reinforcement. During the installation of the rein-
forcement, the first team erected the outer formwork on the
next block and stripped the inner and outer formwork from
walls on the previous block. When the placement of reinforce-
ment (in the bottom slab and the walls together) had been finis-
hed, the first team cast the bottom slab and the second team
started to place reinforcement on the next block. The erection
of the formwork for the walls started at a time lag of 12 hours
after casting of the bottom slab. This procedure ensured the
continuity of the operations, with the formwork being erected
in one block, the formwork being stripped in one block, conc-
rete being cast in this block (the bottom slab or walls) and rein-
forcement being placed in the next block.

The blocks were cast in a staggered pattern, using the 1, 3, 5,
2,4, 7 sequence (see Fig. 9) with the aim of eliminating the
influence of shrieking.

Reinforcement of the bottom slab was placed simultaneously
with the reinforcement of walls. BAMTEC rolls were used
during the placement of the lower and upper layers in the bot-
tom slab. Reinforcement strengthening elements and elements
connecting the bottom slab with the walls were the only items
to be placed and tied up manually. Wall reinforcing bars were
fixed to auxiliary reinforcement, which was fixed directly to
the formwork by aluminium nails. The first and second rein-
forcement layers were prepared at a rebar processing plant (a
part of which was a concrete paved area adapted to this work),
forming nets. The BAMTEC rolls system was even applied to
these nets. Complete nets were transported directly to the loca-
tions where they were placed by cranes. Other acceleration was
achieved by using expansion cages instead of stirrups (see
Figures 10 and 11).

Expansion joints between the blocks were sealed by water-
stops installed both in the centre and on the outer surface (the
so-called fugenband). A special cage was created to allow its
installation. It was not therefore necessary to apply the lengthy
process of inserting reinforcement designed for this detail. The
construction joint between the bottom slab and the walls was
immediately treated by a concrete set retarder. The retarder was
removed after 24 hours by a pressure washer. This procedure
ensured sufficient coarsening of the joint surface. Water-tight-
ness (since the joint was found under the water table level) was
provided by a Contaflex galvanised steel waterstop and
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zvykne pouzivat na Slovensku. Spociatku boli obavy, aby sa
betdn ,,neprevibroval®, ale po oddebneni prvej konstrukcie vset-
ky obavy pominuli — vysledok bol vyborny.

Doékazom vysokokvalitnych beténovych zmesi i precizneho
vibrovania boli vysledky pevnostnych skiSok ako aj uznanie
kvality spracovania od investora.

Skusky beténov zabezpecCovala taktiez Skanska Sverige AB
a to tak in situ, ako aj na betonarke.

Zimné opatrenia

Jednym z obmedzujicich faktorov vystavby bola Svédska
zima. Tento faktor bol o to neprijemnejsi, Ze bolo prakticky
nemozné napldnovat’ dostato¢ne dopredu jej udcinky. Stavbu
zastihli dve absolttne netypické zimy, ktoré nepredpokladali ani
Svédi sami (sneh a7 do marca 2010, neobvykle chladny novem-
ber a december 2010).

Utinky nizkych teplét na betondrske prace sa eliminovali

tymito opatreniami:

e Vyrobna beténu — celoro¢ne tu mali zakryté kamenivo,
v zimnom obdobi s ohrevom. Zimna receptira beténu obsa-
hovala va&si podiel cementu (~ 430 kg/m3). Vyrobna bet6-
nu bola schopna ohrevom vody dodrzat pozadovani teplotu
beténovej zmesi.

e Na stavbe platilo rovnaké pravidlo ako na Slovensku, tj.
teplota pracovnej Skary min. 5 °C. PoZadovana teplota sa
udrzovala vyhrievanim S$kér, ich déslednym prikryvanim
a pri napajani beténovych konstrukcii aj zabudovanym
vyhrievacim kdblom.

¢ Platilo pravidlo, Ze betondz bola prerusend, pokial vonkaj-
Sia teplota bola pod —15 °C.

e Samozrejmostou bolo vykurovanie vodovodnych potrubi
odporovym kéblom a opatrenia obdobné ako v naSich zeme-
pisnych Sirkach.

Napriek tomu, Ze pocasie nebolo mozné predvidat, zimné

opatrenia boli vykonané tak, Ze jediné Co vyrazne spomalilo
prace, bolo Casté sneZenie.

Samozhutiiovaci betén (Selfcompacting concrete SCC)

Po ukonceni priac na hibenom tuneli 112 sa pokracovalo
s vystavbou objektu 162 (obr. 12). Bola to podzemna elektro-
obsluZna realizovand taktieZ systémom hibenia. Vyska nadlozia
bolo vSak mal4, a tak tento objekt mal prakticky parametre kla-
sickej budovy. Cel4 bola vybudovani z liateho beténu a kedZe
steny, a predovSetkym vnitorné priecky, boli dost’ subtilne

Obr. 12 Pohlad na objekt 162
Fig. 12 View of structure 162
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a bentonite Hy-Dra Waterstop. Both waterstops were connected
to the waterstops at the ends of the blocks.

The work on the roof deck commenced at a time lag — after
completing the casting of the 8th block of the bottom structure.
It was performed by a team of four, which carried out all asso-
ciated activities — striking the traveller formwork, moving it
and installing it in the new position, completing the roof deck
formwork, placing reinforcement and casting concrete. BAM-
TEC rolls, expansion joint ladders and reinforcement cages
holding the waterstops in position were also applied to the roof
deck, with the aim of accelerating the reinforcement placing
operations.

Concrete casting operations

Concrete casting operations were usually planned in a one-
week advance. Concrete, transport services and concrete
pumps were supplied by Skanska Sverige AB. All structures
were cast solely using immersion vibrators. High-quality conc-
rete mixture was used, which fact contributed achieving very
good visual effect as well as excellent strength-related charac-
teristics of structures. The high-quality concrete mix even requ-
ired a vibration procedure different from the procedure used in
Slovakia. In the beginning, there were fears of “overvibrating”
the concrete. Fortunately, all fears disappeared after stripping
the formwork from the first structure. The result was excellent.

The high quality of concrete mixtures and precise vibration
was proved by results of strength tests as well as the acknow-
ledgement of the concrete processing quality by the client.

Concrete testing was also carried out by Skanska Sverige
AB, both in situ and at the batching plant.

Winter measures

One of the construction restricting factors was the Swedish
winter. This factor was even more unpleasant because of the
fact that it was virtually impossible to plan its effects in
a sufficient advance. The construction experienced two non-
typical winters even the Swedes had not expected (snow until
March 2010, unusually cold November and December 2010).

The influence of low temperatures on concrete casting ope-
rations was eliminated through the following measures:

e Concrete batching plant — aggregates were covered perma-
nently throughout a year, with heating provided during the
winter season. The winter mix composition contained
a higher proportion of cement (~ 430 kg/m?). The batching
plant was capable of maintaining the prescribed tempera-
ture of concrete mix by heating of mixing water.

e The minimum temperature of the construction joint of 5°C,
which was applicable for the construction, was identical
with conditions in Slovakia. The required temperature was
maintained by means of heating the joints, thorough cove-
ring of the joints, even by the installation of trace heating
embedded in the joints when connecting subsequent conc-
rete structures.

* A rule was observed that the concrete casting operation
was suspended if the ambient temperature dropped under -
15°C. Trace heating cables protecting water pipelines and
measures similar to those applied in our latitudes were
a commonplace.

Despite the fact that weather could not be forecast, the win-
ter measures were implemented. Therefore the only effect
capable of slowing the works down was frequent falling of
SNOw.
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(hribka 40 cm), zvazovalo sa pouzitie SCC. Skanska uZ vo
Svédsku s dspechom tento druh beténu pouZzila pri vystavbe
budov.

Ide o betén riedkej konzistencie, ktory ma schopnost’ samoz-

hutnenia. Jeho pouzitie ma vela vyhod, ale aj niekolko nevyhod.

Vyhody:

— bezproblémova betondZ tzkych, nepristupnych konStrukeif,
¢i konStrukcii s velkym mnoZstvom ocelovej vystuZe,

— schopnost’zmesi vyborne obopnit’ ocelovi vystuz,

— lepsi proces tvrdnutia beténu — pri rovnakom obsahu cemen-
tu sa dosahuju vyssie pevnosti beténu,

— vysSia rychlost’ betondZe s menSim poctom pracovnikov
(obvykle 2-3 pracovnici, odpadd potreba vibrovania) nez
pri pouziti klasického beténu,

— lepSie pracovné prostredie — komfortnd praca s beténom.

Nevyhody:

— poziadavka plynulosti betondZe — medzi zalievanim jednot-
livych vrstiev nesmie byt dlh§ia pauza neZ 30-35 min, ide-
alny stav je do 15 min,

— betondz konStrukcii s maximdlnym dklonom povrchu 4 %
(tekutost’ SCC),

— precizna stavba debnenia bez Skar V, poziadavka na vacsiu
tuhost’debnenia — idedlne kvalitativne vysledky sa dosahuju
pri kontinuélnej betondZi, ked beténova zmes sa leje do deb-
nenia bez prestdvky a pokial moZno, aj menS$im tempom,

— vySSia cena o cca 15 € na m® beténovej zmesi (rozdiel ceny
vo Svédsku).

Pouzitie SCC sa osvedcilo pri budovani objektu 162, opor-

nych murov (hribka stien 30—40 cm) a pri budovani pilierov pre
docasny most (beténovala sa naraz vySka nad 10 m).

BEZPECNOST PRACE A PRACOVNE PROSTREDIE

Na stavbe bol kladeny velky doraz na bezpecnost’ pri praci
a s tym sudvisiacu kvalitu pracovného prostredia. Na stavbe sa
vykondvali pravidelné bezpecnostné obhliadky (1x tyzdenne).
Zucastnovali sa na nich technik BP, robotnik, technik vyroby,
¢len vedenia projektu a zastupca investora. Okrem technika BP
sa ostatni ¢lenovia kazdy tyZden menili. Tak bola zabezpecena
diverzifikdcia pohladov na BP na jednotlivych Castiach stavby.
Co sa tyka technikov vyroby, raz sa zdcastnil technik povrcho-
vej sekcie (Mark blocket = zemné prace), inokedy podzemnej
sekcie (razenie, resp. dokonCovacie prace v tuneli). Raz do
mesiaca sa na tejto bezpec¢nostnej inSpekcii (,,safety round®)
zucastnoval niekto zo Skanska Sverige nep6sobiaci na stavbe.
Treba konStatovat, Ze pristup k tymto obhliadkam bol zo strany
v8etkych ucCastnikov velmi profesiondlny a seriézny. Zavery
bezpecnostnej inSpekcie boli spisané a vzdy ich plnenie spétne
kontrolované na nasledujicej obhliadke.

Co je bezpochyby poucné, je t¢ast robotnikov a ich priame
zainteresovanie do tejto problematiky, ako aj diverzifikdcia
pohladov. Vysledkom obhliadok neboli nikdy postihy, ¢i sank-
cie. A napriek tomu, ¢i prave preto, mali pozitivny vplyv na BP.
Nedostatky sa opakovali len sporadicky.

Dal3im néstrojom zvySovania BP na stavbe boli pravidelné
Skolenia, resp. diskusie vZdy pred zacatim novej konstrukcie, ¢i
aplikdcie nového pracovného postupu. Nikdy nebol problém
skonéit’ s pracou o 15-20 min skoér a venovat ich diskusii
s robotnikmi.

Svédski kolegovia nds naudili, Ze stres a napitie na stavbe
vyvolané zlou komunikdciou ¢i tlakom na tempo vystavby
neprispieva k urychleniu pric. Vysledkom je rizikové pracovné
prostredie a nedostatocnd kvalita prac. V silade so Svédskymi
pravidlami a kolektivnhou zmluvou boli dodrziavané tzv. coffee
breaks — prestdvky na kdvu. Po¢as 11hodinovej zmeny mali pra-
covnici ndrok na 2 prestdvky na kdvu (po 15 min) a 1 obednu
prestdvku (1 h). Tento systém, i ked bolo potrebné si nam
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Self-compacting concrete, SCC

When the work of the cut-and-cover tunnel 112 was finished,
it continued on the construction of structure 162 (see Fig. 12),
which was an underground electrical services facility also built
by the cut and cover technique. Since the overburden height
was small, the character of this structure was that of a classical
building. The whole building was designed in cast concrete.
Because the walls, first of all inner dividing walls, were rather
slender (40 cm thick), the use of the SCC was contemplated.
Skanska had successfully used this type of concrete in Sweden
in the construction of buildings.

The SCC is concrete with thin consistence, which is capable
of self-compacting. Its use offers many advantages; on the
other hand, it suffers from several disadvantages.

Advantages:

— trouble-free casting of thin, inaccessible structures or
structures containing great amounts of reinforcing bars,

— the ability of the mixture to perfectly encapsulate reinfor-
cing bars,

— improved concrete hardening process — higher strengths of
concrete are achieved with the same content of cement,

— higher speed of casting concrete, which is performed by
a smaller number of workers (usually 2-3 workers, the need
for vibrating is eliminated), than if classical concrete is used,

— better working environment — a comfortable concrete cas-
ting process.

Disadvantages:

— an uninterrupted concrete casting process is required — the
break between individual lifts must not exceed 30 — 35
minutes; 15-minute breaks are ideal,

— the maximum slope of the surface of structures to be cast is
4% (the liquid character of the SCC),

— precise structure of formwork without V joints and higher
toughness of the formwork is necessary — ideal quality
results are achieved if the casting process is continual, with
the concrete mixture poured behind the formwork without
any break and, if possible, at a smaller rate,

— the cost is higher by about 15 € per m? of concrete mixtu-
re (the difference existing in Sweden).

The use of SCC acquitted itself during the construction of
structure 162, retaining walls (30 — 40 cm thick) and when pil-
lars for a temporary bridge (a height over 10 m was cast as one
pour) were being constructed.

SAFETY AT WORK AND WORKING ENVIRONMENT

The significance of safety at work and associated quality of
the working environment was placed great stress on on the con-
struction site. Site safety rounds were conducted regularly, once
in a week, with the participation of a health & safety technician,
a worker, a production technician, a member of project mana-
gement and client’s representative. Apart from the HS technici-
an, the other members were exchanged every week. This system
ensured the diversification of views on safety in individual parts
of the construction. As far as the production technicians are con-
cerned, one week the safety round was attended by a technician
from the surface operations section (Mark Blocket = Earthwork
Operations), another time the technician was from the underg-
round operations section (driving tunnels or performing finis-
hing work in tunnels). Once in a month a representative of
Skanska Sverige not directly employed on the site took part in
the safety round. It must be stated that the attitude toward the
inspections adopted by all of the participants was very professi-
onal and business-like. Conclusions of the safety round were
recorded and fulfilling of the agreed measures was always chec-
ked during the following visit.



20. rocnik - €. 3/20M

Obr. 13 Pohlad na juZnii éast’tunela 112
Fig. 13 View of the southern part of tunnel 112

zvyknit, mal tieZ vyrazny vplyv na dobri pracovni atmosféru.
Pri extrémnych zimnych teplotich sme pracovnikom poskytli
o 2 prestadvky naviac.

Na stavbe sa pouZzivali osobné ochranné pracovné pomdcky
vysokej kvality a funkcnosti, ¢o urcite prispelo k BP a pracovne;j
pohode robotnikov. Ochranné okuliare musel nosit’kazdy, kto sa
pohyboval v aredli stavby.

Novinkou bola tzv. kniha pracovnych rizik. Je to forma zapi-
su pracovnych rizik pracovnikmi vSetkych stupnov. Pri kazdej
pracovnej operdcii, pri kazdej novej situdcii na stavbe si pracov-
nici zapisujd pracovné rizikd, ktoré pri jej vykondvani zazname-
nali. Specifikdcia pracovnych rizik tak dostala novy rozmer
a podarilo sa minimalizovat’rizikd na minimum.

Stavba dostala pocas svojej existencie (2009—2010) tri ocene-
nia za bezpecnost’ pri praci a pracovné prostredie. Dvakrat (za
rok 2009 a 2010) cenu za najbezpeénejsiu stavbu regiénu Stok-
holm v posobnosti Trafikverketu (Svédska sprava dopravy)
a cenu za najbezpecnejSiu stavbu Skanska vo svete (za rok
2010). Toto vSetko sved¢i o tom, Ze bezpe€nost pri praci
a bezpecné pracovné prostredie tu bolo na prvom mieste.

ZAVER

Prica vo Svédsku, tak v podzemi ako aj na povrchu, bola
velmi dobrou skisenostou. Spoluprica Skanska Sverige AB
a Skanska SK a. s. bola prikladnd a spokojni boli aj ostatni
ucastnici stavby, vratane investora (obr. 13).

Skisenost, Ze bezpecnost na stavbe sa tyka vsetkych, nie len
jednotlivca, zlepSila nas doteraz skepticky postoj k technikom
BP a ich metédam.

Severskd zima a pristup k jej zdoldvaniu, zavddzanie inova-
tivnych postupov a rieSeni, starostlivost o pracovnikov, to vset-
ko bolo pre nds prinosom a poucenim zuzitkovatelnym
v budtcnosti.

Verime, Ze na zdklade tejto pozitivnej skidsenosti vo Svédsku
sa ndm Casom podari vytvorit’ podobné modely prace aj u nds
v strednej Eurépe.

ING. PETER BALUgiK, peter.balusik @skanska.sk,
Skanska SK a. s. — Zdvod Tunely SK

Recenzoval: Ing. Miloslav Frankovsky
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What is undoubtedly instructive is the participation of wor-
kers and their motivation in these problems, as well as the
diversification of views. The safety rounds were never follo-
wed by penalties or sanctions. Despite this fact, or just for that
reason, they positively affected the HS. The imperfections were
repeated only sporadically.

Another tool for increasing safety at work on site were regu-
lar training sessions or discussions before starting a new struc-
ture or before applying a new work procedure. Ending the work
15-20 minutes earlier and dedicating this time to a discussion
with workers had never posed any problem.

Swedish colleagues taught us that stress and tension on site
due to poor communication or pressures on the construction
speed did not contribute to the acceleration of work. Their
result is a risky working environment and insufficient quality
of work. In compliance with Swedish rules and a collective
agreement, the so-called coffee breaks were observed. Workers
were entitled to two 15-minute coffee breaks and one 1-hour
lunch break during an 11-hour shift. Despite the fact that it was
necessary to get used to it, this system also significantly influ-
enced the working atmosphere. During extreme winter tempe-
ratures we allowed workers to take additional two breaks.

High quality and high functionality personal protective equ-
ipment was used on site. This fact obviously contributed to the
HS and comfort during work. Goggles had to be worn by all
persons moving within the site area.

A register of risks at work was a novelty for us. It is a form of
recording of risks at work by employees working at all levels.
Workers put down notes of the risks they noticed while carrying
out the work during every work operation, in each new situati-
on on site. Thus the specifics of risks at work were assigned
a new dimension and the risks were successfully minimised.

During its existence (2009 — 2010), the construction was recog-
nised with three awards for safety and working environment
excellence. In addition, it received two awards for the safest con-
struction of the Stockholm region controlled by the Swedish
Transport Administration, Trafikverket (for 2009 and 2010) and
an award for the safest Skanska construction in the world (2010).
All of this gives evidence of the fact that safety at work and safe
working environment came first during this construction.

CONCLUSION

The work in Sweden, both underground and on the surface,
yielded very good experience. The collaboration of Skanska
Sverige and Skanska SK a.s. was exemplary and even all of the
other parties, including the client, were satisfied (see Fig. 13).

The experience that safety at work on site is of concern of all
parties and workers, not only an individual, improved our, till that
time sceptical, attitude toward HS technicians and their methods.

Arctic winter and the approach toward coping with it, the
implementation of innovative procedures and solutions, the
care of workers — all of that was a benefit and a lesson for us to
be used in the future.

We believe that we will succeed, on the basis of the experi-
ence gained in Sweden, in developing similar models even in
our country, in Central Europe.

ING. PETER BALUSIK, peter.balusik @skanska.sk,
Skanska SK a. s. — Zdavod Tunely SK
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GEODETICKE PRACE PRI REALIZACII TUNELOVYCH A OSTATNYCH
PODZEMNYCH STAVIEB V DOPRAVNOM STAVITELSTVE
SURVEYING FOR TUNNELING CONSTRUCTIONS AND

OTHER UNDERGROUND CONSTRUCTIONS IN TRANSPORT
ENGINEERING INDUSTRY

PETER FERANCIK

uvoD

Jednym z najdodlezitejSich faktorov kvality kazdej stavby
v dopravnom stavitelstve je nepochybne geometrickd presnost’
stavebnych objektov. V zdujme splnenia tejto poziadavky su
velmi dblezitymi tcastnikmi v procese vystavby inZinierski geo-
deti (v podzemi banski meraci), ktori ako vysoko Specializovany
tim musia byt pritomni na kazdej stavbe. Clanok je zamerany na
plnenie ich dloh pri vystavbe podzemnych liniovych diel — tune-
lov, $tdlni, Sacht, s rdéznymi Specifikami tychto prac tak
z pohladu pouzitej metédy vystavby, ako aj z pohladu rozdiel-
nych ndrokov niektorych krajin, kde sa podzemné stavebné
prace realizovali. Opisované geodetické prace sa vykondvali na
tuneloch razenych bud Novou rakiskou tunelovacou metédou
(NRTM), alebo tzv. Nérskou tunelovacou metédou (NTM).

Rozsirenie spomenutych metdd je lokalne ohrani¢ené. NTM je
pouZzivana prakticky vyhradne len v Skandindvskych krajindch
(Nérsko, Svédsko, Finsko), kde horninové prostredie je tvorené
spravidla kompaktnymi a velmi sddrZnymi granitmi. Na ostat-
nom tzemi Eurdpy je spravidla pouZivand NRTM.

Neoddelitelnou sti¢astou nielen pri opisovanych, ale aj pri
vSetkych ostatnych metddach razenia tunelov su geodetické
(meracské) prace, ktoré si vyzadujui aplikaciu najmodernejsich
meracskych metéd a technoldgii. Clanok sa zameriava iba na
dve vybrané metédy (NRTM a NTM), pretoZe vSetky tunelové
stavby, na ktorych sa vykondvali opisované geodetické prace,
boli realizované iba tymito dvomi metédami.

GEODETICKE MERANIA NA TUNELOCH RAZENYCH NRTM

NTRM je metdda, ktord vyuZiva vysledky z dennych merani
3D posunov tunelového ostenia (meranie konvergencie) potreb-
né pre priebeznd optimalizdciu vystrojovacich prvkov tunela
pocas razenia a je teda Uzko previazand s meraskymi pracami
v tuneli.

Geodetické merania pri NRTM mdzeme rozdelit' nasledovne:

—budovanie bodov zdkladnej vytyCovacej siete (ZVS)
a podrobnej vytyCovacej siete (PVS) a urCenie ich polohy
a vySky presnym polygénovym a vySkovym meranim,

— vytyCovanie a usmernovanie razenia,

— zameranie skuto¢ného vyhotovenia denného postupu razenia
a kontrola presnosti denného postupu vyrazeného tunela,

— meranie 3D posunov v tuneli,

— geodetické prace pri reprofilacii tunela,

— geodetické prace pri zhotovovani sekunddrneho ostenia
tunela a vozovky (pripadne Zelezni¢ného zvrSku pri Zelez-
ni¢nych tuneloch).

Vyty€ovacie prace a usmeriiovanie razenia pri NRTM

Na vytyCovanie a usmernovanie razenia sa vyuzivaju laserové
systémy. Tieto st spravidla tvorené bud §tandardnymi trubicovy-
mi liniovymi lasermi, alebo ,,Automatickymi vytyCovacimi lase-
rovymi systémami“ (AVLS). PouZitie liniovych laserov je stdle

INTRODUCTION

One of the most important factors of quality of any traffic engi-
neering structure is undoubtedly geometrical accuracy of structu-
res. It is therefore in the interest of meeting this requirement that
engineering surveyors (mine surveyors in the underground) are
very important participants of the construction process. As
a highly specialised team they must be present on each construc-
tion site. This paper is focused on fulfilling their tasks in the con-
struction of underground linear structures — tunnels, adits, shafts
— with various specifics of these works in terms of both the con-
struction method used and different requirements existing in
some countries in which the underground structures were carried
out. The survey described in the paper was performed for tunne-
Is driven using the New Austrian Tunnelling Method (NATM)
and the so-called Norwegian Tunnelling Method (NTM).

The spread of the above-mentioned methods is locally boun-
ded. The NTM is used virtually exclusively in Scandinavian
countries (Norway, Sweden, Finland), where the ground envi-
ronment is formed by usually compact and highly coherent gra-
nites. The NATM is usually applied within the other areas of
Europe.

Surveying, requiring the application of the state-of-the-art sur-
vey methods and equipment, is an inseparable part not only of
the methods described in this paper but also of all other tunnel-
ling methods. The paper is focused only on two selected methods
(the NATM and the NTM) because of the fact that all tunnelling
projects where our survey activities were carried out were reali-
sed using these two methods.

SURVEYING FOR TUNNELS DRIVEN BY THE NATM

The NATM is a method using results of measurements of dis-
placements of a tunnel lining (convergence measurements) con-
ducted every day to allow the continual optimisation of the exca-
vation support elements during the course of the excavation. It is
therefore closely connected with surveying in tunnels.

Surveying for the NATM can be divided as follows:

— establishing points of the basic setting out net (BSN) and
detailed setting out net (DSN) and determining their positi-
on and altitude by traversing and vertical survey.

— setting out and guiding the drive,

— taking the bearings of the actual day’s advance and checking
on accuracy of the excavation completed during the day,

— 3D measurement of displacements inside the tunnel,

— surveying for re-profiling of the tunnel,

— surveying during the construction of the secondary tunnel
lining and the roadway (or the track in railway tunnels).

Setting out and guidance during the NATM excavation

Laser systems are used for setting out and guidance. The sys-
tems are usually based on standard tubular linear lasers or
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dost’ roz8irené, a to tak u nds, ako aj v zahrani¢i (Slovinsko,
Chorvitsko, CR, Taliansko, Rakusko).

Liniovy laser slizi vlastne len na zviditelnenie priestorovej
referenc¢nej priamky, od ktorej su ndsledne pocitané ortogondl-
ne vytyCovacie prvky (staniCenie a kolmica) spravidla k pres-
ne urcenému miestu na podpernom obliku (nosnik ARCUS,
BRETEX, TH....).

Vicsina Standardnych dvojpruhovych cestnych tunelov je Cle-
nend pocas razenia do troch vertikdlnych Casti — kaloty, stupna
a protiklenby. Obvyklé rozmiestnenie a pocet liniovych laserov
je. Ze tri lasery su v kalote a dva na stupni.

Na vypoéet vytylovacich prvkov st vyuzivané bud graficko-
pocetné metddy (spojenie kresliaceho programu napr. AutoCAD
a vhodného vypoctového programu napr. GEUS, EXEL, REFLI-
NE), alebo moderné softvéry vyvinuté priamo pre geodetické
prace na tunelovych stavbach.

V geodetickej skupine Zavodu Tunely SK spolo¢nosti Skanska
SK a. s., sa vyuzivaji softvéry od firiem Angermeier (Power-
vermessung, Geo 2000, ARCTech.) a od firmy AMBERG (TMS
— Tunnel Measurement System). Obidve skupiny softvérov su
stdle pouzivané na stavbach, kde vykonadvaju geodetické merania
nasi geodeti, avSak v poslednom Case je viac vyuZivany balik
TMS od firmy AMBERG, pretoZe ide o kompletny softvérovy
balik pre geodetické prace v tuneli. Softvér obsahuje viacero
samostatnych programov — TMS Office, TMS ProScan Plus,
TMS SetOut, TMS Tunnelscan. Praca v tomto programovom
baliku je velmi efektivna.

V programe TMS Office si zadefinované vsetky projektované
parametre tunela — os tunela, pozdiiny rez, priecny rez, priecny
nédklon, zmena priecneho profilu. Nasledne sui zamerané lasero-
vé lice liniovych laserov v priestore tunela (spravidla dvomi
bodmi). Tieto si potom zadefinované do programu a program
nasledne vypocita vSetky potrebné vytyCovacie prvky pre sprav-
ne postavenie priehradového oblika primdrneho ostenia tunela.
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Automatic Setting out Laser Systems (ASLS). The use of linear
lasers has still been quite much spread, both in our country and
abroad (Slovenia, Croatia, Italy, Austria).

A linear laser is practically used only for visualising a spatial
reference line from which orthogonal setting out elements (cha-
inage and the perpendicular line) are subsequently calculated,
usually in relation to an exactly specified point on a supporting
frame (ARCUS, BRETEX, TH,...).

The majority of standard double-lane road tunnels are divided
during the excavation into three vertical parts — top heading,
bench and invert). The usual layout and number of linear lasers
is: three lasers in top heading and two in the bench.

The calculation of setting out elements is carried out using
methods (combining drawing software, e.g. AutoCad, with
a suitable calculation program, e.g. GEUS, EXEL, REFLINE) or
modern software developed directly for surveying on tunnel con-
struction sites.

Angermeier’s Powervermessung, Geo 2000, ARCTech.
and AMBERG’s Tunnel Measurement System (TMS) software is
used in the department of survey of Tunely SK plant of Skanska
SK. Both software groups have still been used on construction
sites where survey measurements are carried out by our survey-
ors. However, AMBERG’s TMS package has been recently used
more because it is a complete software package for surveying in
tunnels. The software contains more separate programs - TMS
Office, TMS ProScan Plus, TMS SetOut, TMS Tunnelscan. The
work using this program package is very effective.

All design parameters of the tunnel (tunnel centre line, longi-
tudinal section, cross-section, transverse incline, changes in
cross-section) are put in the TMS Office program. Bearings of
laser beams of linear lasers in the tunnel space are taken subse-
quently (usually on two points). They are then put in the pro-
gram. The program subsequently calculates all setting out ele-
ments required for the correct incorporation of the frame into the
tunnel primary li-
ning. The form of
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Obr. 1 Protokol o vypocte vytycovacich prvkov v programe TMS Office. Autor — Ferancik

Fig. 1 Protocol on the calculation of setting out elements in TMS Office program. Author — Ferancik

on the optical axis of
the telescope. The




Obr. 2 Zostava kompletu AVLS (Motorlasera) — rieSenie firmy Angermeier —
SRN. Autor — Ferancik

Fig. 2 The set of the AVLS (Motorlaser) package — Angermeier (FRG)
solution. Author — Ferancik

Forma vytycovacieho protokolu (vystupu z programu) je zrejma
z obr. 1.

Druhym podstatne modernej$im a sofistikovanejSim rieSenim
na usmernovanie razenia je vyuZzitie AVLS. Ide vlastne
o spojenie geodetického pristroja — totdlnej stanice (elektroop-
ticky teodolit s dialkomerom) a liniového lasera. V poslednom
Case doslo aj v tejto oblasti k vyraznému pokroku. Prakticky vic-
§ina svetovych vyrobcov uz vyrdba totdlne stanice s vyty-
C¢ovacim laserom umiestnenym priamo v pristroji v optickej osi
dalekohladu. V geodetickej skupine firmy Skanska SK sa vyuZi-
vaji vyhradne len pristroje firmy Leica, ktoré si vo vyvoji tych-
to vytyCovacich systémov vyvijanych spolo¢ne s firmou
AMBERG (TMS) na spicke svetovych ucelenych geodetickych
rieSeni pre meranie v tuneloch.

AVLS, Casto nazyvany tiez ,,motorlaser, pozostdva spravidla
z totdlnej stanice a riadiaceho pocitaca s dialkovym ovlddanim
(rieSenie firmy Angermeier) — obr. 2, alebo len z totdlnej stanice
s dialkovym ovladanim (tzv. remote control — obr. 3) vybavenej
Specidlnym softvérom (TMS Set out). Praca a priprava vytyco-
vacich parametrov prebieha nasledovne.

Obr. 4 UkdZka vytycovania bodov Motorlaserom pre postavenie priehradové-
ho nosnika. Autor — Manudl k programu TMS-Leica

Fig. 4 Presentation of setting out points applying a Motorlaser to the instal-
lation of a frame. Author — Program manual for TMS-Leica
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Obr. 3 Dialkové oviddanie AVLS (Motorlasera) — rieSenie firmy Amberg-
-Leica — Svajéiarsko. Autor — Manudl k programu TMS-Leica

Fig. 3 AVLS (Motorlasera) remote control — Amberg-Leica (Switzerland)
solution. Author — Program manual for TMS-Leica

department of survey of Skanska SK uses exclusively instru-
ments produced by Leica, which are at the worldwide cutting
edge of the field of comprehensive survey solutions for measu-
rements in tunnels, together with AMBERG’s TMS.

The ASLS, which is often called “the motorlaser”, usually
comprises a total station and a remotely controlled process con-
trol computer (Angermeier’s solution) (see Fig. 2) or only
aremotely controlled total station (see Fig. 3) equipped with spe-
cial software (TMS Set out). The work and preparation of setting
out parameters were carried out as follows:

The same as in the previous case of using linear lasers, design
geometrical parameters are put in the guidance program of the
total station and, as well as measurement check points in the
tunnel (usually convergence measurement points). Sub-
sequently an ASLS total station (the motorlaser) is installed on
a bracket in the tunnel and data on its location (coordinates X,
Y, Z) and orientation are put in. The ASLS complex prepared in
this way is prepared for setting out. Setting out is usually carri-
ed out by shift technicians. For setting out the current position
of a frame it is only necessary to select the respective part of the
tunnel tube (the top heading or part of top heading, the bench)
and filling of the current chainage of the frame. After this data
has been put in the program, the instrument sets out pre-defined
points around the arch circumference. The procedure is obvious
from Fig. 4.

In the Slovak tunnels where surveying was carried out by our
surveyors, we used both Angermeier’s system (the Branisko tun-
nel and Sitina tunnel) and AMBERGs system (the Borik tunnel).

The use of the ASVS for the excavation guidance is certainly
a very modern and effective method. The disadvantage of this
method lies in significantly higher acquisition costs compared to
linear lasers and, in the case of a defect or damage to the instru-
ment, the loss of the entire setting out system for the tunnel,
taking into consideration the fact that this setting out complex
usually serves more parts of the tunnel tube. On the one hand,
changing or replacing the ASLS is simple; on the other hand, it
requires a stand-by instrument, which is necessary to be present
on site. This cost item cannot be neglected. In addition, the work
with the ASLS requires well trained operators, first of all skilled
in using the TMS Set out system. In any case, the use of the
ASLS setting out complexes is a proper way to the future. Over
time it will completely replace the use of classical linear lasers.
In more developed European countries (Switzerland, Austria,
Germany) it is practised already today.

Taking the bearings of the actual day’s advance and
checking on accuracy at the NATM

Even despite the use of the state-of-the-art excavation guiding
systems it is impossible when erecting a frame and other opera-
tions on the arch to exclude a certain inaccuracy caused either by
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Do riadiaceho programu totdlnej stanice st rovnako ako
v predchddzajicom pripade pri pouziti liniovych laserov zadefi-
nované geometrické parametre projektu a naviac kontrolné merac-
ské body v tuneli (spravidla body na meranie konvergencie).
Nasledne je totdlna stanica AVLS (motorlaser) osadend na konzo-
lu do tunela a st zadefinované tdaje o jej polohe (sturadnicami X,
Y, Z) a orientdcii. Takto nastaveny komplet AVLS je pripraveny
k vytyCovaniu. VytyCovanie je realizované spravidla zmenovymi
technikmi. Na vytyCenie aktudlnej polohy priehradového oblika
je uz len vybrana pozadovana Cast’tunelovej riry (kalota, popripa-
de cCast’kaloty, stupen) a je zadané aktudlne stani¢enie priehrado-
vého oblika. Po zadani tychto udajov pristroj vytyCuje vopred
zadefinované body po obvode oblika. Postup je zrejmy z obr. 4.

Na slovenskych tuneloch, kde boli geodetické prace vykona-
vané naSimi geodetmi, boli vyuZivané tak komplety od firmy
Angermeier (tunel Branisko, tunel Sitina) ako aj komplety od
firmy AMBERG (tunel Borik).

Vyuzitie AVLS pri usmernovani razenia je rozhodne velmi
modernou a efektivnou metédou. Jej nevyhodou st podstatne
vysSie obstaravacie ndklady oproti liniovym laserom a v pripade
poruchy, alebo poskodenia pristroja, strata celého vytyCovacieho
systému pre tunel, pretoZe spravidla tento vytycovaci komplet
obsluhuje viacero Casti tunelovej riry. Vymena alebo nahradenie
AVLS je sice jednoduchd a rychla, vyZaduje si vSak ndhradny
pristroj, ¢o je nezanedbatelnd cenovd poloZka, pretoZe je potreb-
né mat na stavbe rezervny komplet. Prdca s AVLS si tak isto
vyZaduje dobre zaSkolend obsluhu predovSetkym pri pouZzivani
rieSenia TMS Set out. V kazdom pripade je vSak pouZitie vyty-
Covacich kompletov AVLS urcite cestou do budicnosti, ktora
¢asom celkom nahradi pouzivanie klasickych liniovych laserov.
Vo vyspelejsich a rozvinutejsich krajinach Eurépy (Svajéiarsko,
Rakisko, Nemecko) sa to uz v sucasnosti praktizuje.

Zameranie denného postupu razenia a kontrola
presnosti pri NRTM

Aj napriek pouzitiu najmodernejSich systémov na usmernova-
nie razenia nie je mozné pri ustavovani priehradového oblika
ako aj dal§ich operdciich s oblikom vyld&it uréitd nepresnost
zapri¢inent bud Tudskym faktorom, alebo samotnou geometric-
kou presnostou pouzivaného oblika (ARCUS, BRETEX, TH).

Z tohto dovodu je potrebnd nezdvisld denna kontrola spravidla
kazdého oblika, ako aj strieckaného beténu primdrneho ostenia
tunela. Na kontrolu sa vyuZiva vyhradne meranie poldarnou meté-
dou. Na uréenie polohy a orientacie pristroja sa vyuZiva aplikacny
program pristroja — Volné stanovisko. Pouzivaji sa tak isto pri-
stroje firmy Leica, vybavené spomenutym softvérom TMS, kon-
krétne aplikacnym programom TMS ProScan plus. Velkou vyho-
dou tohto rieSenia je tak vyuZivanie celej databdzy a Struktiry pro-
jektu, ktord je uZ zadefinovand a vypocitand pri vytyCovani
a usmernovani (opisand v predoslej kapitole), ako aj moZznost’oka-
mZitého vyhodnotenia nameranych uddajov, resp. zobrazenia
a porovnania nameranych udajov s projektom priamo v tuneli na
displeji pristroja. V pripade, ak je geodet pritomny pri ustavovani
obldka v tuneli, tak mdZe siasne kontrolovat’ osadenie aktudlne-
ho obliika na Cele tunela a kontrolne zamerat priecne profily uz
hotovych profilov primarneho ostenia zhotovenych v priebehu
predchddzajicich pracovnych zmien. Okamzite tieZ upozornuje
prevadzkovych technikov na pripadné nepresnosti.

Dalgou velkou vyhodou tohto softvérového rieSenia (TMS
ProScan plus) je moZnost automatického merania priecnych pro-
filov tunela, ¢o sa vyuZiva hlavne pri viacsich dennych postupoch
razenia, ako aj pri neskorsej reprofilacii tunela. VSetky namera-
né profily su nasledne vyhodnotené este v programe TMS Office
a vytlacené a expedované v papierovej forme zainteresovanym
ucastnikom stavby (prevddzka, stavebny dozor, projektant).
Vyhodnotenie je zrejmé z obr. 5.

Tuel

the human factor or the geometrical inaccuracy of the arch used
(ARCUS, BRETEX, TH).

For that reason independent daily checking usually on each
arch and shotcrete primary lining of the tunnel is required. The
checks are carried out, it is possible to say, solely using the polar
method. The position and orientation of the instrument is deter-
mined using the application software for the Free Station instru-
ment. Instruments manufactured by Leica are also used. They are
equipped with the above-mentioned TMS software, concretely
the TMS ProScan plus application program. The great advantage
of this solution is that the entire database and structure of the
design, which was put in and calculated during the work on set-
ting out and guiding the excavation (as described in the previous
chapter), and the possibility of immediate evaluation of the mea-
sured data or visualisation and comparison of the measured data
with the design directly in the tunnel, is available on the instru-
ment display. If the surveyor is present during the erection of the
arch in the tunnel, he or she can simultaneously check on the
installation of the actual arch at the tunnel face and perform check
survey of cross-sections of the profiles of the primary lining com-
pleted during previous shifts. They instantaneously give notice to
operating technicians about contingent inaccuracies.

Another great advantage of this software solution (TMS
ProScan plus) is the possibility of the automatic measurement of
the tunnel cross-sections. This advantage is made use of first of
all in the cases of higher daily advance rates and later when the
tunnel is being re-profiled. All measured profiles are subsequ-
ently assessed using TMS Office program. They are printed and
hard copies are handed over to all parties involved (operation,
site supervision, designer). The assessment is presented in Fig. 5.

3D measurement of displacements inside the tunnel
for the NATM

For the NATM, 3D measurements of displacements of the pri-
mary tunnel lining (in the praxis also called convergence measu-
rements) are extremely important. They allow the confirmation
of the adequacy of the tunnel lining thickness proposed to be
optimised or its thickness to be increased (but also reduced). The
most precise instruments are used for the 3D measurements.
There are instruments Leica TC 1800 and Leica TCRM 1201
used in our department of survey. These high precision instru-
ments feature angle accuracy of 1” (0.3 mgon) and the distance
meter accuracy of Imm +/- 1,5 ppm. If certain geometrical prin-
ciples are used and a suitable method and configuration of the
points to be surveyed are chosen, it is possible to achieve the
measurement accuracy of +/- 1 to 2 mm. In a certain way this is
relative accuracy. This accuracy is defined by the standard devi-
ation calculated from two or more independent measurements on
the same point (or more points) on the convergence profile sur-
veyed within a short interval of time (so that contingent move-
ment of the point is excluded) at the measurement accuracy
inverse analysis of using generally applicable formulas for the
calculation of standard deviations.

The effort is apparent in recent years to absolutise this accura-
cy by means of the so-called supervision over the geotechnical
monitoring, the part of which are 3D measurements of displace-
ments in the tunnel. As a matter of fact this is continual impro-
ving of measurements using substantially more demanding met-
hods (traversing, network measurement with great number of
redundant measurements) with the aim of approaching the real
3D position of the surveyed point as close as possible. The rea-
son of this effort is the use of the points on convergence profiles
for guiding the excavation even during the subsequent phases of
the tunnel construction as the detailed setting out net (DSN) in
the tunnel. The DSN points in the tunnel are usually surveyed
from the basic setting out net points installed for the tunnel on
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Meranie 3D posunovV tunelového ostenia pri NRTM the surface and in the tunnel. Special programs for assessing the
Pri NRTM ma meranie 3D posunov primdrneho ostenia tunela network survey (PLS, Groma, Leica Geo Office — LGO) are used
(v praxi je tiezZ pouzivany vyraz meranie konvergencie) velky in calculations of the as accurate position of BSN and DSN
vyznam z dovodu optimalizacie potvrdenia dostato¢nosti navrh- points as possible.
nutej hribky ostenia tunela, popripade jej zosilnenia (alebo aj In the subsequent tunnel construction phases these points are
zoslabenia). Na meranie 3D deformdcif sa vyuZivaju najpresnej- used as grounds for new DSN points installed in the secondary
Sie pristroje. V naSej geodetickej skupine su to pristroje Leica TC | tunnel lining. These new DSN points are subsequently used till
1800 a Leica TCRM 1201. Ide o velmi presné pristroje s uhlovou | the conclusion of all surveying in the tunnel or a part of the
presnostou 17 (0,3 mgon) a presnostou dialkomera Imm +/—1,5 points remain to be used for convergence measurements on the
ppm. Pri pouZiti urditych geometrickych zdsad, vhodnej volbe secondary tunnel lining.
metédy a konfigurdcii meranych bodov konvergenénych profi- Daily 3D measurements of the primary lining displacements are
lov je mozné dosiahnut’presnost’ merania +/—1 a7z 2 mm. Ur¢itym processed in respective software and sent every day to selected par-
sposobom ide o relativnu presnost’. Tdto presnost je definovand ties to the construction either in the form of hard copies or as graphs
smerodajnou odchylkou vypod&itanou z dvoch, alebo viacerych or, in the newest way, they are published in the form of charts and
nezdvislych merani toho istého bodu (alebo viacerych bodov) tables on web pages created for this purpose. 3D measurements of
konvergen¢ného profilu, zameraného v kratkom ¢asovom rozpiti displacements are usually processed as a part of geotechnical moni-
(z ddvodu vyld&enia pripadného pohybu bodu), pri aposterior- | toring (GTM) of the tunnel; together with other GTM measure-
nom rozbore presnosti merania s pouZitim vSeobecne platnych ments they form a significant part of the NATM. Graphical evalua-
vzorcov pre vypolet smerodajnych odchyliek. tion of measurements is presented in Figures 6 and 7.

V poslednych rokoch je viditelna snaha o absolutizdciu tejto During recent years we have carried out convergence measu-
presnosti tzv. superviziou geotechnického monitoringu, ktorého | rements on the Borik tunnel (the SR) and the Tdbor, Barnica
sti¢astou si merania 3D posunov v tuneli. Ide vlastne o neustdle and Markovec tunnels in Slovenia, where these measurements
spresfiovanie merania s pouZitim podstatne ndro¢nejSich metéd were processed using Angermeier’s software ARCTECH. Today
(polygénové meranie, sietové meranie s velkym po&tom nadby- our surveyors are carrying out 3D measurements of displace-
to¢nych merani), z dovodu o najvicsieho pribliZenia sa skuto¢- ments on the Turecky Vrch railway tunnel construction. The
nej 3D polohe meraného bodu. Dévodom tejto snahy je vyuZiva- measured data is evaluated using the BARAB program develo-
nie bodov konvergen¢nych profilov na usmerfiovanie razenia aj ped by ARCADIS, a branch of which, Geofos s.r.o., is, in addi-
v neskor§ich fazach vystavby tunela ako bodov podrobnej vyty- tion, a contractor for geotechnical monitoring services on the
Covacej siete (PVS) tunela. Body PVS tunela s spravidla zame- Turecky Vrch tunnel construction. Figure 8 shows a surveyor
riavané z bodov zdkladnej vytyCovacej siete (ZVS) tunela na checking on the accuracy of the left tunnel tube of the Barnica
povrchu a v tuneli. Pri vypoctoch o najpresnejiej polohy bodov | tunnel breakthrough, Slovenia.

ZVS a PVS st vyuzivané Specidlne programy na vyhodnotenie
sietovych merani (PLS, Groma, Leica Geo Office — LGO). Surveying for re-profiling of a tunnel driven by the NATM

V dalgich fdzach vystavby tunela su tieto body brané ako pod- Surveying during the work on re-profiling a tunnel is perfor-
klad pre nové body PVS tunela umiestnené v sekunddrnom oste- med using Leica instruments with the facility for reflectionless
ni tunela. Tieto nové body PVS st potom vyuZivané az do ukon- distance measurement (TCRM 1201) and TMS ProScan plus
Cenia vSetkych geodetickych prdc v tuneli, pripadne je eSte Cast | o fiware. The measurement was described in previous chapters.
z nich vyuZitd na meranie konvergencie sekundarneho ostenia In this measurement phase only automatic measurement of paral-
tunela. ) ) ) lel vertical profiles is carried out; the grid selected for measuring

Denné merania 3D posunov primdrneho ostenia tunela sd spra- points on the primary tunnel lining is substantially denser (usu-
cované v prislusnych so’ftvéroch a expedované denne vybranym ally 1x1 m). The measurements are usually performed twice. For
Gcastnikom stavby bud v papierovej forme vo forme grafov, | (e first time it is before the repair and application of the final
alebo najnovsie publikované vo forme grafov a tabuliek na | jayer of shoterete, while the second measurement is carried out
webovych strinkach na to zriadenych. Merania 3D posunov after the completion of the primary lining treatment, before
byvaji spravidla zapracované ako stucast’ geotechnického moni- installing the intermediate waterproofing system.

toringu (GTFM)AtuEel,a a v sucinnosti s ostatnymi meraniami The outputs have a graphical-numerical form (cross-sections),
GTM tvoria doleziti siast NRTM. Grafické vyhodnotenie | gemonstrating deviations of the actual tunnel cross-section from

meranf je na f’br' 6al. o o ) the design profile. These outputs are handed over in hard copies
v poslednycAh.rokoch sme Vykonavz/th konvergencne merania |t the project owner and become part of the as-built design docu-
na tuneloch Borik (SR) a Tuneloch Tébor, Barnica a Markovec ments for the primary tunnel lining. The format for the assess-

v Slovinsku, kde boli tieto merania Spracovavane v SF)/ftVCI‘% ment is similar to the format for daily checks on the excavation
ARCTECH od firmy Angermeier. V sticasnosti vykondvaji nasi (see Fig. 5)
geodeti merania 3D posunov na stavbe Zelezni¢ného tunela

Turecky vrcl}. Nameran¢ tdaje si Vyhognocované Vv programe alternative for these measurements. There are several manufac-
BARAB od firmy ARCADIS — Geotechnika, a. s., a publikované |, 1e15 today offering comprehensive hardware — software soluti-

na web strinkach firmy ARCADIS, ktorej dcérska spolotnost’ | g (1 ejcat AMBERG, RIEGEL+ Geodata). These are very effi-
Geofos, s. 1. 0., je aj doddvatefom celého geotechnického moni- cient solutions, allowing the measurements to be carried out

toringu na stavbe. tunel/at Tu{eCkY vreh. NE.I o/br. 8 je geodet prt along about 50 m of a tunnel during approximately half an hour,
kontrole presnosti prerdzky lavej tunelovej riry Tunela Barnica to an accuracy of up to one centimetre, providing great numbers

v Slovinsku. of measured points making the development of a faithful 3D
model of the tunnel tube possible. On the other hand, this soluti-

The use of laser scanners is another very efficient and modern

Geodetické prace pri reprofilacii tunela razeného NRTM on is quite expensive, with the purchase costs of EUR 80 — 150

Na meranie pri reprofilacii tunela sa pouzivaji pristroje Leica thousand. It is therefore applicable exclusively to a certain part
s moZnostou bezodrazového merania dizok (TCRM 1201) of measurements in a tunnel. In any case, this is a trend which
a softvér TMS ProScan plus. Opis merania uz bol spomenuty has been becoming a standard virtually on all tunnel constructi-

v predchddzajicich kapitoldch. V tejto faze merani sa vyuZiva uz on sites abroad. As far as surveying of a secondary lining is
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Obr. 5 Vyhodnotenie kontrolného zamerania priecneho profilu v programe
TMS Office. Autor — Ferancik

Fig. 5 Assessment of a check survey of a cross-section in TMS Office softwa-
re. Author — Ferancik

len vysledok automatického merania paralelnych vertikdlnych
profilov, pricom je zvoleny podstatne hustejsi raster zameranych
bodov na primdrnom ostenf{ tunela (zvycajne 1x1m). Merania sa
vykondvaji spravidla 2 krédt. Prvykrat pred samotnou opravou
a nastrekom findlnej vrstvy striekaného beténu a druhykrat az po
finalizacii dpravy primarneho ostenia, pred pokladanim medzi-
Tahlej hydroizolécie.

Z merania su vyhotovené graficko-Ciselné vystupy (priecne
profily) so znazornenim odchylok skutocného priecneho profilu
tunela od projektovaného profilu. Tieto si expedované
v papierovej forme investorovi a tvoria sicast’ dokumentdcie
skutocného vyhotovenia stavby (DSVS) primdrneho ostenia
tunela. Vzor vyhodnotenia je obdobny ako pri dennej kontrole
razenia (obr. 5).

Velmi vykonnou a modernou alternativou na tieto merania je aj
vyuZzitie laserovych skenerov. V sticasnosti pontika viacero vyrob-
cov ucelené hardvérovo-softvérové rieSenia (Leica+AMBERG,
RIEGEL+ Geodata). Ide o velmi vykonné rieSenia, ktoré umoz-
nuju v priebehu cca 0,5 hodiny zamerat' cca 50 m tunela s pres-
nostou do jedného centimetra a velkym poctom nameranych
bodov, z ktorych je moZno vytvorit' verny 3D model tunelovej
riry. Toto rieSenie je vSak dost’ drahé, nadobiidacie ndklady
80—150 tisic eur a je uzko vyuziteIné len na urcitd Cast’ meran{
v tuneli. V kazdom pripade je to vSak trend, ktory sa pomaly
stdva Standardom prakticky na vSetkych stavbach tunelov
v zahranici. Pri zameriavani sekunddrneho ostenia dokonca uz aj
v tuneloch v CR a SR.

Geodetické prace pri zhotovovani sekundarneho ostenia
tunela razeného NRTM

Geodetické (meracské) prace sa vykondvajd s pouZitim rovna-
kého pristrojového a softvérového vybavenia ako pri predchad-
zajdcich fdzach tunela. V tejto faze, ked je v tuneli budované
velké mnozZstvo suvisiacich objektov (drendzne potrubie, zdkla-
dové pasy, vyklenky, kablové kolektory), je velmi vyhodné pou-
zitie aplikacného programu TMS ProScan plus v geodetickom

simply defined in the design
by means of the tunnel chainage and usually identical profile
coordinates within a tunnel cross-section. This property is used
in creating setting out protocols, where surveyors consecutively,
throughout the tunnel length, set out identical profile coordina-
tes, which are shown on the display of the instrument and are
continually checked by the surveyor during the survey in the tun-
nel itself — of course for the respective structure. An identical
procedure is applied to setting out characteristic points of the
cross-section of the secondary tunnel lining. They are calculated
from the design, then a traveller form for casting of the tunnel
upper vault is calibrated according to them and then setting in
the required (design) position and tunnel chainage by the surve-
yor only remains to be done. On the Turecky Vrch tunnel con-
struction, where surveying is being carried out by our surveyors,
the upper vault is built from reinforced concrete throughout the
tunnel length; this puts increased requirements even on survey-
ing. Steel reinforcement of concrete, which is installed in the
first phase, before the traveller form is moved in, has to be set in
an accurate position. For that reason even a certain part of the
reinforcement (the ARCUS lattice girder) is set out and checked
by surveyors. In addition, the exact border between casting
blocks is set out by surveyors because of the increase in the
thickness of the intermediate waterproofing system and the
installation of a rubber waterstop (from the geometrical point of
view this is a junction between a plane led through the front end
of the block of the secondary and primary linings) — the term of
“fugenband”, which was borrowed from German, is often used
in practice.

The same procedure is applied even when the roadway and
walkway structures are being constructed. The only exception is
the possibility to use an application program developed for
roads, the Road Line in Leica total stations (named Road Runner
in newer instruments).

SURVEYING FOR TUNNELS DRIVEN BY THE NTM

In Scandinavian countries, as opposed to other countries in
Europe, tunnels are driven virtually only through hard compact
rock mass, nearly exclusively comprising hard granites and gra-
nitic gneiss. In such good geological conditions the necessity of
primary lining in the form we know from the NATM is virtually
excluded. The tunnel support usually consists only of a thin layer
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Obr. 6 Grafické vyhodnotenie merania 3D posunov (vertikdlna zloZka—sadanie) v programe ARCTech — Angermeier. Autor — Ferancik
Fig. 6 Graphical evaluation of 3D displacements (vertical component — subsidence) in ARCTech — Angermeier program. Author — Ferancik

pristroji. Umiestnenie a tvar vi&§iny objektov, kedZe tunel je
liniova stavba, su velmi jednoducho definované v projekte a to
stani¢enim v tuneli a spravidla rovnakymi profilovymi stradni-
cami v priecnom profile tunela. Tdto vlastnost sa vyuZziva pri
vytvoreni vytyCovacich protokolov, pricom geodeti ndsledne
vytyCuji pocas celej diiky trasy tunela rovnaké profilové sdrad-
nice, ktoré si zobrazované na displeji pristroja a priebezne kon-
trolované geodetom pri samotnom merani v tuneli — samozrejme
pre prislusny objekt. Uplne rovnako sd vyty&ované aj charakte-
ristické body priecneho profilu sekundarneho ostenia tunela.
Tieto st vypocitané z projektu, ndsledne je podla nich skalibro-
vany debniaci voz na betondZ hornej klenby tunela a potom je
tento uz len geodetom ustaveny do poZadovanej (projektovanej)
polohy a staniCenia tunela. Na tuneli Turecky vrch, kde vykona-
vajui meracské prdace nasi geodeti, je horna klenba sekundarneho
ostenia v celej dizke tunela budovans zo Zelezobeténu, Co kladie
zvySené ndroky aj na geodetické prace. Ocelova vystuz beténu,
ktora je budovana v prvom slede este pred presunom debniace-
ho voza, musi byt osadend do presnej pozicie. Z tohto dévodu je
aj urcitd Cast vystuZe (priehradovy nosnik ARCUS) vytyCovand
a kontrolovana geodetmi. Rovnako je geodetmi vytyCovana aj
presnd hranica medzi blokmi, z dévodu zosilnenia medzilahlej
hydroizoldcie a montdZe gumového hydroizolacného pasu (geo-
metricky ide o prienik roviny preloZenej ¢elom bloku sekunddr-
neho ostenia a primarneho ostenia) — v praxi je ¢asto pouzivany
termin prevzaty z nemciny — tzv. ,,fugenband®.

Rovnako sa postupuje aj pri zhotovovani konstrukcie vozovky
a chodnikov. Vynimkou je len moZnost pouzitia aplikacného
programu uréeného pre cesty Road Line (Road Runner pri nov-
§ich pristrojoch) totdlnej stanice Leica.

GEODETICKE PRACE PRI TUNELOCH BUDOVANYCH NTM

V skandindvskych krajindch st na rozdiel od ostatnych krajin
Eurépy tunely budované prakticky len v tvrdych kompaktnych
hornindch, skoro vyhradne tvorenych velmi tvrdymi granitmi

of micro-fibre reinforced shotcrete. Tunnels are driven full-face,
using the drill and blast technique.

With respect to the absence of the primary lining, great stress
is placed on as accurate drilling in the excavation face as pos-
sible and on the so-called “smooth blasting” (as accurate as pos-
sible and least undulated contour of the tunnel tube after blasting
and scaling of the face). Drilling is carried out by ATLAS
COPCO or TAMROCK drill rigs. A great stress is placed on as
high degree of automation and accuracy of drilling operations as
possible as early as the phase of the drilling rigs development.
For that reason drilling rigs are equipped with well refined soft-
ware, first of all the BEVER CONTROL system developed by
BEVER CONTROL AS (Norway), which is designed for
ATLAS COPCO drill rigs. This is a comprehensive software
package for fully automated drilling in the excavation face. The
office part of the software package - Tunel Manager Lite (TML),
which is used for the input of design geometrical parameters, is
similar to the above-mentioned AMBERG’s TMS Office softwa-
re. All design geometrical data is subsequently exported and loa-
ded through the PCMCIA card to the above-mentioned BEVER
CONTROL program installed on the drilling rig. The last step
before starting the drilling operation itself is only the so-called
navigation of the drill rig, which is implemented in two steps.
First the Laser Measurement Group (a reference laser line reali-
sed by a beam of the linear laser) is put in the program using two
points (specifying coordinates X, Y, Z). Subsequently one of the
drill rig feeds is set on this straight line by means of two special
targets and the actual chainage of the face is put in the program.
After the position of the feed being navigated is initiated and
recorded, the drill rig is capable of automatic independent dril-
ling, maintaining very high accuracy of the tunnel contour.

The task of a surveyor in the case of the NTM tunnel con-
struction method is defined by the following activities:

— preparing a design for the drill rig and the BEVER

CONTROL system,



20. rocnik - €. 3/20M

Tuel

I SR Y

Wiy = WU !llrwﬁl—
w.—-—- e i &
F .

Tunel SITINA

Tural ERST TUNNEL SDUTH Arenrce
Profle LAR ol bl Eiml wicry e

Pl i O

[LIEC] Fagm L]
Amase Cresisd by Ing.P, CLl
TRELTNE TRl Crgled o TEOLMOE T

SKANSKA

Agnl (6 I ay 05 | Juna U5
[Conunuonatage | [D4F | 1 18 n b3 1 [ " 16 Fl| b 3 5 10
Toorm F-Er - 1 1 1 L 1 1 1 Il 1 1 1 1 1

" LB = ¢ } : } 1
@ panch-an —
+ v

i

o # i nwn-.-..-mm ﬂ

L T : Tl T

Obr. 7 Grafické vyhodnotenie merania 3D posunov (zloZka—konvergencia) v programe ARCTech — Angermeier. Autor — Ferancik
Fig. 7 Graphical evaluation of 3D displacements (component: convergence) in ARCTech — Angermeier program. Author — Ferancik

a granitickymi rulami. Pri takychto velmi dobrych geologickych
podmienkach prakticky odpadd primarne vystrojenie tunela v tej
podobe, ako ho pozname pri NRTM. Vystrojenie tunela pozo-
stava spravidla len z ndstreku tenkej vrstvy (mikroarmovaného)
striekaného betonu s rozptylenou vystuzou. Razi sa v plnom pro-
file tunela s nedelenou ¢elbou a s pouZzitim vrtno-trhacich prac.

Z ddvodu absencie primarneho ostenia je kladeny velky doraz
na ¢o najpresnejSie navitanie Celby a tzv. ,hladky vylom* (Co
najpresnej$i a najmenej ¢lenity obrys tunelovej riry po odstrele
a zaCisteni Celby). Na vitanie sa vyuzivaji vrtné vozy firiem
ATLAS COPCO, alebo TAMROCK. Uz pri vyvoji vitacich
vozov je kladeny velky doraz na ¢o najvicSiu automatiziciu
a presnost’ vitacich prac. Z tohto dévodu st vrtné vozy vybavené
velmi prepracovanym softvérom, predovSetkym je to softvér
BEVER CONTROL od firmy BEVER CONTROL AS (Nérsko)
urceny pre vrtné vozy firmy ATLAS COPCO. Ide o uceleny soft-
vér na plne automatické vitanie Celby. Kanceldrska Cast’ softvé-
rového balika — Tunel Manager Lite (TML), ktora sliZi na zada-
nie geometrickych parametrov projektu, je podobnd uz spome-
nutému softvéru TMS Office od firmy AMBERG. Vsetky geo-
metrické tdaje projektu su ndsledne exportované a nahrané cez
PCMCIA kartu do uZ spomenutého ovladacieho programu
BEVER CONTRTOL vitacieho voza. Poslednym krokom na
spustenie samotného vitania je uZ len tzv. navigdcia vrtného
voza, realizovana v dvoch krokoch. Najskor je do programu
zadana tzv. laserova skupina — referencnd laserova priamka rea-
lizovana lic¢om liniového lasera — dvoma bodmi (stiradnicami X,
Y, Z). Nasledne je za pomoci dvoch Specidlnych ter€ov nastave-
nd do tejto priamky jedna z lafiet vrtného voza a je zadané aktu-
alne staniCenie Celby. Po inicializdcii a zapisani polohy navigo-
vanej lafety je vitaci voz schopny samostatne automaticky vitat,
pri zachovani velmi dobrej presnosti obrysu tunela.

Uloha geodeta pri NTM metéde vystavby tunela je vlastne
definovand tymito ¢innostami:

— updating drill patterns proposed,

— installing, taking the bearings and setting of the linear laser
in the tunnel and updating it within the BEVER CONTROL
system on the drilling rig,

— surveying the day advance of the excavation — usually only
the excavation after trimming,

— installing and continual checking on the BSN and DSN in
the tunnel,

— surveying the structure after the completion and preparing
as-built design documents.

The newest models of ATLAS COPCO drill rigs are already
equipped with a 3D profiler, checking the day’s excavation

Obr. 8 Kontrola presnosti prerdZky lavej tunelovej riry na Tuneli Barnica
v Slovinsku. Autor — Ferancik

Fig. 8 Checking on accuracy of the breakthrough of the left tunnel tube of
the Barnica tunnel, Slovenia. Author — F erancik




Obr. 9 UkdZka umiestenia 3D profilera a navigdcia vrtného voza liniovym
laserom — systém Bever Control — Atlas Copco. Autor — Manudl k programu
Bever Control

Fig. 9 Presentation of the location of a 3D profiler and navigation of a drill
rig by means of a linear laser — the Atlas Copco Bever Control system. Author
— Manual for the Bever Control program

— priprava projektu pre vitaci voz a systém BEVER CON-
TROL,

— aktualizacia navrhnutych vrtnych schém,

— osadenie, zameranie a nastavenie liniového lasera v tuneli
a jeho aktualizdcia v obsluZznom softvéri BEVER CON-
TROL vrtného voza,

— zameranie denného postupu razenia — spravidla len zaciste-

ny vylom,

— budovanie a priebezna kontrola ZVS a PVS tunela,

— zameranie stavby po ukonceni a vypracovanie DSVS.

V najnovSich modeloch sd uZz vrtné vozy firmy ATLAS
COPCO vybavené 3D profilerom na kontrolu denného postupu
razenia (obr. 9). Spdsob merania a vyhodnotenie je zrejmé
z obr. 10.

Pozornost’ je tiez venovand dosiahnutiu Co najrychlejsej
a najpresnejSej navigdcie vrtného voza. NajnovSie modely uz
pouzivaji navigdciu pomocou profilera a dvoch aZ troch pev-
nych bodov umiestnenych na osteni tunela, alebo pomocou
geodetickej totalnej stanice a dvoch bodov umiestnenych pria-
mo na vrtnom voze (obr. 11). Pri razeni tunelov NTM je vidi-
telnd snaha o ¢o najvicsiu automatizdciu celého procesu vitania
priamo vrtnou technikou. Ide vlastne o spdsob, ktory je ndhra-
dou usmernovania razenia geodetmi pomocou lasera a totdlnych
stanic pri tuneloch budovanych NRTM. Tunely budované NTM
spravidla nemaji primdrne ostenie tak ako to pozndme
pri NRTM. Vylom je spevneny len vrstvou strieckaného beténu

20. rocnik - €. 3/20M

advance (see Fig. 9). The measurement method and assessment
are obvious from Fig. 10.

Attention is also paid to achieving as fast and accurate pos-
sible navigation of the drill rig as possible. The newest models
already use navigation by means of a profiler and two to three
fix points located on the tunnel lining or by means of a survey
total station and two points installed directly on the drill rig
(see Fig. 11). The effort is obvious during the NTM tunnel
excavation to achieve as high degree of automation as possib-
le within the entire process of guiding the drilling directly by
the drilling equipment. This is in substance a method which is
the replacement of the guidance of excavation by surveyors
and total stations in tunnels constructed by the NATM.
Tunnels constructed by the NTM usually have no primary
lining as we know it at the NATM. The excavation is suppor-
ted only by a layer of fibre reinforced shotcrete in locations
where the geology is slightly disturbed. Subsequently a final
layer mostly 8 to 10 cm thick, substituting the secondary
lining, is applied.

Surveying of a day’s excavation advance or the final sur-
veying of the tunnel lining at the NTM is often carried out
using Laser scanners manufactured either by Leica or other
companies.

This method was applied to the construction of the lining in
the Porvarinlahti and Labbacka tunnels, parts of the VUOLI
project at the eastern edge of Helsinki and the Orosmaki and
Karnainen tunnels on the E 18 motorway between Helsinki and
Turku.

The work of a surveyor during the construction of a se-
condary tunnel lining lies in surveying final tunnel cross-sec-
tions (the equivalent of re-profiling at the NATM) and incorpo-
rating them into the as-built design documents, which had the
form of a 3D tunnel model in the case of the above-mentioned
tunnels.

The last phase of the work in tunnels driven by the NTM is
the construction of technical service structures (tunnel draina-
ge, cable tunnels etc.) and the roadway. These items of work
virtually do not differ from the work on tunnels built by the
NATM. The same applies to surveying, where identical proce-
dures, software and instruments are used.

CONCLUSION

Tunnel engineering has been experiencing great boom in
the recent years, first of all because of the continual impro-
vement of traffic infrastructure of European countries, but
also because of environmental protection efforts to transfer
the ever denser traffic from surface roads underground. An
inseparable and very important part of the construction works
is performed by surveyors. They significantly contribute to
the success of tunnel construction
projects. The introduction and

g
11'-%&.4;' .._.

LAY

T A B A Py
ity t‘s.*f_xktm- “ﬂﬂn“'&%‘h LR

selection of a suitable system of
survey measurements into the
general construction system is
a contribution significant for both
the acceleration of construction
processes and the adherence to
geometrical parameters of the
structures, which is placed great
importance on. Adhering to the
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final, usually very high, accuracy
of these structures is first of all

Obr. 10 Schéma zamerania vylomu a vyhodnotenia Bever profilerom — Atlas Copco. Autor —- Manudl k programu

Bever Control

Fig. 10 A chart of the survey of the excavation and its assessment using the Atlas Copco Bever profiler. Author

— Manual for the Bever Control program

influenced by surveyors, not only
during the course of the constructi-
on but also after its completion, by
periodical checking on geometrical
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s rozptylenou vystuzou v miestach s mierne porusenou geoldgi-
ou. Nasledne je nanasana este findlna vrstva, zvicsa hribky 8 az
10 cm, nahradzajica sekundarne ostenie.

Na zameranie, ¢i uz denného postupu razenia, alebo aj findl-
neho zamerania ostenia tunela, sa pri NTM hojne vyuzivaji
laserové skenery, ¢i uz od firmy Leica, alebo aj od inych
firiem.

Takymto spdsobom bolo realizované ostenie na tuneloch
Porvarinlahti a Labbacka projektu VUOLI na vychodnom
okraji Helsink, ako aj na tuneloch Orosmaki a Karnainen na
dialnici E 18 Helsinki — Turku vo Finsku.

Prédca geodeta pri realizdcii sekunddrneho ostenia tunela spo-
¢iva v zamerani findlnych prie¢nych profilov tunela (ekviva-
lent reprofilacie v NRTM) a ich spracovani do findlnej doku-
mentdcie skuto¢ného vyhotovenia tunela, ktord bola v pripade
spomenutych tunelov vo forme 3D modelu tunela.

Poslednou fazou prac v tuneloch budovanych NTM je reali-
zdacia technologickych objektov (drendz tunela, kablové kolek-
tory, ...) a vozovky. Tu sa prace prakticky neliSia od prac pri
tuneloch budovanych NRTM. Tak isto aj pre geodetické prace
st vyuZivané rovnaké postupy, softvér i pristrojové vybavenie.

ZAVER

Tunelové stavitelstvo zaznamendva v poslednom obdobi
velky rozmach predovsetkym z dovodov neustdleho zlepSova-
nia dopravnej infrastruktiry Statov Eurdpy, ale aj z ddévodu
ochrany Zivotného prostredia, ked je snaha dostat' &oraz hustej-
Siu prevadzku z ciest do podzemia. Neoddelitelnou a velmi
dolezitou sucastou tychto prac si geodeti podielajici sa
vyznamnou mierou na uUspeSnej realizacii tunelovych stavieb.
Zavedenim a volbou vhodného systému geodetickych merani
do celkového systému realizdcie stavby je vyraznym prinosom
tak pre urychlenie stavebnych préc, ako aj pre dodrZanie geo-
metrickych parametrov tychto stavieb, na ¢o je kladeny vyso-
ky doraz. Na dodrzanie konecnej, zvycCajne velmi vysokej
presnosti tychto stavieb, majui geodeti rozhodujici vplyv nie-
len pocas celej vystavby, ale aj po jej ukoncenf pri periodicke;j
kontrole geometrickych parametrov (3D posuny sekundarneho
ostenia, kontrola kolaji kolajového zvrsku). Vyznamni tdlohu
zohravajui aj vyrobcovia meracskej a vrtnej techniky vratane
zdciu svojich produktov. V neposlednom rade ide aj
o dosahovanie vysokej produktivity a presnosti merani
a, samozrejme, aj o ulahcenie a zjednoduSenie prace geodetov.
Je potrebné si uvedomit, Ze geodeti pri meraniach v tuneloch
sd prakticky neustdle vystaveni extrémnym podmienkam (zl4
viditelnost, vysoka praSnost, stiesnené priestorové pomery),
a aj napriek pouzitiu sofistikovanych hardvérovo-softvérovych
rieSeni, zohrdva ludsky faktor stdle rozhodujicu tlohu pri
kone¢nom vysledku ich prace. Aj z tohto dévodu si vyzaduje
vykon geodeta, neustdle pracujiceho s milimetrami, v tychto
niaroénych podmienkach nasadenie odborne fundovanych
a odolnych ludi zasluhujicich obdiv a uznanie.

ING. PETER FERANCIK, peter.ferancik@skanska.sk,
Skanska SK a. s. — Zdavod Tunely SK

Recenzoval: Ing. Karel Kfemen
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kej totdlnej stanice — Atlas Copco. Autor — Manudl k programu Bever Control
Fig. 11 The method of navigating a drilling rig using the Atlas Copco Bever
profiler and a survey total station. Author — Manual for the Bever Control

program

parameters (3D displacements of the secondary lining, chec-
king on rail track, ...). In addition, an important role is play-
ed by manufacturers of survey and drilling equipment inclu-
sive of respective software, striving for as high degree of
automation of their products as possible. At last but not least,
their role is in achieving of high productivity and accuracy of
measurements and, of course, making the work of surveyors
easier and simpler. It is necessary to realise that surveyors
performing measurements inside a tunnel are virtually conti-
nuously exposed to extreme conditions (poor visibility, high
rate of airborn dust in the tunnel, constrained space conditi-
ons) and, despite using sophisticated hardware and software
solutions, the human factor remains to play the deciding role
in the final result of their work. This is also one of the rea-
sons why the work of a surveyor, operating always with mil-
limetres, requires in these demanding conditions technically
sound and resistant persons, deserving admiration and appre-
ciation.

ING. PETER FERANCIK, peter.ferancik @skanska.sk,
Skanska SK a. s. — Zdvod Tunely SK

1. Manual k programu TMS — Tunnel Measurement System (Amberg, Leica, Svaj&iarsko)
2. Manudl k programu BEVER CONTROL (Bever Control AS, Nérsko)
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TURECKY VRCH, ZELEZNICNY TUNEL BUDOVANY NA SLOVENSKU
PO POLSTOROCI

TURECKY VRCH, A RAIL TUNNEL BEING BUILT IN SLOVAKIA
AFTER HALF A CENTURY

MARIAN ORAVEC, DANIEL TISAJ

uvoD

Od sprevadzkovania RuzbaSského tunela v roku 1966 je tunel cez
Turecky vrch prvou Zivou stavbou Zelezni¢ného tunela na Slovensku.
Je najvyraznejSim prvkom stavby Modernizicia ZelezniCnej trate
Nové Mesto nad Vdhom — Pidchov, zkm 100,500-159,100 pre tratovi
rychlost’ do 160 km/h — I. etapa a II. etapa (isek Nové Mesto
nad Vidhom — Zlatovce).

Tento dsek je stucastou Transeurépskeho dopravného koridoru
&.V, ktory spdja Bratislavu, Zilinu cez Kogice s Ukrajinou. Na tento
koridor sa v Ziline pripja medzindrodny Zelezni¢ny koridor &. VI
zo Ziliny do VarSavy smerom k Baltickému moru.

STAVBA V CHRANENEJ KRAJINNEJ OBLASTI

Umiestnenie tunela spolu s konstrukciou portdlov a zarubnymi
stenami rie$i otdzku nevyhnutného stretu priestorovych zaujmov
medzi modernizdciou Zelezni¢nej trate a chranenou krajinnou
oblastou Turecky vrch. Po analyzach alternativnych rieSeni vedenia
trasy okolo Tureckého vrchu v sticasnej stope Zeleznicnej trate
alebo novou trasou tunelovym variantom, sa investor rozhodol pre
tunelovy variant. Zmena vedenia trasy cez tunel zabezpeci zvysenie
terajSej tratovej rychlosti z 80 km/h o 100 % na 160 km/h, vyhla-
dovo na 200 km/h a minimalizuje negativne vplyvy na chrdnenu
krajinnd oblast’. Dalou vyhodou tunelového variantu je fakt, ze
vystavba tunela neobmedzuje dopravu, pretoZe sa tunel razi mimo
pdvodnu trat’.

Technické riesenie reSpektuje doterajSi charakter prostredia
a upravuje zdrezy portdlov tunela pomocou zdrubnych stien tak, aby
sa ¢o najviac zachoval charakter prirodného prostredia lesostepi (na
juznej strane) a mohol ju ¢o najviac priblizit'’k ZelezniCnej trati.

ZAKLADNE UDAJE O STAVBE

Nazov diela: Modernizacia Zelezni¢nej trate

Nové Mesto nad Vihom — Ptichov,
zkm 100,500 — 159,100 pre tratovi
rychlost’do 160 km/h - I. etapa a II.

etapa (isek Nové Mesto nad Vdhom

— Zlatovce)

Investor: Zeleznice Slovenskej republiky,
Bratislava

Zhotovitel: Zdruzenie Nové Mesto — Zlatovce
2009

OHL 7S, a. s., Brno

Skanska SK a. s., Vdhostav — SK, a. s.,
Zilina, Doprastav, a. s., Bratislava,
Eltra, s. r. 0., KoSice

09/2009

04/2013

Vediici ¢len zdruzenia:
Clenovia zdruZenia:

Zaciatok vystavby:
Ukoncenie vystavby:

Vystavbu I. etapy zabezpecuje ZdruZenie Nové Mesto — Zlatovce
2009. Podiel prac Skanska SK z celkového objemu stavby predsta-
vuje 19,33 % a tvori ho hlavne vystavba tunela.

Okrem tunela budd na 17,7 km dvojkolajnej Zeleznicnej trati
vybudované dva nové Zzeleznicné a Sest cestnych mostov.

INTRODUCTION

The Turecky Vrch tunnel is the first living construction of a rail tun-
nel in Slovakia since the commissioning of the Ruzbachy tunnel in 1966.
It is the most distinct element of the project “Upgrading of the Nové
Mesto nad Vdhom — Puchov rail line, chainage km 100.500-159.100,
for the speed up to 160 km/h — stage I and stage II (Nové Mesto —
Zlatovce section)”.

This section is part of the trans-European transport corridor No. V,
which connects Bratislava and Zilina with Ukraine via Kosice. The
international corridor No. VI from Zilina to Warsaw, heading toward the
Baltic Sea, links this corridor in Zilina.

CONSTRUCTION IN A NATURE RESERVE

The design of the location of the tunnel, tunnel portals and revetment
walls solves the issue of an unavoidable collision of spatial interests bet-
ween upgrading of the rail line and the natural reserve Turecky Vrch.
After analyses of alternative solutions for the alignment around Turecky
Vrch hill following the current rail line route or a new route containing
a tunnel, the client decided to adopt the latter variant. The change in the
alignment, running through the tunnel, will ensure increasing of the
speed over the track by 100 %, from 80 km/h to 160 km/h, and to 200
km/h in the long term, thus minimising the negative effects on the natu-
ral reserve. Another advantage of the variant containing the tunnel is the
fact that the tunnel construction does not disturb the traffic because the
tunnel is being driven outside the original route.

The technical solution takes into account the existing character of the
area and provides cuttings for tunnel portals with revetment walls so that
the forest-steppe character of the natural environment (on the southern
side) is maintained as much as possible and nature can get as close to the
rail track as possible.

BASIC PROJECT DATA

Project name: Upgrading of the Nové Mesto nad Vdhom —
Puchov rail line, chainage km
100.500-159.100, for the speed up to
160 km/h — stage I and stage 11
(Nové Mesto — Zlatovce section)
Zeleznice Slovenskej republiky
(Slovak Railways), Bratislava
Zdruzenie Nové Mesto — Zlatovce 2009
consortium
Consortium leading member: OHL ZS, a.s., Bmo
Consortium members: Skanska SK a. s., Vdhostav — SK, a. s., Zilina,
Doprastav, a. s.,
Bratislava, Eltra, s. r. 0., KoSice.
Works commencement: 09/2009
Works completion: 04/2013

Project owner:

Contractor:

The contractor for stage I of the construction is ZdruZenie Nové
Mesto — Zlatovee 2009 consortium. The proportion of Skanka SK work
is 19.33 % of the whole construction volume; the main part is the con-
struction of the tunnel.
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Rekonstrukcia ¢akd i desat’ existujicich Zelezni¢nych mostov, tri
podchody pre cestujicich v Zelezniénych staniciach, priepusty
a podchody pre verejnost.

ZAKLADNE UDAJE TUNELA

_Celkovd dizka tunelovej rury je 1775 m, z toho razend Cast' ma
dlzku 1740 m (novy Zelezniny kilometer nzkm 102,510
00-104,250 00). Hlbeny dsek md spolu 35 m — 25 m na juZnom
a 10 m na severnom portdli. V celej dlzke je jednotny prierez dvoj-
kolajného tunela 80,75 m2, len uprostred su dve ,,napinacie komo-
ry* pre trolejové vedenie s roz§irenym prierezom 126,65 m2, dlhé
po 10 m.

Konstrukcia ostenia dvojkolajného tunela je dvojplastova
s medzilahlou féliovou izoldciou. Dno nie je izolované. Primdrne
ostenie zo striekaného beténu vystuzeného ocelovou sietovinou ma
premenlivi hribku od 150 mm do 400 mm (pevnostnej triedy C
16/20) a doCasne zaistuje vyrub. Na primarne ostenie sa s uréitym
Casovym odstupom pripeviuje izola¢né sivrstvie. Toto stivrstvie sa
ndsledne prekryje sekunddrnym ostenim z monolitického vystuZe-
ného alebo prostého beténu C 25/30, ktoré tvori konecnd konstruk-
ciu ostenia tunela.

Nadlozie v osi tunela dosahuje minimdlnu hodnotu cca 3 m
v mieste juzného razeného portdlu, najvyssie je v nzkm 103,500
a dosahuje priblizne 100 m.

Uprostred tunela v km 103,483.00 je napojend 244,7 m dlha
unikovd chodba, ustiaca v priestore pdvodného nadjazdu Zelez-
ni¢nej trate.

POSTUP VYSTAVBY - ZAISTENIE PORTALU A RAZENIE

Technoldgia razenia Zelezni¢ného tunela je uzko spojend
s historickym vyvojom tuneldrstva v naSej krajine. V naSich zeme-
pisnych Sirkach sa vyuZivala od II. polovice 19. storo¢ia Rakiska
tunelovd metéda pri vystavbe prvych Zelezni¢nych tunelov.
Charakteristickym znakom tejto metddy je prvotné vyrazenie sme-
rovej $tdlne v spodnej Casti tunela (sliZi na overenie geologickych
pomerov). Sikmym zdlomom sa preslo do hornej §télne — budici
strop tunela a odtial sa robil vylom do oboch strn celej klenby pri
sucasnom zabezpeCovani vydrevou.

Na vystavbu dvojkolajného tratového tunela Turecky vrch bola
pouZzitd Novd rakiska tunelovacia metéda (NRTM), ktord je zalo-
Zend na plnom reSpektovani vlastnosti horninového prostredia
a vyuzivani jeho samonosnych schopnosti. Z uvedenych dévodov,
na zdklade geologického prieskumu, bolo razenie rozdelené do
dvoch zdkladnych spdsobov. Prevlddajici spdsob razenia —
s horizontdlnym clenenim celby v pevnych skalnych hornindch
(vdpence a dolomity) — je rozdeleny na technologické triedy vyru-
bu TT2, TT3 a TT4. Druhy spdsob razenia — s horizontdlnym
i vertikdlnym ¢lenenim celby — je pouZity v zeminovom prostredi
a v zvetranej skale, ktord sa nachddza hlavne v dvodnych Castiach
tunela a je rozdeleny do technologickych tried TT5a a TT5b.

Firma Skanska SK a. s., Zavod Tunely SK vykondvala raziace
price zo severného (vyjazdového) portalu (obr. 1). KedZe je sever-
ny portdl umiestneny v hlbokej eréznej ryhe vyplnenej nestabilnou
zeminou, bolo nutné zvislé steny stavebnej jamy zabezpecit’ susta-
vou zvislych mikropilét opatrenych vrstvou striekaného beténu
hribky min. 15 ¢cm, zemnymi kotvami diiky 24 az 30 m a zva-
renymi prahmi (obr. 2). balej je tu zabudovand masivna pilétova
stena z pilét @ 1200 mm (obr. 3), ktord chrdni stavebnu jamu pocas
vystavby a tvori opornid konstrukciu dolnej klenby hibeného tseku
tunela. Pilétova stena zdroven tvori zdklad zdrubnej steny portdlu
vedla budicej kolaje.

Pred zacatim razenia bolo nadlozie tunela zaistené od portdlu
sustavou vodorovnych mikropilét (mikropilétovym dazdnikom)
dizky 20 m.

V tychto zlozitych geologickych podmienkach zacalo 13.1.2010
razenie tvodnych metrov. Prvych 62,4 m bolo razenych pri verti-
kdlnom i horizontdlnom ¢leneni ¢elby (TT5b2, TT5bl) s dizkou

TuoufHel

In addition to the tunnel, there will be two new railway bridges and
six road tunnels constructed on the 17.7 km double-rail track. Ten exis-
ting railway bridges, three subways for passengers in railway stations,
culverts and public underpasses are also to be reconstructed.

BASIC TUNNEL DATA

The total length of the tunnel is 1,775 m; of this length, a 1,740m sec-
tion is mined (chainage km 102.510 00-104.250 00). The cut-and-cover
sections at the southern and northern portals are 35-25 m and 10 m long,
respectively. The cross-section is uniform throughout the entire double-
track tunnel length, with the area of 80.75 m2, excepting the mid point,
where there are two 10 m long overhead line tensioning niches, expan-
ding the cross-section area to 126.65 m?2.

The tunnel lining structure consists of two shells with an intermediate
waterproofing membrane between them. There is no waterproofing in the
invert. The primary lining temporarily supporting the excavation is in C
16/20-grade shotcrete reinforced with welded mesh. Its thickness varies
from 150 mm to 400 mm. The waterproofing layers are attached to the pri-
mary lining at a certain time lag. The waterproofing layers are subsequ-
ently covered with the C 25/30 cast-in-place unreinforced or reinforced
concrete secondary lining, which forms the final tunnel lining structure.

The thickness of the overburden on the tunnel centre line reaches the mini-
mum value of about 3 m at the southern mined portal, while the highest over-
burden is at chainage km 103.500, approximately amounting to 100 m.

A 244 m long escape gallery is connected in the middle of the tunnel, at
chainage km 103.483.00. The gallery end is in the area of a former fly-over.

CONSTRUCTION PROCEDURE - PORTAL STABILISATION AND
TUNNEL EXCAVATION

The tunnelling method applied to the railway tunnel is closely associ-
ated with the historic development of constructing tunnels in our count-
ry. In our geographic latitudes, the Austrian Tunnelling Method was used
for constructing initial rail tunnels from the second half of the nineteenth
century. A characteristic feature of this method is a pilot tunnel, which is
driven in the bottom part of the cross section (used for the verification
of geological conditions). The excavation passed to an upper gallery (the
future tunnel crown) via an inclined chute. From this gallery the exca-
vation was expanded to both sides of the whole vault, with the timbering
installed simultaneously.

The Turecky Vrch double-track tunnel is driven using the New
Austrian Tunnelling Method (NATM), which is based on fully respecting
properties of the ground environment and using its self-supporting abili-
ties. For the above reasons, based on results of geological surveys, the
excavation sequence was divided into two basic types. The prevalent
excavation sequence is that with the horizontally sub-divided excavation

Obr. 1 Vizualizdcia budiiceho severného portdlu
Fig. 1 Visualisation of the future northern portal




Obr. 2 Zdarubna stena zo zvislych mikropildt opatrenych vrstvou striekaného
betonu a zaistend lanovymi kotvami dizky 24 aZ 30 m

Fig. 2 Revetment wall made up of vertical micropiles provided with a layer of
shotcrete and stabilised by 24 to 30 m long cable anchors

zaberu 0,8—1,0 m. Rozpojovanie hornin bolo vykondvané mecha-
nicky — pomocou tunelbagra. Celba bola rozdelend vertikdlne na
lavy boc¢ny vyrub, pravy bocny vyrub a stredovy pilier (obr. 4).
Velkd vyska bocnych Ciastkovych vyrubov (9,5 m) a nutnost’
rychlo uzatvdrat kazdd vyridbanu Cast zdberu, si vyZadovala Clenit’
bocné vyruby horizontdlne na kalotu, stupen a protiklenbu (obr. 5).
Minimélny predstih kaloty pred stupnom bol dany nutnostou uza-
tvarat' obvod beténového ostenia kvoli stabilite tunela (max. 4 zabe-
ry). Dobierka stupnia striedavo sledovala kazdy druhy zédber v kalote.
S rovnakym odstupom sa doberala a vystrojovala aj protiklenba bo¢-
ného vyrubu tak, aby bo¢ny Ciastkovy vyrub bol vystrojeny uzavre-
tym prstencom primdrneho ostenia najneskor 6 m za ¢elom kaloty.
Oba bo¢né vyruby mali byt razené za sebou s odstupom celieb 6
az 10 m, no neskor na zdklade priaznivych vysledkov geotechnické-
ho monitoringu mohol byt odstup Celieb az 24 m. Razenie tychto
bocénych vyrubov bolo nesmierne naroéné na meracské prace, preto-
Ze primdrna vystroj kazdého bo¢ného vyrubu pozostdvala zo 7 seg-
mentov ocelovych priehradovych oblikov (Arcus). Merac¢i museli
neustdle sledovat’jej budovanie, aby sa mohol profil presne uzavriet
a aby sa presne spojili aj bo¢né vyruby so stredovym pilierom.
Vysledky geotechnického monitoringu ndm taktieZ umoznili
zacat’s dobierkou stredového piliera uz za situdcie, ked bol lavy
bocny vyrub v staniceni 56,4 m a pravy bocny vyrub v staniceni
324 m. Aj tento vyrub vSak bolo treba ¢lenit’ na kalotu, stuper
a protiklenbu.

SKANSKA

Obr. 4 Vertikdlne a horizontdlne ¢lenenie Celby pri razeni tunelovej riiry
Fig. 4 Vertical and horizontal division of the tunnel excavation face
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Obr. 3 Budovanie pildtovej steny @ 1200 mm, ktord tvori opornii konstrukciu
dolnej klenby hlbeného iseku tunela

Fig. 3 Construction of a pile wall (piles 1200 mm in diameter), forming the
support for the invert of the cut-and-cover section of the tunnel

face, which is applied to sound rock (limestones and dolomites). It is divi-
ded into excavation support classes TT2, TT3 and TT4. The second type,
with the face divided both horizontally and vertically, is used in soil envi-
ronment and in weathered rock, which is found mainly in the initial sec-
tions of the tunnel. It is sub-divided into excavation support classes TT5a
and TT5b.

Tunely SK plant of Skanska SK a. s., carried out the excavation work
from the northern (exit) portal (see Fig. 1). Since the northern portal is
located in a deep erosion furrow filled with instable soil, it was necessa-
ry to stabilise the vertical walls of the excavation pit by a system of ver-
tical micropiles covered with a 15 cm thick layers of shotcrete, 24 to
30 m long ground anchors and welded walers (see Fig. 2). In addition,
there is a rugged pile wall constructed there, consisting of @ 1200 mm
piles, protecting the construction pit during the course of the constructi-
on and forming the support of the invert in the cut-and-cover section of
the tunnel. At the same time the pile wall forms the foundation of the
revetment wall at the portal, alongside the future track.

Before starting to excavate the tunnel, the tunnel overburden was sta-
bilised from the portal by a system of 20 m long horizontal micropiles
(a micropile umbrella).

In these complicated geological conditions, driving initial metres of
the tunnel started on 13 January 2010. The initial length of 62.4 m was
driven using both the vertical and horizontal sequence (TT5b2, TT5b1),
with the round length ranging from 0.8 m to 1.0 m. Ground was disinte-
grated mechanically by a tunnel excavator. The excavation face was
divided vertically to the left-hand side-wall drift, right-hand side-wall
drift and excavation of the central rock pillar (see Fig. 4).

The significant height of the side-wall drifts (9.5m) and the necessity
for quick closing of each completed part of the excavation required the
horizontal division of the side-wall drift faces into the top heading,
bench and invert (see Fig. 5).

The minimum advance of the top heading of the bench (4 round
lengths as the maximum) followed from the necessity for closing of the
circumference of the concrete tunnel lining so that the tunnel stability
was ensured. The bench excavation followed after every other excavati-
on round in the top heading. The advance of the invert excavation and
support in the side-wall drifts was identical so that the side-wall drift was
provided with a closed ring of the primary lining not later than 6 m
behind the top heading face.

Both side-wall drifts were to be excavated consecutively, with the
distance between the faces of 6 to 10 m; however, the distance was later
permitted to grow up to 24 m on the basis of favourable results of geo-
technical monitoring. The excavation of the side-wall drifts was extre-
mely demanding in terms of surveying because the primary support of
each side-wall drift consisted of 7 segments of lattice girders (Arcus).
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Dve drovne dopravy v tuneli poCas razenia si vyZiadali dpravu
dopravnej cesty nasypom rampy do drovne kaloty. S razenim kalo-
ty sa uzatvdrala stropnd klenba celého prierezu dvojkolajného tune-
la, pricom hornd Cast’ vnitornych bokov sa zatial ponechdvala
a vybiirala sa aZ s biranim ich spodnej asti, ked sa vyribalo jadro
stredového piliera a ndsledne sa primdrnou vystrojou zaistila
i protiklenba. Tym sa uzavrela spodnd klenba celého dvojkolajného
prierezu.

Od stanicenia 62,4 m sa geoldgia zlepsila a razenie bolo prerade-
né do technologickej triedy vyrubu 5al. Na rozpojovanie hornin
sme zacCali postupne vyuZzivat aj vrtnotrhacie price. Tu uz bola
Celba Clenend iba horizontdlne na kalotu a stupen s dizkou kroku
1,0-1,2 m. V tejto triede sme vyrazili 20,8 m. Nasledne bolo raze-
nie zaradené do technologickej triedy vyrubu 4 s dizkou kroku
1,5 m. V tejto triede sa razilo 74,4 m az do vyrubovej triedy 3,
v ktorej sa pokracovalo v razeni zdbermi 2 m v useku dlzky az
625.3 m. Poslednou vyrubovou triedou bola trieda 2, v ktorej pre-
biehali raziace prdce v dlzke 213,5 m s dlZzkou zdberu 2,5 m.

Raziace prace pod Tureckym vrchom vyvrcholili v novembri
2010 slavnostnou prerdzkou za tcasti ministra dopravy Jana Figela,
ako aj zdstupcov investora a zhotovitela. Tunel razili pracovnici
Zavodu Tunely SK Novou rakiskou tunelovacou metédou z dvoch
stran. Smerom od severného portélu a tiezZ zo stredu, kde bola vyra-
zend tnikova $tolna. Dna 10. novembra prerazili v hornej Casti pro-
filu tunela (kalote) do proticelby, ¢im vzniklo prepojenie medzi
severnou Celbou a unikovou chodbou (obr. 6). Ndsledne v druhej
polovici novembra bol z juznej strany prerazeny tunel tplne.
Meracie prace zabezpeCovali geodeti zo Strediska meracstva
a geoldgie Zavodu Tunely SK. Dosiahli vyborny vysledok, presnost’
prerazenia mala maximalnu smerovi odchylku 16 mm. Vietky dal-
Sie odchylky boli eSte podstatne menSie, maximalne do 5 mm.

Predpoklad deformécie primdrneho ostenia (konvergencie) bol
na zaklade statickych vypoctov v triedach TT2 az TT4 do 50 mm,
pre TT5a 80 mm a pre TT5b 150 mm v klenbe a bokoch 50 mm,
pricom maximalne dosiahnuté konvergencie boli 15 mm.

SANACIA KRASOVYCH UTVAROV

Geoldgovia predpokladali, Ze krasové fenomény budd pritom-
né v podpovrchovych Castiach masivu, pricom budi viazané najmé na
z6ny hustejSieho rozpukania a rozvolhenia hornin, alebo zény tekto-
nického porusenia a otvorenych zlomov. Tento predpoklad bol pocas
razenia potvrdeny pri pravidelnom geologickom a geotechnickom
dokumentovani Celieb v kalote a stupni tunela. Pri geologickej doku-
mentdcii zdrubnej steny pri juznom portdli boli zaznamenané otvore-
né kaverny rozmerov 0,5x1,5x2,5 m ako dosledok krasovych javov

Obr. 6 Pracovnici Zdavodu Tunely SK pri prerdZke tunela medzi severnou cel-
bou a tinikovou chodbou

Fig. 6 Employees of the Tunely plant of Skanska at the breakthrough betwe-
en the northern heading and the escape gallery

Obr. 5 Horizontdlne clenenie lbvého bocného vyrubu
Fig. 5 Horizontal excavation sequence applied to the left-hand side-wall drift

Surveyors had to continually follow the installation so that the profile
could be precisely closed and the side-wall drifts were precisely conne-
cted with the central pillar.

Owing to the geotechnical monitoring results we were allowed to start
to excavate the central pillar earlier, in the situation where the left side-
wall drift reached tunnel chainage of 56.4 m and the right excavation
face was at tunnel chainage of 32.4 m. Anyway, even this excavation
sequence had to be divided into the top heading, bench and invert.

The two levels of transport routes in the tunnel during the excavation
required the treatment of the transport route by means of filling a ramp up
to the top heading level. The roof vault of the entire cross-section of the
double-track tunnel was closed by excavating the top heading; the upper
part of the internal sides was left unbroken until the lower part of the sides
was broken out, where the central pillar bench was excavated and, subse-
quently, even the invert was provided with the primary support. The result
was that the invert was completed in the entire double-track tunnel.

From tunnel chainage of 62.4 m, geology improved and the excavati-
on support class was changed to Sal. We step—by-step started to apply
the drill and blast technique to breaking of rock. At that time the exca-
vation face was divided only horizontally to the top heading and bench,
with the round lengths of 1.0 — 1.2 m. We completed 20.8 m of the exca-
vation using this excavation class. Subsequently, the excavation was
categorised as excavation support class 4, with the round length of
1.5 m. The length of 744 m of the excavation was completed in this
class, until excavation class 3 ground was reached, where it continued
with 2 m long excavation rounds along a 625.3m long tunnel section.
The last excavation support class was class 2, where the excavation con-
tinued with the round length of 2.5 m along a 213.5 m long stretch.

Tunnelling under Turecky Vrch hill reached the peak in November
2010 by a breakthrough celebration, which was attended by Jan Figel,
the minister of transport, as well as representatives of the project owner
and the contractor. The tunnel was driven by employees of Tunely SK
plant from both sides, using the New Austrian Tunnelling Method, in the
direction from the northern portal and also from the mid point, to which
the escape gallery was driven. On 10th November, the top heading broke
through to the counter-heading, thus the northbound excavation got con-
nected with the escape gallery (see Fig. 6). Subsequently, in the second
half of November, the excavation of the entire tunnel was completed by
a breakthrough from the southern side. Survey services were provided
by surveyors from the survey and geological department of the Tunely
SK plant. They achieved excellent results, with the breakthrough hori-
zontal deviation reaching 16 mm. All other deviations were substantial-
ly smaller, up to 5 mm as the maximum.

The deformations of the primary lining (convergences) were anticipa-
ted on the basis of structural analyses to be up to 50 mm in classes TT2
through TT4, 80 mm for TT5 and 50 mm for TT5b in the top heading and
on the sides, while the maximum convergences achieved were 15 mm.



Obr. 7 Pohlad na izolatérsky voz a realizdciu hydroizoldcie tunelovej riiry
Fig.7 Aview of a waterproofing installation travelling scaffold and the instal-
lation of the tunnel tube waterproofing

a v kalote na severnej strane tunela v staniceni 1491 tm (tunelmeter).
Vzhladom k predpokladom uvedenych vo vysledkoch inZinierskoge-
ologického prieskumu, k faktom zaznamenanym pri geologicke;j
dokumenticii Celieb tunela a stien portdlovych svahom a zarubnych
stien, bolo vykonané geofyzikdlne meranie aj v drovni dna tunela.
Utelom geofyzikdlneho merania bolo zistenie a lokalizdcia krasovych
javov vyskytujuicich sa v priestore pod dnom tunela v dosahu 5-7 m
pod troven dna a odporuceniu miest pre vykonanie overovacich jad-
rovych vrtov.

V pripade, Ze boli geofyzikdlnym prieskumom zistené polohy
krasovych utvarov v trovni dna tunela, bol postup sandcie nasle-
dovny:

— v zistenom profile dna sa navitali vrty o priemere 63 mm na

jadro, ich pocet bol 16 a dizka 1,2-6,1m,

— po navrtan{ vrtu sa z vrtu vytiahlo vrtné naradie s jadrom, ktoré
vyhodnotil geolég a geotechnik stavby,

— v pripade potvrdenia krasového ttvaru roznej velkosti sa do
vrtu osadil injektazny obturdtor na ktory sa napojila injektdzZna
hadica,

— injektdZnym cerpadlom sa tlacila injektdZna zmes do vrtu pod
tlakom max. 0,6 MPa,

— po vyplneni vrtu sa injektdZna zmes odstavila a systém sa na
obturdtore odtlakoval.

Dal3ie poruchy horninového masivu v tiseku tunela boli zatriede-

né do nasledovnych typov:

L. typ — jednotlivé poruchy mocnosti do 20 cm s vypliou flovi-

to-piescitou

II. typ — systém portich mocnosti do 20 cm so vzdialenostou cca

0,5-1,0 m, v okoli s porusenym — rozpukanym materid-
lom

III. typ — jednotlivé poruchy mocnosti od 0,8 do 1,0 m s vypliou

ilovito-piescitou

IV. typ — jednotlivé poruchy mocnosti nad 1,0 m s vypliou {lo-

vito-piescitou.
v mensej miere kolmo na os tunela. Vypln mala charakter pies¢ité-
ho ilu pevnej konzistencie. Okrem tvodnych 100 m sa vyraznejSie
poruseny masiv nachddzal tieZ v usekoch 240 — 260 tm, 290 — 310 tm
a 380 — 390 tm.

Na zdklade tychto informdcii bola navrhnutd dprava dna tunela
s ohladom na pozadované parametre podloZia projektovanej pevnej
jazdnej drahy (PJD). Navrhnuté rieSenie premostuje poruchy vystu-
Zenymi Zelezobeténovymi doskami umiestenymi pod droviiou pod-
kladového beténu zvrskovej dosky PID.

Toto rieSenie bolo pouZité v pripadoch, ked mocnost poruchy
bola menSia ako 1,20 m a na oboch strandch poruchy sa v profile
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STABILISATION OF KARST FEATURES

Geologists assumed that karstic phenomena would be encountered in
sub-surface parts of the massif, mainly bound to zones of denser jointing
and loosening of the rock or tectonically faulted and open fault zones.
This assumption was confirmed during the excavation by regular geolo-
gical and geotechnical mapping of excavation faces in the top heading
and tunnel bench. Open caverns with the dimensions of 0.5x1.5x2.5 m,
resulting from karstic phenomena, were recorded while documenting the
geology for the revetment wall at the southern portal and for the top hea-
ding on the northern side of the tunnel at tunnel metre 1.491.
Geophysical measurements were even carried out at the tunnel bottom
level, taking into consideration the assumptions contained in the results
of the engineering geological survey, the facts recorded during the geo-
logical mapping of the tunnel faces and sides of the portal trench and
revetment walls. The purpose of the geophycisal measurements was to
identify and localise karst phenomena existing in the space under the
tunnel bottom, up to the depth of 5-7 m, and to recommend places where
verification core holes were to be drilled.

When the geophysical survey indicated karst features at the tunnel
bottom level, the following procedure was applied to cope with them:

— Core holes 63 mm in diameter were drilled into the bottom in the par-

ticular cross section. Sixteen 1.2-6.1 m long holes were carried out;

— After drilling and pulling the drill string containing the core out, the

core was assessed by the site geologist and geotechnician;

— If the existence of a karst feature with various sizes had been con-

firmed, a grouting packer was installed in the borehole and
a grouting hose was connected to it;

— Grouting mix was forced to the borehole by a grouting pump under

the maximum pressure of 0.6 MPa;

— After filling of the borehole was completed, the grout supply was

stopped and the system was depressurised on the packer.

Other failures of the rock mass in the tunnel were categorised as follows:

type I —isolated joints up to 20 cm thick with clay-sand filling

type II — a system of joints up to 20 cm thick at 0.5-1.0 m spacing,

surrounded by broken material

type III — isolated joints up to 0.8 — 1.0 m thick with clayey-sandy fil-

ling

type I'V—isolated joints over 1.0 m thick with clayey-sandy filling.

The joints were mostly oriented parallel with the tunnel centre line
and only to a smaller extent perpendicular to the tunnel axis. The filling
had the character of sandy clay with solid consistency. In addition to the
initial 100 m, a significantly disturbed massif was also found in sections
with tunnel chainages of 240 — 260 m, 290 — 310 m and 380 — 390 m.

A modification of the tunnel bottom design was proposed with respect
to the above information, taking into consideration the required parame-
ters of the sub-grade of the slab track design. The proposed solution
bridges the failures by reinforced concrete slabs located under the level
of the blinding concrete under the slab track structure.

This solution was applied in the cases where the joint width was smal-
ler than 1.20 m and rock material providing support for the bridge was
found on both sides of the joint. The above solution was designed for
effects of loads induced by rail traffic in the meaning of STN EN 1991-2.

CONSTRUCTION PROCEDURE — SECONDARY LINING

Casting of the concrete secondary lining itself was preceded by profi-
ling, which means the treatment of the surface of the shotcrete primary
lining. The surface and quality of the primary lining, or the surface and
quality of the substrate under waterproofing layers, had to meet the fol-
lowing criteria:

— aggregates ¥ 8 mm are used for shotcrete,

— proportion of the diameter of a surface irregularity to its height is not

to be greater than 10:1,

— the minimum rounding radius is 200 mm (applicable to edges near
recesses),

— the strength and thickness of the substrate layer had to be harmoni-
sed with the element fixing the membrane, in the process the pull-
out strength of the substrate has to be 1.2 MPa.

Subsequently, the installation of the tunnel waterproofing started in

the area of the upper vault. The 2.2 mm thick waterproofing system is
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tunela nachddzal skalny materidl tvoriaci oporu premostenia.
Uvedené rieSenie bolo navrhnuté na dcinky zataZenia Zelezni¢nou
dopravou v zmysle STN EN 1991-2.

POSTUP VYSTAVBY - SEKUNDARNE OSTENIE

Samotnej betondzi sekundarneho ostenia predchadzala profilécia,
tj. duprava povrchu primdrneho ostenia zo striekaného beténu.
Povrch a kvalita primédrneho ostenia, resp. povrch a kvalita podkla-
dovej vrstvy pod izoldciu musela splnat’ nasledovné kritéria:
— striekany betén s pouzitim kameniva @ 8 mm,
— pomer priemeru nerovnosti povrchu k vyske nema byt mensi
ako hodnota 10:1,

— minimdlny polomer zaoblenia 200 mm (plati pre hrany
v blizkosti vyklenkov),

—pevnost’ a hribka podkladovej vrstvy sa musela zostladit
s upeviovacim prvkom f6lie, pri¢om minimdlna odtrhova pev-
nost’ podkladovej vrstvy musi byt 1,2 MPa.

Nasledne sa zacalo s realizdciou hydroizoldcie tunelovej riry
proti priesakom podzemnej vody v oblasti hornej klenby tunela.
Hydroizol4cia hribky 2,2 mm je navrhnutd ako rubova, inStalova-
nd na primdrne ostenie s jednou vrstvou ochrannej a drendznej geo-
textilie (obr. 7). Voda presiaknutd cez primarne ostenie bude pomo-
cou drendZnej geotextilie zvadzana do pozdiinych drénov
@ 200 mm a cez priecne prepojenia do hlavného drendZneho tune-
lového zberaca.

Thned po hydroizoldcii nasleduje dal§ia operdcia — vystuZenie
sekundarneho ostenia tunela, ktoré je rieSené kombindciou pritove;j
vystuze a ocelovych sieti (obr. 8). Pomocnu funkciu zabezpecenia
stability len ocelovej konStrukcie pred beténovanim zabezpecuju
ocelové priehradové obliky (typu Arcus) zvarené z ocelovej vystu-
Ze 10 505 R (nosné priity a strmene) a zamoc¢nickych prvkov S235
na spdjanie jednotlivych dielov oblika. Spojovaci materidl je trie-
dy pevnosti 8.8.

Hlavnym vystuznym prvkom su ocelové siete 8x100/8x200, resp.
8x150/8x150 v komore pre napinanie trakcie. Na siete je potrebné
dopiflat’ pridavnu pritovu vystuz. Pre vystuZenie z hladiska vzniku
trhlin je dolezité hlavne obojstranné vystuZenie spodnych casti
bloku. Tieto vystuze zamedzia vzniku zvislej trhliny v strede bloku.

V tuneli sd navrhnuté i nevystuzené bloky. Blok bude vytvoreny
len z prostého beténu. Vystuz bude potrebna len v miestach Cistia-
cich a poziarnych vyklenkov. Pre stabilizdciu chranic¢iek NN
a slabopridovych veden{ projektant odportica pouzit'dvojicu ocelo-
vych priehradovych oblikov.

Unosnost’ nevystuzeného bloku bola preverend statickym vypo-
¢tom. Projektant predpokladd vznik pozdiinej trhliny vo vrchole
klenby, ktord prechddza pozdii celého bloku. Této trhlina nie je
z hladiska Zivotnosti a celkovej stability tunela nebezpecna.
Vypocet preukdzal len vznik primdrnej trhliny. Dostato¢nd rotacna
kapacita by mala zamedzit’ vzniku sekunddrnej trhliny. Pevnost’
v tlaku beténu v tomto mieste nie je prekrocenad.

V pripade vzniku trhliny Sirky viac ako 1,5 mm bude potrebna
injektaz. V tychto blokoch bude potrebné sledovat’ vznik a rozvoj
$irky trhliny.

Sekundarne ostenie razeného tunela je realizované s pouZzitim
debniaceho voza. BetondZ je navrhnutd v dvoch etapach:

— betondz zdkladov a protiklenby,

— betondz hornej klenby tunela (obr. 9).

Dizka Standardnych blokov tunela je 10 m, napojenie na $tolnu
a vyklenky st osadené vZdy v strede bloku, napojenia na chranicky
v osteni pre kdble technologického vybavenia si cez Sachty
a vyklenky umiestnené vzdy konstantne od volného cela bloku.

Sekundarne ostenie je rieSené v niekolkych typoch, jednak podla
technologickych tried, jednak podla zakladovych pomerov zabudo-
vdvanych pdsov. Typ R1 m4 hribku ostenia min. 300 mm a je zalo-
Zeny na zdkladovych pdsoch. Bude zabudovany v technologickych
triedach vyrubu TT2, TT3 a TT4, takZe v prevaznej dlzke razeného
tunela. Typ R2 ma hribku ostenia min. 400 mm a je tieZ zaloZeny

Obr. 8 VystuZ sekunddrneho ostenia tunela
Fig. 8 Reinforcement of the tunnel secondary lining

designed to be applied to the outer surface, to the primary lining, with
one layer of protective and drainage geotextile (see Fig. 7). Water see-
ping through the primary lining will be diverted through the drainage
geotextile to longitudinal drains 200 mm in diameter and, through trans-
verse connections, to the main collecting tunnel sewer.

Immediately after the waterproofing, another operation follows: pla-
cing of the secondary lining reinforcement, which is designed as
a combination of steel bars and welded mesh (see Fig. 8). Lattice girders
(Arcus) welded from reinforcing bars of steel grade 10 505 R (structural
bars and stirrups) and metal elements S235 used for coupling individu-
al elements of the girder perform an auxiliary function of stabilising the
steel structure before casting of concrete. The strength grade of the coup-
ling elements material is 8.8.

The main reinforcing element is provided by welded mesh types
8x100/8x200 or 8x150/8x150 in the overhead line tensioning niche.
Additional reinforcing bars are fixed to the mesh. Placing the reinforce-
ment at both surfaces of the bottom parts of a block is most important
for the reinforcement as far as the development of cracks is concerned.
This reinforcement prevents vertical cracks from developing in the
middle of the block.

Both reinforced and unreinforced blocks are designed for the tunnel.
A block will be made only of unreinforced concrete. Reinforcement will
be required only in the locations of recesses for drainage manholes and fire
equipment. A pair of steel lattice girders is recommended by the designer
for the stabilisation of conduits for low voltage and weak current lines.

The load-bearing capacity of an unreinforced block was verified by
a structural analysis. The designer assumed that a longitudinal crack
would develop in the vault crown, to run throughout the block length.
This crack is not dangerous in terms of the life length and overall stabi-
lity of the tunnel. The analysis proved that only a primary crack would
develop. A sufficient rotational capacity should prevent a secondary
crack from developing. The compression strength of concrete is not
exceeded in this location.

Grouting will be necessary in the case of the crack width exceeding
1.5 mm. It will be necessary to monitor the origination of cracks and
development of the crack width on such blocks.

The secondary lining of the mined tunnel is constructed using a traveller
form. Casting of concrete is proposed to be carried out in two stages:

— casting of footings and the invert ,

— casting of the tunnel upper vault (see Fig. 9).

The length of standard tunnel blocks is 10 m; the connection to the
escape gallery and the recesses are always found in the middle of
a block; connections to the conduits for tunnel equipment cables embed-
ded in the lining are via manholes located always at a constant distance
from the free end of a block.

The secondary lining design comprises several types, depending on
excavation support classes and on the foundation conditions under the
blocks to be constructed. Type R1 has the minimum thickness of the
lining of 300 mm and is founded on footings. It will be used in excava-
tion support classes TT2, TT3 and TT4, which means that it will be



Obr. 9 Betondz hornej klenby tunela
Fig. 9 Casting of the tunnel upper vault

na zdkladovych péasoch. Je uréeny do TT5al, tj. do prechodovych
tisekov, ked v jadre a zdkladoch si pevné skalné horniny, ale
v kalote a nadloZ{ horniny nezarucuju stabilitu bud v dosledku mdlo
pevného horninového prostredia alebo nizkeho skalného nadlozia.
Typ R3 md hribku ostenia min. 400 mm, pricom ostenie je uzavre-
té spodnou klenbou hribky min. 600 mm. Je urceny do prechodo-
vého dseku s neistym podlozim v TT 5a2. Typ R4 ma hribku oste-
nia min. 400 mm, kde ostenie je uzavreté takisto spodnou klenbou
hribky min. 600 mm. Od R3 sa li§i len hibkou vyklenutia spodnej
klenby, pretoZe je uréeny do zeminového prostredia.

Sekunddrne ostenie tunela je z monolitického Zelezobeténu
C25/30 — XC3, XF1, XAl, - CI0,1 Dmax 16, S4.

ZAVER

Prvykrat bolo na naSom tzemi pouZzité horizontdlne i vertikdlne
Clenenie Celby, kde sa vertikdlne ¢lenila na lavy bo¢ny vyrub, pravy
bo¢ny vyrub a stredovy pilier, horizontdlne na kalotu, lavicu
a protiklenbu.

Pocas vystavby bol kladeny vysoky doraz na bezpecnost price
a Zivotné prostredie. Pri zaistovani severného portdlu bola vybudo-
vand aj poziarna nadrZ, ktord sa pocas vystavby tunela vyuzivala
ako sedimentacnd nddrz. Tédto sedimenta¢nd ndadrZz spolu
s neutralizacnou stanicou s prislusenstvom, koalescenénym odluco-
vacom ropnych ldtok a sorpénym filtrom tvorila ststavu na Cistenie
technologickej vody z tunela. Sedimenty zo sedimentacnej nadrze
sa ndsledne vyvdzali na riadent sklddku. Na zdver vystavby sa cela
sustava na Cistenie vod zrusi a nddrZ sa spitne upravi podla poZia-
daviek na poZiarnu nadrz.

Popri raciondlnom pristupe k ochrane a bezpecnosti price tune-
lari ponechdvaji tradicne aj priestor a tctu pre mystickd ochranu
prostrednictvom svojej patronky sv. Barbory. Jej socha s kahanom
v ruke nechyba ani na portdli tunela Turecky vrch (obr. 10).

MARIAN ORAVEC , marian.oravec @skanska.sk,
ING. DANIEL TISAJ, daniel.tisaj@skanska.sk,
Skanska SK a. s. — Zdavod Tunely SK

Recenzoval: Ing. Miloslav Frankovsky
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Obr. 10 Akt umiestnenia a poZehnania sosky sv. Barbory na portdli tunela
Fig. 10 The event of installing and blessing Saint Barbara statuette on the
tunnel portal

installed along a prevalent proportion of the mined tunnel length. Type
R2 has the primary lining 400 mm thick as the minimum and is founded
on footings. It is intended for class TT5al, i.e. for transition sections
where sound rock is found in the bench and under foundations but the
rock found in the top heading and overburden does not guarantee stabi-
lity either as a result of little strong rock environment or a shallow over-
burden. Type R3 has the minimum lining thickness of 400 mm and the
lining is closed by an invert structure at least 600 mm thick. It is inten-
ded for a transition section with an uncertain substrate in class TT 5a2.
Type R4 has the minimum thickness of the lining of 400 mm, the lining
is also closed by an invert with the minimum thickness of 600 mm. The
difference from type R3 lies in the depth of the inverted arch because it
is designed for a soil environment.

The secondary lining of the tunnel is in cast-in-situ reinforced conc-
rete grade C25/30 — XC3, XF1, XAl, - Cl0,1 Dmax 16, S4.

CONCLUSION

It has been for the first time in Slovakia that both vertically and hori-
zontally divided excavation sequence was used , where the face was
divided vertically to a left-hand side-wall drift, right-hand side-wall drift
and a central pillar, and horizontally to top heading, bench and invert.

High stress was put during the construction on safety at work and living
environment. A fire protection reservoir, which was used during the cour-
se of the tunnel construction as a sedimentation basin, was built during the
work on the stabilisation of the northern portal. This sedimentation basin,
together with a neutralisation station with accessories, a coalescence oil
separator and a sorption filter, made up a system for treating process water
flowing from the tunnel. Sediments from the sedimentation basin were
subsequently taken away to a sanitary land fill. At the construction end,
the whole water treatment system will be cancelled and the basin will be
restored following requirements for a fire protection reservoir.

Apart from a rational approach to safety at work, tunnellers traditio-
nally leave some space and respect for mystical protection through their
patron, Saint Barbara. Her statuette, holding a miner’s safety lamp in
hand, is not missing at the portal of the Turecky Vrch tunnel (see Fig. 10).

MARIAN ORAVEC, marian.oravec@skanska.sk,
ING. DANIEL TISA], daniel.tisaj@skanska.sk,
Skanska SK a. s. — Zdvod Tunely SK

[1] Realizacny projekt stavby Modernizacia Zeleznicnej trate Nové Mesto nad Vahom — Pichov, 1. etapa. REMING Consult, a. s.;

Metroprojekt Praha, a. s.; Basler & Hofmann Slovakia, s. r. 0.

[2] Zaverecnd sprdva o prevedenom georadarovom merani na poc¢ve tunela Turecky vrch — SEVER v tunelovej metrdZi 69—640 m.
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TUNEL OSEK - SHRNUTI PRUBEHU VYSTAVBY

OSEK TUNNEL - RECAPITULATION OF THE COURSE
OF CONSTRUCTION

IVAN BENOVIC, KAREL VESELY

ovob

Tunel Osek je soucdsti III. tranzitniho Zelezni¢niho koridoru
z Prahy smérem do Plzné nedaleko mésta Horovice u obce
Osek. Tady je budovéna prelozka Zelezni¢ni trati do oblouku
o vétsim poloméru, aby bylo umoznéno zvySeni tratové rych-
losti na 125 km/h pro klasické vlakové soupravy a 155 km/h pro
soupravy s nakldpécimi skfinémi. Délka tunelu je 324 m
a polomér oblouku 750 m. Vystavbu tunelu realizuje firma
Hochtief CZ, a. s., pro sdruZeni firem Skanska — Eurovia —
Viamont. Stavba je ¢dste¢né financovéna z fondu EU.

Obr. 1 Pohled na berounsky portdl
Fig. 1 A view of the Beroun portal

GEOLOGICKE POMERY ZAJMOVEHO UZEMI

V zdjmovém tzemi je predkvartérni podklad budovin sedi-
mentdrnimi horninami mlad$iho ordoviku, konkrétn¢ vinickym
souvrstvim, které je tvoreno tmavésedymi a Cernymi jilovitymi
bridlicemi s pfimési jemnozrnného pisku. Horniny jsou shora
v mocnosti cca 1-1,5 m zcela zvétralé tiidy R6, hloubéji
v mocnosti cca 1 m jsou silné zvétralé tfidy R5 a ddle do hloub-
ky mirn¢ zvétralé az navétralé tiidy R4. Souvrstvi je tektonicky
porusené, pri¢emZ vyznamnéjs$i zlomové linie jsou vyplnény
diabasy, které jsou prevdzné zcela zvétralé tiidy R6, misty
s pevnéj$imi dlomky tfidy az R4. Horniny vinickych vrstev jsou
zvrasnéné a intenzivné rozpukané, s velmi velkou az velkou
hustotou diskontinuit. Smér sklonu vrstev je generelné k JV
a upadaji pod thly cca 45-70°. Podle projektu se ocekdvalo, Ze
v zdvéru hloubené ryhy budou zastiZeny i horniny letenského
souvrstvi. Tyto horniny vsak zastizeny nebyly. Kvartérni pokryv
je prevdzné budovdn deluvidlnimi, popf. deluviofluvidlnimi
sedimenty mocnosti 0,5 az 1 m, a prakticky plynule prechdzi do
rozloZenych hornin predkvartérniho podkladu. Sedimenty jsou
tvofeny zeminami charakteru jilt pis¢itych az $térkovitych, tuhé
aZ pevné konzistence, s piimési dobfe opracovanych valount,
kamenu aZ balvanu, velikosti aZ cca 30 cm. Mocnost humézni-
ho pokryvu se pohybuje kolem 0,3-0,5 m.

INTRODUCTION

The Osek tunnel is part of the 3rd railway transit corridor lea-
ding from Prague toward Plzen. It is located near the town of
Hoftovice, at the village of Osek. In this location, a rail track
diversion is under construction, leading to a curve with an incre-
ased radius, allowing the speed limit over the track to be increa-
sed to 125 km/h for classical trains and 155 km/h for trains with
tilting bodies. The tunnel is 324 m long, the radius of the hori-
zontal curve is 750 m. The contractor for the tunnel is Hochtief
CZ as., the main contractor is a consortium consisting of
Skanska, Eurovia and Viamont. The construction is partially
financed from European funds.

GEOLOGICAL CONDITIONS IN THE AREA
OF OPERATIONS

The pre-Quaternary basement consists of Upper Ordovician
sedimentary rocks, concretely the Vinice strata, comprising dark-
grey and black clayey shales with admixture of fine-grained sand.
The rock mass is completely weathered up to the depth of about
1 — 1.5 m (categorised as class R6); deeper it is heavily weathe-
red up to the depth of about 1 m (class R5) and further downward
weathered to slightly weathered (class R4). The series of strata is
faulted, with the more significant fault lines filled with diabases,
which are mostly completely weathered (class R6), locally conta-
ining harder fragments, up to class R4. The Vinice strata rocks are
folded and intensely fractured, with very high to high density of
discontinuities. The layers have a general S-E trend, dipping at
45-70°. According to the design, it was expected that even the
Letna strata rocks would be encountered at the end of the open
trench. However, these rocks were not encountered. The
Quaternary cover mostly consists of layers of deluvial or deluvio-
fluvial sediments 0.5 to 1.0 m thick, passing practically fluently
to decomposed rocks of the pre-Quaternary base. The sediments
comprise soils with a sandy clayey to gravelly character, with stiff
to solid consistency, with an addition of well rounded cobbles,
stones to boulders with the dimensions up to about 30 cm. The
thickness of the humic cover fluctuates about 0.3 — 0.5 m.

HYDROGEOLOGICAL CONDITIONS

It turned out during the excavation that there was virtually no
ground water present in the ground environment and the ground
was in the natural state, only locally with increased moisture.
Local water inrushes were encountered during seasonally increa-
sed amounts of atmospheric precipitation. They had to be drained
during the excavation of the construction trench on both sides and
pumped out.

TECHNICAL SOLUTION

The 324.0 m long tunnel was built using the cut-and-cover met-
hod. It runs throughout its length in a right-hand curve with the
radius on the tunnel centre line of 747.805 m. The tunnel gradi-
ent rises in the direction of chainage at 11.959 %o. As required by
the fire design, an access road with a mustering area is designed
for the exit (Plzen) portal, while a staircase allowing persons to
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HYDROGEOLOGICKE POMERY escape from the portal trench to open terrain is to be constructed
on the slope at the entrance (Beroun) portal. A dry fire main is
located on the left-hand side of the tunnel. The connection point
is in a manhole next to the mustering area at the exit portal. The
tunnel was built in a sloped construction trench. Sides of the con-
struction trench were stabilised by shotcrete reinforced with steel
mesh and 4.0 and 5.0 m long dowels. This system was designed
for temporary slopes which were subsequently backfilled. The
slopes in the portal areas which are not backfilled have the final
slopes without the shotcrete stabilisation. Backfilling was carried

Béhem odtézovani se ukdzalo, Ze podzemni voda, tedy zvod-
néni horninového prostfedi prakticky neni, a hornina je v pfiro-
zeném stavu, jen lokédlné se zvySenou vlhkosti. Pfi sezonnim
zvySeni atmosférickych srazek vSak dochdzelo k lokalnim vyro-
nam, které bylo nutné pfi otevieni stavebni jamy v jeji celé
délce oboustranné drénovat a nasledné odéerpdvat.

TECHNICKE RESENI

Tunel délky 324 m je proveden jako hloubeny a v celé délce out with a suitable material obtained during the excavation of the
je veden v pravém oblouku o poloméru 747,805 m v ose tunelu. construction trench. Backfilling was not carried out in the imme-
Po celé délce tunel stoupd ve sméru staniceni ve sklonu 11,959 %o. diate proximity of the waterproofing membrane. The membrane
Podle pozadavku poZzarné-bezpe&nostniho feSeni je na vyjezdo- is protected by a layer of reinforced shotcrete serving as sacrifi-
vém plzefiském portdlu navrzena piistupovd komunikace cial formwork, therefore it is not jeopardised by a damage. The
s ndstupni plochou, u vijezdového berounského portilu mé byt tunnel backfill protrudes over the surrounding terrain. Increased
provedeno ve svahu zifezu trati schodiité pro tdnik osob requirements were placed on the backfill at the intersection with
z prostoru portalu do volného terénu. V tunelu je po levé strand | @ road at km 61.986 and at portals.

The tunnel lining is, with the exception of portal blocks, desig-
ned as a two-shell structure with an intermediate waterproofing
membrane. The outer lining, the so-called false primary lining,
has the function of sacrificial formwork and protection of the
waterproofing membrane. It is designed in C20/25 shotcrete,
300 mm thick, reinforced with lattice girders and steel mesh. The
outer lining is supported by widened footings prepared for the
final lining. When the false primary lining had been completed,
the work procedure identical with the procedure applied to mined
tunnels took place (the installation of waterproofing layers, pla-
cing of the final lining concrete reinforcement, casting of the final
lining using a traveller form). A traveller form, manufactured by
ULMA, the structure of which consisted of Meccano beams, was

umistén pozarni suchovod, ktery mé pripojné misto v Sachté
u nastupni plochy na vyjezdovém portdlu tunelu. Tunel byl rea-
lizovéan ve svahované stavebni jameé. Stény stavebni jamy byly
zajistény stiikanym betonem vyztuZenym ocelovou siti
a kotveny hrebiky délky 4 a 5 m. Toto zajiSténi bylo navrzeno
u doCasnych svahu, které byly zpétné zasypdny. Svahy v oblasti
portald, které nejsou zasypény, jsou provedeny v definitivnich
sklonech bez zajisténi stiikanym betonem. Zpétné zasypy byly
provedeny vhodnym materidlem ziskanym pfi hloubeni staveb-
ni jamy. Zasypy nebyly provadény v bezprostfedni blizkosti
féliové izolace proti vodé. Ta je ochrdnéna vrstvou vyztuzeného
stiikaného betonu, slouziciho jako ztracené bednéni, a nehrozi

tedy jeji poSkozeni. Tunel je presypan oproti okolnimu terénu. used. The thickness of the concrete mattress was increased under
V mist¢ kiiZeni s prfelozkou komunikace v km 61,986 the wheels of the formwork, at the distance of 2 m from the foo-
a u portdli byly na zdsypy kladeny zvy3ené pozadavky. ting, along both the left and right sides of the tunnel. The thicker

Ostén{ tunelu je mimo portdlovych pdsi navrZeno jako dvou- (800 x 400 mm) footing was reinforced with Kari net and straight
p1é§thé s mezilehlou foliovou izolaci. Vné_]§f OSténf, tzv. fale§- rods 16 mm in diameter. The final lining is in cast-in-situ C25/30
né primdrni osténi, slouzi jako ztracené bednéni a ochrana izo- reinforced concrete with the minimum thickness of 350 mm.
lace proti vodé. Je navrZeno ze stiikaného betonu C20/25 tl. 300 Traveller formwork was used for casting of the 12 m long blocks.
mm, vyztuzeného ocelovymi piihradovymi rdmy a sitémi. The portal blocks with slanted front ends were cast using
Vnéjsi osténi je provedeno na rozsitené zakladové pasy pro a double-sided form; the lining is 500 mm thick. Watertightness
definitivni osténi. Po provedeni fale$ného primédrniho osténi grade O according to the technical specification TKP 20.was
probéh] ndsledny pracovni postup jako pf] provédénf razeného prescribed for the tunnel. This waterproofing capacity is provided
tunelu, tj. provedeni hydroizolaéniho souvrstvi, montdz vyztuze | by a 2.2 mm thick intermediate waterproofing membrane with
definitivniho osténi, betondz definitivniho osténi pomoci bedni- | @ signal layer, which is designed to cover the vault and side walls.
ciho vozu. Jako bednici viiz byla pouZita forma firmy Ulma, The waterproofing is terminated at the bottom of the side walls,
jeifZ nosnou konstrukci tvofily nosniky Meccano. Pod pojezdem where there is the side drainage located. The tunnel bottom, or the

inverted arch, in the portal blocks is not provided with waterpro-
ofing. Water stopped by the membrane is led via the side drains
to the entry portal. The side tunnel drainage is assumed to divert
all seepage from the surrounding ground mass, thus no seepage
through the bottom should appear. Contingent seepage through
the tunnel bottom is evacuated through the central tunnel drain to
the entry portal. The tunnel drains are designed on a gradient
identical with the gradient of the track. In safety recesses there are
cleaning manholes on the side drains. Owing to the “false prima-
ry lining” technique, i.e. a reinforced shotcrete vault acting as
sacrificial formwork, the volume of earth moving operations
during the excavation of the construction trench and backfilling is
reduced, the works are accelerated and even the quality of casting
concrete when the traveller form is used instead of double-sided

formy bylo provedeno zesileni podkladni betonové desky ve
vzdalenosti 2 m od hrany zdkladového pasu na levé i pravé stra-
né tunelu. Zesilujici zdkladovy pds o rozmérech 800x400 mm
byl vyztuZen KARI siti i prabéZnymi pruty @ 16 mm.
Definitivni osténi je provedeno z monolitického Zelezobetonu
C25/30, minimdlni{ tloustky 350 mm. Betondz probihala do bed-
nictho vozu po sekcich délky 12 m. Portdlové tunelové pdsy se
Sikmymi Cely byly provddény do oboustranného bednéni, tloust-
ka osténi je 500 mm. Pro tunel byla pozadovéna tfida vodotés-
nosti 0 dle TKP 20. Tato vodotésnost je zaji§téna mezilehlou
foliovou izolaci tl. 2,2 mm se signdlni vrstvou, navrZenou
v rozsahu klenby a opér. Izolace je ukonéena v paté opér, kde je
vedena boc¢ni tunelovd drendz. Dno tunelu, resp. spodni klenba

u portdlovych pdsii, nenf izolovdno. Voda zachycend izolaci je formwork is improved. In addition, all activities are performed
svedena bo¢ni drendZi k vjezdovému portdlu. Predpoklada se, under the protection against climatic effects; the final lining is
Ze bocni tunelovéd drendZ odvede veskeré prisaky z okolniho cast and the waterproofing layer is installed in the same way as
horninového masivu a k prisakim dnem tunelu by nemélo when a mined tunnel is constructed. A drawback of this technique
dochézet. Pfipadné prisaky dnem tunelu jsou odvaddény stredni is the relatively slender structure consisting of lattice girders and
tunelovou drendzi k vjezdovému portalu. Tunelové drenaze jsou Kari net, which have to be fixed in the required shape before the

navrzeny ve sklonu shodném se sklonem trati. V zdchrannych shotcrete is applied.
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vyklencich jsou umistény Sachty na ciSteéni
bocni drendze. Pouzitd technologie ,,faleSného
primdrniho osténi“, tj. klenby z vyztuzeného
stifkaného betonu slouziciho jako ztracené
bednéni slouzi k minimalizaci objemu zem-
nich praci pfi provadéni stavebni jamy
a zpétnych zdsypu, urychleni provadéni
a rovnéZ vede ke zkvalitnéni betondze pri
vyuziti bedniciho vozu, misto vyuZziti obou-
stranného bednéni. Veskeré &innosti jsou rov-
néz provadény pod ochranou pred klimaticky-
mi vlivy, betondZ definitivniho osténi a pro-
vedeni vodotésné izolace probihaji jako pri
provddéni razeného tunelu. Ziporem této
technologie je pomérné subtilni konstrukce
z prihradovych nosniku a kari siti, kterou je
nutné fixovat do pozadovaného tvaru pred
provadénim stiikanych betona.

HLOUBENI STAVEBNI JAMY

Konstrukce tunelu je provedena ve svaho-
vané stavebni jdme. Soucasny terén je rovina-

1 - Fale$né primarni osténi — SB C16/20, tl. 300 mm — False primary lining - SC C16/20, 300 mm thick
2 — Hydroizola¢ni souvrstvi — Waterproofing layers
3 — Zelebetonové definitivni osténi, tl. 350 mm — Final reinforced concrete lining, 350 mm thick

ty, pfipadné nerovnosti jsou pozvolné. Tento
stav je pro hloubeni stavebni jamy pfiznivy.
Délka stavebni jamy je 324 m, Sitka v paté
svahu je 13,2 m, resp. 14,7 m v mist€ vyklen-
ka. Zacdtek stavebni jamy je v km 61,750 000, konec je v km
62,074 951. Odtézovani stavebni jamy probihalo po etdZich za
souCasného zajistovdni stability svaha stifkanym betonem
s vyztuZnou siti a kotvenim hiebiky @ R25 zahdnénymi do vrtu
vyplnénych cementovou zélivkou. Sklony svahu stavebni jamy
jsou s ohledem na vysledky IG pruzkumu jako svahy docasné
tak, aby byla zaji§téna jejich stabilita po dobu vystavby tunelu.
Svahy v oblasti budoucich portdla, které nebudou zpétné zasy-
pany, jsou provedeny v definitivnhim sklonu jako svahy trvalé.

ZAJISTENI SVAHU STAVEBNI JAMY

Stény stavebni jdmy jsou zajiStény stfikanym betonem
C16/20 tloustky 100 mm se siti 150x150/8x8 mm a kotvenim
hrebiky z oceli 10505 R, @ 25mm v délkdch 5 m v etédzi I, resp.
4 m v etdZzich II, Il a IV. Hfebiky jsou osazeny do vrtu @ 80 mm,
vyplnénych cementovou zélivkou. Hiebiky jsou provedeny ve
sklonu 20° od vodorovné roviny.

FALESNE PRIMARNI OSTENI

Fale$né primarn{ osténi je provedeno v celkové délce 300 m,
ve stani¢eni TM 12 az 312. Je navrzeno ze stfikaného betonu
C20/25 v tloustce 300 mm, vyztuZ z oceli 10 505 R. Fale$né pri-
marni osténi je provedeno na roz§itené zdkladové pasy pro defi-
nitivni osténi, ze kterych jsou vytaZeny kotevni trny. Vnitini
polomér osténi je 6100 mm, coZ predstavuje zvétSeni o 50 mm
vzhledem k vnéj§imu lici definitivniho osténi. Tento prostor je
ur¢en pro tolerance, provedeni hydroizola¢niho souvrstvi
a pripadné deformace pri betonédzi definitivniho osténi. Hlavnim
nosnym prvkem vyztuZe jsou prihradové oblouky, tfiprutové,
trojihelnikového profilu o vySce h = 230 mm. Piihradové
oblouky jsou svareny z betonérské oceli, sklddaji se z Sesti dila,
které jsou vzdajemné seSroubovany. Vzddlenost mezi oblouky je
v podélném sméru 1000 mm. K piihradovym obloukim se
z obou stran prikladaji pasy vyztuzné site 150x150/8X8 mm
a prilozky @ R16. Na horni lic se pfipevni pletivo 4x4/1,8x1,8
mm, napt. B systém. Provedeni strikaného betonu bylo uskute¢-
néno ve trech vrstvach z vnitfni strany. Fale$né primarni ostén{
slouZilo jako podkladni vrstva pro izolaci proti vodé, jeho

Obr. 2 Vzorovy pri¢ny rez tiseku bez vyklenku
Fig. 2 Typical cross-section through a section without a recess

EXCAVATION OF CONSTRUCTION TRENCH

The tunnel structure was built in a sloped construction trench.
The existing terrain is flat or mildly undulated. This condition is
favourable for the excavation of a construction trench. The con-
struction trench is 324.0 m long and 13.2 m and 14.7 m wide at
the base of slopes and in locations of safety recesses respective-
ly. The beginning and the end of the construction trench is at cha-
inage km 61.750000 and km 62.074951 respectively. The exca-
vation of the construction trench was divided into benches, with
the slopes concurrently stabilised with shotcrete anchored with
dowels @ R25 driven in boreholes filled with cement grout.
Taking into consideration the results of engineering geological
investigation, the slopes of the construction trench are temporary,
designed with the objective to remain stable during the tunnel
construction period. Slopes in the area of the future portals, which
will not be backfilled, are excavated with the final slopes as requ-
ired for the permanent existence.

STABILISATION OF SLOPES OF THE CONSTRUCTION
TRENCH

Slopes of the construction trench are stabilised with a 100 mm
thick layer of C16/20 shotcrete, steel mesh 150x150/8x8 mm and
10505 R steel dowels 25 mm in diameter, 5.0 m and 4.0 m long
on the bench I and benches II, IIT and IV respectively. The dowels
are inserted into 80 mm-diameter boreholes filled with cement
mortar. The dowels are installed at 20 degrees from the horizontal.

FALSE PRIMARY LINING

The 300 mm thick false primary lining has been completed at
the total length of 300 m, within tunnel chainage TM 12 through
312. It is designed in C20/25 shotcrete with reinforcement of
10 505 R steel. The false primary lining was built on widened
footings prepared for the final lining, with starter bars protruding
from them. The inner diameter of the lining is 6,100 mm, which
means an increase by 50 mm with respect to the outer surface of
the final lining. This space is intended for tolerances, for the
installation of the waterproofing layer and contingent deformati-
ons during casting of the concrete final lining. The main load-
bearing element of the reinforcement are lattice girders with three
chord members, with a 23 mm high triangular profile. The lattice




Obr. 3 Izolace osazend na primdrni osténi
Fig. 3 Waterproofing installed on the primary lining

vnitini lic splioval poZzadavky kladené na podkladni vrstvy pod
izola¢ni folii.

IZOLACE PROTI VODE

Pro tunel je poZadovéna tfida vodotésnosti O dle TKP 20. Tato
vodotésnost je zajisténa mezilehlou féliovou izolaci JUNIFOL — T
PELLD tl. 2 mm + signdlni vrstva, navrZenou v rozsahu klenby
a opeér. Izolace je ukonCena v paté opér, kde je vedena bo¢ni
tunelovd drendZz. Na upraveny povrch faleSného primédrniho
osténi byla pfipevnéna nastfelenim pomoci specidlnich hiebu
s ter¢iky ochranna vrstva geotextilie NETEX APP 500 B2. Poté
se nastrelily tere pro navareni izolace. Izolace byla v pfi¢ném
sméru provedena v jednom kuse. Jednotlivé pdsy izolace byly
svarovany dvojitym svarem, umoZiujicim provedeni tlakové
zkousky.

PORTALY

Definitivn{ osténi portdlovych pdst je provedeno v tloustce
500 mm. Celo portilu je zeSikmeno ve sklonu 45° od vodorov-
né roviny a je opatfeno obvodovym limcem $itky 400 mm
a vySky 100 mm. Tento limec je ukoncen v misté prechodu ze§i-
kmené ¢dsti na svislou, tj. na drovni TK+1 m. Zdkladové pasy
maji rozméry 1750x1223 mm, délka je 12 m u P1 i u P2. Jsou
provedeny ze Zelezobetonu C25/30-XC1, XF1, XAl, vyztuz je
z oceli 10 505 R. Pracovni spdra mezi zdkladovymi pasy
a opérou je navrzena jako vodorovnd. Minimdln{ kryti vyztuZe
je 50 mm. Spodni klenba je provedena ze zZelezobetonu C25/30-
XCl1, XF1, XAl, vyztuz je z oceli 10 505 R. Tloustka spodni
klenby je 400 mm. Rub spodni klenby je navrZen v poloméru
23,4 m, vnitini lic o poloméru 23 m. Pracovni spdra mezi spod-
ni klenbou a zdkladovymi pasy je provedena svisla s vytazenou
vyztuzi @ R20. VyztuZ je navrzena z @ R20 v pri¢ném sméru,
rozdélovaci vyztuz v podélném sméru je @ R10. Opéry a klenba
jsou provedeny ze Zelezobetonu C25/30-XC1, XF1, vyztuz
z oceli 10 505 R. BetondZ opér se provadéla do oboustranného
bednéni. Pro klenbu a opéry je navrZzeno vodotésné osténi podle
TKP 20, tfida vodotésnosti 0. VyztuZ je navrzena prutovd, vaza-
nd. Nosnd vyztuZ je provedena z @ R16, rozdélovaci vyztuz je
@ R12 a @ R10. Spony jsou z @ R12. Minimdlni kryti vyztuze je
50 mm. Na styku s tunelovymi pasy ¢. 01 a €. 25 je ve vzdile-
nosti 0,3 m od Cela osazen ukoncovaci navarovaci profil Sitky
240 mm. Tésnici pds byl proveden z jednoho kusu bez preruseni.
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girders are welded from concrete reinforcement steel. They con-
sist of 6 parts, which are bolted to each other. The spacing of the
arches in the longitudinal direction is 1,000 mm. Mats of
150x150/8X8 mm steel mesh and strap pieces @ R16 are attached
to both sides of the lattice girder. Steel fabric 4x4/1.8x1.8 mm,
e.g. B-System, is fixed to the upper surface. The shotcrete was
applied from the inner side in three layers. The false primary
lining acted as a sub-base for the waterproofing system. The inner
surface of the lining fulfilled requirements for sub-bases of
waterproofing membranes.

WATERPROOFING

The watertightness grade 0 according to the technical specifi-
cation TKP 20 is prescribed for the tunnel. This waterproofing
grade is ensured by intermediate waterproofing membrane JUNI-
FOL — T PELLD 2.0 mm thick + a signal layer, which is desig-
ned to cover the vault and side walls. The membrane is termina-
ted at the bottom of side walls, where the side tunnel drains are
laid. NETEX APP 500 B2 protective geotextile was attached to
the treated surface of the primary lining using special nails with
roundels. Then blanks to which the membrane is to be welded
were shotfired. In the transverse direction, the membrane was
installed as a single piece. Individual bands of the membrane
were welded together by double-seam welds, allowing air pressu-
re testing to be conducted.

PORTALS

The final lining of portal blocks is 500 mm thick. The front end
of the portal block is slanted at 45° from horizontal and is provi-
ded with a 400 mm wide and 100 mm high flange. This flange is
terminated at the transition between the slanted part and the ver-
tical part, i.e. at the level of the top of rail + 1 m. The cross-sec-
tional dimensions of footings are 1,750 x 1,223 mm; their length
is 12.0 m at both the P1 and the P2 portal blocks. They are in
C25/30-XC1, XF1, XAl reinforced concrete, the reinforcement is
of 10 505 R steel. The construction joint between the footings and
the side wall is designed to be horizontal. The minimum concre-
te cover over the reinforcement is 50 mm. The inverted arch is in
C25/30-XC1, XF1, XAl reinforced concrete, the reinforcement is
of 10 505 R steel. The inverted arch is 400 mm thick. The radius
of the outer surface of the inverted arch is 23.4 m; the radius of
the inner surface is 23.0 m. The construction joint between the
invert and footings is vertical, with starter bars @ R20 protruding
from it. The transverse reinforcing bars are @ R20, longitudinal
distribution bars are @ R10. The side walls and upper vault are in
C25/30-XC1, XF1 reinforced concrete, the reinforcement is of
10 505 R steel. The side walls were cast into a double-sided form.
Waterproof lining meeting requirements of the TKP 20 with the
waterproofing grade O is designed for the upper vault and side
walls. Tied-up steel bar reinforcement is designed. The load-bea-
ring reinforcement consists of bars @ R16, while distribution bars
are @ R12 and @ R10. Stirrups are from @ R12. Minimum conc-
rete cover over reinforcement is 50 mm. A 240 mm wide profile
terminating the waterproofing membrane is installed at the con-
tact with tunnel blocks No. 01 and 25, at the distance of 0.3 m
from the joints. The waterstop was from a single uninterrupted
piece. Before casting of the portal blocks P1 and P2 a hydrophilic
WATERSTOP RX with a fixing grid was fixed to the front ends
of tunnel blocks No. 01 and 25. It was shotfired to the lining
every 250 mm. Construction joints and expansion joints between
individual casting blocks were left exposed as grooves, which
were formed by means of a rubber strip fixed to the formwork
before each concrete casting event. The space between the invert
and gravel ballast is filled with C8/10-X0 concrete; the surface is
inclined at 3 % down toward the central tunnel drain.
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Pred provedenim portdlovych pdst P1 a P2 byl na &elo tunelo-
vych pasua ¢. 01 a 25 osazen bobtnavy pasek WATERSTOP RX
s upevnovaci mfizkou, kotvenym po 250 mm pfistfelenim
k osténi. Pracovni a dilatan{ spary mezi jednotlivymi sekcemi
betondze byly v lici tunelu pfizndny jako drazky a byly vytvo-
feny pomoci pryZového pdsku osazeného do formy pred kazdou
betondzi. Prostor mezi spodni klenbou a S$térkovym loZem je
vyplnén betonem C8/10-X0, lic je vyspadovan smérem ke stred-
ni tunelové stoce ve sklonu 3 %.

DEFINITIVNI OSTENI

Definitivni{ osténi je budovdno pod plastem fale$ného primar-
niho osténi. Tloustka osténi je 350 mm, polomér vnitiniho lice
osténi je 5700 mm v rozsahu klenby a opér. Zdkladové pasy
o rozméru 1950x800 mm, délky 12 m jsou provedeny ze Zelezo-
betonu C25/30-XCl1, XF1, XAl, vyztuz je z oceli 10 505 R. Pra-
covni spara mezi zdkladovymi pasy a opérou je provedena jako
radidlni. Minimdln{ kryti vyztuZe je 50 mm. Opéry a klenba jsou
provedeny ze Zelezobetonu C25/30-XC1, XF1, vyztuz z oceli
10 505 R. Betonaz klenby a opér byla provedena do formy, po
sekcich délky 12 m. Hlavnim nosnym prvkem vyztuze jsou
pri¢né prihradové oblouky, ¢tyfprutové, obdélnikového profilu
o vySce h = 200 mm. Piihradové oblouky jsou svareny
z betonéfské oceli, sklddaji se z 5 dilu, které jsou navzdjem
seSroubovany. Vzddlenost mezi oblouky v podélném sméru je
1700 mm. Piihradové oblouky jsou na rubové strané opatieny
pasy vyztuzné sité $itky 900 mm, k nim se prikladaji pasy sité
§itky 1300 mm. Na lici byly osazeny pasy sité Sitky 2200 mm.
Tato vyztuZz je doplnéna piiloZkami ze samostatnych pruta
@ R16. Minimdlni kryti vyztuze je 50 mm. Beton dna je
z prostého betonu C16/20-X0 v tloustce 200 mm. Dno je vyspa-
dovdno ve sklonu 3 % smérem ke stfedni tunelové stoce.
Zachranné vyklenky v tunelu maji jednotny rozmér, podle toho
je navrzena i spolena zakladni kostra vyztuZe vyklenku. Je tvo-
fena v zadn{ ¢asti ze ti{ prihradovych stojek a pfihradového pre-
kladového nosniku, v predni &dsti z prihradového nosniku
a upravenych vyztuznych prihradovych obloukt definitivniho
osténi. K této kostre jsou pripevnény site¢ a prilozky @ R16.

VYBAVENI TUNELU

Po obou strandch osténi tunelu je veden sluzebni chodnik
$irky 880 mm, ve kterém jsou uloZeny kabelovody pro rozvody
inZenyrskych siti. V prostoru pred vyklenky jsou na kabelovo-
dech provedeny Sachtice 1,0x0,4 m, ze kterych jsou vyustény
chréni¢ky pro rozvody osvétleni a méfeni bludnych proudu.
Osvétleni tunelu je navrzeno po obou strandch zarivkovymi svi-
tidly a 12 m. Po celé délce tunelu je umistén do chodnikového
ustupku na levé strané pozdrni suchovod DN 100 mm z PE
potrubi. V kazdém lichém zdchranném vyklenku jsou do reviz-
nich Sachet patecni drendze vyvedeny vytokové rychlouzaviraci
ventily DN 52. Mezi zachrannymi vyklenky je umisténo po
obou strandch tunelu madlo z ocelové trubky. Portaly jsou opat-
feny ochrannou konstrukei se siti, ktera plni funkci protidoty-
kové zabrany.

ODVODNENI

Tunel je proveden v celé délce ve sklonu 11,959 %o, ve stou-
padni ve sméru stanieni od vjezdového portdlu Pl
k vyjezdovému portdlu P2. Béhem vystavby tunelu se vyskytly
prusaky spodnich vod do stavebni jamy. Pro ochranu zdkladové
spary byla vybudovdna pomocnd Stérkova drendZ probihajici
podél zékladovych pasu na levé i pravé strané tunelu ve vzdale-
nosti 0,5 m od zdkladového pasu. Podélny sklon $térkové dre-

naze je dan sklonem tunelu. Pfi¢ny profil tvori obdélnik
o rozmérech 0,4x0,2 m. V portdlu P1 navazuje na $térkovou

Obr. 4 MontdZ vyztuZe definitivniho osténi z armovaciho voziku
Fig. 4 Installation of the final lining reinforcement from a travelling scaffold

FINAL LINING

The final lining is built under the shell provided by the false
primary lining. The lining is 350 mm thick; the radius of the inner
surface of the lining around the vault and side walls is 5,700 mm.
The footings have the cross-sectional dimensions of 1,950 x
800 mm and the length of 12.0 m. They are in C25/30-XC1, XF1,
XA1 reinforced concrete with reinforcement of 10 505 R steel.
The construction joint between the footings and side walls is radi-
al. The minimum concrete cover is 50 mm. The side walls and the
vault are in C25/30-XC1, XF1 reinforced concrete with reinfor-
cement of 10 505 R steel. The vault and side walls were cast into
formwork, with the casting blocks 12.0 m long. The main load-
bearing element of the reinforcement are transverse lattice girders
with four chord members, with a 200 mm high rectangular cross-
section. The lattice girders are welded from concrete reinforcing
bars. They consist of 5 parts, which are bolted to each other. The
spacing of the arches in the longitudinal direction is 1,700 mm.
Attached to the outer side of the lattice girder are 900 mm wide
mats of steel mesh. Mats 1,300 mm wide are attached to them.
This reinforcement is supplemented by strap pieces from inde-
pendent bars @ R16. The minimum concrete cover is 50 mm. The
200 mm thick bottom is in C16/20-X0 unreinforced concrete. The
bottom is inclined at 3 % down toward the central tunnel drain.
Safety recesses in the tunnel have unified dimensions. Taking this
feature into consideration, even a common basic frame of the
reinforcement was designed for the recesses. In the rear part it is
formed by three lattice columns and a lattice lintel; in the front
part it consists of a lattice beam and modified reinforcing lattice
girders used for the final lining. Steel mesh and strap pieces
@ R16K are fixed to this frame.

TUNNEL EQUIPMENT

A service walkway 880 mm wide with cable ducts for the distri-
bution of engineering networks are led along both sides of the
tunnel lining. Manholes 1.0 x 0.4 m with casing pipes leading
from them, designed for the distribution of cables for the lighting
and measurement of stray currents, are provided on the cable
ducts in the spaces in front of the recesses. The fluorescent tunnel
lining is designed on both sides of the tunnel, with the lighting
fixtures installed at 12 m intervals. A dry fire main DN 100 mm
from PE pipes is installed in a recess in the left-hand side walk-
way throughout the tunnel length. A manhole on the side bottom
drain in every other (odd) safety recess houses a fast-acting valve
DN 52. A handrail from a steel pipe is installed on both sides of
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drendz potrubi DN 250 mm, které prochdzi skrz vyplnovy beton the tunnel between the safety recesses. The portals are provided
nad spodni klenbou portdlu a za portdlem se napoji na pri¢né with a protecting structure formed by nets, fulfilling the function
svodné potrubi propojujici drendzni Sachty. V celé délce tunelu of a contact protection barrier.

je navrzena féliovd izolace, kterd je ukoncena v paté opér podél-

nou drendZi. Dno neni izolovdno a pfipadné prusaky dnem pod DRAINAGE

kolejové loZe jsou jimdny stfedni tunelovou stokou. Pateéni
podélnd drendz je ve vyklencich zausténa do revizni Sachty.
V Sachté je potrubi preruSeno vloZenim dCisticiho kusu, ktery
zajistuje piistup do potrubi. Sachty jsou zakryty ocelovym
poklopem o rozméru 1000x1000x5 mm. Pate¢ni podélnd drenaz
je navrzena ve sklonu tunelu. Odvodnéni kolejového loZze je
feSeno vyspadovanim v pii¢ném sméru ve sklonu 3 % smérem
ke stfedni tunelové stoce. Stiedni tunelovd stoka profilu
350 mm je navrZena ve sklonu tunelu a md dno v udrovni
1600 mm pod TK. Stfedni tunelovou stoku tvoii tlakuvzdornd
PE DN 350 mm, SN 8 kN/m2, s ¢dste¢né perforovanym povr-
chem a hladkym dnem uklddand do mezerovitého betonu v ryze
pod kolejovym loZem. Monolitické betonové revizni Sachty
500x500 mm jsou umistény ve vzddlenostech po 24 m, shod-
nych s polohou Sachet v zdchrannych vyklencich. Revizni Sach-
ty na stfedni tunelové stoce jsou opatfeny betonovym poklopem
vyztuzenym siti. Pateni drendZe a stfedni tunelovd stoka jsou
v prostoru pred portdly zatstény do plastovych Sachet DN
500 mm. Sachty jsou zakryty typovym ocelovym poklopem.
Systém pateénich drendZi a stfedni tunelova stoka nejsou navza-
jem propojeny.

The tunnel is throughout its length at a longitudinal gradient of
11.959 %o, upwards in the direction of chainage from the entran-
ce portal P1 toward the exit portal P2. Seepage of ground water
into the construction trench was encountered during the tunnel
construction. An auxiliary gravel drain, running along the foo-
tings on both tunnel sides at the distance of 0.5 m from the foo-
ting, was carried out with the aim of protecting the foundation
base. The longitudinal gradient of the gravel drain is given by the
tunnel gradient. The cross-section is a rectangle 0.4 x 0.2 m. At
the portal P1 a DN 250 mm drainage pipeline is linked to the gra-
vel drain. It is embedded in the infill concrete above the inverted
arch; behind the portal it is connected to transverse collecting
pipes interconnecting drainage manholes. A membrane waterpro-
ofing system is designed for the whole tunnel length. It is termi-
nated at the base of side walls by longitudinal drains. The bottom
is not provided with the waterproofing; contingent seepage
through the bottom under the gravel ballast is collected by the
central tunnel drain. Manholes are on the side bottom drains in
safety recesses. The drainage lines are interrupted and drain shoes
are inserted, providing the access to the pipelines. The manholes
are covered with steel covers 1000 x 1000 x 5 mm. The side bot-
tom drains are designed at a gradient identical with the tunnel

KABELOVODY longitudinal gradient. The gravel ballast drainage is provided by
V chodnikovém tstupku po obou strandch tunelu byl vytvo- transverse slopes of 3 % falling toward the central tunnel drain.
fen deviticestny kabelovod z PE. Kabelovod je tvoren deviti The central tunnel drain with the diameter of 350 mm is designed
chranickami DN 110 mm, které jsou zabetonovany do pochozi on the longitudinal gradient, identical with the tunnel gradient. Its
stezky. Kabelovody jsou v prostoru pred portdly zakonceny bottom is at the level of 1,600 mm under the top of rail. The cent-
v plastovych Sachtdch Carson o rozméru 800x1690x1220 mm ral tunnel drain is formed by PE DN 350 mm, SN 8 kN/m?2 pres-
(3itka x délka x hloubka). Sachty jsou zakryty typovym ocelo- sure-resistant pipes with partially perforated surface and smooth
vym poklopem. Podélné jsou na kabelovodu vytvoreny bottom, which is embedded in porous concrete in a ditch under
v pochozi stezce pred kazdym zachrannym vyklenkem revizn{ the gravel ballast. The cast-in-situ concrete inspection manholes
a manipulaéni Sachty o rozmérech 400x940x500 mm zakryté 500 x 500 mm are installed at intervals of 24 m, which are iden-
ocelovymi poklopy o rozmérech 1000x460x5 mm, osazenymi tical with the intervals of the safety recesses. The inspection man-
do rdmu z ocelovych thelnikt. Z téchto Sachet jsou vyvedeny holes on the central tunnel drain are provided with concrete
PE chrani¢ky pro elektroinstalace a méfeni bludnych proudu. covers reinforced with steel mesh. Before the portals the side bot-
tom drains and the central tunnel drain are connected to DN

OCHRANA PROTI BLUDNYM PROUDUM 500 mm plastic manholes. The manholes are covered with stan-

dard steel covers. The system of side bottom drains is not inter-

Ochrana konstrukei tunelu je zdsadné provedena jako pasivni.
connected with the central tunnel drain.

Od okolniho horninového prostred{ jsou konstrukce tunelu chra-
nény plastovou izolaci v rozsahu kleneb a opér. Do lice tunelo-
vého osténi jsou vyvedeny kontrolni méfici body, vodivé pro- CABLE DUCTS

pojené s vyztuzi osténi. Nine-way PE cable ducts were created in recesses in the walk-
ways on both sides of the tunnel. The cable duct consists of nine
TECHNOLOGIE A POSTUP VYSTAVBY casing pipes DN 110 mm, which are embedded in the concrete

forming the raised walkway. The cable ducts are terminated in the
area in front of portals in Carson plastic manholes with the
dimensions of 800 x 1,690 x 1,220 mm (width x length x depth).
The manholes are covered with standard steel covers. In the lon-
gitudinal direction, inspection and handling manholes 400 x 940
x 500 mm were created on the cable ducts in the walkways in

Jednd se o hloubeny tunel dvoupldstové konstrukce. Ta se
sklddd z fale$ného primdrniho osténi, mezilehlé izolace
a definitivniho osténi. Prdce na tunelu byly zahdjeny v zari
2009, nejprve skryvkou ornice a poté zahdjenim vykopovych
praci. Hlavni vykopové prace skonéily v 11/2009. Nasledné
probéhla betondZ zdkladovych past pro tunelové osténi
v obdobi 11/2009-12/2009. Od 1/2010-6/2010 bylo vybudova- front of each safety recess. They are covered with steel covers
no primarn{ osténi. V dubnu 2010 byla provedena montd? tune- 1000 x 460 x Smm fitted in frames from steel angled profiles. PE
lové formy ULMA a od kvétna byly zahdjeny prace na vystav- casing pipes intended for power distribution and measurement of
bé definitivniho osténi. BetondZ definitivniho osténi byla zaha- stray currents lead from the manholes.

jena v 6/2011 a dokoncena v 11/2010. Poté probihaly prace na
vybaveni tunelu, predev§im betondZ pochozi stezky betonem PROTECTION AGAINST STRAY CURRENTS

C16/20 se zabudovanym multikandlem pro elektroinstalace The protection of tunnel structures is on principle designed as
a kontrolnimi Sachtami multikandlu a drendZi. a passive system. The structures are protected against the surroun-

Pri vystavbé falesného primarniho osténi jsou nejprve stavé- ding ground environment by a waterproofing membrane, which is
ny ramové nosniky BRETEX, na které jsou pripeviiovany KARI applied to the upper vault and side walls. Check measurement
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Tab. 1 Prehled mnoZstvi zdkladnich vymér na Tunelu Osek

Popis m. j. vyméra
Viykop stavebni jamy md 52 519 000
Zésyp tunelu m3 29 416 160
Zajisténi stav. jamy - stfkany beton md 924 700
FaleSné primarni osténi — vyztuz t 333982
FaleSné primarni osténi — stfikany beton md 2379 000
|zolace m? 7 766 832
Zakladové pasy — vyztuz t 74 030
Zékladové pasy — beton m® 1013 240
Definitivni osténi — vyztuz t 300 973
Definitivni osténi — beton md 3570 200
Mira vyztuzeni — faleSné primarni osténi kg/m? 140 388
Mira vyztuzeni — zakladové pasy kg/m? 70 063
Mira vyztuzeni — definitivni osténi kg/m?® 84 301

voew s

sit€¢ a dal$i vyztuz. Poté je vnéjsi strana pokryta B-systémem
a z vnitini strany je nandSen stiikany beton. Po dorovnéani vniti-
ni vrstvy je prichycovdna izolace. Jsou pouzity fdlie
JUNIFOL T tl. 2,2 mm od firmy JUTA, a. s., které jsou svaro-
vany, aby spoje byly tlakotésné. Poté byla zahdjena montdZ
vyztuZe definitivniho osténi sestdvajici se z rimovych nosniku
BRETEX, KARI siti a ostatni vyztuze. Jako bednéni definitiv-
niho osténi je pouzita forma od firmy ULMA. Na Zelezni¢ni
dvoukolejny tunel je tento systém pouzit v CR viibec poprvé.
Konstrukce formy je sestavena z prihradovych nosnika ALPI
MECCANO, které se montuji v italském Monguelfu.
Konstrukce formy pripomind znamou stavebnici Merkur, nebot’
z nosniki MECCANO Ize také smontovat prakticky cokoli. Pro
pojezd formy bylo nutné vybudovat dva samostatné zdkladové
pasy o pri¢nych rozmérech 600x400 mm po celé délce tunelu.
Na téchto pasech jsou pfimo upevnény kolejnice, které jsou
presné geodeticky zaméfeny. Betonovani je provadéno po
12metrovych celcich s odstupem 4-5 dnt. Béhem nich je forma
povolena z predchoziho zabéru, oCisténa a posunuta na dalsi
z4abér, kde je geodeticky srovnana do polohy a zabednéno Celo.
Vlastni betondZ jednoho dvanactimetrového zdbéru trvd 9-10
hodin. Beton je ukldddn rovnomérné na obé strany po vrstvach

Obr. 5 Tunelovd forma v pozici pri presunu
Fig. 5 Tunnel formwork during transfer
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Table 1 Summary of basic quantities of work on the Osek tunnel

Description m.u. Quantity
Excavation of construction trench Wk 52,519.000
Tunne! backfill m3 29,416.160
Stabilisation of construction trench — shotcrete ~ m?® 924.700
False primary lining — reinforcement t 333.982
False primary lining — shotcrete md 2,379.000
Waterproofing m? 7,766.832
Footings — reinforcement t 74.030
Footings — concrete m3 1,013.240
Final lining — reinforcement t 300.973
Final lining — concrete m3 3,570.200
Reinforcement ratio — primary lining kg/m? 140.388
Reinforcement ratio — footings kg/m? 70.063
Reinforcement ratio — final lining kg/m? 84.301

points are installed flush with the tunnel lining. The points are
electrically bonded with the reinforcement of the lining.

CONSTRUCTION TECHNOLOGY AND PROCEDURE

The tunnel is a cut-and-cover, two-shell structure. The structu-
re consists of a false primary lining, intermediate waterproofing
and final lining. The tunnel construction operations started in
September 2009, first by stripping topsoil; then the earthwork
started. The main excavation operations ended in November
2009. Subsequently, from November 2009 to December 2009, the
concrete footings supporting the tunnel lining were cast. The
concrete primary lining was installed from January 2010 to June
2010. The ULMA formwork was assembled in April 2010 and the
work on the construction of the final lining started in May 2010.
Casting of the concrete final lining commenced in June 2010 and
was completed in November 2010. Then the work on the tunnel
equipment took place, first of all casting of the C16/20 concrete
walkway with the multi-way duct for electrical installations and
inspection manholes on the multi-way duct and the drains.

Erecting BRETEX frames was the first operation during the
construction of the false primary lining. KARI welded mesh and
other reinforcing bars were fixed to the frames. Then the outer
side of the frames was covered with B-System steel fabric and
shotcrete was applied from the inner side. The waterproofing
membrane was attached after trimming of the inner layer. JUTA
a. s. product, 2.5 mm thick JUNIFOL T membrane, was used.
Membrane mats were welded together using pressure tight seams.
Then the installation of the final lining reinforcement started. It

Obr. 6 Vnitrek tunelu po dokonceni ndvozu $térkového loZe
Fig. 6 Tunnel interior after the completion of placing the gravel ballast




Obr. 7 Provddéni zdsypu v oblasti berounského portdlu
Fig. 7 Backfilling in the area of the Beroun portal

cca 1 m. Mezi vrstvami je ¢asovy odstup cca 50 min, aby doSlo
k zatuhnuti spodnich vrstev a tim k vyvijeni menSiho bo¢niho
tlaku na tunelovou formu. Tunel byl prubézné zasypdvén a je
nakonec presypan do vysky cca 1,1 m. Prace na tunelu byly
dokon¢eny v kvétnu 2011. Provizorni provoz na trati byl zaha-
jen od 22. Cervna 2011.

ZAVER

Realizace tunelu Osek je v mnoha ohledech zajimavou ukdz-
kou skloubeni technologie vystavby a technického feseni. Tunel
byl zcela netradi¢né feSen dvouplastovou konstrukei jako
u razenych tuneld, prestoZze chybélo horninové nadlozi. To pri-
neslo vyhodu ochrany fale$nym primarnim osténim pred nepfiz-
ni pocasi a pfi uspordch vykopu stavebni jamy, ale zato kladlo
zvy$ené ndroky na betondz definitivniho osténi v omezeném
prostoru. Nevyhodou této technologie byl problém zajisténi
armovani v hloubené stavebni jimé do pozadovaného tvaru.
V délce 300 m na cely tunel byla tato technologie faleSného pri-
marniho osténi u nds pouzita poprvé. Vzhledem ke skutecnosti,
7e se fale$né primérni osténi zacalo realizovat jiZ v zimnim
obdobi a pred zahdjenim betondZi definitivniho osténi bylo jiz
hotovo, lze konstatovat, Ze provdadéni definitivniho osténi neby-
lo ¢asové ovlivnéno a bylo spiSe vyhodou proti klimatickym
podminkdm. Ddle se musel realizaéni tym vyporddat s tunelo-
vou formou, kterd byla pri vystavbé dvoukolejného Zelezni¢ni-
ho tunelu nasazena vubec poprvé. To se nakonec podafilo
a i pres vétsi pracnost pii betondzi bylo dosaZeno dobrého
vysledku. K tomu bylo nutné zajistit zvySené pozadavky na bez-
pecnost prace. Vzhledem k témto okolnostem si realizace vyza-
dala ndroky na spoluprici mezi realizacnim tymem, investorem
a projektantem. Diky této symbiéze bylo dilo v terminu dspés-
né dokon&eno.
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consisted of BRETEX lattice girders, KARI mesh and other rein-
forcement elements. Formwork manufactured by ULMA was
used for the final lining construction. This was the first case in the
CR of using this formwork for a double-track railway tunnel. The
formwork structure consists of ALPI MECCANO lattice beams,
which are assembled in Monguelfo, Italy. The formwork structu-
re is reminiscent of Merkur construction set because it is also pos-
sible to assemble virtually everything using MECCANO beams.
Two separate concrete plinths throughout the tunnel length, with
cross-sectional dimensions of 600 x 400 mm, were necessary to
allow the formwork to move. Rails are directly fixed to these
plinths and precisely surveyed by surveyors. The concrete blocks
are 12 m long with 4-5 days’ breaks between the casting events.
During the break the formwork in the preceding location is col-
lapsed, cleaned and moved to the next block where it is set in
position by surveyors and the stop ends are installed. Casting of
one 12 m long block takes 9-10 hours. Concrete is cast evenly on
both sides with about 1 m casting lifts, at a time lag of about 50
minutes allowing the lower layer to set, thus to induce smaller
side pressure on the tunnel form. The tunnel was being continu-
ally backfilled and finally a 1.1 m high hump was added over the
terrain surface. The work on the tunnel was finished in May 2011.
Temporary traffic operation on the track commenced on 22 June
2011.

CONCLUSION

The Osek tunnel construction is, in many respects, an interes-
ting example of reconciliation of construction technology and
technical solution. The tunnel was totally untraditionally desig-
ned as a two-shell structure, similarly to mined tunnels, despite
the fact that there was rock cover there. The benefit of this solu-
tion was the protection against adverse weather provided by the
false primary lining and savings in the volume of the constructi-
on trench excavation; on the other hand, it put increased demands
on casting of the final lining in the restricted space. Disadvantage
of this technology lied in the problem of meeting requirements
for the accuracy of shape when installing the reinforcement in the
construction trench. As far as the tunnel length of 300 m is con-
cerned, this was the first use in the Czech Republic that the false
primary lining technique was applied to the whole structure.
Taking into consideration the fact that the work on the false pri-
mary lining started as early as the winter season and had been
completed before the commencement of casting of the final
lining, it is possible to state that it did not influence the work on
the final lining in terms of time and that it was rather an advanta-
ge in terms of climatic conditions. In addition, the construction
team had to cope with handling the tunnel formwork, which was
applied to a construction of a double-track rail tunnel for the first
time. This problem was eventually successfully managed; good
results were achieved despite increased labour consumption
during casting. Apart from this, it was necessary to meet increa-
sed requirements regarding safety at work. With respect to these
circumstances, the construction placed demands on the collabora-
tion between the construction team, the project owner and the
designer. Owing to this symbiosis, the works were successfully
completed on time.
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DVA ZEMINOVE STITY PRO PRODLOUZENI TRASY A
PRAZSKEHO METRA

TWO EARTH PRESSURE BALANCED SHIELDS FOR METRO LINE A
EXTENSION OF PRAGUE METRO

KARIN BAPPLER

ovoD

Praha je hlavni a také nejvétsi mésto Ceské republiky. Cdst
systému verejné dopravy je predstavovdna prazskym metrem.
Soudasnd podzemni sit’ vefejné dopravy se sklddd ze tfi tras
o délce kolem 60 km, prochdzejicich vétsinou v podzemi, na
kterych je celkem 57 stanic. V soucasnosti se jednd o trasu A,
vedouci od vychodu na zédpad ze stanice Depo Hostivar do sta-
nice Dejvickd, trasu B, prochdzejici od vychodu na zdpad ze
stanice C‘ern)? most do stanice Zlic¢in, a trasu C vedouci od
severu na jih ze stanice Letniany do stanice Hdje. Metro je nej-
rychlejsi systém dopravy po mésté. Denné obslouZzi kolem jed-
noho a pul milionu cestujicich, takZe je jednim z nejvice vyti-
Zenych systému metra v Evrop€.

Systém tras prazského metra je navrzen jako trojuhelnik, ve
kterém se vSechny tii trasy setkdvaji ve stredu mésta, ve trech
prestupnich stanicich. Tratové tunely jsou vétS$inou vystrojeny
sklddanym osténim. Na pocdtku vystavby metra v Sedesatych
letech, kdy se razilo pomoci otevienych ruskych $titd, se pou-
zivalo litinové osténi. Pozdéji byly litinové dilce kompletné
nahrazeny dilci betonovymi. V osmdesatych letech minulého
stoleti razily ¢ast trasy A pod Vltavou dva plnoprofilové tune-
lovaci stroje (mechanizované S§tity), s pouZitim ostén{
z lisovaného betonu (presbetonu).

Obr. 1 Celkovd situace prodlouZeni trasy metra A
Fig. 1 Overview tunnel route of Metro Line A extension

INTRODUCTION

Prague is the capital and also largest city of the Czech
Republic. Part of the public transportation system is characteri-
zed by the Prague Metro. The underground public transportati-
on network comprises currently three lines of about 60km of
tracks running mostly underground and comprising 57 stations.
The current lines are Line A, running east to west from Depo
Hostivar to Dejvickd, Line B, running east to west from Cerny
most to Zlicin and Line C running from north to south from
Letrnany to Hdje. The metro is the fastest transportation system
around the city. It serves about one and a half million passen-
gers a day and is thus one of the busiest metro systems in
Europe.

The Prague Metro system is designed as a triangle, with all
three lines meeting in the center of the city at three interchange
stations. The running tunnels are mostly built by segmental
lining. At the start of metro construction in the sixties with
Russian made open tunnelling shields, the cast iron lining was
used. Later the concrete segments replaced the cast iron com-
pletely. In the eighties of the last century two TBMs with extru-
ded concrete lining bored part of the Metro line A under the
Vltava River.

The project to focus on in this publication is the metro exten-
sion of Line A, which will
be constructed between sta-
tion Dejvickd via Cerveny
vrch, Veleslavin, Petfiny and
all the way out to Motol
(Fig.1). The extension of
Metro Line A was set as
a priority by the municipal
government in the develop-
ment of the metro network,
with exclusive rights to
finances obtainable from
European funds. An advan-
tage of Line A extension will
be to ease the situation on
Victoria square by cutting
the number of buses by up to
fifty percent with a positive
environmental impact and
furthermore to improve the
traffic situation in the north
western part of Prague. The
southwest part of the city
will get new traffic conne-
ctions. The next step will
then be the northwestern
extension of Line A towards
Ruzyné Airport.
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Stavba, na kterou se tento ¢lanek zaméfuje, je prodlouzeni PROJECT OVERVIEW
trasy metra A, které se bude budovat ze stanice Dejvickd, pres
stanice Cerveny vrch, Veleslavin a Petfiny, aZ do stanice Motol
(obr. 1). ProdlouZeni trasy metra A bylo stanoveno jako priori-
ta mistni sprdvy v oblasti rozvoje sité metra, s vyhradnimi
pravy na finance, které je mozno ziskat z evropskych fondu.
Piinosem prodlouzeni trasy A bude to, Ze ulevi situaci na
Vitézném ndmésti snizenim poctu autobust aZ na 50 procent
s priznivym dopadem na Zivotni prostiedi a zlepSenim doprav-
ni situace v severozdpadni Cdsti Prahy. V jihozdpadni casti
mésta vzniknou novd dopravni spojeni. Dal§im krokem bude
poté prodlouzZeni trasy A na severozdpad, smérem k letisti
Ruzyné.

The companies Metrostav and Hochtief CZ have been com-
missioned to build the about 5.7km long extension of Metro
Line A starting at Dejvickd to Motol. Three new intermediate
stations will be built at Cerveny Vrch, Veleslavin and Petfiny.
The new metro line will serve the large residential area of
Prague 6 to provide a quality transport service for the biggest
hospital complex in Prague.

The morphology of the terrain and the high degree of urbani-
zation affected the choice of tunnelling method for the planned
alignment. For almost the entire extent of the project bored tun-
nelling technology is applied. The 5.7km will be excavated and
lined by using two 6.lm-diameter EBP Shields from

Herrenknecht for the twin tube single track metro line from
POPIS PROJEKTU Victoria Square to Motol. Three of the new Metro Stations
Zakdazku na vybudovani prodlouZeni trasy A metra ze stanice (CEI'VCII)’/ Vrch, Veleslavin and Petfiny) will be mined while

Dejvickd do Motola ziskaly spolecnosti Metrostav a Hochtief Motol station will be excavated from the surface. The excava-
CZ. Budou vybudovdny tfi nové mezilehlé stanice na Cerve- tion of the first EPB Shield started in April 2011.

ném vrchu, Veleslaviné a Petfindch. Nov4 trasa metra bude ob-
sluhovat nejvétsi rezidenéni oblast Prahy 6 a zajisti kvalitni EPB SHIELDS
dopravni sluzby pro nejvetsi nemocni¢ni komplex v Praze.

Konfigurace terénu a vysoky stupen urbanizace ovlivnily
volbu metody budovdni tunelu pro pldnovanou trasu. Témér
pro cely rozsah stavby je pouZita technologie raZenych tuneld.
Celkem 5,7 km raZeb dvoutrubnich jednokolejnych tratovych
tuneli od Vit€zného ndmésti do Motola bude provedeno a opat-
feno osténim pomoci dvou zeminovych $titdt Herrenknecht
o prﬁméru 6,1 m. Tti nové stanice metra (Cerveny vrch, Vele-
slavin a Petfiny) se budou razit, zatimco stanice Motol se bude
budovat v oteviené jamé€. Zemni prdce pro razeny tunel byly
zahdjeny v dubnu 2011.

The EPB Shields (Fig.2) have been designed to suit the pre-
vailing geological conditions which have been predicted along
the designed tunnel alignment. The geology is mainly characte-
rized by clayey shale rock types and their weathering products.
Besides the clay shale, a greater amount of sandstone, siltstone
and claystone as of different soil types (mostly of clayey cha-
racter) are expected. Along the tunnel alignment both, stable
and unstable tunnel face conditions as well as mixed face con-
ditions are predicted.

The EPB Shields for Metro Prague are equipped with a hy-
draulic main drive powered with in total 1,200 kilowatt. When
ZEMINOVE STITY (EPBS) tunnelling, 32 thrust cylinders apply a nominal thrust force of
about 39,000KN. The cutting wheel is equipped for both direc-

Zeminové Stity byly navrZeny tak, aby vyhovovaly prevladaji- tions of rotation. It is designed with an opening ratio of 30%

cim geologickym pomérim, pfedpovidanym podél navrzené and fitted with 38 17-inch disc cutters of 100mm spacing, 64
trasy tunelii. Geologie je hlavné charakterizovdna riiznymi typy cutting knifes and 8 buckets. The cutter heads will be fitted
jilovitych bridlic a produkty jejich zvétrdvani. Kromé jilovi- with ripper tools for the start of boring. Two hydraulic wear
tych bridlic se ofekdva vyskyt vétsitho mnozstvi piskovcu, pra- detection units are installed for the soft ground tools and
chovcu a jiloveu a raznych typu zemin (hlavné jilovitého cha- buckets.
rakteru). Podél trasy tunelu se olekdvaji jak stabilni, tak nesta- During shield drives in unstable ground, face support pressu-
bilni podminky &elby, ale i podminky smiSené &elby. re is generated to counteract any loss of stability at the tunnel
Zeminové Stity (obr. 2) pro prazské metro jsou vybaveny face. On an Earth Pressure Balance Shield, the soil excavated
hydraulickym hlavnim pohonem s celkovym vykonem 1200 by the cutting wheel is used to support the tunnel face. During
kilowatt. Pfi razbé vyvine 32 pfitlaénych védlct jmenovity pri- advance in full mode, the excavation chamber is permanently
tlak asi 39000 kN. Reznd hlava se miiZe otiet obéma sméry. Je | completely filled, preventing settlement on the surface. To
navrzena s pomérem otvort 30 % a je osazena 38 17palcovymi achieve a state of balance, the face support pressure is trans-
valivymi dlaty osazenymi ve vzddlenostech 100 mm, 64 rozry- mitted from the hydraulic thrust cylinders to the conditioned,
vacimi nozi, 8 shrnovadi. Pro zahdjeni razeb budou na feznych loose soil through the bulkhead. The internal stators and rotors
hlavédch instalovédny rozryvaci noZe. Pro detekci opotieben{ fez- cut through the soil mixture, while foam can be injected via
nych néstroju do mékkych hornin a shrnovadu jsou instalovany nozzles to ensure that the required consistency is maintained.
dva hydraulické senzory. There are in total 4 foam units installed in the cutting wheel,
Béhem raZeb Stity v nestabilnich hornindch se vytvari tlak | 4 stators for foam in the excavation chamber and 2x3 foam
zajistujici Celo vyrubu, ktery pusobi proti jakékoli ztrate stabili- injection points at the screw conveyor. The screw conveyor
ty Cela vyrubu. U zeminového Stitu se k zajiSténi Cela vyrubu removes the treated soil from the invert area of the excavation
pouzivd zemina rozpojena reznou hlavou. Béhem plnoprofilové chamber and hands it over to a conveyor belt. The speed of
razby je odt€Zovaci komora neustdle zcela zaplnéna, ¢imZ se rotation of the screw conveyor regulates the volume of soil
brani seddni povrchu. Aby se dosdhlo stavu rovnovdhy, tlak removed from the excavation chamber and adjusts it to the
zajistujici elo vyrubu je pfenasen z hydraulickych pritlaénych advance speed. The aim is to keep a balance between the volu-
vélcu na upravenou rozpojenou zeminu pres tlakovou prepazku me of soil removed by the screw conveyor and the volume of
§titu. Vnitin{ statory a rotory promichavaji zeminovou smés, do soil being produced by the advance of the EPB Shield. This
které se pfitom muze tryskami injektovat péna, aby se zajistilo makes it possible to ensure optimal support of the tunnel face.
udrZeni potfebné konzistence. Na fezné hlavé jsou celkem insta- The machines which were designed for the extension of
loviny 4 jednotky generujici pénu a 4 linie pro pénu Metro Line A in Prague have a total length of 96m. The
v odtézovaci komore. Do $nekového dopravniku se péna privadi 87 meter long back-up comprises seven trailers and a bridge
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Obr. 2 Smontovany zeminovy §tit o pruméru 6,1 m pro prodlouZeni trasy A
prazského metra v dilndch firmy Herrenknecht AS v Némecku

Fig. 2 Assembled 6.1m diameter EPB Shield for Prague Metro Line A exten-
sion at the Herrenknecht AG workshop in Germany

2x3 injek&énimi body. Snekovy dopravnik odebird upravenou
zeminu z oblasti dna odtéZovaci komory a preddva ji na pasovy
dopravnik. Rychlosti otdceni Snekového dopravniku se reguluje
objem zeminy odebrané z odtéZovaci komory. Rychlost odbéru
se prizpusobuje rychlosti postupu razby. Cilem je udrzovéani rov-
novdhy mezi objemem zeminy odtéZené $nekovym dopravnikem
a objemem zeminy vznikajicim pri postupu razby zeminovym
§titem. Tim je umoznéno optimalni zajisténi ¢ela vyrubu.
Stroje, které byly navrZeny pro prodlouZeni trasy A prazského
metra, maji celkovou délku 96 m. Zdavés o délce 87 metru se
skldda ze sedmi plosin a mostni konstrukce. Je na ném veskeré
logistické vybaveni potfebné pro praci celého systému.

Rozhodujici informace obsahujici vSechny relevantni para-

metry razby se preddvaji do centrdlni fidici kabiny, kde se pro
obsluhu S§titu vizualizuji na obrazovkach. Obsluha monitoruje
do velké miry automatizované procesy a provddi korekce,
pokud jsou zapotfebi. To je duleZité zvlasté v dané zastavéné
oblasti Prahy, kde razba vyZzaduje postup s fizenym seddnim.

Aby se vyrovnaly s problémy razby v omezenych podmin-

kéch, jsou zeminové Stity vybaveny:

e hydraulickym systémem detekce opotifebeni, zajiStujicim
efektivni proces razby a branicim poskozeni feznych na-
stroju a ocelové konstrukce fezné hlavy,

* rozsdhlym systémem sbéru dat, ktery poskytuje prubézné
informace o zajistén{ Cela vyrubu a mnoha dalSich para-
metrech stroje dulezitych pro fizeni procesu razby.

PoZadavek na fizeni seddni béhem raZeb hrdl dileZitou roli
pri tvorbé koncepce §titi. Z tohoto davodu byl instalovén fidi-
ci systém, ktery zaznamendvd a analyzuje data vztahujici se
k sedéni, jako jsou napiiklad opérny tlak a vyplnovani prsten-
cového prostoru za osténim injektazi. Zaznamenané hodnoty se

TuHel

construction. It houses all the logistics equipment needed to
operate the entire system.

The key information consisting of all relevant tunnelling
parameters is fed into the central control cabin where it is visu-
alized on screens for the TBM operator. The operator monitors
the largely automated processes and takes corrective action
when needed. This is important especially in the urban area of
Prague where tunnelling demands for a settlement controlled
tunnelling process.

To meet the challenges of tunnelling in constraint areas, the
EPB Shields are equipped with:

e A hydraulic wear detection system for an efficient exca-
vation process and to avoid damage to the tools and the
steel structure of the cutting wheel

* An extensive data acquisition system that gives continu-
ously information about the support of the tunnel face and
many further machine parameters essential for a controlled
excavation process.

The demand of a settlement controlled operation played an
important role during the conception of the TBMs, therefore,
a control system was installed that records and analyzes settle-
ment relevant data such as for example the support pressure
and annular gap backfilling. The recorded values will be com-
pared with reference and tolerance data defined by the opera-
ting authority. With this safety system, the so called Controlled
Boring Process (CBP), frequently changing geological and
hydrological conditions with low overburden can be technical-
ly mastered. The CBP aims to combine around-the-clock infor-
mation on settlement or heave measured above the tunnel route
with all relevant operational data of the TBM in order to faci-
litate the development of even more sensitive tunnelling stra-
tegies and, in terms of risk avoidance, to continuously optimi-
ze the tunnel excavation. First in a kind of tunnel excavation
record, data of the tunnel route, for example with regard to
settlement measurements conducted above ground and geolo-
gy, are related to essential operational data of the TBM. Based
on this, target values and tolerances for operational parameters
of the TBM relevant to the settlement can be established.
These values and tolerances are defined by the shift engineer
for the machine operator and are visualized on the individual
machine data displays in the control cabin. They can be adjus-
ted to respond to current measuring results at all times if neces-
sary. Furthermore, all specific parameters are recorded during
the entire excavation to enable a comprehensive analysis of the
tunnelling performance with regard to the control of settle-
ment.

In case of instable tunnel face conditions the EPB Shields are
equipped with injection drillings for ground stabilization mea-
sures in the tunnel crown and tunnel face area. Via 8 inclined
injection lines of a nominal diameter of 100mm it is possible to
perform crown injections with an angle of 14° and two hori-
zontal drill pipes enable injections into the tunnel face. The
installed drill rig will be also used for probing ahead of the face
in some cases, one of them might be the area around Cerveny
vrch, where the tunnel alignment crosses the former mining
fields (iron ore, mining started in 1860).

In order to keep settlements controlled an effective annular
gap backfilling system is required. The EPB Shields are desig-
ned with a two component annular gap backfilling system com-
prising 4 injection lines. Characteristic for the two component
backfill material is an early strength development which is
advantageous in order to stabilize the bond between the exca-
vated surface and the tunnel lining. By this, displacements of
the rings when they are stressed, for example, by back-up loads
can be prevented. The two component grouts are generally
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Styéna spara J-J — Circumferential joint J-J

Ringfluge J-J
Sofrasar T25x120

N

Drevovlaknita deska —Eardboard

Vox 2y

Obr. 3 Pri¢ny rez s detaily spdry se spojovacimi Srouby a tésnicim pdskem
Fig. 3 Cross section of joint details with bolting and gasket

porovnévaji s referenénimi daty a tolerancemi stanovenymi
projektantem. Pfi tomto systému bezpecnosti se dd technicky
zvlddnout takzvany proces fizené razby (PRR), pfi kterém se
Casto méni geologické a hydrologické podminky razby
s nizkym nadloZim. Proces PRR mi za cil kombinovéni za cely
den shromdzdénych informaci o sedani nebo zdvihani zjiste-
nych nad trasou tunelu s relevantnimi provoznimi udaji Stitu,
aby se uleh¢ilo vytvareni stéle citlivéjSich strategii razby, a co
se ty&e vyhybdn{ se rizikim, aby se raZba tunelu prubézné opti-
malizovala. Na prvnim mist€ mezi zdznamy o razbé€ tunelu jsou
hlavni provozni data $titu vztahujici se k trase tunelu, napiiklad
méfeni seddni povrchu a tddaje o geologii. Na zdkladé téchto
ddaju se mohou stanovit cilové hodnoty a tolerance provoznich
parametru $titi relevantni k seddni. Tyto hodnoty a tolerance
stanovi pro obsluhu stroje sménovy stavbyvedouci. Jsou zobra-
zeny na jednotlivych obrazovkach s ddaji o stroji v fidici kabi-
né. Je-li to zapotiebi, mohou se upfesnit tak, aby odpovidaly
aktudlnim vysledkim méfen{ ziskanym v kterémkoli okamZiku.
Dile se vSechny specifické parametry béhem celé razby zazna-
menavaji tak, aby bylo moZné uskutecnéni komplexni analyzy
provadéni razeb s ohledem na fizeni sedani.

Pro pfipad nestabiln{ Celby jsou zeminové §tity vybaveny zari-
zenim na injektazni vrty do stropu tunelu a do oblasti ¢ela vyru-
bu, provddéné jako stabilizacn{ opatreni. Injektazn{ vrty do stro-
pu jsou mozné osmi Sikmymi prichodkami ve §titu s jmenovitym
prumérem 100 mm ve sklonu 14° a dvéma vodorovnymi pru-
chodkami umoznujicimi injektdZz do ¢ela vyrubu. Instalovana
vrtaci souprava se bude v nékterych pripadech pouzivat i na son-
dovéni pred ¢elo vyrubu; jednim z téchto pripada by mohla byt
oblast kolem Cerveného vrchu, kde trasa tunelu kiiz{ byvala
dulni pole (Zelezn4 ruda, dolovéni zapocalo v roce 1860).

Aby se poklesy udrzely pod kontrolou, je potfebny tdéinny
systém provadéni vyplnové injektdze do prstencového prostoru
za osténim. Zeminové §tity jsou navrzeny se systémem pouZzi-
vajicim dvouslozkovou injektdZzni smés injektovanou na Cty-
fech mistech. Pro tento dvouslozkovy injektazni materidl je
charakteristicky rychly vyvoj pocdtecni pevnosti, ktery je
vyhodny proto, aby se stabilizovalo spojeni mezi licem vyrubu

composed of water, bentonite, cement, a stabilizer and
a hardener. The use of two component grout provides greater
flexibility in varying the ratio of the two components A and B.
Component A can be described as a stabilized main component
consisting of water, bentonite, cement and a stabilizer and com-
ponent B as the activating component of the system consisting
of a sodium silicate. When mixed, the two components react
within a short time (within minutes) to a gel which begins to
solidify afterwards. The setting time of the suspension can be
varied and hence the extent to which the mix will penetrate the
ground. The main advantage of the two component system are
the quick stabilization of the ring due to a short time to reach
sufficient strength and the working properties of the grout
which are independent of idle times or advance speed and the
pumpability over longer distances.

L J
24-09,2010
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Obr. 4 Pokusny prstenec pro zkousky rozméru, smontovany ve vyrobné
Herrenknecht Formwork

Fig. 4 Trial ring for dimensional checks erected at the Herrenknecht
Formwork workshop
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a tunelovym osténim. Tim se zabranuje posunuti segmentovych
prstencu zatiZenych napfiklad zavéSenim zadnich &dsti Stitu.
Dvouslozkové injektdzni smési se obvykle skladaji z vody,
bentonitu, cementu, stabiliza¢ni pfisady a urychlovace tvrdnu-
ti. Pouziti dvouslozkové injektdzni smési zajiStuje veétsi flexibi-
litu pfi ménéni poméru sloZek A a B. Slozku A lze popsat jako
stabilizovanou hlavni slozku sloZenou z vody, bentonitu,
cementu a stabilizadni pfisady, zatimco slozka B pusobi jako
aktivaéni slozka systému sloZend z kiemicitanu sodného. Po
smichéani obé slozky v kratké dobé (béhem nékolika minut) rea-
guji a vznikd gel, ktery za¢ne ndsledné tuhnout. Doba tuhnuti
suspenze, a tim i dosah, do kterého smés pronikd do horniny, se
muZe ménit. Hlavni vyhodou dvouslozkového systému je
rychld stabilizace prstence diky krdtké dobé pro dosaZeni
potfebné pevnosti a pracovnim vlastnostem injektazni smési,
které nejsou zdvislé na prostojich nebo rychlosti postupu razby
a Cerpatelnosti na del$i vzdalenosti.

SEGMENTOVE TUNELOVE OSTENI

Tunelové osténi je z Zelezobetonovych dilcu. Jeden prstenec je
1,5 m dlouhy a je slozen z 5+1 dilci. Geometricky ndvrh dilca
doddvanych vyrobcem vysoce presnych forem (Herrenknecht
Formwork) prihlizi ke vSem zatiZenim, jako jsou tlak vody,
zeminové poméry a vSechny situace nastdvajici pfi vyrobé,
dopravé a montéZi v tunelu. Na zdkladé zkuSenosti projektantu
takovychto pruméru a v takovych geologickych podminkach byl
zvolen univerzdlni prstenec (oboustranné zkoseny). Dilce jsou
opatreny etylenpropylendienovymi (EPDM) tésnicimi pdsky
(M385 69 Portland, PDT) a jsou prfi instalaci seSroubovavany
v pfi¢nych i podélnych spardach (obr. 3).

V loznych (radidlnich) spérach jsou tvrdé dievovldknité desky
(preklizka). Aby se ovérila sprdvnost rozméra dilcu, a tedy
i celého prstence, byly vyrobeny dilce pro cely pokusny prstenec,
ktery byl smontovdn a zméfen ve vyrobné dilca.

Dilce pro prazské metro vyrdbi spole¢nost Doprastav v Senci.
S prihlédnutim k pozadavkim vyrobce prefabrikdta byla jako
prijatelné feSeni vybrdna stabilni vyrobna (obr. 5). Pfinejmensim
dvakrat za den bude zabetonovéano devét sad forem (54 forem).
Aby se dosdhlo vysoké zpracovatelnosti a trvanlivosti betonu
dilct, vyrobee dilct provedl laboratorni zkousky a provedl néko-
lik zkuSebnich betondZzi.

Tyto prefabrikované Zelezobetonové dilce se dopravuji do
tunelu na vozicich. Na prednim konci vozu se dilce jednotliveé
zdvihaji specidlnim preklddacim jefdbem a jsou ukldddny do
podavace dilcu, ktery dopravi dilce dopredu na Celbu. Tam jsou
dilce vyzdviZeny vakuovymi deskami na erektor — hydraulicky
ovladané jerabové rameno — a pfesunuty na misto uloZeni.

ZAVER

Stroje byly smontovany v tovarné v Némecku, kde se hlavni
soucdsti vyzkousely a poté byly dopraveny do Prahy. Prvni zemi-
novy §tit zah4jil razbu v dubnu 2011.

Po dokonéeni razeb a provedeni osténi obou soubéznych jed-
nokolejnych tunelovych trub se tunelovaci stroje protdhnou zpét
dokoncenym tunelem.

Tato stavba je kliové pro feSeni takovych problému, jako jsou
nevyhovujici situace v prepravnich sluzbach v jihozdpadnim
sektoru Prahy a potfeba vytvorit rezervy prepravni kapacity na
pretizené trase metra C. Trasa bude uvedena do provozu v roce
2014 a poté by méla byt prodlouZena aZ na leti§t€ Ruzyné.

DR. KARIN BAPPLER, baeppler.karin@herrenknecht.de,
HERRENKNECHT AG

Recenzoval: doc. Ing. Matous Hilar, Ph.D.

Obr. 5 Velmi presnd forma dodand spoleénosti Herrenknecht Formwork
Fig. 5 High-precision mould supplied by Herrenknecht Formwork

SEGMENTAL TUNNEL LINING

The tunnel is lined by reinforced concrete segments. One tunnel
ring is composed of 5+1 segments and has a length of 1.5m. The
geometrical design of the segments, supplied by the manufacturer
of the high-precision moulds (Herrenknecht Formwork), considers
all loads as water pressure, soil conditions and all situations of
producing, transporting and erecting in the tunnel. According to
the designers experience for such diameters and ground conditions
a Universal-Ring (both side tapered) was chosen. The segments
are equipped with EPDM-gaskets (M385 69 Portland, PDT) and
will be bolted during installation in the circumferential and longi-
tudinal joints (Fig.3).

The radial joints are equipped with hardboards (ply wood). To
proof the right dimensions of the segments and hence the comple-
te ring, a trial ring was casted, erected and measured in the manu-
facturers workshop (Fig.4).

The segments for the Metro Prague are manufactured in Senec
by the company Doprastav. Considering the prefabricator’s requi-
rements a stationary production was the preferable solution
(Fig.5). The nine sets of moulds (54 moulds) will be cast at least
two times a day. To gain a high workability and durability of the
segment concrete the Precaster run tests in the lab and did several
trial casts.

These prefabricated reinforced concrete elements are taken into
the tunnel on carriages. At the front end of the carriage, the segments
are individually raised by a special transfer crane and placed on the
segment feeder, which brings the segments to the front area of the
tunnel. Here, the segments are lifted by vacuum plates on the erector
— a hydraulically controlled crane arm — and moved into place.

CONCLUSION

The machines were assembled in the factory in Germany where
the main components were tested and then transported to Prague.
Tunnelling of the first EPB Shield started in April 2011.

After accomplishing the excavation and lining of the two paral-
lel single-track tunnel tubes, the TBMs will be recovered back-
wards through the tunnel.

This project is a key for the resolution of problems such as the
unsatisfactory transit service situation in the southwest sector of
Prague and the need to create transit capacity reserves in overloa-
ded Metro Line C. The line will be open in 2014, and afterwards
it will be extended to Ruzyné Airport.

DR. KARIN BAPPLER, baeppler.karin@herrenknecht.de,
HERRENKNECHT AG
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POSOUZENI DULNI OCELOVE LICHOBEZNIKOVE VYZTUZE
PODLE CSN EN 1993-1-1 EUROKOD 3

ASSESSMENT OF STEEL COLLIERY SUPPORT FOR TRAPEZOIDAL
FRAME ACCORDING TO CSN EN 1993-1-1 EUROCODE 3

JAKUB DOLEJS, MICHAL SEDLACEK

1 0voD

V lednu 2009 prestala platit predbézna evropskd ocelarska
norma CSN P ENV 1993-1-1 a v dubnu 2010 byla ukoncena plat-
nost soubézné platné Eeské oceldiské normy CSN 73 1401. Od té
doby je nutné pri navrhu ocelovych konstrukci postupovat podle
jediné platné normy CSN EN 1993-1-1 Eurokéd 3: Navrhovani
ocelovych konstrukci — Cast 1-1: Obecnd pravidla a pravidla pro
pozemni stavby [1] (dédle jen norma). Pozadavky uvedené
v normé se vztahuji i na ocelové konstrukce pouzivané
v podzemnim stavitelstvi, jako jsou napiiklad vélcované profily
dalni vyztuze.

2 OCELOVA DULNI vYZTUZ

Vélcované profily dulni ocelové vyztuZe jsou dnes pouZivany
predev§im pri razbé §tol a pfi hloubeni jam, stavebnich Sachet
a Sachtic. Hlavni vyhodou ocelové dulni vyztuZe je schopnost
prenaset zatizeni ihned po instalaci, na rozdil od prihradové
vyztuZze typu Bretex, kterou je nutné doplnit stifkanym betonem,
¢imz vznikd urcitd casova prodleva mezi instalaci vyztuze
a schopnosti staticky puasobit. Dalsi vyhodou je znalnd tvarova
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variabilita pri¢ného fezu, mezi zdkladni tvary patii podle [8]:

— LA ... lichobéznikovy prufez se sklonem boc¢nich stran 1:4

— LB ... lichobéznikovy prufez se sklonem boc¢nich stran 1:6

—KC ... kruhovy prifez

— 0O ... obloukovy prufez s bo¢nimi stranami prubézné zaob-
lenymi

— OR ... obloukovy prufez s rovnymi konci rovnych dila

V CR se pouzivaji predeviim tzv. korytkové profily (znali se
pismenem K) a profily typu Toussaint-Heintzmann (znalf se pis-
menem TH), které vyrabi Acelor Mittal Ostrava, a. s.

Za timto znacenim ndsleduje Cislice, kterd udava zaokrouhle-
nou hmotnost profilu v kg na 1 béZny metr (pfesnd hmotnost jed-
noho metru profilu K21 je 20,74 kg a profilu TH21 je 20,92 kg).

Pro vyrobu nejcastéji pouzivaného profilu K21 se pouZiva ocel
znacky 11 500.0, jejiZ mechanické vlastnosti a chemické sloZeni
jsou uvedeny v [6]. Tato ocel md mez kluzu 295 MPa a pevnost
v tahu 470 + 610 MPa. Pro vyrobu profilu TH21 se pouZiva ocel
znacky 31 Mn 4, jejiZ mechanické vlastnosti a chemické sloZeni
jsou uvedeny v [7]. Tato ocel md mez kluzu 350 MPa a minimdlni
pevnost v tahu 550 MPa (tab. 1).

3 NAVRH A POSOUZENI OCELOVE DULNI VYZTUZE

Ocelové dulni vyztuz se spojuje do ramu, které jsou vétSinou
kolmé na osu dila. Pfi navrhu pri¢ného fezu dila je vhodné vycha-
zet z geometrického tvaru rdmd, ktery je obvykle predepisovdn,
viz napf. [8]. Pfi posouzeni rdmové konstrukce vyztuZe je nutné
podle [1] provést nasledujici kroky:

1. klasifikace prurezu

2. Kklasifikace soustavy

1 INTRODUCTION

In January 2009, the preliminary European steel-related standard
CSN P ENV 1993-1-1 became invalid and, in April 2010, the vali-
dity of the parallel Czech standard CSN 73 1401 was terminated.
Since then it has been necessary when designing steel structures to
proceed according to the only valid standard CSN EN 1993-1-1
Eurocode 3: Design of steel structures — Part 1-1: General rules and
rules for building [1] (hereinafter referred to as the standard). The
requirements contained in the standard even relate to steel structures
used in the underground construction industry, e.g. support frames
from rolled steel sections.

2 STEEL COLLIERY SUPPORT FRAMES

Rolled profiles for steel colliery supports are today used first of all
during the excavation of adits, construction pits, construction shafts
and manholes. The main advantage of steel colliery support is its
ability to carry loads immediately after installation, in contrast with
Bretex-type lattice girders, which must be complemented by shotc-
rete, owing to which fact the ability to take loads lags behind the
moment of the support installation. Another advantage is the signi-
ficant variability of the cross-section; according to [8], there are the
following basic geometries:

— LA ... trapezoidal cross section with the sides inclining at 1:4
— LB ... trapezoidal cross section with the sides inclining at 1:6
— KC ... circular cross section

— OO0 ... vaulted cross section with continuously rounded sides
— OR ... vaulted cross section with straight ends of straight parts

Trough sections (marked by letter K) and Toussaint-Heintzmann
profiles (marked TH) produced by Acelor Mittal Ostrava a.s. are
most frequently used in the Czech Republic.

The above mark is followed by a figure stating the rounded weight
of the profile in kg per 1 metre (the exact weight of one metre of
K21 and TH profiles is 20.74 kg and 20.92 kg, respectively).

Steel grade 11 500.0, the mechanical properties and chemical
composition of which are presented in [6], is used for the producti-
on of the most frequently used profile, K21. This steel has the yield
strength of 295 MPa and the tensile strength of 470 + 610. Steel qua-
lity 31 MN 4 is used for the production of TH21 profiles. Its mecha-
nical properties and chemical composition are presented in [7]. This
steel has the yield strength of 350 MPa and the minimum tensile
strength of 550 MPa (Table 1).

3 DESIGN AND ASSESSMENT OF STEEL COLLIERY

SUPPORT FRAMES

Elements of steel colliery support frames are joined together to
form frames, which are mostly perpendicular to the tunnel centre
line. When a cross-section of the tunnel is being designed, it is rea-
sonable to start from the geometrical shape of the frames, which is
usually prescribed, see e.g. [8]. The following steps have to be
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. zavedeni pocatecnich imperfekci

. volba typu stabilitniho vypocetniho postupu

. provedeni globdlni analyzy (vypoctu vnitinich sil)

. posouzeni v meznim stavu tinosnosti — stabilitni posouzeni
pro ohyb a osovy tlak (interakéni podminky)

. posouzeni spoje, tzn. odpor vyztuze proti prokluzu

8. posouzeni v meznim stavu pouZitelnosti
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3.1 Klasifikace prarezu

Norma [1] (ddle jen norma) umoziuje provedeni plastické globél-
ni analyzy, tedy vypoctu vnitrnich sil za predpokladu vzniku plastic-
kych kloubu na prutové konstrukci. Plastickd globélni analyza obvy-
kle vede k hospoddrnéj§imu ndvrhu, oviem muZe byt provedena jen
pfi splnéni normou udanych podminek (odst. 5.6 normy).

Jednd se zejména o dostateCnou rotaéni kapacitu prufezu
v misté vytvoreni plastického kloubu. Ta se ovéfuje pomoci tzv.
klasifikace prufezu, tedy prirazeni tiidy prafezu. Jsou rozliSeny 4
tiidy prufezu oznacované &islicemi 1-4 (tabulka 5.2 normy), pri-
&emyz plastickou globdln{ analyzu umozniuji jen prufezy tridy 1.

Klasifikace se provadi na zakladé:

— tvaru prufezu (zejména poméru tloustky a $itky jednotlivych

&asti prurezu),

— rozd€leni napéti po prurezu (ohyb, tlak, ohyb + tlak),

— maximélniho dosaZeného napéti (meze kluzu).

Zatfidéni prafezu bude vyuZito i pozdéji pii posouzeni prufezu
a prutu.

3.2 Klasifikace soustavy

Na zdkladé klasifikace prafezu se muZe uZivatel rozhodnout
bud pro plastickou globélni analyzu, nebo pro pruznou. Pro ram
tvofeny prvky s prufezem tfidy 1 je moznd plastickd varianta, pro
ostatni pouze pruzna.

Dile je nutné klasifikovat soustavu (rdm) s ohledem na stabilit-
ni chovani. V prednorme [7] byly zavedeny vyrazy ,,posuvné®,
resp. ,,neposuvné“ styCniky, které vystizné popisovaly chovani
rdmu pii vyboceni prutl v rovin€. Norma [1] uZ tyto vyrazy pro
klasifikaci neuZivd a zatfidéni rdmu se provadi na zdkladé stabi-
litniho vypoctu. Ovétuje se podminka

o

2 10 v pripad€ pruzné analyzy, a
Fad (3)

a, = F, =15 v pripadé plastické analyzy, kde
FEd

o =

F

F..  je kritické zatizen{ pro celkové vyboceni,

Fr;  je navrhové zatiZeni konstrukce.

Pokud je podminka (3) splnéna, posta¢i provedeni globdlni ana-
lyzy 1. fadu s uvdzenim polate¢ni geometrie konstrukce. Pro

Tab. 1 Zdkladni priiezové charakteristiky profilu K 21 pro pruzny vypoclet

Oznaceni Jednotky Hodnota
Materidl - mez kluzu fy MPa 295
Hmotnost G kg/m 20,74
Plocha A mm? 2642
Moment setrvagnosti ly mm* 3191000
Vzdalenost hornich viaken od tézisté Yh mm 51,89
Vzdalenost dolnich vlaken od tézisté Yd mm 52,11
Pruzny prifezovy modul hornich viaken Wh,y.el mm3 61500
Pruzny prifezovy modul dolnich vidken Wd,y.el mm?® 61240
Staticky moment plochy v tézisti Sy mm? 42 130

Sitka profilu v mist& fezu vodorovnou
téziStovou osou t mm 13,96

Tuel

conducted according to [1] when assessing a supporting frame

structure:
1. classification of the cross-section,

. classification of the system,

. introduction of initial imperfections,

. selection of the type of the stability calculation procedure,

. execution of a global analysis (calculations of inner forces),

. assessment for the ultimate limit state — stability assessment for

bending and axial pressure (interaction conditions),

7. assessment of the joint, i.e. the sliding resistance of frame ele-
ments,

8. assessment for the limit state of serviceability.
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3.1 Cross-section classification

The standard [1] (hereinafter referred to as the Standard) allows the
plastic global analysis, i.e. the calculation of inner forces under the
assumption of the development of plastic hinges on a framed structu-
re, to be carried out. A plastic global analysis usually leads to a more
economic design, but it can be carried out only when the conditions
set by the Standard are met (see paragraph 5.6 of the Standard).

Among them it is, first of all, the sufficient rotational capacity of the
cross-section in the location where a plastic hinge developed. The
capacity is verified by means of the so-called cross-section classifica-
tion, which means assigning a class to a cross-section. Four classes are
distinguished, using figures 1-4 (see Table 5.2 of the Standard), where
the plastic global analysis is possible only for cross-section class 1.

The classification is conducted on the basis of:

— the cross-section geometry (first of all the proportion between the

thickness and width of individual parts of the cross-section),
— distribution of stress on the cross-section (bending, compression,
bending + compression),

— maximum stress achieved (yield strength).

The classification of a cross-section will be even used later for
assessing a cross-section and a rod.

3.2 Classification of the framework

The user can decide on the basis of the classification of the cross-
section whether the plastic global analysis or elastic analysis is to be
used. The plastic variant is possible only for a frame consisting of ele-
ments with the cross-section class 1; the elastic variant is the only pos-
sible for the other elements.

Further it is necessary to classify the framework with respect to the
stability behaviour. The pre-Standard [7] introduced terms “sliding”
or non-sliding joints, which aptly described the behaviour of a frame
in the case of in-plane buckling of rods. The Standard [1] no more

Table 1 Basic cross-sectional properties of a K21 profile for elastic calculation

Symbol Units Value

Material - yield strength fy MPa 295
Weight G kg/m 20.74
Cross-sectional area A mm? 2,642
Moment of inertia ly mm* 3,191,000
Distance between the upper fibre and

the centre of gravity Yh mm 51.89
Distance between the bottom fibre and

the centre of gravity Yd mm 52.11
Elastic sectional modulus for upper fibre Wh,y.el mm3 61,500
Elastic sectional modulus for bottom fibre Wd,y.el mm?® 61,240
Static moment of area at centre of gravity Sy mm? 42,130
Profile width at the level of a horizontal

axis passing through centre of gravity t mm 13.96
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pomer kritického a navrhového zatiZzeni mezi 3 a 10 norma umoz-
nuje zjednoduseny zpusob zavedeni Ginku 2. fadu, pro poméer
mensi nez 3 je nutno pouzit vypocet zohlednujici prerozdéleni
vnitfnich sil vlivem deformace ramu.

Stabilitni vypocet v obecném pripadé ovSem nelze provadét
,ruéné“, navic ani neexistuje jeho obecny algoritmus. VétSina
softwarovych programu nerozliSuje globdln{ vlastni tvary vybo-
¢eni, které jsou pro klasifikaci soustavy podstatné a tvary odpovi-
dajici tvaru vyboceni lokdlniho prvku (napf. sloupek zdbradli,
diagondla ztuzidla apod.), stabilitni vypocet je navic nutno pro-
vést a vyhodnotit pro v8echny stabilitni kombinace oddé€lené. Je
ale mozné opét pouzit konzervativni pristup, ktery bude podrob-
néji popsan v odstavci 3.4.

3.3 Zavedeni po¢atecnich imperfekei

Zavedeni pocateénich imperfekci (nepfesnosti) konstrukce
uzce souvisi s volbou stabilitniho vypocetniho postupu popsané-
ho v dalSim odstavci. Norma rozliSuje imperfekce soustavy
a imperfekce prutu. Imperfekce prutu (po¢atecni prohnuti) mohou
byt pouZity pro piimy vypocet vzpéru prutl, potom se tedy neu-
vazuje soucinitel vzpéru. Imperfekce soustavy (pocatecni naklo-
nénfi) zohlednuji pocatedni naklonéni celé soustavy (rdmu).

Normou uddvané hodnoty prutovych imperfekci zde nebudeme
uvadet. Imperfekce soustavy jsou pozadovany podle nésleduji-
cich vztaha:

¢ =¢, otn O, “
kde ¢, je zékladni hodnota ¢, = 1/200;
oy, redukéni soucinitel v zdvislosti na vysce sloupu h;

a =i alegsa =10.
h ‘\{E, 3 ;] N

h vyska konstrukce v metrech;
o, redukéni soucinitel pro pocet sloupt v fadé:

am=_[05 []+L] ;
m
m pocet sloupt v fadé. Pocitaji se pouze sloupy, jejichZ
svislé zatiZeni N, neni mensi neZ 50 % primérného
zatiZzeni sloupt v posuzované svislé roviné.

Oba druhy imperfekci 1ze nahradit ndhradnim zatiZenim, které
vyvodi podobné Gc¢inky. Na obr. 4 je naznaceno zavedeni globdl-
nich pocatecnich imperfekci pomoci vodorovnych sil.

Pro nékteré typy pozemnich staveb lze globélni imperfekce
zanedbat, pokud je konstrukce zatiZzena vyznamnym vodorovnym
zatizenim. V pifpadé dalni vyztuZe tato pravidla oviem neni
mozné pouZzit.

3.4 Volba typu stabilitniho vypocetniho postupu

Do vypoctu konstrukee je nutno zahrnout vliv vzpéru a klopeni,
souhrnné oznaCovanych jako d¢inky 2. fddu. Konstruktér muZe
volit mezi nékolika zpusoby vypo&tu. Lisi se obvykle presnosti,
hospodarnosti vysledného ndvrhu, pracnosti a poZadavky na soft-
warové vybaveni a také vhodnosti pro jednotlivé typy konstrukei.
V zésadé€ je mozné postupovat tiemi zpusoby:

A. Imperfekce soustavy, vzper a klopeni ru¢né

Do modelu se nezavadéji prutové imperfekce, pouze imperfek-
ce soustavy (naklonéni). Po provedeni vypoctu vnitrnich sil se
provede posouzeni prutu (odst. 6.3 normy), pii¢emZ vzpérné
délky se mohou brit rovné systémovym délkam, tedy L < L.
Algoritmus vypoctu je potom ndsledujici:

e Zavedou se imperfekce soustavy

¢ Rozhodnuti o fddu vypoctu podle

F
T=z10:
Fd

r =

“r
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uses these terms for the classification; the classification of a frame is
conducted on the basis of a stability calculation. The following condi-
tion is to be verified:

a , =—"=10 in the case of the elastic analysis and

Fe
Eu 3)

= |5 in the case of the plastic analysis, where

F..  is for critical load for the overall buckling,

Fg; s for the design load acting on the structure.

If the condition (3) is met, it is sufficient to carry out the 1st—order
global analysis, taking into consideration the initial geometry of the
structure. For the proportion between the critical load and the design
load ranging from 3 to 10, the Standard allows the simplified method
of introducing 2nd-order effects, while the calculation allowing for the
re-distribution of inner forces resulting from deformations of the
frame is prescribed for the proportion smaller than 3.

In a general case, a stability calculation can be carried out “manu-
ally”; on top of that, there exists no general algorithm for the calcula-
tion. The majority of software programs distinguish neither their own
global shapes of buckling modes (buckling eigenmodes), which are
significant for the classification of the frame, nor the shapes corres-
ponding to the shape of buckling of a local element (e.g. a railing post,
diagonal braces etc.); in addition, the stability calculation has to be
carried out and assessed separately for each stability combination.
Although, it is again possible to apply the conservative approach,
which will be described in more detail in paragraph 3.4.

3.3 Implementation of initial imperfections

The implementation of initial imperfections (inaccuracies) of the
structure is closely related to the selection of the stability calculation
procedure, which is described in the next paragraph. The Standard
distinguishes sway imperfections and imperfections of a rod.
Imperfections of a rod (initial deflections) can be used for the direct
calculation of buckling of rods; this means that the buckling coeffici-
ent is not taken into consideration. The sway imperfections (initial til-
ting) take into consideration the initial tilting of the entire framework.

We are not going to present the values of rod imperfections referred
to in the Standard. Sway imperfections are required according the fol-
lowing relationships:

¢= ¢() Op Oy “4)
where ¢, is the basic value ¢, = 1/200;
oy, reduction coefficient depending on the height of
columns h;
2 2
oy, = ﬁ . but —% = (ih = I.(_);
h is for the height of the structure in metres,
Oy reduction coefficient for the number of columns in
arow:
A
Qp= ©, =—"—3=&
Fe,
m the number of columns in a row. Only the

columns the load Ng, acting on which is not lower
than 50 per cent of the average load acting on the
columns in the vertical plane being assessed.
Both types of imperfections can be substituted by an equivalent
load which induces similar effects. The introduction of global initial
imperfections by means of horizontal forces is outlined in Fig. 4.
Global imperfections can be disregarded for some types of building
structures if the structure is loaded by a significant horizontal load.
However, these rules cannot be applied in the case of colliery support
frames.
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., < 10 ==> 2. fdd nezanedbatelny
A, > 10 ==> 2. fdd zanedbatelny

* Vzpér a klopeni pomoci soudinitela ¢
e Vzpérné délky systémové: L. <L

* Posouzeni — interak¢éni podminky podle odst. 6.3.3 normy:
Neq L M, gq + AM, M, gq + AM, gy

3 L k = I (5)

Ky Ny Yo X Mlv.ﬂl & _‘ﬂ'_‘f.z.ﬁ.“_

Y Yom Yan

M ..+ AM

Il"l'rEﬂ + kz-r ¥.Ed y. Ed + '{'_u M: Ed + ﬂMz.Ed =1 (6)
Xz Ny XirM, p My p

T Yaaa T

kde

Neg, Mygq a M, gq jsou ndvrhové hodnoty tlakové sily a nej-

vétsich momentl k ose y-y a z-z, pusobici na
prutu;

My gq. AM, gqg momenty v dusledku posunu téZistové osy pro
prafezy tiidy 4,

Xy @ X, soucinitele vzpérnosti pfi rovinném vzpéru;

Xt soucinitel klopeni;

kyy, kyz, kzy, kzz souCinitele interakce.

B. Metoda ekvivalentnich prutu (sloupu), vzpér a klopeni ruéné

Pri tomto postupu se nezavadéji imperfekce prutu ani soustavy.
Provede se vypocet podle teorie 1. Fadu. Stejné jako v pripadé
A se posuzuji pruty podle odst. 6.3 normy. Vzpérné délky se sta-
novuji z tvaru globalniho vybocent, tedy Ly > L.

* Model bez imperfekci

e Linedrni vypocet (1. tad)

e Teoretické vzpérné délky, tj. s posuvem sty&nika

* Vzpér a klopeni pomoci soucinitelt y

e Posouzeni — interakéni podminky podle odst. 6.3.3, zde (5)

a (6).

...L,>L

C. 2. rdd, imperfekce soustavy i prutové imperfekce (primé
reSent)

Piimé feSeni spolivd v zavedeni prutovych imperfekci
i imperfekei soustavy pfimo do vypocetniho modelu. Provadi se
vypocet 2. faddem bez ohledu na velikost soucinitele ..., vzpér se
zohledni ohybovym momentem, ktery je vyvoldn pocdtecnim
prohnutim prutd. Provaddi se posouzen{ prufezt podle odst. 6.2
normy.

TuoufHel

3.4 Selection of the type of the stability
calculation procedure

The structural calculation has to take into consideration the effects
of both buckling and lateral torsional buckling, which are overall
referred to as second-order effects. The designer can choose from
several calculation methods. They usually differ in the precision, eco-
nomy of the final design, work consumption and requirements for
software, as well as suitability for particular types of structures. In
principle, it is possible to proceed using the following three methods:

A. Sway imperfection, buckling and lateral torsional buckling —
manual assessment

Only the sway imperfections are introduced into the model, no rod
imperfections. When the calculation of inner forces is finished, the
rods are assessed (paragraph 6.3 of the Standard); in so doing, it is
possible to take effective lengths equal to system lengths,i.e. Lop < L.
The calculation algorithm is then as follows:

e Introduction of sway imperfections

* Decision on the calculation order according to

o, = == |0 :

O, < 10==>2nd order cannot be disregarded
o, > 10 ==> 2nd order can be disregarded
* Buckling and lateral torsional buckling by means of ) coefficients
e System effective lengths: L., <L
* Assessment — interaction conditions according to paragraph 6.3.3

of the Standard:

 Neg i i{\'i’_.f‘ +AM, b M gy + AM, gy <1 5
.?.’.- \.‘nn 3 XLT ll'rn..r-!L il llljl. Bk
T Tin Yui
____"':;-1_4_'[‘” ""rr':u_"_'_-""l'f-.-r_c_', ”.-!-'u_“ AM, g 21 (6)
XeVma 34 HorMl, ] W, e
¥t Frar T
where
Neg, My gq and M, g4 are for design values of the compression
force and largest moments to axes y-y and z-z,
acting on the rod;
Myg4, AM, g moments induced due to shifting of the gravity
axis for cross-section class 4,
Xy and buckling coefficients at in-plane buckling;

Xir lateral torsional buckling coefficient;
kyy, kyz, kzy, kzz interaction coefficients.

104
a1 | s |

Obr. 1 Pricny Fez profilem K21 a TH21
Fig. 1 Cross-section through K21 and TH21 profiles




* Model s prutovymi imperfekcemi i s imperfekcemi soustavy

 Nelinedrni vypocet (2. fad)

* Posouzeni prufezi podle odst. 6.2.9., zde (7), popf. (8).
Klopeni (popf. vzpér z roviny) se zohledni obvykle dal§im
ruénim posudkem.

Mgy < MN R4, @)

popft. pfi pruzném posouzen{

Fopg S -—fr- (8)
i

Vyznam znacek je uveden v norme.

3.4.1 Vhodnost postupu pro vypocet ramové konstrukce

Obecné neplati, Ze 1ze za vSech okolnosti pouzit v§echny postu-
py. Pro rdmovou konstrukci dalni vyztuZe Ize za jistych piedpo-
klada postupovat podle viech tif algoritmu. Metoda A je pro tento
ucel vhodnd a doporucend, je ovSem nutné zadat imperfekce sou-
stavy a potom rozhodnout o fadu vypoctu na zdkladé vypoltu
soucinitele a.;, coZz muZe prindset jisté obtiZze. Metoda ekviva-
lentnich sloupt (B), kterd je nejméné pracnd (odpadd stabilitni
vypocet i aplikace imperfekcei), se obecné pro ramové konstrukce
nedoporucuje, protoZe zanedbava vliv 2. Fadu pro pricel (stropni-
ci), navic je nejméné hospoddrnd. Prednorma [2] umoznovala
zvétsit momenty v pricli od posuvu styéniku o 20 %, coZ predsta-
vovalo bezpecny postup. Tato norma uz dnes ovSem neplati.

Metoda C, piimé feSeni 2. fddem se zavedenim obou typu imper-
fekci, je pouzitelna a vede k hospoddrnému ndvrhu. Nelze ovSem
opomenout jeji jednoznacné nejvetsi pracnost a naroky na software.

Dulni vyztuZ neni oviem typickd rdmové konstrukce. Je ve
vodorovném sméru podeprena souvisle po celé vysce odporem
zeminy, kterd ji soucasné zatéZuje. Pro dobfe aktivovany rdm
(obr. 2) lze predpoklddat vyboceni pouze v roviné kolmé na osu
dila. Pfipojeni vyztuZe na osténi rovnéZ zabranuje klopeni.

Obr. 2 Aktivované ramy
Fig. 2 Activated frames
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B. Equivalent rods (columns), buckling and lateral torsional

buckling — manual assessment

When this procedure is used, neither rod imperfections nor sway
imperfections are introduced. The calculation is carried out according
to the 1st-order theory. Rods are assessed in the same way as it is in
the A case, according to paragraph 6.3 of the Standard. Effective
lengths are determined from the shape of the global buckling mode
shape, therefore L¢ > L.

* Model without imperfections

e Linear calculation (1st order)

» Theoretical effective lengths, i.e. with the displacement of joints

...Lg>L
* Buckling and lateral torsional buckling by means of ) coefficients
e Assessment — interaction conditions according to paragraph
6.3.3, herein (5) and (6).

C.2nd order, sway imperfection and rod imperfections (direct

solution)

The direct solution lies in the introduction of rod imperfections and
sway imperfections directly into the calculation model. The 2nd-
order calculation is carried out, no matter the magnitude of coeffici-
ent ,; buckling is allowed for through the bending moment which
is induced by the initial deflection of rods. Cross-sections are asses-
sed according to paragraph 6.2 of the Standard.

* A model with rod imperfections and sway imperfections

e Non-linear calculation (2nd order)

* Assessment of cross-sections according to paragraph 6.2.9, here-

in (7) or (8). Lateral torsional buckling (or out-of-plane buckling)
is made provisions for by an additional manual assessment.

Mgg < MnRa, @)
or, in the case of an elastic assessment
¥ = -jy
Oy = (®)
Mo

The meaning of symbols is explained in the Standard.

3.4.1 Suitability of procedures for frames

It generally does not apply that all of the procedures can be used under
any circumstances. As far as a colliery support frame structure is concer-
ned, it is possible under certain conditions to use all of the three algo-
rithms. Method A is suitable and recommended for this purpose, however,
it is necessary to introduce sway imperfections and then decide on the cal-
culation order on the basis of &cr , which may carry certain difficulties.
The equivalent columns method (B), which is least laborious (the stabili-
ty calculation and the application of imperfections is not carried out) is not
in general recommended for frames because it disregards the effect of the
2nd order for cross bars (overhead beams) and, in addition, it is less eco-
nomic. The pre-Standard [2] made it possible to increase moments in the
cross bar induced by the displacement of joints by 20 %, which represen-
ted a safe procedure. Nevertheless, this standard is today invalid.

Method C, the direct solution through the 2nd order, introducing
both types of imperfections, leads to an economic design. Of course,

Obr. 3 Zavedeni globdlnich imperfekci
Fig. 3 Introduction of global imperfections
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Obr. 4 Nahrazeni pocdtecnich imperfekci soustavou ndhradnich vodorov-
nych sil

Fig. 4 Substitution of initial imperfections by a system of substitute horizon-
tal forces

3.5 Ciselny prikiad

Pro posouzeni ocelové konstrukce podle [1] byl zvolen lichobéZni-
kovy pricny fez Stoly LB.07 s vyztuzi z vdlcovanych profila K21.
Spojeni jednotlivych dili dilni ocelové vyztuZe je navrZeno tfrmeno-
vym spojem se dvéma timeny. Konstrukce tvori symetricky rdm se
Sikmymi stojkami, které jsou kloubové uloZzeny. Rdmové rohy jsou
zaoblené. Cely ram je liniové podepren radidlnimi a tangencidlnimi
pruzinami. Radidlni pruZiny pasobi pouze v tlaku, tangencidlni linio-
vé podpory pusobi pruzné. Tento systém simuluje uloZeni rému pro-
vizorni vystroje do podloznych patek (obr. 5). Podélnd vzddlenost
rdmu je 1 m, je uvaZovano svislé ndvrhové zatiZeni pficle hodnotou

Porp =30 kN /m?=30kN/m

a vodorovné zatiZeni stojek

Pyep =10 kN /m* =10 kN / m.

Hodnoty zatiZeni jsou urceny podle klenbové teorie M. M. Protod-
jakonova pro rizné tvrdé bridlice, koeficient pevnosti horniny f , = 3.

Klasifikace

Provedeme klasifikaci prafezu K21. Jak je vySe uvedeno, rozhodu-
jici je geometricky tvar prufezu a zpusob namahéni. Na pocatku vypo-
¢tu obvykle neni zcela jasné, jaké vnitini sily se budou v konstrukci
vyskytovat, a proto je proveden bud odhad, ktery se ddle zpfesiiuje,

TuoufHel

the unambiguously highest laboriousness and demands for software
cannot be forgotten.

Nevertheless, a colliery frame is not a typical frame structure. It is
supported horizontally continually, throughout its height, by the
ground resistance, which at the same time applies the load on it. It is
possible to assume that a well activated colliery frame (see Fig. 2) can
buckle only in the plane perpendicular to the tunnel centre line. The
connection of the reinforcement to the lining also prevents lateral tor-
sional buckling.

3.5 Numerical example

A trapezoidal cross-section through LB.07 adit with the support
consisting of rolled profiles K21 was chosen for the assessment of the
steel structure according to [1]. The connection between individual
segments of the colliery steel frames is designed by means of a stirrup
joint consisting of two stirrups. The structure is a symmetric frame
with slanted hinged props. The frame corners are rounded. The whole
frame is linearly supported by radial and tangential springs. The radi-
al springs act only on compression, while the tangential linear sup-
ports act elastically. This system simulates the bearing of the tempo-
rary support frame in supporting footings (see Fig. 5). The longitudi-
nal spacing of the frames is 1 m; the design load acting on the cross
bar is assumed to be

Pogp =30 kN /m?> =30 kN / m

and the horizontal load acting on the props to be

Pyep=10kN /m? =10 kN / m.

The load values are determined according to the arch theory for sha-
les with various hardness, with the rock strength coefficient f = 3.

Classification

We will carry out the classification of K21 cross-section. As menti-
oned above, the geometrical shape of the cross-section and the loading
mode decide. At the beginning of the calculation it is usually not total-
ly clear which inner forces will exist in the structure. For that reason,
either an assessment is carried out to be further improved or an elas-
tic global analysis is conducted directly, conservatively, and the clas-
sification is performed subsequently, on the basis of its results.

In the case of mining frames, it is possible to expect that combined
loading by axial pressure and bending will act on the props and the
cross bar (overhead beam). Table 5.2 of the Standard contains classi-
fication rules for these cases, specifying the exact proportion between
the compressed and tensioned parts of the cross-section. It is conse-
rvatively possible to assume the entire cross-section to be compressed.

Another difficulty emerges at the moment of the interpretation of
the cross-section geometry. The Standard distinguishes inner and pro-
jecting parts of a cross-section or tubes. K21 cross-section can again
be conservatively assumed to be a cross-
section consisting of one inner part (the

Stropnice — Overhead beam

bottom of a trough) and two projecting
parts. The favourable effect of the expan-

aX A

-

2450 |

(( g 1'7 ded sides (walls) will be eventually dis-

i i / regarded.
3 ? ;N '/\l Then the following condition must be

I [ | met for Class 1:
o : ||1 a) for the projecting parts
udl D? / '] : E @ ¢ f |2_ ..

T N I e VAL
@ I| r‘ "1 where c is for the length of the projec-

1 i i ting part

— e [—

t is for thickness of the part
fy is for the yield strength.

In our case the result is (for an average
thickness of the wall of 10.3 mm — as

Obr. 5 Staticky model ramu
Fig. 5 Static model of a frame

specified by the program) as follows:
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v 95 ’ [235 1235
: 3 —= - =0259=9 =5 =9, o =,
3 ' 103 Y/ V205
& ] = . . .
£ Ped : = < the condition is not met.
' ; ' ' b) for the inner part
e {235
—=3%=33 | (10)
! \/

where c is for the length of the inner part,
-10.8 t is for the thickness of the part,
Jfy is for yield strength.

In our case, we consider the actual dimensions
S 215

S T T P k W i, 1)

114 1295 ’

the condition is met.

It turned out that if we disregard the favourable
effect of braces at the upper end of the walls, it is
not possible to apply class 1. We will further
assess the wall for class 2:

¢ 95 (235 [235
= - =92 10e=10 | = [ [} — =89
r 103 \ / V295

again, the condition is not met,

for class 3
1, “104 8 v % =92x|dr=14 o = |4 i =125

r 103 ', V205
the condition is met.

Obr. 6 ZatiZeni rdmu, schéma podepreni a rozdéleni rdmu na pruty We will conservatively leave class 3 for the

Fig. 6 Frame loading, chart of the bearing and division into bars whole following calculation. Then the global ana-

lysis and assessment of elements have to be con-

nebo se rovnou konzervativné provede pruznd globdlni analyza ducted in the elastic way.

a klasifikace se provadi az na zdkladé jejich vysledku. A note on the classification of the cross-section:

V piipadé dulni vyztuZe lze ofekdvat ve stojkdch i pricli (stropnici) The classification of K21 cross-section was carried out
kombinované naméhén{ osovym tlakem a ohybem. Tabulka 5.2 normy according to Table 5.2 of the Standard for a U profile, but K21
udava pro tyto pripady klasifikacni pravidla pro presny pomer tlacené profile is much more complex and dissected. This simplificati-
a taZené Césti prifezu. Konzervativné Ize uvaZovat cely prifez tlaceny | on leads to the categorisation of the cross-section as class 3,
(coz muZe vést k vyS§ tiidé prafezu). which is very conservative as far as the assessment is concer-

Dal3{ obtiZ nastdvd v okamziku interpretace tvaru prifezu. Norma ned, but does not allow us to make use of the plastic reserve of
rozli§uje vnitinf a pre¢nivajici ¢asti prifezu, popr. trubky. Prifez K21 this profile. The authors had two reasons for this step: difficul-
1ze opét konzervativné povaZovat za prufez s jednou vnitini &asti (dno ties with the determination of the magnitude of the shearing
7labu) a dvéma pietnivajicimi &astmi. Piznivy d¢inek rozsffeni bocnic | area Av according to paragraph 6.2 of the Standard (the calcu-
(stén) na konci bude zanedban. lation is not presented for a general cross-section) and general-

Potom pro 1. tfidu musf byt splnéna podminka: ly higher uncertainty in determining the load acting on the geo-

a) pro precnivajici dsti: technical structure. Despite this simplification, the use of the

cross-section is insignificant. The use of the plastic reserve in
) the case of this cross-section would be probably possible in rea-

soned cases, on the basis of a more thorough analysis.
Critical load coefficient
Taking into consideration the reasons mentioned above in
paragraph 3.4.1, we will head towards the recommended met-
hod A. The design values of loads have to be taken into account

V nasem p¥ipadg vychdzi (pro prim&mou tloustku stény 10,3 mm in the stability complnatlon. Support rigidity values are taken
into account according to [12] as follows:

— stanoveno programem) Radial rigidity:

o 95 {235 '235 5
i 103 =92=%=9 T} =9 = =¥ nenf splnéno, ks E, i our case k; = 10 MN/m®,

ril4+w)

kde ¢ je délka precnivajici ¢dsti
t je tloustka Casti
Jy Jje mez kluzu.

s ¥z

b) pro vnitini &ast: Tangential rigidity kt was guessed to be 0.1 MN/ m3.

[ 33e = 33 235 SCIA Engineer 2010.1 program was used for the calculation.
? = = f (10) The magnitude of the load taken into consideration is shown in
¥ .
Fig. 6.

kde ¢ je délka vnitini &asti,
t je tloustka Casti,
fy je mez kluzu.

The values of coefficients o, according to condition (3) are
presented in Table 2; Fig. 7 shows the corresponding buckling
eigenmodes.
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V nasem pripadé odeéteme priblizné rozméry

I

46 235
Tt 33<33rm i3 205 =29 je splnéno.

Ukdzalo se, Ze pokud zanedbdme priznivy vliv vyztuh na hornim
konci stén, nelze Kkonzervativné prifez povaZovat za tiidu 1.
Provéfime sténu ddle pro 2. tfidu:

_
e 02s10e=10 52 =lﬂ\(E=3.9,opétnenf
7103 v/ 295

splnéno,
pro 3. tiidu:

e 93 . = 235 235 128 .
™03 02=lde=14 i I4.\ 0% 12.5, je splnéno.

Ponechdme konzervativné tfidu 3 pro cely nésledujici vypocet.
Globélni analyza i posouzeni prvki musi byt potom provedeny
pruzné.

Pozndmka k zatiideni prifezu:

Zatridéni profilu K21 bylo provedeno podle tabulky 5.2 normy
jako profil U, profil K21 je vSak podstatné slozitéjsi a ¢lenitéjsi.
Provedené zjednoduSeni vede k zafazeni prufezu do 3. tiidy pru-
fezu, coZ je z hlediska posuzovani velmi konzervativni a na stra-
né bezpecnosti, avSak neumozinuje vyuziti plastické rezervy
tohoto profilu. K tomuto kroku vedly autory dva divody: obtiZe
se stanovenim velikosti smykové plochy Av podle odstavce 6.2.6
normy (pro obecny prufez neni vypocet uveden) a obecné vyssi
nejistota pri stanoveni zatiZeni geotechnické konstrukce. Pres
toto zjednoduseni je vyuZiti prafezu nevyznamné. Vyuziti plas-
tické rezervy u tohoto prufezu by v odivodnénych piipadech na
zdkladé dukladnéjsi analyzy pravdépodobné bylo mozné.

Soucinitel kritického zatiZeni

Vzhledem k davodim uvedenym v odstavci 3.4.1 budeme sméro-
vat k doporucené metodé A. Ve stabilitni kombinaci je potreba uva-
zovat ndvrhové hodnoty zatiZeni. Tuhosti podepfeni jsou uvazovany
podle [12] nésledovné.

Tuhost v radidlnim sméru:

k, = Euy , v naSem pifpadé k; = 10 MN/m>.

Fil+1)

Tuhost v tangencialnim sméru kt byla odhadnuta na 0,1 MN/m?.

Pro vypocet byl pouzit program SCIA Engineer 2010.1. Velikost
uvazovaného zatiZeni je patrnd z obr. 6.

Hodnoty soucinitelu a,, podle podminky (3) jsou uvedeny v tab.
2, na obr. 7 jsou vykresleny odpovidajici vlastni tvary vyboceni.

Tab. 2 Soucinitele kritického zatiZeni

Soucinitele kritického zatizeni

Cislo vlastniho tvaru Oy

18,57
46,57
64,40
122,76
156,46
212,34

Do B[N —

Protoze podminka (3) je splnéna uz pro prvni vlastni tvar, je
mozné pokracovat globdlni analyzou 1. faddu s uvdZenim imper-
fekci soustavy (postup A). Obecné je nutné je§te ovéfit, Ze prvni
vlastni tvar vyboceni odpovidd pravdépodobnému kolapsu celé
konstrukce a nejednd se jen o lokdlni nevyznamny efekt (napf.
vyplnovy sloupek zdbradli v modelu schodisteé, neaktivni lano
apod.). Prvn{ vlastni tvar vybocéeni jednozna¢né odpovidd kon-
strukci s posuvnymi sty¢niky.

Tuel
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Obr. 7 Vlastni tvary vyboceni ¢. 1-6
Fig. 7 Buckling eigenmodes No. 1-6
Table 2 Coefficients of critical loads
Coefficients of critical loads
Buckling eigenmodes Oler
1 18,57
2 46,57
3 64,40
4 122,76
5 156,46
6 212,34

Since condition (3) is met already for the first buckling
eigenmode, it is possible to proceed with the 1st-degree global
analysis, taking into consideration sway imperfections (proce-
dure A). In addition, it is generally necessary to verify whether
the first buckling eigenmode corresponds to the probable col-
lapse of the whole structure, that it is not a local, insignificant
effect (affecting, for instance, an infill post of a handrail in the
model of a staircase, an inactive cable etc.). The Ist buckling
eigenmode unambiguously corresponds to the structure with
sliding joints.

Imperfections

The initial imperfection is, according to (4):

|

- |1 = 0,003
2K}

Pp=uh .62 .2 =

We substitute tilting of the structure by a horizontal force
acting at the level of the cross bar:

I.,=¢.N.,,=0005.214=032kN.

Inner forces

It is obvious at first sight that this is only a slight increase in
stresses; the asymmetry will manifest itself only in the second
decimal place (it is not displayed). Resultant inner forces on the
frame with the original loads with the horizontal force I,
added to them are presented in Fig. 8.

Prop assessment

A colliery support frame is loaded by a combination of
a normal force, shear force and a bending moment. Because we
have categorised the cross-section as class 3, it is necessary to
carry out an elastic assessment according to relationships (5)
and (6). Since in our case lateral torsional buckling is preven-
ted and biaxial bending does not occur in this case, the relati-

onships are simplified:
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VI - HCY

Obr. 8 Prubéh ohybovych momentu, normdlovych sil a posouvajicich sil
Fig. 8 Curvatures for bending moments, normal forces and shear forces

Imperfekce
Pocatecni imperfekce je podle (4):

|
=i = — | =000
9=to-a, a =g

Naklonéni konstrukce nahradime vodorovnou silou v drovni pficle:
ly=¢.Ng,=0005.2.14 =032 kN.

Vnitrni sily

Na prvni pohled je vidét, Ze jde jen o nepatrné zvySeni namdhani,
nesymetrie se projevi az na druhém desetinném misté (neni zobraze-
no). Vysledné vnitini sily na soustavé s puvodnim zatiZenim doplné-
nym o vodorovnou silu 7, jsou na obr. 8.

Posouzeni stojky

Rédm ocelové duln{ vyztuZe je namdhan kombinaci normélové sily,
smykové sily a ohybového momentu. ProtoZe jsme zafadili prafez do
3. tridy, musi byt provedeno pruzné posouzeni podle vztahu (5) a (6).
ProtoZe je v naSem piipadé zabranéno klopeni a nevyskytuje se zde
Sikmy ohyb, vztahy se zjednodusi:

Neg + 4 M, g =|
x, N WM
Cy YRk y,RK
Vs Yo
N M. eq
B4k, = e
Zz '\.F!k ury Rk

Vi

a
M

Neg +k,, —F— M"Ed =1,
Xy Nre M, g,

Y Y

Neg +kyy M, eq =1
Xz New M, gy

Yw Vi

Charakteristické hodnoty tinosnosti prufezu v tlaku a ohybu jsou
Npe=A.f, =2642.295=T194 kN,
My o1 ji = Wery - f,= 615 .10° . 295 = 18,07 kNm.

Stanovime soucinitele vzpérnosti X8, ProtoZe v podélném smeru
dila je stojka prubéZné zajisténa proti vybodent, je

X, = 1.

Vzpérnou délku pro vyboeni v roviné ramu budeme uvazovat
systémovou podle odstavce 3.4A, tedy rovnou délce L.

Lcr’y =L =2400 mm,

Ddle uréime pomérnou Stihlost:

2400 L
3]‘9I 838

7o m Lo

e
¥ r} ‘1'1

A=939£=939 ’

a ndsledné soucinitel Vzpernostl
U prufez):

=838

X, (uvaiujeme kiivku ¢ pro

Characteristic values of the bearing capacity of the cross-sec-
tion in compression and bending are as follows:

Npp=A . f,=2642 .295 =779.4 kN,

Myerpie = Wery - f,= 61,5 .10° .295 = 18.07 kNm.

We determine buckling coefficients ), and x_,. Because the
buckling of the prop in the longitudinal direction of the tunnel
is prevented,

x, =1

We will consider the effective length for buckling in the
plane of the frame to be given by the system, according to para-
graph 3.4A, therefore its length will be identical with the prop
length L.

L =L=2400 mm,

cry

Further we determine the relative ratio of slenderness

— L 2 400
A m _l = g = l ={}824
I, A J191000 838
1 2642
. 2315 |235
£y =330e=039 =135 =834
f. Y 295

and subsequently the buckling coefficient Xy (we use the ¢
curve for a U cross-section):
X, = 0.65

Then the coefficients kyy and kzy are calculated. For their
determination, we use the recommended appendix B of the
Standard. First we determine the equivalent moment coefficient
Cmy according to Table B.3 of the standard (here in Table 3):

According to the 1st stability buckling eigenmode this is
a frame with displacement of joints, therefore, according to the
note in the Table 3.

Coefficients kyy and kzy are according to the recommended
appendix B.1 of the Standard (here in Table 4). Because the
prop is supported throughout its length, it is not prone to tor-
sion.
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Tab. 3 Soucinitele Cm ekvivalentniho konstantniho momentu
Table 3 Coefficients Cm of the equivalent constant moment

Tuel

CohwaC,,aC,
Prubéh momentu Rozsah my & mz - mLT
TG @R Range Rovnomérné zatiZeni Soustredeéné zatiZeni
Uniformly distributed load Concentrated load
1=ysl 06+04y=04
O<as=<1 l=sy=<1 02+080,=04 02+080,=04
O<y=<l 0,1-080s=04 080s=04
a = M /M 1<
b =0:<0 1 <o 0,1(1-3) - 0,80 = 0,4 02(-y) - 080, =04
Mh WM, 0O<aps1 dsys<1 095 + 00501, 0.90 + 0,100t
O=<sy=<l 095 + 0,050, 0,90 + 0,100y,
y -1 < oy < 0
o, - My/M,
1<y<0 0.95 + 0.05a,(1+27) 0,90 + 0,1004,(1+2)NP

Soucinitel ekvivalentniho konstantniho momentu pfi vyboceni s posuvem styéniki se md uvaZovat Cmy = 0,9 nebo Cy, =0.9.
Crmy, Cimz @ CLT se maji stanovit v zdvislosti na prubéhu momentu mezi piislu§nymi body podepfeni ndsledovné:

The equivalent constant moment factor for buckling with displacement of joints is to be considered to be Cmy =0.9 or Cy, =0.9.
Cmy, Cmz and Cmrr are to be determined with respect to the moment curvature between respective supporting points as follows:

Soucinitel: osa ohybu: body podeprené ve sméru: Factor: bending axis: points supported in the direction:
Cmy y-y z-z Cmy y-y zz
Cmz 7-7 y-y Cimz 7-Z y-y
CmLr y-y y-y CmLr y-y y-y
X, = 0,65
Dile se vypoctou soucinitele kyy a kzy. Pro jejich stanoveni vyuZije- L 06T | | - | ¢t i i 32900
me doporucenou prilohu B normy. Nejprve uréime podle tabulky B.3 v I : o 5. 12000
normy soucinitel ekvivalentntho momentu Cmy (tab. 3). k= min i = min " -
Podle 1. vlastniho tvaru stabilitntho vyboceni se jednd o rdm .
s posuvem sty¢nika, proto podle pozndmky v tabulce: C,,=09 408 ——d 09| 1+ 0,6 —== f'f,:'lh.“
Soucinitele kyy a kzy jsou podle doporucené prilohy B.1 normy (zde ¥ (.65 o=

tab. 4). ProtoZe je stojka po celé délce kontinudlné podeprena, neni
nichylnd ke zkrouceni.

Napéti / Stress

(o
= i | m £1833

.IIIIIII‘I-II

Spojka — Coupling

Tfmen — Stirrup

Obr. 9 Priitbéh srovndvaciho napéti
Fig. 9 Equivalent stress curvature

Obr. 10 TFmenovy spoj
Fig. 10 Stirrup joint
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Tab. 4 Interakéni soucinitele kij pro pruty, které nejsou ndachylné ke zkrouceni
Table 4 Interaction coefficients kij for bars which are not prone to torsion
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Interakéni Predpoklady navrhovani / Design assumptions
soucinitele | Typ prurezu
Interaction | Cross-section type Pruznostni navrh — prurezy tridy 3 a 4 Plasticitni navrh — prurezy tridy 1 a 2
coefficients Elastic design — cross section classes 3 and 4 | Plastic design — cross-section classes 1 and 2
oy P _ = N,
I prflrezo)j, pravouhlé c,1+067, Neq Cmy[l " ( 2y - 0’2) — Ed/
k duté prurezy % Naw /Y XylVr /Y
w I sections, rectangular, N c [ivos Ney
Wit SCypy|1406— B S Cpy| 140,80
hollow sections my %, Ve T Y Ay N Y
I prifezy, pravothlé duté prufezy
kyz I sections, rectangular, Vo 0,6 kz,
hollow sections
I prufezy, pravouhlé duté prurezy
kzy I sections, rectangular, 0.8 kyy 0,6 kyy
hollow sections
. sz(l +(22:-0,6) LJ
I prurezy XNew /Y
k | sections C | 1+0,64:— Neg < sz(l w14 Nes )
“ AN Yo X2Na M
N
= sz(l b O’Gé) C_|1+ (7» -0 2)7N5d
GLIVR AL(uR oGS XN Y iz o N,/
Pravotihlé duté prurezy XVei Y
Rectangular hollow sections < sz(l 108 Neg
XN i

Pro I a H-prafezy a pro pravouhlé duté prurezy naméhané osovym tlakem a rovinnym ohybem My g4 muzZe byt k,y = 0.
For I and H cross-sections and rectangular hollow sections loaded by axial pressure and in-plane bending My gd , the kzy may be equal to zero.

I
c., 14067, N 0.9 I+U.6.ﬂ.824%
X, = 065+
k. =min Ya M o mim /-
N 32900
C_ 1406 —8— 08| 1+ 006
u L™ st
3 Yann !

(53
= i =93
min [U‘H]

k,=08k,=08.092=0,74
Po dosazeni do interak¢nich podminek vychazi:
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Obr. 11 Prdce spoje
Fig. 11 Action of the joint
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. y I-I 1.0 L0

After inserting into the interaction conditions, the result is:

The prop is perfectly satisfactory for the combination of

compression and bending.

Assessment of shear carrying capacity of the prop cross-
section

We determine the value of the maximum shear stress in the
prop cross-section:

1 ]

-
[ 3900

19 8O0 .42 130 'y I U5
= 18,7 MPu < -

[, =

m | TOL3 NPy
| 3.5 1

Assessment of equivalent stress in the cross-section
We add the calculation of the equivalent stress. The maxi-

mum value is found in the frame corner:
LY L
=295 MM a

|
=| 1) Mg g ==
” .0

'|,”- +37°

Assessment of the cross bar (overhead beam)

We will use a similar assessment procedure even in the case
of the frame cross bar. Characteristic values of the carrying
capacity of the cross-section in compression and bending are
identical as in the case of the prop:

Ny =A . f,=2642 .295 =779.4 kN,

Myergi = Wery . fy=61,5 .10% . 295 = 18.07 kNm.
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Mo, My 32900 .o 60.10° 003103741
" N ™ My e 79000 18.07.10° ’ b= S

! rﬂl Yan Lﬂ I.ﬂ

N, M., 32900 6.0.10°

k. - 0,74 =004 +025=0,295]

¥ Ny *Fo M, mmm{l E2 18.07.10° * =

) rHI Yarr ]‘“ 1.0

Stojka na kombinaci tlaku a ohybu bezpe&né vyhovuje.
Posouzeni smykové tinosnosti prurezu stojky
Stanovime hodnotu maximélniho smykového napéti v prufezu stojky:

Ve 8§ :
Ty = - St TSN 22130 = 8,7 MPu< f., - 2“1]?_-”']'1'!,.! MPa
e RI91L00° 139 Yun-¥3  1.43
Vyhovuje.

Posouzent srovndvaciho napéti v prirezu

Doplnime vypocet srovndvaciho napéti. Maximalni hodnotu dosta-
vame v rdmovém rohu:
1,

}Ilrﬂ

Posouzeni pricle (stropnice)

Obdobny postup posouzeni pouZijeme i v pripadé ramové pricle.
Charakteristické hodnoty tinosnosti prufezu v tlaku a ohybu jsou stej-
né jako u stojky:

Nu=A .f,=2642 .295=7794 kN,

My’ef‘Rk = Wel,y fy = 61,5 . 103 . 295 = 18,07 kNm.

Stanovime soucinitel vzpérnosti y. Vzpérnou délku pro vyboceni
v roviné rdmu budeme opét uvazovat systémovou podle odstavce
34A, tedy rovnou délce L:

Lery=L=1750 mm

07 437 =110 MPas = 52205 MPa

A L 1 1750 L &0
i, A [3191000 "838
2642

[735 13
A =939c=939 2;5 =939, ;; =838
: 5

a ndsledné souCinitel vzpérnosti x, (uvazujeme kfivku ¢ pro
U prufez):

X, =0785aC,,,=09

Soucinitele kyy a kzy jsou podle doporucené prilohy B.1 normy (zde
tab. 4). ProtoZe je stropnice po celé délce kontinudlné podeprena, neni
ndchylnd ke zkrouceni.

I

€., [1+065, 5 09-[1+06.06— 200
= 0,785: *0
k,, =min Po | 2 i L _
c, I+ﬂ.6—Nf-'|'— 0.9- 1+u;,32—??%
% 0,745
Yl ) \

0,92
=min ={,92
(0.93]

Po dosazeni do interak¢nich podminek vychazi:

N, M, 32 900 6,0.10°

o o M 092 =007+031=0,3851
i . uwm{m+ 18,07 .10° * il
d T Yar I'n L0

a

Nee pp M 32900 ., 60100 4402502931
o Ve T M T TR0m T et T T T
’ ]‘M'I Yurn I‘ﬂ I'u

Stropnice na kombinaci tlaku a ohybu bezpe¢né vyhovuje. Posouzeni
smykového a srovnavaciho napéti je ziejmé z posouzeni stojky.

3.6 Posouzeni spoje
Spojeni jednotlivych dili dilni ocelové vyztuZze je provedeno
tfmenovym spojem (obr. 10). Tento spoj je primdrné navrZen jako

TuoufHel

We determine the buckling coefficient ). The effective
length for buckling in the frame plane is again considered to be
systematic according to paragraph 3.4A, equal to length L:

Ley=L=1750 mm

L 750
% | 1 Y, . : o= )5l
i Ay 191000 813
1I| 20642
A =030 =939 |= =030 (= =835
\ / V295

and subsequently the buckling coefficient ), (we assume the
¢ curve for a U section):

Xy =0.785
and
Cpuy=09

Coefficients kyy and kzy are determined according to the
recommended appendix B.1 of the Standard (herein Table 4).
Because the cross bar is supported continually throughout its
length, it is not prone to torsion.

12 iK1
T (MK

O (10064 L [ )+ 08, 00

x | 1), f8%-

Lk =min
12 UN)
TIO00

08| 1+ 0,6

. - 0,785

{ |I—I!.l:"|

0,92
= 110
103

={),52

After inserting them into interaction conditions, the result is
as follows:

12 00 3
Y op M, SERD agn G0 070038
N, W, 7T 0 18.07.10" ’
" 0600
i Pur 1.0 (W]
and
129
Vor 5 M B0 g SO 02502921
A \ o 7200 18,07 .10

X 1
~ ¥y 1.0h

The overhead beam is fully satisfactory for the combination
of compression and bending. The assessment of the shear
stress and equivalent stress is obvious from the prop assess-
ment.

3.6 Joint assessment

Stirrup joints (see Fig. 10) are used for connections between
individual components of the mining support frames. The joint
is primarily designed as a yielding structure, which means that
when a certain force is reached, the joint slips (see Fig. 11). The
carrying capacity of the stirrup joint (i.e. the resistance of the
support against slipping) depends first of all on the tightening
torque and mechanical properties of the connecting material
(the stirrup, coupling element and nuts). The procedure for
determining the carrying capacity of the joint (working charac-
teristics of the joint) is contained in [10] or in [11]. The result
of the test is a chart of the work of the joint (see Fig. 11), from
which the mean sliding-mode load carrying capacity of the
joint and the maximum sliding-mode carrying capacity of the
joint is determined.

According to [11], the lowest average value of the resistan-
ce or the support against sliding for the above-mentioned stir-
rup joint is 150 kN. The normal force in the joint location in
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poddajny, tzn. Ze pri dosazeni uréité sily dojde k prokluzu spoje the preceding calculation was 19.2 kN, which is significantly
(obr. 11). Unosnost tfmenového spoje (tzn. odpor vyztuZe proti pro- less.

kluzu) je dédna predev§im utahovacim momentem a mechanickymi
vlastnostmi spojovaciho materidlu tzn. tfmene, spojky a matic. 4 CONCLUSION
Postup pro urceni tinosnosti spoje (pracovni charakteristiky spoje) je

uveden v [10] popf. v [11]. Vysledkem zkousky je graf price spoje Traditional rolled steel sections for colliery support frames

obr. 11,z ného? se urdf stiedni prokluzovd nosnost spoje a maximdlni | have been used till now for its advantages (the immediate abi-
prokluzovd nosnost spoje. lity to carry loads, geometrical variability, simple assembly).

Pro vySe uvedeny timenovy spoj je podle [11] nejniZ§i pramémd hod- With respect to the transition from CSN standards line to

nota odporu vyztuze proti prokluzu 150 kN. Normdlov4 sila v mists CSN EN line, it is necessary to design and assess rolled colli-

spoje v predchozim vypoctu byla 19,2 kN, coZ je vyrazné méné. ery steel supports according to currently valid standards,

Eurocodes. The procedure for assessing support frames accor-

4 ZAVER ding to the Eurocode, if compared with the original procedu-

res, is more complicated. It is usually necessary first to carry
out a stability calculation and select the next procedure subse-
quently, on the basis of its result. On the other hand, the

Tradi¢ni védlcovand dulni ocelovd vyztuZ je pro své vyhody (oka-
mzitd schopnost prendSet zatiZeni, tvarova variabilita, jednoducha
montdz) pouzivdna i v soucasnosti. ) )

Vzhledem k prechodu z norem fady SN na fadu CSN EN je nutné modern approach makes better use of the cross-section mater}—
provadét navrh a posouzeni védlcované dilni ocelové vyztuze podle al (plastic assessment), thus even a more economic design is

v dnesni dobé platnych norem tzv. Eurok6édu. Postup posouzeni rému possible.
vyztuze podle Eurokédu je ve srovnani s piivodnimi postupy kompli- In the numerical example above, the contribution of the plas-
kovangjii. Zpravidla je potieba nejprve provést stabilitni vypolet tic assessment did not materialise — the cross-section usage rate
a dalsi postup volit aZ na zdkladé jeho vysledku. Na druhé strané even at the plastic assessment was less than 40 per cent.
moderni pristup umoZnuje lepsi vyuZiti materidlu prifezu (plastické However, it is necessary when solving a general task for mining
posouzeni), a tim i hospodarné&jsi navrh. frames to adhere to the rules contained in [1], because it is pos-

V uvedeném <&iselném pfﬂ(ladu se pf’fnos plastického posouzenf neu- sible at a certain combination of input quantities (the frame
platnil, vyuZit{ prafezu bylo i pti pruzném posouzeni necelych 40 %. Pri geometry, loading intensity, proportion between vertical and
feSeni obecné ulohy pro dulni ramy je vSak nutné dodrzovat zdsady uve- horizontal loads, the support rigidity etc.) that the structure
dené v [1], nebot’ prfi urité kombinaci vstupnich velifin (geometrie may behave in a significantly different way. Even the structure
ramu, intenzita zatiZeni, pomér svislého a vodorovného zatizent, tuhost dealt with in the above-mentioned numerical example display-
podepfeni atd.) maZze dojit k vyrazné odli§nému chovén{ konstrukce. ed the initial stability buckling eigenmode corresponding to
I konstrukce ve vySe uvedeném Ciselném prikladu vykazovala prvni a structure with sliding joints, despite the fact that it is
tvar stabilitniho vyboceni odpovidajici konstrukci s posuvnymi sty¢ni- a support frame located in a relatively stable ground.
Ky, a to presto, Ze jde o vyztuZ umisténou do relativné kvalitni horniny. Anticipating the behaviour of a structure in ground with diffe-
Pfedvidat chovéni konstrukce v horniné s jinymi parametry je velmi rent parameters is very difficult. The paper describes a possible
obtizné. Cle’melf popisuje mozny postup ovéfeni spolehlivosti diiln method of verifying the reliability of mining support frames
vyztuze podle CSN EN 1991-1-3. according to CSN EN 1991-1-3.
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Tuel

PRUZKUMNE STOLY VYUZITE PRO VYSTAVBU DOPRAVNICH
TUNELU V CR

EXPLORATORY GALLERIES USED FOR CONSTRUCTION
OF TRANSPORT TUNNELS IN THE CR

MARTIN SRB, MATOUS HILAR

1 0voD

Provedeni prizkumné Stoly pred razbou tunelu je vyuZzivdno
pro ziskdni detailnich geotechnickych informaci relevantnich
pro ndvrh a realizaci budouciho podzemniho dila. V poslednich
dvaceti letech od roku 1990 byly v Ceské republice zahdjeny
a dokonéeny razby 14 silni¢nich a 13 Zelezni¢nich tunela
s celkem cca 35 km tunelovych trub. U dvandcti z nich,
a zdroven u vSech delSich tuneld, byly pfed zahdjenim stavby
provedeny prizkumné $toly v Edste¢né, nebo plné délce budou-
cich tunelt (obr. 1). Vzhledem ke zvySené investi¢ni ndro¢nos-
ti a prodlouZeni doby vystavby u tunelovych projektu
s pruzkumnymi Stolami je nutné diskutovat otdzku pfinosu
a vhodnosti téchto $tol pro realizaci budoucich tunela.

Nasledujici ¢lanek prinasi prehled silni¢nich a Zelezni¢nich
tunelovych projektd a jejich pruzkumnych §tol realizovanych
pomoci NRTM v obdobi 1990—2011 v Ceské republice (obr. 1).
Jsou prezentovény zdkladni parametry $tol a budoucich tunelu.
Tunely jsou fazeny v chronologickém poradi podle obdobi
vystavby. ProtoZze ve zkoumaném obdobi doslo také k radé
havdrii béhem vystavby dopravnich tunell, coZ tzce souvisi
s diskutovanou problematikou, tak jsou v ¢lanku uvedeny
i vyskyty vyznamnéjsich havarii.

2 PREHLED DOPRAVNICH TUNELU S PRUZKUMNYMI
STOLAMI

2.1 Tunel Hiebed (1995-1996, priizkumna $tola 1994)

Tunel Hrebe¢ je obousmérny, tiipruhovy silniéni tunel na sil-
nici I/35 u Svitav o délce razeného tunelu 275 m. Tunel
s nadlozim do 20 m byl raZen ve sloZitych geologickych pod-
minkéch kif{dovych sedimentd opuk, jilovcu a piskoveu.

Prizkumna $tola byla provedena jeden rok pred zahdjenim
razeb v ramci prizkumnych praci. Profil pruzkumné Stoly byl
navrzen ve tvaru pravého bo¢niho opérového tunelu budouciho
tunelového profilu a Stola byla vyrazena v délce 50 m
od vychodniho portdlu dovrchné.

Razba z vychodniho portdlu byla zahdjena levym opérovym
tunelem na délku cca 80 m a poté propojenim v hote do pru-
zkumné $toly, vytvorenim profilu kaloty a razbou kaloty zpét
k vychodnimu portdlu. Pfi pfibliZzeni k portdlu doslo k zavaleni
tunelu skalnim zficenim portdlu. Stavba tunelu byla zdvalem
zdrzena pfiblizné o jeden rok. Razba po zdvalu byla provddéna
ze zapadniho portdlu Gpadné. Nezavalend ¢ast kaloty byla zpfi-
stupnéna Sachtou z povrchu.

2.2 Tunel Mrazovka (1998-2002, priizkumné $toly
1995-1998)

Tunel Mrézovka zahrnuje dvé jednosmérné tunelové trouby
razené v tfipruhovém profilu, dvoupruhové a jednopruhové &4sti
tunelu, rozplety, 5 tunelovych propojek, ddle objekty trafostani-
ce a strojovny vzduchotechniky, kterd vyustuje do vétraci Sachty.

1 INTRODUCTION

Exploratory galleries are driven prior to constructing tunnels with
the aim of gathering geotechnical information relevant to the design
and implementation of the future underground working. During the
previous 20 years, from 1990, driving of 14 road tunnels and 13 rail-
way tunnels at the aggregate length of about 35 km was commenced
and completed in the Czech Republic. Exploratory galleries were dri-
ven for twelve of them, among them all of the longest ones, before the
commencement of the tunnel construction itself, running throughout
the full tunnel length or along a part of the future tunnel length (see Fig.
1). Taking into consideration the increased project costs and extended
construction time of the tunnelling projects comprising exploratory
galleries, it is necessary to discuss the issue of the benefit and suitabi-
lity of these galleries for the construction of the future tunnels.

This paper brings a summary of all road and railway tunnel
projects and exploratory galleries driven for them by the
NATM within the 1990 — 2011 period in the Czech Republic
(see Fig. 1). They are presented by means of basic parameters
of the galleries and future tunnels. The tunnels are arranged in
a chronological order, according to the construction time. Since
several incidents happened during the period of the transport
tunnels construction being surveyed, which is a problem close-
ly associated with the problems discussed in this paper, the
more serious incidents are also mentioned.

BREZNO KRALOVSKA OBORA

HREBEC

JABLUNKOV

)

e

Silniéni tunel 0 Havarie pfi razbé

® Zelezniéni tunel

Railway tunnel Road tunnel Incident during tunnelling

Obr. 1 Orientaéni poloha silniénich a Zelezniénich tunelu s pruzkumnymi
Stolami realizovanych NRTM v letech 1990-2010 na mapé CR (1 - Panenskd,
2 — Prackovice, 3 — Mrdzovka, 4 — Valik, 5 — Slivenec SOKP 514,
6 — Komorany SOKP 513, 7 — Krdlovopolsky)

Fig. 1 Orientative locations of road tunnels and rail tunnels with explorato-
ry galleries, built by the NATM from 1990 — 2010 in the map of the CR
(1 - Panenskd, 2 — Prackovice, 3 — Mrdzovka, 4 — Valik, 5 — Slivenec SOKP

514, 6 — Komorany SOKP 513, 7 — Krdlovo Pole)




Obr. 2 Pruzkumnd $tola tunelu Valik
Fig. 2 Exploratory gallery for the Valik tunnel

Délka tunelu je priblizné 1300 m, celkovd délka razenych ¢4sti je
priblizné 2200 m.

Prazkumnd $tola byla raZena pred razbou vlastni zdpadni
tunelové trouby v jeji ose smeérem od severniho portdlu.
U severniho portdlu byla $tola situovédna uprostied vysky profi-
Iu budouciho silni¢niho tunelu a postupné prechazela do vrcho-
Iu jeho klenby. Vzhledem k ruzné relativni poloze $toly vuci
tunelové troubé byl ¢dsteéné zménén i jeji tvar (méné klenuty
strop Stoly umisténé ve vrcholu kaloty). Celkovéa délka pra-
zkumné Stoly v ose zdpadni tunelové trouby byla 800 m.
V oblasti ulice Ostrovského a pred rozpletem byla vyraZzena
pruzkumna S$tola i v ose vychodni tunelové trouby (razba
z budované zdpadni trouby, délka cca 400 m). Z pruzkumné
Stoly byla v nékolika oblastech provedena zpevnujici injektdz.

Béhem razeb zdpadni a vychodni trouby v oblasti severniho
portalu deformace vyrazné prekracovaly predpoklddané hodno-
ty, deformace osténi se vSak tspé€s$né podarilo stabilizovat.

2.3 Tunel Valik (2004-2005, priizkumna $tola 2002)

Tunel Valik se nachdzi na ddlnici D 5 z Prahy do Rozvadova
na obchvatu mésta Plzen. Délni¢ni tunel je 380 m dlouhy, tunel
tvori dvé tunelové trouby $itky 11,5 m. Trouby jsou umistény
tésné vedle sebe bez horninového pilite, coz vedlo k dspore
zdboru pozemkdu, ale soudasné to znamenalo obtiznéjsi razbu.
RaZené tunelové trouby maji délku 330 m. RaZba byla realizo-
vdna ve zvétralych az silné€ zvétralych, tektonicky rozpukanych
proterozoickych bridlicich.

Prizkumnd $tola s profilem 15 m2 byla budovdna v profilu
budouciho stiedniho tunelu s profilem cca 71 m?2 (kalota 50 m?
a spodni klenba cca 21 m2) v celé délce tunelu (obr. 2). Ve
sttednim tunelu byl vybudovdn monoliticky betonovy pilif
slouzici jako opéra pro primdrni osténi pri razbé vlastnich tune-
lovych trub.

Pfi razbé stfedniho tunelu se s postupem razby odstranovalo
osténi $toly. Prizkumnd $tola, umisténd v profilu stfedniho
tunelu, méla pfiznivy vliv na razbu stfedniho tunelu, jelikoZ
pusobila jako kotva zvySujici stabilitu Eelby stfedniho tunelu.

2.4 Tunel Panenska (2003-2005, priizkumna $tola
2001-2002)
Tunel Panenskd je soucdsti ddlnice D 8, kterd vede z Prahy
kolem Lovosic a Usti nad Labem na statn{ hranici se SRN. Tunel
mad dvé dvoupruhové tunelové trouby spojené propojkami. Délka
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2 SUMMARY OF TRANSPORT TUNNELS WITH
EXPLORATORY GALLERIES

2.1 The Hiebe¢ tunnel (1995 - 1996,
exploratory gallery 1994)

The Hrebe¢ tunnel is a bi-directional triple-lane tunnel on the
1/35 road near Svitavy, with the length of the mined section of
275 m. The tunnel with the overburden up to 20 m high was dri-
ven in complicated geological conditions formed by Cretaceous
sediments of cretaceous marl, mudstone and sandstone.

The exploratory gallery was carried out one year before the
commencement of the tunnel excavation, within the framework
of geological and geotechnical exploration. The profile of the
exploratory gallery was designed to follow the shape of the
right-hand side-wall drift within the future tunnel profile. The
gallery was driven at the length of 50 m, uphill from the eastern
portal.

The excavation from the eastern portal started on the left-
hand side-wall drift at the length of about 80 m. Then it was
interconnected inside the rock mass with the exploratory galle-
ry, forming the top heading profile. The excavation proceeded
back toward the eastern portal. When the portal was being app-
roached, the tunnel collapsed as the result of a failure of the
rock mass at the portal. The tunnel construction was delayed
for approximately one year. After the collapse the excavation
proceeded downhill from the western portal. The part of the
tunnel which was not affected by the collapse was made acces-
sible through a shaft sunk from the surface.

2.2 The Mrazovka tunnel (1998 — 2002,
exploratory galleries 1995 - 1997)

The Mrazovka tunnel comprises two unidirectional tunnel
tubes, each with a triple-lane profile, two-lane and single-lane
sections, bifurcation chambers, 5 cross passages, a cavern for
a transformer station and a cavern for ventilation plant, which
is connected to a ventilation shaft. The tunnel is roughly
1,300 m long; the total length of the mined sections is about
2,200 m.

The exploratory gallery was driven prior to the western tun-
nel tube excavation, following the tunnel centre line, from the
western portal. At the northern portal, the gallery excavation
was situated at the centre of the future road tunnel and gradu-
ally passed to the vault crown. With respect to the varying rela-
tive position of the gallery relative to the tunnel tube alignment,
the cross-section geometry was partially modified (the radius
of the gallery vault was increased at the future tunnel top). The
total length of the exploratory gallery running on the centre line
of the western tunnel tube was 800 m. In the area of
Ostrovského Street and before the bifurcation, an exploratory
gallery was driven even on the centre line of the eastern tunnel
tube (about 400 m long excavation starting from the western
tunnel tube being carried out). Consolidation grouting was car-
ried out from several locations of the exploratory gallery.

During the course of the excavation of both the western and
eastern tunnel tubes in the area of the northern portal, deforma-
tions significantly exceeded the expected values. The contrac-
tor succeeded in stabilising them.

2.3 The Valik tunnel (2004 - 2005,
exploratory gallery 2002)

The Valik tunnel is found on the D5 motorway from Prague
to Rozvadov, on a by-pass around the city of Plzen. This 380 m
long motorway tunnel consists of two 11.5 m wide tunnel tubes.
The tubes run side by side, without a rock pillar. This design led
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razeného tunelu je cca 2 km. Tunel byl razen v prostfed{ tekto-
nicky poruseného rulového krystalinika prostoupeného Zilnymi
t€lesy zulovych porfyra.

Vlastni vystavbé tunelt Panenskd predchézel podrobny geo-
logicky pruzkum vcetné razby dvou prizkumnych S$tol ze
severniho a jizniho portdlu budouciho tunelu. RaZba pruzkum-
nych §tol byla zahdjena v zari 2001 a dokonéena v f{jnu 2002.
Plocha vyrubu 3tol byla 23,5 m? a celkovd délka Stol byla
300 m (150 m z kaZzdé strany). RaZba Stol a tunelu probihala
bez vyraznéj$ich problému.

2.5 Tunel Bfezno (2002-2007, priizkumna Stola 1996)

Jednokolejny Zelezni¢ni tunel Bfezno se nachdzi na Zeleznic-
ni trati na dseku Bfezno u Chomutova — Chomutov, celkova
délka raZeného tunelu je 1478 m, celkova délka tunelu je
1758 m. Tunel s nadloZim do 30 m byl raZzen v obtiZnych geo-
logickych podminkdch, které zahrnovaly prevdzné zna¢né plas-
tické jily a jilovce. Hladky povrch &etnych diskontinuit zpaso-
boval nizkou stabilitu oblasti nevyztuZeného vyrubu. Dal§im
vyznamnym faktorem bylo ovlivnéni masivu v oblasti portdlu
predchozi duln{ &innosti. Pokryvné utvary (3té€rkopisky) zasa-
hovaly do hloubky cca 6 m. Stavba tunelu zacala v roce 2002
pomoci metody obvodového vrubu s predklenbou (MOVP).
V roce 2003 po vyrazeni 860 m tunelu pomoci MOVP doslo
k zéavalu tunelu. Zbyvajici ¢ast tunelu byla vyraZena tzv.
sekvenéni metodou (obdoba NRTM), v této casti doSlo ke
dvéma zdvalum, které se propagovaly aZz na povrch. V misté
zasypaného stroje Perforex byla zbudovédna tnikova Sachta.
Tunel byl uveden do provozu v roce 2007.

V prubéhu piipravy projektu byla v roce 1996 vyraZena ,,pru-
zkumna $tola* mimo trasu budouciho tunelu, ve vychodni ¢asti
skryvkového fezu lomu Libous. Tato $tola méla ovérit prede-
v§im vlastnosti horninového masivu a jeho kratkodobé
a dlouhodobé deformacni vlastnosti, stanovit vypoctové para-
metry a umoZznit vytvoreni realistického numerického modelu.

2.6 Tunel Nové spojeni - Vitkovské tunely (2005-2006,
prizkumna $tola 2002)

Zelezni¢ni tunely nového spojeni mezi Hlavnim nddraZim
a stanicemi Liben, Vyso¢any a HoleSovice jsou tvoreny dvéma
dvoukolejnymi tunely délky 1250 m a 1150 m. RaZba probiha-
la v tektonicky ovlivnénych vrstvach bridlic a kfemencu bez
vétsich problému.

U zédpadniho portdlu tuneld byla provedena 20 m hluboka
Sachta a z ni rozrazka, kterd méla zachytit predpoklddany styk
odliSnych geologickych formaci tzv. Prazského zlomu.
Rozrazka umisténd do profilu kaloty budouciho jizniho dvou-
kolejného tunelu byla cca 100 m dlouhd o velikosti pfi¢éného
profilu 10 m2. Realizace této prizkumné 3toly byla provedena
na z4dost BU, Prazsky zlom touto §tolou zachycen nebyl.

2.7 Tunel Komorany SOKP 513 (2007-2009,
prizkumna stola 2003-2004)

Tunel Komorany se skldda ze dvou jednosmérnych tunelo-
vych trub, tunel tvori ¢ast jihozdpadniho segmentu celého
Silni¢niho okruhu kolem Prahy (SOKP). Klesajici tunelovd
trouba je dvoupruhovd, stoupajici trouba je tfipruhova, délka
razené Casti tunelu je 1680 m. Geotechnické poméry pro razbu
byly priznivé, pri razbé byly zastizeny horniny ordovického
souvrstvi, které jsou charakteristické flySovym vyvojem. Jedna
se o nepravidelné stfiddni kiemenct a bridlic. Vystavba tunela
byla zahdjena v roce 2007 dovrchni razbou nejdrive jizni tfi-
pruhové tunelové trouby z prizkumné Stoly. Nésledné zapoca-
la dovrchni razba i severni dvoupruhové tunelové trouby.

Tuel

to reducing the area of the total plan area of the permanent
works but, at the same time, to more difficult tunnelling work.
The mined tunnel tubes are 330 m each. The excavation passed
through weathered to heavily weathered, tectonically fractured
Proterozoic shales.

The exploratory gallery with the cross-sectional area of 15
m?2 was driven within the profile of the future central tunnel
with the cross-sectional area of 71 m? (top heading 50 m? and
invert about 21 m?), throughout the tunnel length (see Fig. 2).
A concrete pillar fulfilling the role of a support for the primary
lining during the excavation of the tunnel tubes themselves,
was cast in the central tunnel.

The gallery lining was being removed during the course of
the advancing central tunnel excavation. The exploratory galle-
ry position within the central tunnel cross-section favourably
affected the excavation of the central tunnel, acting as an
anchor increasing the stability of the central tunnel excavation
face.

2.4 The Panenska tunnel (2003 - 2005,
exploratory gallery 2001 - 2002)

The Panenska tunnel is part of the D8 motorway leading from
Prague around Lovosice and Usti nad Labem to the border with
the FRG. The tunnel comprises two double-lane tunnel tubes
interconnected by cross passages. The mined section is about
2.0 km long. The tunnel was driven in an environment formed
by a faulted gneiss crystalline complex with pervasive granitic
porphyry vein bodies.

The construction of the Panenskd tunnels construction was
preceded by a detailed geological survey, inclusive of the exca-
vation of two exploratory galleries, carried out from both the
northern and southern portals of the future tunnel. The excava-
tion of the exploratory galleries started in September 2001 and
finished in October 2002. The excavated cross-sectional areas
of the galleries were 23.5 m2; the aggregate length of the galle-
ries was 300 m (150 m from each side). The excavation of the
galleries and the tunnel proceeded without more significant
problems.

2.5 The Bfezno tunnel (2002 - 2007,
exploratory gallery 1996)

The Bfezno single-track railway tunnel is found on the track
section between Brfezno u Chomutova and Chomutov. The
total length of the mined tunnel and the total length of the tun-
nel are 1,478 m and 1,758 m, respectively. The tunnel with the
overburden height up to 30 m was driven in complicated geo-
logical conditions, consisting mainly of highly plastic clays
and mudstone. Polished surfaces of numerous discontinuities
caused low stability of unsupported excavation. Another
important factor was the effect of previous mining activities on
the rock mass in the portal areas. The cover (gravel-sand) rea-
ched down to the depth of about 6 m. The tunnel construction
started in 2002, using the Mechanical Pre-cutting Method
(MPM). In 2003, after completing 860 m of the drive using the
MPM, the tunnel collapsed. The remaining part of the tunnel
was driven by a sequential method (an analogy to the NATM).
Two collapses propagating themselves up to the surface hap-
pened on this section. An escape shaft was sunk in the locati-
on of the buried Perforex machine. The tunnel was commissi-
oned in 2007.

During the project planning stage, in 1996, an “exploratory
gallery” was driven off the alignment of the future tunnel, in
the eastern part of the overburden slope of the Libous opencast
mine. The objective of this gallery was first of all to verify




Obr. 3 Pruzkumnd $tola tunelu Komorany
Fig. 3 Exploratory gallery for the Komorany tunnel

Koncem roku 2007 zapocala upadni razba obou tunelovych
trub ze stavebni jamy Cholupice, takZe se razila soucasné razba
na 4 Celbach. Tunel byl uveden do provozu v roce 2010.

U dané stavby bylo rozhodnuto provést pruzkumnou $tolu
v celé délce, protoze nejobtiznéjsi geotechnické pomeéry byly
oCekdvany ve stiedni &dsti, kde méla byt také umisténa vétraci
Sachta. Tvar $toly a jeji umisténi v profilu tunelu se v pribéhu
piipravy upravovaly. Realizovala se $tola o velikosti cca 25 m?
soudkového tvaru, umisténa do osy kaloty tfipruhového tunelu
s nadvySenym stropem, ktery zustal jako ,,ztraceny* pri razbé
pIného profilu (obr. 3). Portdly Stoly byly posunuty azZ do mist
hloubenych portdla tunelu z duvodu plochy zafizeni stavenisté
limitované vykupem pozemku, pfistupem na né a zpozdénim
prelozky frekventované komunikace Komoranska. Stola byla
delsi nez razeny tunel v Cholupicich o 56 m a v Komoranech
o 175 m. Souddsti Stoly byly také rozsitrené dseky tvaru plného
profilu kaloty o délkach priblizné 30 m.

2.8 Tunel Slivenec SOKP 514 (2006—-2008,
prizkumna $tola 2004)

Tunel Slivenec se sklddd ze dvou jednosmérnych tunelovych
trub. Tunel je soucasti Silni¢niho okruhu kolem Prahy (SOKP).
Leva (jizni) klesajici tunelovd trouba razené délky 1290 m je
dvoupruhd. Pravd (severni) stoupajici tunelovd trouba razené
délky 1240 m je tfipruhova, sklon tunelu je cca 4 %. Ob¢ tune-
lové trouby jsou propojeny sedmi propojkami ve vzddlenostech
200 m. Tunel byl raZen v ordovickych a silurskych horninach,
které byly tektonicky porusené a prostoupené zlomovymi
a vrasovymi poruchami. V dvodni ¢asti dpadni razby tunelu od
portdlu Lochkov byly zastizeny predev§im vdpnité bridlice,
doplnéné Cetnymi vloZkami vdpencu, a posléze i bazaltové tufy.
Druhd polovina razeb probihala stfidavé v bridlicich, piskov-
cich, pripadné tufech. Tunel byl uveden do provozu v roce
2010.

Stola o profilu 25 m? soudkového tvaru byla navrzena jako
stropni v pravém stoupajicim tfipruhovém tunelu na celou
délku tunelu (obr. 4). Vyska stoly odpovidala vySce budouci
kaloty a byla nadvySena podobné jako u $toly SOKP 513. Ve
Stole bylo realizovano sedm zvétSenych geotechnickych profi-
14 na celou $ifku kaloty v délkédch 12 az 42 m s plochou vyru-
bu cca 66 m?, které byly vyuZivany po dobu rarby i jako
vyhybny. RaZba §toly byla realizovdna v roce 2004.
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properties of the rock mass and short-term and long-term defor-
mational properties of the mass, to determine calculation para-
meters and make the development of a realistic numerical
model possible.

2.6 New Connection tunnels - the Vitkov tunnels
(2005 — 2006, exploratory gallery 2002)

The rail tunnels providing a new link between Hlavni
Ndadrazi, the main Prague station, and stations in Prague
districts of Liben, Vysocany and HoleSovice. The project con-
sists of two double-track tunnels 1,250 m and 1,150 m long,
respectively. The excavation passed through tectonically affec-
ted shale and quartzite strata, without more significant pro-
blems.

A 20 m deep shaft was sunk at the western portal of the tun-
nels and an opening drift was driven from it. The drift was
expected to encounter an anticipated interface between diffe-
rent geological formations of the Prague Fault. The opening
drift driven along the top heading of the future southern doub-
le-track tunnel was about 100 m long, with the cross-sectional
area of 10 m2. This exploratory gallery was driven at the requ-
est of the Bureau of Mines; the Prague Fault was not encounte-
red by the gallery. .

2.7 The Komorany tunnel, constr. lot 513 of the Prague
City Ring Road (2007 - 2009,
exploratory gallery 2003 — 2004)

The Komorany tunnel consists of two unidirectional tubes; it
is part of the south-western segment of the Prague City Ring
Road project. The descending tunnel tube has two traffic lanes,
while the ascending tube contains three lanes. The mined part
of the tunnel is 1,680 m long. Geotechnical conditions were
favourable for the tunnel excavation. Ordovician strata were
encountered during the excavation, which are typified by the
flysch background, i.e. the alternation of quartzite and shale.
The tunnel construction started in 2007, driving the tubes
uphill, first the southern triple-lane tunnel tube from the explo-
ratory gallery. The uphill excavation of the northern, double-
lane tube followed. At the end of 2007 the downhill excavation
of both tunnels commenced from the Cholupice construction
trench, which means that 4 headings were operating simultane-
ously. The tunnel was opened to traffic in 2010.

A decision regarding the particular construction was made
that an exploratory gallery would be driven throughout the tun-
nel length because the most difficult geotechnical conditions
were expected to be encountered in the central section, where
a ventilation shaft was to be sunk. The geometry of the gallery
cross-section and its position within the tunnel cross-section
were adjusted during the planning phase. The gallery which
was constructed was 25 m? in the barrel-shaped cross-section;
it was driven along the top heading centre line of the future
triple-lane tunnel top heading. The top of the gallery was hig-
her than the top of the tunnel. The lining of the crown remained
as a sacrifical structure when the full tunnel profile was being
excavated (see Fig. 3). The gallery portals were shifted to the
positions of portals of cut-and-cover tunnels because of the
area required for the site facility , which was limited by the
acquisition of land plots, access to them and a delay in the con-
struction of a diversion of the busy Komoranska road. The gal-
lery was longer than the mined tunnel by 56 m and 175 m in
Cholupice and Komorany, respectively. Part of the gallery were
approximately 30 m long sections where the profile was expan-
ded to copy contour of the full tunnel top heading.



2.9 Kralovopolsky tunel (2006-2010,
prizkumné §toly 2002-2003)

Stavbu tvori dva paralelni dvoupruhové tunely raZzenych délek
cca 1050 m, které jsou soucdsti brnénského velkého méstského
okruhu (VMO). Razba probihala v tuhych az pevnych plastic-
kych neogennich jilech pomoci mnohonasobného ¢lenéni.

Souddsti pruzkumu bylo vyraZeni tii pruzkumnych $tol pfi-
blizné trojihelnikového pri¢ného profilu v prostoru tunelovych
trub na bocich kaloty (obr. 5), které byly vyuzZity pfi ndsledné
vystavbé tunelového dila. Razba $tol probihala z vychodniho
portdlu a celkova délka pruzkumnych $tol ¢inila pres 2 km (ITA
831 m, IIB 831 m a IB 365 m). Skute¢né deformacni chovani
(dlouhodobé, vétsi nez ofekdvané deformace) pruzkumnych
§tol béhem realizace a predev§im po ni bylo zohlednéno
v navrhu razeb plnych profild.

2.10 Tunel Prackovice (2008-2009,
prizkumna stola 2004-2005)

Tunel Prackovice je souddsti ddlnice D 8 v udseku pruchodu
Ceskym stfedohofim mezi Lovosicemi a Rehlovicemi. Tunel
md dvé jednosmérné dvoupruhové tunelové trouby a jednu
tunelovou propojku. Délka razené Casti je cca 150 m, celkova
délka tunelu je 270 m.

Vlastni vystavbé tunelu Prackovice predchdzel podrobny
geologicky prizkum véetné razby pruzkumné Stoly ze Sachty
provedené v blizkosti severniho (praZského) portdlu. Razba
pruzkumné $toly byla zahdjena v prosinci 2004 a dokonéena
v &ervnu 2005. Plocha vyrubu $toly byla 23,5 m?, umisténi
v profilu budouci kaloty levé (zapadni) tunelové trouby (obr. 6)
a celkova délka $toly byla 170 m. Razba Stoly a tunelu probe-
hla bez problému, vy$si deformace jizniho (prazského) portalu
byly feSeny dodateCnymi stabilizaénimi opatfenimi.

2.11 Tunel Krélovska obora - Spelc (2007-2010,
priizkumna Stola 2002-2005)

Tunel Krélovska obora, ktery je soucasti SZ &asti méstského
okruhu v Praze mezi Trojou a Letnou, je tvofen dvéma jednosmer-
nymi 2-3pruhovymi tunelovymi troubami o délkach cca 2230 m.

Prizkumn4 §tola o celkova délce 1950 m je ve své prevdzné
délce vedena v profilu budouci jizni tunelové trouby (JTT)
a umisténa excentricky do vrcholu kaloty budouciho tunelu
(obr. 7). Stola s profilem 10,5 m? byla realizovana s kolejovou
dopravou s vyhybnami po 150 m. V tdseku s nejniz§im nadlo-
7im na tdpati svahu z Letné (oblast byvalé Slechtovy restaura-
ce) a také pod Vltavou byla prizkumné $tola raZena i v profilu

Obr. 5 Pruzkumnd $tola Krdlovopolského tunelu
Fig. 5 Exploration gallery for the Krdlovo Pole tunnel
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Obr. 4 Prizkumnd $tola tunelu Slivenec

Fig. 4 Exploratory gallery for the Slivenec tunnel

2.8 The Slivenec tunnel, constr. lot 514 of the Prague
City Ring Road (2006 - 2008, exploratory gallery
2004)

The Slivenec tunnel consists of two unidirectional tunnel
tubes. The tunnel is part of the Prague City Ring Road project
(PCRR). The 1,290 m long mined section of the left-hand
(northern) ascending tunnel tube has two traffic lanes. The
1,240 m long right-hand (northern) ascending tunnel tube has
three lanes. The longitudinal gradient is about 4 %. The tunnel
tubes are interconnected by seven cross passages driven at
200 m spacing. The tunnel was driven through Ordovician and
Silurian rocks, which are frequently tectonically broken and
interspersed by faults and folds. In the initial section of the
downhill excavation of the tunnel from the Lochkov portal,
first of all cretaceous shales supplemented by numerous limes-
tone interbeds, and later even basalt tuffs were encountered.
The second half of the drives passed alternately through sha-
les, sandstone or tuffs. The tunnel was inaugurated in 2010.

The gallery with the barrel-shaped cross-section of 25 m?2
was designed as a crown drift following the future right-hand
ascending triple-lane tunnel throughout its length (see Fig. 4).
The gallery height corresponded to the height of the future tun-
nel top heading, exceeding the top heading roof level similar-
ly to the gallery for the PCRR 513. Seven 12 to 42 m long geo-
technical sections with cross-sections expanded to the full
width of the tunnel top heading (excavated cross-sectional
areas of about 66 m?) were carried out in the gallery. Among
other purposes they were used during the course of the exca-
vation as passing bays. The gallery was driven in 2004.

2.9 The Kralovo Pole tunnel (2006 - 2010,
exploratory galleries 2002 - 2003)

The construction comprises two parallel double-lane tunne-
Is with the lengths of mined sections of about 1,050 m. The
tunnels are parts of the Large City Circle Road (LCCR) in
Brno. The excavation was carried out through firm to stiff
plastic Neogene clays, using an excavation sequence divided
into multiple headings.

The excavation of three exploratory galleries was part of the
exploration. The galleries with roughly triangular cross-sections



Obr. 6 Pruzkumnd $tola tunelu Prackovice
Fig. 6 Exploration gallery for the Prackovice tunnel

budouci severni tunelové trouby (STT). V tseku s nizkym nadlo-
Zim pod parkem Stromovka byla z pruzkumné $toly déldna roz-
sdhld sanacni opatfeni pro zlepSeni podminek budoucich razeb.

Béhem razeb plnych profili doslo v oblasti Stromovky ke
dvéma havériim, které zdrZzely razby a ovlivnily jejich dalsi
provadéni.

2.12 Tunel Jablinkov (2007 — nedokon¢en)

Vystavba nového tunelu Jablunkov na Zelezni¢ni trati mezi
Tfincem a Cadcou (SK) spo&ivd v roziifeni stivajiciho jedno-
kolejného tunelu na tunel dvoukolejny v délce 565 m razené¢ho
(roz§ifovaného) dseku. Rozsifeni bylo provddéno asymetricky
s ponechdnim ptuvodni pravé opéry tunelu.

Pruzkumnd §tola se pred raZbou tunelu neprovadéla, ale sou-
Casny tunel umozioval zjisténi geotechnickych poméru v ose
dila (podrobnéjsi podklady z razby puvodniho tunelu nebyly
k dispozici).

Razba kaloty byla provdzena dvéma havdriemi, pfi razbé
opeti a spodni klenby doslo k zavaleni tunelu v délce cca 100 m.

3 TYPY PRUZKUMNYCH STOL

Za prazkumné $toly oznacujeme tunelové liniovd podzemni
dila, kterd jsou zpravidla umisténa v profilu budouciho tunelu.
Pruzkumné Stoly jsou soucdsti geotechnického prazkumu.
Velikost téchto liniovych podzemnich staveb neni omezena
a ndzev ,,$tola“ je uzivdn i u profila vétsich, neZ je obvykla for-
maln{ hranice 16 m2.

Obr. 7 Pruzkumnd $tola tunelu Krdlovskd obora
Fig. 7 Exploratory gallery for the Krdlovskd Obora tunnel
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were driven on the sides of the future tunnel top heading (see
Fig. 5). They were used during the subsequent construction of
the tunnels. The galleries were driven from the eastern portal.
The total length of the exploratory galleries exceeded 2 km (ITA
831 m, IIB 831 m and IB 365 m). The actual deformational
behaviour (long term deformations larger than expected defor-
mations) of the exploratory galleries during the construction
and, first of all, after the construction, was allowed for in the
design for the excavation of full profiles.

2.10 The Prackovice tunnel (2008 - 2009,
exploration gallery 2004 — 2005)

The Prackovice tunnel is part of the D8 motorway in the sec-
tion passing across the Ceské Stredohofi highland between
Lovosice and Rehlovice. The tunnel consists of two unidirec-
tional tubes and one cross passage. The length of the mined
part is 150 m, the total tunnel length is 270 m.

The Prackovice construction itself was preceded by
a detailed geological survey, including the excavation of an
exploratory gallery from a shaft sunk in the vicinity of the
northern (Prague) portal. The excavation of the exploratory
gallery commenced in December 2004 and was finished in
June 2005. The cross-sectional area of the gallery was 23.5 m?.
The gallery alignment followed the future top heading of the
left-hand (western) tunnel tube (see Fig. 6). The total length of
the gallery was 170 m. Both the gallery and the the tunnel were
driven without problems; larger deformations of the southern
(Prague) portal were solved by additional stabilisation measu-
res.

2.11 The Kralovska Obora - Spelc tunnel (2007 - 2010,
exploratory gallery 2003 — 2005)

The Kralovskd Obora tunnel, which is part of the NW seg-
ment of the City Circle Road (the inner ring) in Prage betwe-
en Stromovka Park and Letna, consists of two unidirectional
double- and triple-lane tunnel tubes with the lengths of about
2,230 m.

The exploratory gallery with the total length of 1,950 m runs
along the prevailing proportion of its length within the profile
of the future southern tunnel tube (STT); it is positioned
eccentrically at the crown of the top heading of the future tun-
nel (see Fig. 7). The gallery with the cross-sectional area of
10.5 m? was constructed using rail-bound transport and pas-
sing bays provided at intervals of 150 m. In the section with
the shallowest cover at the bottom of the slope from Letnd, the
exploratory gallery was even driven within the profile of the
future northern tunnel tube (NTT). In the section with the shal-
low cover under Stromovka Park, extensive stabilisation mea-
sures designed to improve conditions for the future tunnelling
were implemented from the exploratory gallery.

Two collapses happened in the area of Stromovka during
the course of the excavation of the full profiles. They delay-
ed the excavation and influenced the subsequent excavation
procedure.

2.12 The Jablinkov tunnel (2007 — not completed)

The construction of the new Jablinkov tunnel on the rail
track section between Tfinec and Cadca (the SR) lies in enlar-
ging the width of the existing single-track tunnel, converting it
into a double-track tunnel with the length of the mined (expan-
ded) section of 565 m. The expansion was carried out asym-
metrically, leaving the original right-hand sidewall of the tun-
nel in place.
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1A 1B

2A 2B

Obr. 8 Umisténi a tvary pruzkumnych §tol a jejich pfiklady (1 — SOKP 513,
SOKP 514, 2 — Krdlovopolsky Brno, 3 — Mrdzovka, Krdlovskd obora,
Prackovice)

Fig. 8 Positions and geometries of exploratory galleries and their examples
(1 — PCRR 513, PCRR 514, 2 — Krdlovo Pole tunnel, Brno; 3 — Mrdzovka,
Krdlovskd Obora, Prackovice tunnels)

Z hlediska umisténi byly v uvadénych pripadech pruzkumné Stoly
nejlastéji realizovany v nésledujicich polohdch a tvarech (obr. 8):

1 — Stola soudkovitého tvaru v ose kaloty — s nenadvy$enym
(1A) ¢i nadvySenym (1B) stropem.

2 — Stola trojihelnikového tvaru v oblasti opérového (boéniho)
tunelu — s nenadvySenym (2A) ¢i nenadvySenym (2B) stropem.

3 — Stola podkovovitého tvaru v oblasti kaloty (s nadvyse-
nym ¢i nenadvySenym stropem).

4 — Stola umisténa mimo profil tunelu (paralelni s tunelem)
vyuzitelnd pfi provozu tunelu pro déely tniku osob, vét-
rani ¢i odvodnéni.

5 — Stola umisténd mimo profil tunelu (neparalelni s tune-
lem) slouzici béhem raZeb jako pristupova Stola.

4 PRINOS PRUZKUMNYCH STOL PRO SNIZENI
GEOTECHNICKEHO RIZIKA

Z piehledu (tab. 1) vyplyvd, Ze u viech tuneldi v CR s razbami
del§imi nez 1 km byla provedena pruzkumna §tola. Prizkumné
Stoly jsou povazovdny za nejpodrobnéjsi zpusob geotechnické-
ho prazkumu pred zahdjenim razby tunelu. Zajimava je skutec-
nost, 7e skoro u viech vétsich zavald dopravnich tuneld v CR
byla pred zahdjenim razby realizovéna pruzkumnd Stola, v pri-
padé tunelu Jablinkov byl k dispozici stdvajici tunel, pouze
v pfipadé tunelu Brusnice (Blanka — MyPra) nebylo provedeno
74dné podzemni pruzkumné dilo. Z této skutecnosti je zfejmé,
Ze samotné proveden{ pruzkumné $toly, asto i s provedenou
sanaci horninového masivu, je$té nezarucuje uplnou bezpec-
nost razeb.

Aby byla realizace prizkumné $toly pfinosnd z hlediska geo-
technické bezpecnosti a zdroven ceny projektu, musi splnit
nasledujici pozadavky:

TuoufHel

No exploration gallery was driven prior to the tunnel exca-
vation because the existing tunnel allowed the designer to
identify geotechnical conditions on the tunnel centre line
(more detailed technical background from the construction of
the original tunnel was not available).

The excavation of the top heading was affected by two inci-
dents. The tunnel collapsed during the bench and invert exca-
vation at the length of about 100 m.

3 EXPLORATION GALLERY TYPES

Exploratory galleries are linear underground tunnel wor-
kings which are usually driven following the profile of the
future tunnel. Exploratory galleries are parts of geotechnical
investigation. Sizes of these linear underground structures is
not limited; the term “gallery” is used even for profiles larger
than the usual formal limit of 16 m2.

From the aspect of their position, the exploratory galleries
mentioned in this paper were most frequently driven in the fol-
lowing positions within the future tunnel cross-section, with
the following geometries (see Fig. 8):

1 — A barrel-shape gallery following the top heading centre

line — with its roof at the same level as the tunnel roof
(1A) or higher than the tunnel roof (1B).

2 — A triangular cross-section gallery driven in the area of
the sidewall drift — with its roof at the same level as the
tunnel roof (2A) or higher than the tunnel roof (2B).

3 — A horseshoe shaped cross-section gallery driven within
the area of the top heading — with its roof at the same
level as the tunnel roof or higher than the tunnel roof.

4 — A gallery driven outside the tunnel profile (in parallel
with the tunnel), which can be used during the tunnel
operation for escape, ventilation or drainage purposes.

5 — A gallery running outside the tunnel cross-section (non-
parallel with the tunnel), which is used during the tunnel
excavation as an access gallery.

4 CONTRIBUTION OF EXPLORATORY GALLERIES TO
REDUCING GEOTECHNICAL RISKS

It follows from the summary (see Table 1) that an exploratory gal-
lery was carried out for all tunnels in the CR where the mined sec-
tions were longer than 1 km. Exploratory galleries are considered to
be the most detailed way of geotechnical investigation available
before starting the tunnel excavation. It is an interesting fact that an
exploratory gallery was driven before commencing the tunnel exca-
vation nearly in all cases of bigger collapses of transport tunnels in
the CR; in the case of the Jablinkov tunnel there was the existing
tunnel available. The only case where no underground exploratory
working was carried out was the Brusnice tunnel (Blanka — MyPra).
This fact suggests that the excavation of an exploratory gallery
itself, often combined with the stabilisation of the rock mass, does
never guarantee complete safety of the excavation.

For the implementation of an exploratory gallery to be bene-
ficial in terms of geotechnical safety and, at the same time, the
construction cost, it must meet the following requirements:

— The level of geotechnical information necessary for

a quality design and execution of the works must be
improved (geotechnical parameters, deformational behavi-
our and rock mass stability, water inflows etc.).

— The above information must be made provisions for in the
geotechnical design so that the work effectiveness is inc-
reased and all risks are diminished.

— A structure reinforcing the rock mass and increasing the
stability of the excavation face, possibly even supporting

a part of the top heading, must be created.
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Tab. 1 Prehled silnicnich a Zelezni¢nich tunelii realizovanych v letech 1990-2010 v Ceské republice
Table 1 Summary of road tunnels and rail tunnels constructed from 1990 to 2010 in the Czech Republic

Silniéni tunely Zahajeni razby Dokonéeni razby Délka razeb (m) Prizkumna stola Havarie pfi razbé
Road tunnels Excavation Excavation Excavation Exploratory Excavation
commencement completion length (m) gallery incidents
Hrebed 1995 1996 275 ano / yes
Pisarecky 1995 1997 600 ne /no ne / no
Mrazovka 1999 2002 2200 ano / yes ne/no
Valik 2004 2005 660 ano/ yes ne / no
Panenska 2003 2005 4000 ano/ yes ne / no
Libouchec 2005 2006 900 ne /no ne / no
Klimkovice 2004 2006 1740 ne/no ne/no
SOKP 514 2006 2008 2 550 ano / yes ne /no
SOKP 513 2006 2008 3350 ano/ yes ne / no
Prackovice 2008 2009 300 ano / yes ne / no
Kralovopolské 2006 2010 2100 ano/ yes ne / no
Radej¢in 2009 2010 1150 ne/no ne/no
Kréalovska obora (Blanka, Spelc) 2007 2010 4 400 ano/ yes ano / yes
Brusnice (Blanka, Mypra) 2009 2011 1100 ne / no

Zelezniéni tunely Zahajeni razby

Dokon¢eni razby

Délka razeb (m) Prlizkumna $tola Havarie pfi razbé

Railway tunnels Excavation Excavation Excavation Exploratory Excavation
commencement completion length (m) gallery incidents
Bfezno 2002 2006 1500 mimo tunel / outside tunnel
Veprek 2003 2003 275 ne/no ne/no
Krasikov 2003 2003 1035 ne /no ne / no
Tatenice 2003 2003 85 ne/no ne / no
Mala Huba 2003 2004 300 ne /no ne /no
Hnévkovsky | 2004 2005 130 ne/no ne/no
Hnévkovsky I 2004 2005 430 ne/no ne/no
Nové spojeni 2005 2006 2400 ano/ yes ne / no
Zahradnicky 2009 2010 1030 ne /no ne / no
Olbramovicky 2009 2010 480 ne/no ne /no
Jabllinkov 2009 610 stavajici tunel
(roz8ifeni / expansion) existing tunnel
Tomicky |. 2009 2010 325 ne/no ne / no
Tomicky II. 2010 2011 255 ne / no ne / no

— podstatné zvysit droven geotechnickych informaci potreb-
nych pro kvalitni ndvrh a provddéni (geotechnické para-
metry, deformaéni chovani a stabilita horninového masivu,
pritoky vody, atd.),

— tyto informace zohlednit v geotechnickém ndvrhu tak, aby
zvysily efektivitu provadéni a zaroven sniZzily veskera rizika,

— vytvorit konstrukci, kterd zpeviiuje horninovy masiv, zvy-
Suje stabilitu Celby, pfipadné zajistuje ¢dst pristropi,

—nezhor§it podminky razby v okoli Stoly rozvolnénim,
deformacemi nebo vyplavovanim jemnozrnnych materiala.

Sprdvnd realizace konven¢né raZenych tuneld pomoci NRTM

umoznuje flexibilni dpravy zpusobu razby, zajiSténi vyrubu
a provadeéni predstihovych a sanaénich opatreni. Predpokladem

— Excavation conditions in the gallery surroundings must
not be worsened as the result of loosening, deformations
or suffusion.

Correct construction of conventionally driven tunnels using
the NATM makes flexible adjustment of the excavation pro-
cess, excavation support and execution of stabilisation measu-
res in advance of the excavation possible. A prerequisite for
the success is that organisational, demarcation of authority
related and contractual conditions exist which permit it.

The question remains whether driving of exploratory galle-
ries for tunnels excavated by the NATM in the CR is necessa-
ry from the general geotechnical viewpoint and whether it is
beneficial.
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je ovSem vytvoreni organiza¢nich, kompetenénich a smluvnich
podminek, které to umozni.

Otdzkou tedy zustava, jestli je realizace pruzkumnych $tol
pro tunely razené NRTM v CR z geotechnického hlediska
vubec nutnd a zdali je prospésna.

5 PRINOS PRUZKUMNYCH STOL PRO PRIPRAVU
A REALIZACI BUDOUCIHO TUNELOVEHO DILA

Piiprava a realizace pruzkumnych §tol muze mit také jiné nez

geotechnické duvody, které mohou prinést fadu vyhod:

— moznost faktického predstihového zahdjeni projektu reali-
zaci prazkumné $toly na zdkladé baniskych a ne stavebnich
predpisu,

— fixovdni trasy, styk s vefejnosti, spoleCenska prijatelnost,

— snaz§{ projednavan{ a pribéh nutnych spravnich procesu,

— predstihové vytvoreni podminek pro budouci stavbu (zari-
zeni staveni$té, komunikace, doprava, energie, média),

— technologické vyhody pfi razbé (doprava v tunelu, vétrani,
pristup),

— bezpeCnost razeb (zvySeni stability Celby a pfistropi,
odvodnéni, moZnost zpevnéni horninového masivu).

Jako hlavni nevyhody lze uvést ndsledujici aspekty:

— C¢asova narocnost,

— zvySeni ndkladu stavby (pokud vystavba $toly neni kom-
penzovana jejim prinosem).

Pifnos (negeotechnicky) realizované pruzkumné Stoly pro
tunelovy projekt a jeho pripravu muZe byt z vySe uvedenych
davodu velmi vyznamny.

6 ZAVER

Realizace pruzkumnych $tol u vétSich tunelovych projektu
v Ceské republice se stala pravidlem. Pro plné vyuziti viech
vyhod, které prazkumné Stoly mohou prfinést, je tfeba jejich
spravné zatrazeni do procesu pripravy, a to predev§im Casove,
aby ziskané geotechnické informace mohly byt zpracovdny
a pouZity pro ndvrh a zadani projektu.

ZvySend investiéni ndro¢nost pii realizaci pruzkumné §toly muZze
byt kompenzovéana vyhodami, které se ale daji jen obtiZné¢ ekonomic-
ky kvantifikovat. Rozhodnutf o realizaci prazkumné $toly na budou-
cich tunelovych projektech v Ceské republice by mélo byt zalozeno
na dukladném individudlnim posouzeni konkrétniho projektu.
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5 CONTRIBUTION OF EXPLORATORY GALLERIES
TO PLANNING AND CARRYING OUT FUTURE TUNNEL
WORKINGS

Planning and execution of exploratory galleries may even
have other reasons than geotechnical ones, which may bring
about many benefits, such as:

— a possibility of starting the work on the project in advance
by driving the exploratory gallery on the basis o mining
regulations instead of building regulations

— fixing of the route, public relations, social acceptability

— easier negotiations and course of the administrative proces-
ses necessary

— creating conditions for the future construction in advance
(site facilities, communications, transport, energies, media)

— technological benefits during the tunnel excavation (tran-
sport in the tunnel, ventilation, access)

— excavation safety (increased stability of excavation face
and top heading, drainage, possibility of reinforcing the
ground mass)

The following aspect can be presented as the main disadvantages:

— demands for time

— increased construction cost (unless the gallery construction
is compensated for by its benefits)

For the above-mentioned reasons, the (non-geotechnical)
benefit of a completed exploration gallery for a tunnelling pro-
ject and its preparation can be very significant.

6 CONCLUSION

Driving exploratory galleries for larger tunnel construction
projects in the Czech Republic has become a rule. To the full
use of the advantages the exploratory galleries can provide it is
necessary to incorporate them properly into the planning pro-
cess, first of all in terms of time, so that the geotechnical infor-
mation gained by the galleries can be processed and applied to
the design and tender documents.

The increased investment demands during the course of an explo-
ratory gallery can be compensated for by advantages, even though
these advantages are hard to economically quantify. A decision on
the construction of an exploratory gallery for future tunnel con-
struction projects in the Czech Republic should be based on
a thorough individual assessment of the particular project.
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SNIZOVANI NAKLADU A ZVYSOVANI BEZPECNOSTI SILNICNICH
TUNELU

REDUCING COSTS AND IMPROVING SAFETY OF ROAD TUNNELS

PETR POSPISIL

ovoD

Soucasné investice do silni¢ni a Zelezni¢ni infrastruktury
jsou v mnoha zemich zpochybnovéany. Naptiklad Svycarskd
federdlni vlada oznamila, Ze prostfedky na provoz a tdrzbu sil-
niéni a Zelezni¢ni infrastruktury dochézeji. V Austrélii zbank-
rotovala fada soukromé financovanych tuneli. V Ceské repub-
lice v posledni dobé vedly politické tlaky k masivnimu sniZo-
véni rozpo&td. Rada pifkladd podobnych problémi existuje
i v dalSich zemich.

Jednim z aspektu, které zvySovaly ndklady mnoha staveb,
jsou nové bezpecnostni standardy. Normativni smérnice pro
bezpecnostni vybaveni tunell, obzvlasté vétrani, byly vytvore-
ny po nekolika pozarech v evropskych silni¢nich tunelech pred
vice neZz deseti lety, hlavné s odvoldnim na poZdry v tunelu
Mont Blanc a Tauernském tunelu v roce 1999. Predpoklada se,
7e tunely odpovidajici novym smérnicim se povazuji za bez-
pecnéjsi nez staré tunely. AvSak ne vSechny pozadavky skute¢-
né vedou k bezpe¢néj$im tunelim. Do jisté miry se velké Cdst-
ky vynaklddaji na investice a provoz zafizeni, které velmi malo
prispivaji ke zvySovani bezpe€nosti a ani nepfindseji zlepSeni
v ostatnich smérech. Spatnd kvalita praci je naneitésti béznd
a bezpecnostni vybaveni ¢asto neni kompletné vyzkousené.

Smérnice se Casto chdpou jako striktni zdkony. V pripadé
jakékoli Skody v dusledku havérie v tunelu vyZzaduji mistni
urady a pojistovny soulad s platnymi smérnicemi a normami,
bez ohledu na jejich uZite¢nost. Toto mySleni muze ve skutec-
nosti bréanit jakémukoli zlepSovani. Z toho duvodu je potfebné,
aby tyto smérnice a normy byly pfepracovény.

Pozadavky na bezpecnostni opatfeni vedouci k tak vysokym
nakladiim, Ze se vystavba tunelu zpoZduje nebo se od ni kvili
finanénim omezenim ustupuje, by se mély zpochybnit a mély
by se porovnat hlavni pfinosy tunelu jako takového, jako jsou
zvySeni bezpecnosti a kapacity tunelu optimalizaci trasovani
tunelu nebo sniZzeni dopadu na Zivotni prostredi v porovndni
s komunikaci ve volném terénu.

Namisto ndsledujicich zdvaznych pfedpist se navrhuje hod-
noceni bezpecnostnich opatfeni na zdkladé rizik. Bezpeénostni
opatieni by se méla posuzovat podle ndkladt na jejich realiza-
ci a jejich pfinosu, pomoci odhadu ndkladu na zachrdnény Zivot
a ndkladu na odvréceni $kody. V tomto ¢ldnku je ukdzan prak-
ticky pristup ke sniZovédni ndkladu soucasné se zvySovanim
bezpecnosti.

CILE OCHRANY

Hlavni cile jakychkoli bezpeénostnich opatfeni jsou, v poradi
podle dulezitosti, nasledujici:

1. Na prvnim misté predchédzet nehoddm.

2. Minimalizovat §kody na Zivotech a zdravi osob zicastné-
nych na nehodé¢, pokud k ni skute¢né dojde.

3. Chranit konstrukci tunelu samotného, pokud je to pro dany
tunel povazovéno za duleZité.

INTRODUCTION

The current investments in road and rail infrastructure are
being questioned in many countries. As an example, the Swiss
Federal government announced that the means for the operati-
on and maintenance of the road and rail infrastructure are run-
ning short. In Australia, many privately financed tunnels went
bankrupt. In the Czech republic, recent political pressure lead
to a massive cut in budgets. There are many other examples of
similar problems in other countries.

One of the aspects that raised costs in many projects are new
safety standards. Prescriptive guidelines for tunnel safety equ-
ipment, particularly ventilation, have been developed after
some serious fire incidents in European road tunnels more than
a decade ago, with particular reference to the Mont Blanc and
Tauern tunnel fire incidents in 1999. Tunnels which comply
with the new guidelines are assumed to be safer than older tun-
nels. However, not all of the requirements actually lead to
safer tunnels. To some extent significant sums are spent on
investment and operation of facilities, which contribute very
little to enhancing the safety, nor does it bring about improve-
ments in other aspects. Poor workmanship is unfortunately
common, and often the safety equipment is not even fully tes-
ted.

Guidelines are often understood as strict laws. In case of any
damage due to an incident in a tunnel, legal authorities and lia-
bility insurances ask for compliance with current guidelines
and norms, regardless of their usefulness. This thinking may
actually impede any improvement and progress. Therefore, the
guidelines and norms must be reformed.

The demand for safety measures which lead to such high
costs that the construction of the tunnel is delayed, or even
cancelled due to financial restraints, should be questioned and
compared with the principal benefits of the tunnel itself, like
improving traffic safety and capacity by optimising road align-
ments, or reducing the environmental impact in comparison
with an open road.

Instead of following prescriptive regulations, a risk based
evaluation of safety measures is proposed. Those measures
should be assessed by their costs and benefits by estimations
of 'costs per life saved', and 'cost of avoided damage'.
A practical approach to reducing costs while improving safety
is presented in this article.

PROTECTION GOALS

The main goals of any safety measures are, in order of
importance:

1. To prevent incidents in the first place

2. To minimise damage to life and health of the involved
persons if an incident does occur

3. To protect the tunnel structure itself, if deemed important
for the particular tunnel

The first goal may be achieved by systemic and structural
provisions, traffic management and by informing and educating
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Prvni cil muZe byt dosazen systematickymi a konstrukénimi
opatfenimi, fizenim dopravy a informovanim i vzdélavanim
fidi¢u. Tento &ldnek je zaméfen na technickd opatfeni, obzvlas-
té na dnikové trasy a vétrani, které slouzi druhému a tfetimu cili
poté, co doslo k mimoradné udélosti.

Pro kaZdy hlavni cil se daji definovat konkrétni cile ochrany,
napiiklad aby se osobdm v tunelu po vypuknuti poZaru umoz-
nil dnik do nezakourené zény pred tim, nez dorazi jakdkoli
pomoc (sebezdchrana). Tento scéndr vede k pozadavku na
mozné fizeni odvodu koure.

HODNOCENI RIZIK

V uplynulych letech byla vypracovana rada analyz rizik pro
silni¢nf tunely, vytvorilo se hodné modela a napsalo se mnoho
literatury k tomuto problému. Dobry prehled se dd nalézt
v dokumentu PIARC [1] a v &eskych TP 229 [2]. Nékteré
z pouZitych programu jsou zaloZené na standardnich tabulko-
vych procesorech, které pro tento druh pouziti nejsou nijak
zv14ast' uzite¢né [7]. Piikladem vhodné pouZitelného ndstroje je
TURAM [8], ktery je sofistikovanym standardizovanym pro-
gramem pro posuzovani silni¢nich tunelti. Byl jiz dspé$né pou-
Zit pii posuzovani mnoha tuneli ve Svycarsku a Némecku [9].

Obecné zavery hodnoceni rizik se daji shrnout takto:

— Nejvyssim rizikovym scéndfem je srazka.

— Druhym rozhodujicim rizikem je poZar v tunelu, ktery je
o jeden rad nizsi, neZ je riziko srdzky.

Pravdépodobnost srdZek a pozdra je obvykle v pifimém vzta-
hu k délce tunelu, zpusobu dopravy (tj. jednosmérny nebo
obousmérny provoz), hustot€ dopravy a procentu tézkych
ndkladnich vozidel. Dalsi vliv na pravdépodobnost pozdra mad
podélny sklon pfilehlych komunikaci, jelikoZ vede k prehfivani
motord a brzd.

Dals{ scéndre, jako je rozliti nebezpecnych latek nebo vybu-
chy, jsou mnohem méné pravdépodobné. Pro posuzovani
jakychkoli redlnych pravdépodobnosti takovych uddlosti
nejsou k dispozici zadnd data. Presto jsou uzite¢né pro srovna-
vani rizik riznych feSeni, obzvlasté co se tyce povoleni prepra-
vy nebezpecnych latek.

Z toho davodu se bezpecnost tunelu fidi prvoradé rizikem
srazek a rizikem pozara. Tato kritéria jsou definovdna napii-
klad v némeckém ,,prvni krok* hodnoceni rizik [3]. Existuje
pouze nékolik tunell, ve kterych dochdzi opakované k po-
Zarum se statisticky relevantn{ frekvenci. Pfiklady takovych
tuneld jsou:

— V tunelu Elbe v Hamburku (Némecko), ktery ma étyfi tune-
lové trouby o délce asi 3 km a intenzita dopravy v ném je
vy$8i nez 120 000 vozidel za den, dochézi v pruméru k 7
pozaram za rok. Od uvedeni tunelu do provozu v roce 1975
v ném v dusledku poZdru nedoslo k Zddnym zranénim.

— Silni¢ni tunel Gotthard (Svycarsko) je obousmérny
s délkou kolem 17 km a intenzitou dopravy 17 000 vozidel
za den. Pfed rokem 2002 v ném dochdzelo prumérné ke
Styfem poZzdrum za rok. Po katastrofdlnim poZzaru 24. 10.
2001 se za pomoci pfisnych opatfeni v fizeni dopravy Cet-
nost poZzdru snizila. Pfesto k poZzdrum v tomto nejdel3im
alpském tunelu stale pravidelné dochazi.

Takové ,,vysoce rizikové* tunely vyzaduji vySsi droven bez-
pecnostnich opatfeni ve srovnani s pramérnym tunelem.
Nicméné vétSina pozdru nevede k Zddnym zranénim. Nékteré
poZary v tunelech ani nejsou zaznamendny. V mnoha tunelech
nebyly zaznamenény vubec Z4dné poZzéry po celou dobu jejich
existence. V téchto pripadech by jakdkoli opatfeni ke sniZeni
rizika pozaru mohla byt pokldddna za spornd.

Tuel

drivers. This article focuses on technical measures, particularly
escape routes and ventilation, which serve the second and third
goals after the occurrence of an incident.

For each main goal, specific protection goals can be defined,
e.g. to enable the persons in the tunnel to escape in a smoke
free zone after the breakout of a fire, before any assistance
arrives (self rescue). This scenario leads to the demand for
possible smoke control.

RISK ASSESSMENT

Many risk analyses for road tunnels have been worked out in
previous years, a number of models have been established and
a lot of literature has been written about the issue. A good ove-
rview can be found in the PIARC document [1] and Czech TP
229 [2]. Some of the applied programs are based on standard
spreadsheet programs, which are not particularly useful for
this type of application [7]. An example of a suitably appli-
cable tool is TURAM [8], which is a sophisticated standardi-
sed program for the assessment of road tunnels. It has been
successfully used for the assessment of many tunnels in
Switzerland and Germany [9].

The general conclusions of risk assessments can be summa-
rised as follows:

— The highest risk scenario is a collision.

— The second authoritative risk is a tunnel fire, with a risk of

one magnitude lower than the collision risk.

The probability of collisions and fires is usually directly
related to tunnel length, traffic management (i.e. unidirectional
or bidirectional), traffic volume and percentage of heavy
goods vehicles. The slope of the adjoining roads has an additi-
onal influence on the probability of fires, leading to a possible
overheating of engines and brakes.

Other scenarios, like spilling of dangerous substances, or
explosions, are much less likely. There is no data available to
evaluate any realistic probabilities of such events.
Nevertheless, they are useful for comparative risk assess-
ments, particularly regarding the permission to carry dange-
rous goods.

Therefore the safety of a tunnel is governed in the first
order by the risk of collisions and the risk of fires. These cri-
teria are defined, e.g., in the German 'first step' safety assess-
ment [3]. There are only a few existing tunnels in which fires
occur with a statistically relevant frequency. Examples of
such tunnels are:

— The Elbe tunnel in Hamburg (Germany), consisting of 4
tubes with a length of approx. 3 km, and more than
120'000 veh/day, has an average of 7 fire incidents per
year. Since the opening of the tunnel in 1975, there have
been no casualties due to fires.

— The Gotthard road tunnel (Switzerland), consisting of
a single tube with a length of approx. 17 km, and 17'000
veh/day, had an average of 4 fire incidents per year before
2002. After the catastrophic fire on the 24.10.2001, the fire
incident rate has been reduced with the aid of strict traffic
management measures. Fires do, however, still regularly
occur in this longest alpine tunnel.

Such 'high risk' tunnels require a greater level of safety mea-
sures when compared to the average tunnel. Nevertheless, the
majority of fire incidents do not lead to any casualties. Some
fires in tunnels are not even recorded. In many tunnels there
have been no recorded fire incidents at all over their operating
lifetime. In these cases, any measures to reduce fire risk might
be questioned.

For a detailed risk assessment, many other aspects would
have to be considered. Besides the operational risk of a road
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Pro podrobné hodnoceni rizik by se musela vzit do tvahy tunnel, the risks during construction and implementation, as
spousta dalSich hledisek. Vedle provozniho rizika silni¢niho well as for maintenance works need to be taken into account.
tunelu je zapotfebi podéitat s riziky v prabéhu vystavby In many cases, the average number of casualties during tunnel
a uvadéni do provozu i pfi pracich na ddrzbé. V mnoha pripa- construction is of approximately the same magnitude as it is
dech je prumérny poclet zranéni v prubéhu vystavby pfiblizné during the tunnel operation. Particularly when refurbishing
stejné velky jako v prubéhu provozu tunelu. Zv14sté pfi rekon- existing tunnels to meet new safety standards, the resulting
strukcich stdvajicich tuneld tak, aby odpovidaly novym bez- traffic obstructions can increase the risk to drivers.
pe¢nostnim standardim, mohou vysledné dopravni prekdzky Any risk analysis is based on simplification. Only expert
zvySovat riziko pro fidice. knowledge can assure that the 'right' assumptions and simpli-

KaZd4 analyza rizik je zaloZena na zjednoduieni. Pouze fications are applied.
odbornd znalost muZe zajistit, aby se pouzily spravné predpo-
klady a zjednoduSeni. SCENARIO ANALYSIS

In many basic Risk Analysis models, consequences are
ANALYZA SCENARU based only on simple assumptions; e.g. a tunnel with smoke

U mnoha modeld analyzy rizik jsou disledky zaloZeny extraction is considered to be safer than one with pure longi-

pouze na predpokladech, napriklad tunel s odsdvdnim koufe se tudinal ventilation. This approach may lead to wrong conclu-

sions.

For a detailed assessment of the fire risk and to quantify the
consequences of fires, a scenario analysis would have to be
performed by combining a dynamic model of smoke spread in
the tunnel with an evacuation model (simulation of self rescue
of people in the tunnel). In some special cases, structural
damages might be included in the model.

Probable and critical scenarios must be evaluated, preferab-
ly by an event tree analysis, and are to be simulated for all
variants [11]. In any case, practice shows that worse scenari-
os can occur, of which nobody has previously thought of.

Variants of useful measures, e.g. different ventilation sys-
tems and distances between escape routes are defined, as is
described later in this article. This may lead to dozens or even
hundreds of simulation sets. Such simulations are performed
reasonably well using a one-dimensional simulation tool. Of
course, the simulation tool chosen must be validated against
measured data.

3-D modelling using Computational Fluid Dynamics (CFD)
is generally not useful for such applications. A tunnel is in the
first order a one-dimensional system. CFD simulations are
quite time consuming, therefore limiting the number of simu-
lations, and can be difficult to validate. On the other hand,
CFD is a powerful instrument to investigate special problems,
such as flow conditions within complex geometries, or strati-
fication phenomena.

Simulation tools can very effectively show how persons may
be exposed to smoke during fire incidents. They are also effec-
tive at showing where the limits of the ventilation measures
are, by taking into account the delay of detection and dynamic
behaviour of flow conditions after the start-up of the fire ven-

povaZuje za bezpecnéj$i nez tunel, ktery md pouze podélné
vétrani. Tento pristup muZe vést k nespravnym zavérum.

Pro podrobné hodnocent rizik a pro kvantifikaci ndsledku poza-
ri by se musela vypracovat analyza scéndia pomoci kombinace
dynamického modelu Sifeni koufe v tunelu s modelem evakuace
(simulace sebezachrany lidi v tunelu). V nékterych zvlastnich pri-
padech by se do modelu mohly zahrnout i Skody na konstrukcich.

Pravdépodobné a kritické scéndfe se musi vyhodnocovat
hlavné pomoci analyzy stromu uddlosti. Maji se simulovat pro
v8echny varianty [11]. V kazdém pripadé praxe ukazuje, Ze se
mohou vyskytnout jes§té hor$i scéndre, na které drive nikdo
nepomyslil.

Varianty uZite¢nych opatfeni, napiiklad ruzné systémy vét-
rani a vzdalenosti mezi Unikovymi cestami, jsou definovany
tak, jak je popsdno ddle v tomto ¢ldnku. To muZe vést
k desitkdm nebo i stovkdm simula¢nich soubora. Tyto simula-
ce se provadeji primérene dobfe pomoci jednorozmérného
simulaéniho ndstroje. Samozfejmé zvoleny simulaéni ndstroj
se musi potvrdit srovndnim s naméfenymi daty.

Modelovani 3-D pomoci vypocetni dynamiky kapalin
(Computational Fluid Dynamics, CFD) obecné nenf pro tako-
vé aplikace uzite¢né. Tunel je v prvni fadé jednorozmérny
systém. Simulace CFD jsou ¢asove dost ndro¢né, takze ome-
zuji polet simulaci a mohou byt téZko potvrditelné. Na druhou
stranu CFD je mocny néstroj pro vySetfovani specidlnich pro-
blému, jako jsou podminky proudéni ve sloZitych tvarech nebo
jevy stratifikace koure.

Simula¢ni ndstroje mohou velmi G¢inné ukézat, jak mohou
byt osoby v pribéhu pozdru vystaveny dcinkim koufe. Jsou
také u¢inné pri zjistovani, kde jsou hranice opatfeni pro vetra-

ni tim, Ze pfihlizeji k prodleni ve zjisténi poZdru a k dyna- tilation system. Not all persons who are exposed to smoke are
mickému vyvoji podminek proudéni po spusténi systému assumed to die, but with some simple assumptions about toxi-
pozarniho vétrani. Nepredpoklddd se, Ze by vSechny osoby, city and exposure time, the number of resulting casualties can
které jsou vystaveny G¢inkiim koufe, zemiely, aviak pfi néko- be assessed for each scenario and each variant.

lika jednoduchych predpokladech, co se tyka toxicity a doby
expozice, se da pro kazdy scéndr a kazdou variantu odhadnout MEASURES

ocet vyslednych zranéni. . . ) .
p y Y The most important measures to improve fire safety in road

tunnels are listed as follows:

OPATRENI e Traffic management
Seznam nejduleZitéjsich opatieni ke zvySeni poZzdrni bezpec- Enabling free flowing unidirectional traffic is the most
nosti v silniénich tunelech je néasledujici: effective measure, reducing the collision risk significantly and
e Zpusob dopravy reducing also the demands for ventilation and escape routes.
Umoznéni volného proudu dopravy v jednom sméru je to Because this usually requires the construction of an additional
nejucinn€jsi opatfeni, které podstatné sniZzuje riziko srazky tunnel tube, it is also the most expensive measure.
a také zmenSuje ndroky na vétrdni a dnikové cesty. Jelikoz to Measures limiting the traffic, like drop systems or alterna-
Casto vyzaduje stavbu dalsi tunelové trouby, je to také to nej- ting unidirectional traffic in single tube tunnels improve safe-

ndkladnéjsi opatieni. ty without any investment, but obstruct the traffic on adjoining
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Opatieni k omezeni dopravy, jako jsou ddvkovaci systémy
nebo stfidavd jednosmérna doprava v jedné tunelové troube,
zvySuji bezpecnost bez jakychkoli dalSich investic, av§ak pre-
kazeji dopravé na prilehlych komunikacich. Vysledné snizen{
kapacity komunikace nemusi byt politicky pruchodné a muze
byt pouzitelné pouze docasné.

* Tunelovi dispeceri a systémy Fizeni

Kdyz za spravnou reakci na nehodu odpovidaji tunelovi dis-
peceri, mély by byt pozadavky na vyber, vzdélavani, vycvik
a pravidelnd cvifeni dispeCeri velmi pfisné. To ale vede
k velkym vydajom. Mus{ se poé&itat i s rizikem lidské chyby.
Z toho duvodu se po&itd s automatickou reakci fidiciho systé-
mu. Tunely by mély byt schopné pracovat autonomné pomoci
svych fidicich systémua s tim, Ze zdsah dispeCera potfebuji
pouze v mimoradnych pripadech. V tomto sméru nemd zfizo-
vani fidicich center s obsluhou u kazdého tunelu velky smysl.
Lepsi je, kdyZz muZe centrdlni fidici stfedisko mit dohled nad
skupinou tuneli. Vy3e uvedené tunely s velkym rizikem
mohou byt vyjimkou.

¢ Kratké vzdalenosti mezi inikovymi cestami

V tunelech s obousmérnou dopravou anebo s jednosmérnym
provozem, kde dochazi k dopravnim zdcpam, krat$i vzdale-
nosti mezi Unikovymi cestami podstatné zlepSuji schopnost
uniku ve fazi sebezachrany. Umoznuji i lep$i pfistup zachran-
nych jednotek ve druhé fazi.

U hloubenych tuneli se dvéma troubami a délici sténou
nevyzaduje vytvoreni propojeni mezi tunelovymi troubami
vysoké dodate¢né ndklady. Spojeni mezi dvéma raZenymi
tunely je mnohem ndkladnéj$i a samostatné unikové tunely pro
jednotrubni tunely jsou dokonce jesté drazsi.

* Detekce mimoradné udalosti

Detekce koure zaloZend na méfeni viditelnosti v tunelu se
ukdzala jako nejucinnéj$i a nejspolehlivéjsi metoda detekce
pozara. Investi¢ni ndklady a ndklady na ddrZbu jsou u této
metody nizké. Dokonce i v tunelech bez vétrdani nebo jinych
zafizenich umoznuje rychld detekce uzavreni tunelu a rychlé
zmobilizovani zdchrannych jednotek.

Detekce pozaru linedrnimi tepelnymi ¢idly je ve vétsiné pri-
padu piili§ pomald, a Cidla nejsou schopnd zjistit doutnajici
pozéry. Detekce pozdru videokamerami je velmi nespolehlivd
a ma se pouZivat pouze pro upozornéni dispeeru.

e Podélné vétrani s pevnym nastavenim

Jednd se o nejjednodussi systém vétrani, ktery se hodi hlav-
né do tuneli s volnym proudem jednosmérné dopravy,
u kterych nezdleZ{ na jejich délce. Cilem je hnat kouf jednim
smérem k vyjezdovému portdlu tunelu a vytvaret nezakoure-
nou bezpecnou zdénu, ve které jsou zablokovdna vozidla
s pasazéry.

« Rizené podéIné vétrani

U tuneld s obousmérnou dopravou anebo s jednosmérnym
provozem, kde dochazi k dopravnim zacpam, musi byt proude-
ni vzduchu fizeno, aby se zabranilo zméné ve sméru proudéni
a zpomalil se pohyb koufe na rychlost, kterd je niZsi, nez je
predpokladand rychlost iniku osob (napr. 1,5 m/s podle PIARC
[4]). Timto zpusobem je i mozné podporit stratifikaci koure.
Vyzaduje se regulace v uzavieném cyklu zaloZend na presnych
a spolehlivych méfenich proudéni a na spojité€ pracujicich ovla-
dadich (napf. ventildtory s meénici otacek). Ve srovndni
s pevnymi nastavenimi jsou ndklady mnohem vyssi, vyZadujici
prisné pozadavky na implementaci, pravidelné zkousky
a kalibraci pristroju. ZvySuje se i pofet moZnych zdroju chyb.
U kratkych tuneld nejsou obecné tato opatfeni uZzite¢nd, a proto
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roads. The resulting reduction of the road capacity may not be
politically feasible, and only temporarily applicable.

* Tunnel operators and control systems

When tunnel operators are responsible for the proper reacti-
on to an incident, the requirements for the selection, educati-
on, training and regular exercising of the operators should be
very strict, which leads to high expenses. The risk of human
error must also be taken into account. Therefore, an automatic
response by the control system is envisaged. Tunnels should be
able to operate autonomously using their control system, only
requiring a response from an operator in extraordinary cases.
Providing a manned control center for each tunnel does not
make a lot of sense in this regard. Preferably, a central control
center can supervise groups of tunnels. High risk tunnels, as
mentioned above, may be an exception.

e Short distances between escape routes

In tunnels with bidirectional or congested unidirectional
traffic, shorter distances between escape routes significantly
improve the ability to escape during the self rescue phase.
They also allow better accessibility for emergency services in
the second phase.

For cut and cover tunnels, with two tubes and a dividing
wall, the connections between the tubes don't require high
additional costs. Connections between two bored tunnels are
much more expensive, and separate escape tunnels for single
tube tunnels are more expensive again.

* Incident detection

Smoke detection based on the measurement of visibility in
the tunnel has been proven to be the most effective and reliab-
le method of detecting fires. Investment and maintenance costs
for this method are low. Even in tunnels without ventilation or
other equipment, a fast detection enables tunnel closure and
emergency services to be alerted quickly.

Fire detection by linear thermal sensors is too slow in most
cases and is unable to detect smouldering fires. Video smoke
detection is very unreliable and is only to be used to alert ope-
rators.

¢ Longitudinal ventilation with fixed settings

This is the simplest ventilation system, and is mainly useful
in tunnels with free flowing unidirectional traffic, independent
of their length. The goal is to drive the smoke in one direction,
towards the exit portal of the tunnel, creating a smoke free,
safe zone where the vehicles and their occupants are blocked.

e Controlled longitudinal ventilation

In tunnels with bidirectional or congested unidirectional
traffic, the airflow must be controlled to prevent change of
flow direction, and to slow down smoke movement to
a velocity that is inferior to the assumed escape velocity of
persons (e.g. 1.5 m/s according to PIARC [4]). That way, also
a possible stratification might be supported.

A closed-loop control, based on precise, reliable flow mea-
surements and continuous actuators (e.g. jet fans with frequ-
ency converters) is required. In comparison with fixed set-
tings, the expenses are much higher, requiring strict demands
for implementation, regular testing and calibration of instru-
ments. This also increases the number of possible sources of
error.

In short tunnels, these measures are generally not useful, and
therefore the fixed setting 'ventilation switched off / no mecha-
nical ventilation' is appropriate.

* Smoke extraction

In long tunnels with bidirectional or unidirectional traffic at
a standstill, a smoke extraction system may be useful. In the
event of a fire, the smoke zone in the tunnel can be quickly and
effectively brought to a minimum.
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se u nich hodi pevné nastaveni strojniho vétrdni systémem A smoke extraction system generally leads to extraordinari-

»zapnuto / vypnuto‘. ly high costs due to the need for the construction of ducts and
e Odsavani koure ventilation plants, as well as dampers, exhaust fans, and their
U dlouhych tuneld s obousmérnou nebo jednosmérnou power supply and control systems. Additionally, the same

dopravou, kterd je v klidu, mlZe byt uZiteny systém measures as for controlled longitudinal ventilation have to be

s odsdvanim koufe. V piipadé poZdru se muZe zakoufend zéna applied.

v tunelu rychle a G¢inné zmens§it na minimum. Systém s od- The additional risk for workers during the construction of

sdvdnim koufe obecné vede k vyjimecné vysokym ndkladam ducts and plants, and also maintenance staff whilst servicing

the equipment, must be taken into account as well.

* Fixed fire fighting system

Sprinklers, deluge or fog systems may be effective in fire
suppression for many scenarios, but also lead to high costs
through initial investment, maintenance and regular testing.
They also carry the risk of accidental discharge.

e Fire fighting stations

Fire fighters are only useful for the reduction of fire risk if
they can arrive onsite within a few minutes of an incident
occurring. The costs of having manned fire fighting stations at
the tunnel portals, together with equipment and personnel
costs, including education and training, have to be taken into
account.

e Structural fire protection

Protecting the tunnel structure is useful when a collapse
would not be tolerated. For life safety, the effect of structural

z duvodu potieby vystavby vétracich kanéla a strojoven vzdu-
chotechniky, pozarnich klapek, sacich ventildtoru a systému
jejich napdjeni a fizeni. Navic se musi provadét stejnd opatieni
jako u podélného vétrdni. Musi se brdt v dvahu i dodatecné
riziko pro pracovniky v prubéhu vystavby kandll a strojoven
a i pracovniku udrzby pfi obsluze zafizeni.

¢ Pevny hasici systém

Sprinklery, skrdpéci zarizen{ nebo systémy vytvarejici vodni
mlhu mohou byt G¢inné pii haseni u mnoha scéndri, ale také
vedou k vysokym ndkladim souvisejicim s pocétecn{ investi-
ci, idrZbou a pravidelnym zkouSenim. Je u nich i riziko ndhod-
ného spusténi.

* Hasic¢ské stanice

Hasi¢i jsou pifi sniZovani rizika pozédru uZziteéni, pouze
pokud mohou dorazit na misto béhem nékolika minut po vzni-

ku mimorddné uddlosti. Musi se vzit v ivahu ndklady na hasic¢- fire protection can be neglected, considering that under the
ské stanice s obsluhou u tunelovych portdld spolu s ndklady na conditions that lead to structural damage there would neither
vybaveni a osobni ndklady v¢etné vzdélavani a vycviku. be surviving tunnel users nor fire fighters.

* PoZéarni ochrana konstrukei As a general rule, the simplest measure is usually the best.

Ochrana konstrukce tunelu je uZite¢nd tam, kde nelze pfi- With the increasing complexity of a technical system, the reli-
pustit jeji zficeni. Pro bezpecnost Zivota se muZe zanedbat G&i- ability and availability will likely decrease, and the expenses
nek ochrany konstrukce s ohledem na to, Ze za podminek, for maintenance, regular testing and error elimination increase
které vedou k poSkozeni konstrukce, by nikdo z uZivatela tu- progressively. Constructional measures are generally simple
nelu a hasi¢u nepreZil. and effective, but also most expensive.

P2

Plati obecnd zdsada, Ze to nejjednodussi opatfeni je obvykle
to nejlepsi. Je pravdépodobné, Ze se zvySujici se slozitosti FIRE FIGHTING

technického systému se sniZi spolehlivost a dostupnost Fire-fighters can be very effective in the suppression of tun-
a naklady na udrZbu, pravidelné zkouSeni a eliminovani chyb nel fires, when they arrive within few minutes of fire detecti-
se progresivné zvysi. Stavebni opatfeni jsou obecné jednodu- on. To enable this, permanently occupied fire fighting stations
chd a ucinnd, aviak také nejdrazsi. at the tunnel portals are required. The expenses for fire figh-

ting stations, equipment and personnel costs are enormous,
HASENI POZARU and are only really practical for high risk tunnels, where the

consequences of a fire and structural collapse cannot be tole-
rated. This may be the case when the costs for refurbishment
after a fire incident would be extraordinarily high, e.g. for tun-
nels crossing below a river, city tunnels with buildings above
the tunnel or for roads with loss of revenue from tolls in the
case of closure. An example for that is the Elbe tunnel in
Hamburg.

For most tunnels, extinguishing the fire is not the priority.
The highest priority is that people are able to escape during
the self-rescue phase. Emergency services arriving later may
assist with the additional rescue. Persons in the immediate
vicinity of the fire who were not able to escape within the
first few minutes (self-rescue phase) might be considered as
lost. Extinguishing the fire should only be attempted when
feasible and without further risk to the fire fighters. The deci-
sion is within the responsibility of the fire brigade com-

Hasi¢i mohou byt pfi hafeni pozdra v tunelu velmi efektivni,
pokud dorazi béhem pdr minut po zji§téni pozaru. Aby to bylo
mozné, jsou potfebné trvale obsazené hasi¢ské stanice na tunelo-
vych portdlech. Ndklady na hasi¢ské stanice, vybaveni a osobni
néklady jsou enormni a jsou skute¢né praktické pouze u tunelt
s vysokymi riziky, kde dasledky poZdru a zficeni konstrukce
nelze tolerovat. MuZe se jednat o pripady, kdy naklady na sanaci
po poZdru by byly vyjimecné vysoké, napiiklad u tunelt podcha-
zejicich feky, méstské tunely s budovami v nadloZi nebo tam, kde
by doslo ke ztrdté vynosu z mytného v pripadé jejich uzavreni.
Prikladem je tunel Elbe v Hamburku.

U vétSiny tunell neni hafeni pozéru prioritou. Nejvyssi pri-
oritou je, aby mohli lidé v pfipadé pozaru uniknout ve fazi
sebezdchrany. Zachranné jednotky, které prijedou pozdéji,
mohou pomoci s dal§im zachranovanim. Osoby v bezpro-

stfedni blizkosti pozdru, které nebyly schopné uniknout mander.

v prvnich né€kolika minutdch (ve fdzi sebezdchrany), by se The consequence is, that demands from fire brigades to sup-
mohly povazovat za ztracené. Pokus o haseni poZdru by se mél port fire fighting should only be taken into account in high risk
uskutecnit, az kdyZ je to proveditelné a bez dalsiho rizika pro tunnels, and can be omitted in most other tunnels.

hasi¢e. Rozhodnuti o tom je v pravomoci velitele jednotky As an alternative to fire fighting stations, fixed fire fighting
pozarni ochrany. V dusledku toho by se s pozadavky na jedno- systems (FFFS) could be considered. Sprinkler, deluge and fog
tky poZarni ochrany mélo poéitat pouze u tuneld s vysokym systems have been proven to be effective in fire suppression in

rizikem a u vét3iny ostatnich tuneli se mohou vypustit. many tests and some real incidents (e.g. the Burnley tunnel fire
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Jako alternativa hasi¢skych stanic je mozné zvazovat pevné
hasici systémy. U sprinklert, skrdpécich zafizeni nebo systé-
mu pro vytvareni vodni mlhy se mus{ prokdzat, Ze jsou u¢inné
pfi mnoha poZarnich testech a v pripadech nékterych redlnych
pozdru (napiiklad pozdr v tunelu Burnley v australském
Melbourne). Mohly by riziko pozaru znaéné snizit. Nicméné
analyza nédkladi a pfinosu ukazuje, Ze u takovych zafizeni
je pravdépodobnost vzniku poruchy a Ze jsou obecné vhodnd
pouze pro tunely s vysokym rizikem.

PRAKTICKA SPOLEHLIVOST

Co se v praxi zvaZuje, je implementace zvolené koncepce
arealizace, fizeni a provoz navrZzeného systému. V soucasnych
smérnicich nejsou 7Zddné pozadavky na zaji$téni kvality bez-
pecnostnich zafizeni v silni¢nich tunelech. Za priklad lepsiho
pristupu se mohou povaZzovat normy pro prumyslové zavody
a elektrarny.

Bézné se diskutuje o ventildtorech a pozarnich klapkach,
avSak praxe ukazuje, Ze k vétsiné pripada jejich selhdni docha-
zi v dusledku poruch doddvky proudu. V dusledku toho mus{
mit spolehlivost doddvky proudu vyssi prioritu neZ spolehli-
vost jednotlivého vétraciho zarizeni.

Hlavnim poslanim poZzdrniho vétrani je fizeni §ifeni koufe.
Aby se toho dosdhlo, musi se definovat podrobné scénaie
zkousek pro vSechny mozné stavy fidicich systému, v&etné
druhu selhdni, defektd a poruch &innosti zafizeni. Pro kazdy
z téchto scéndfu se musi stanovit kritéria pfijatelnosti.
Zkousky zahrnuji funkci jednotlivého systému (jako je vétra-
ni) i celkovou soucinnost vSech bezpenostnich zafizen{
v tunelu [10]. Zkousky koufem slouZi pouze pro vizualizaci
¢innosti pozdrniho vétrani pro nékteré vybrané scéndre.

U provozovanych tuneld se musi provddét i pravidelnd
kalibrace pristroju a zkousky zafizeni a fidicich systému spolu
se spravnym servisem a udrZzbou. To se Casto zanedbdva, coz
vede k tomu, Ze se zafizeni s vysokymi investi¢nimi ndklady
stanou po nékolika letech neschopnymi provozu.

ODHAD NAKLADU

Néklady spojené s mimoradnou udélosti se musi zvazovat
spolecné s jeji pravdépodobnosti, tj. musi ukédzat finanéni ztra-
ty béhem stanoveného obdobi.

Odhady néklada &asto berou v dvahu investi¢ni ndklady. To
vede k pokfiveni obrazu o skuteénych vydajich na stavbu.
V dusledku toho se musi pfihlédnout ke vSem ndkladum
potfebnym na to, aby se zarulilo, Ze bezpe&nostni opatieni
bude plnit svij Gel Géinné a spolehlivé po celou dobu Zivot-
nosti tunelu. Mus{ se vzit v ivahu ndsledujici body:

— InZenyrska priprava a fizeni projektu (stavby)

— Investi¢ni ndklady na vyrobu a uvddéni do provozu

— Zkousky pri predani a pravidelné zkousky za provozu

— Provozni ndklady (energie, provozni a spotfebni materidly)

— Udrzba

— Renovace

Definovani ceny lidského Zivota je nakonec politickym
zdvazkem. BéZné hodnoty jsou v USA od 3 do 8 milionu
USD/zivot [5], v Némecku 2 miliony USD/Zivot [6].
K fyzickym zranénim rizné zdvaznosti by se také mélo pfihli-
Zet, avSak pro né by se rizika a ndklady tézko odhadovaly.

Prohlaseni ,,Musi se zachrdnit kaZdy Zivot bez ohledu na
ndklady“ je moralné sporné, prihlédneme-li k tomu, Ze pri
omezeném rozpoctu by se vhodnymi opatfenimi dalo zachranit
vice Zivotu v jiné oblasti.

Tuel

in Melbourne, Australia). They might reduce the fire risk
significantly. Nevertheless, an analysis of costs and benefits
shows that such equipment also bears the probability of mal-
function, and is generally only useful for high risk tunnels.

PRACTICAL RELIABILITY

What counts in practice is the implementation of the chosen
concept and the realisation, control and operation of the desig-
ned system. In current guidelines, there are no requirements
for the quality assurance of safety equipment in road tunnels.
Standards for industrial and power plants may be taken as an
example of a better approach.

The availability of fans and dampers is a common area of
discussion, but practice shows that most breakdowns occur
because of power supply failures. Consequently, the reliability
of the power supply must have a higher priority than that of
single ventilation equipment.

The control of the spread of smoke is the main goal of the
fire ventilation. To achieve this, detailed test scenarios for all
possible states of the control systems must be defined, inclu-
ding failure modes, breakdown and malfunction of equipment.
For each of these scenarios, acceptance criteria must be defi-
ned. The tests include the function of single systems (like the
ventilation) as well as the integral cooperation of all tunnel
safety equipment [10]. Smoke tests serve only as a visuali-
sation of fire ventilation performance for some chosen scena-
rios.

Calibration of instruments and testing of equipment and
control systems must also be performed on a regular basis for
tunnels in operation, together with proper service and mainte-
nance works. This has often been neglected, leading to equip-
ment with high investment costs to become inoperative after
only a few years.

COST ESTIMATION

The costs of an incident must be weighed with its probabili-
ty, i.e. displaying a monetary risk value over a defined period.
Cost estimations often only take into account investment
costs. This leads to a distorted image of the real expenses of
a project. Consequently, all costs which are necessary to gua-
rantee that a safety measure fulfills its purpose efficiently and
reliably during the lifetime of the tunnel must be taken into
account. The following points are to be considered:
— Engineering and project management
— Investment costs for production, installation and commis-
sioning
— Acceptance tests and regular testing in operation
— Operational costs (energy, operating and expendable
materials)
— Maintenance
— Refurbishment

The definition of the cost of a human life is finally a political
commitment. Common values are between 3 - 8 Mio. USD/life
in the US [5], or 2 Mio. EUR/life in Germany [6]. Physical
injuries with different severities should also be taken into
account, however for that, risks and costs would be difficult to
estimate.

The statement 'Each life has to be saved at whatever expen-
se' is morally objectionable, taking into account that with
a limited budget, more lives could be saved in another sector
with appropriate measures.

The consequences of structural damage to the tunnel are
mainly the cost of refurbishment and possibly lost revenue
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from tolls due to temporary tunnel closure. When a tunnel
under a river or in a city collapses, the costs involved might be

Dusledky poSkozeni konstrukce tunelu spoéivaji hlavné
v nékladech na rekonstrukci a mozné ztraté prijma z vybéru : )
myta v disledku docasného uzavieni tunelu. KdyZ se ziiti higher than those to build a whole new tunnel would be. In

tunel pod fekou nebo ve mésté, souvisejici ndklady mohou byt such cases, a collapse would not be allowable, therefore these
vy$§i, nez by byly ndklady na stavbu zcela nového tunelu. cases require extraordinary safety measures to rule out such
V takovych pifpadech by zifceni bylo nepfipustné, takze tako- | @ situation from occuring.

vé pripady vyzaduji mimorddnd bezpe¢nostni opatfeni, aby se

takova situace vyloucila. ENVIRONMENTAL ISSUES
Along with the safety requirements, environmental restricti-
OTAZKY ZIVOTNIHO PROSTREDI ons may also significantly increase the investment and opera-
Kromé poZadavku na bezpecnost mohou investi¢ni a pro- tional costs of road tunnels.
vozni naklady na silni¢ni tunely podstatné zvysit i omezen{ For many tunnel projects, an Environmental Impact
z divodii ochrany Zivotniho prostiedi. Assessment (EIA) states that any emissions from the tunnel
U mnoha tunelovych staveb se v posouzeni vlivu na Zivotn{ must be restricted or are not even allowed at all. In Europe,
prostiedi (EIA) stanovi, e jakékoli emise z tunelu se musi | those restrictions are very rarely applied in practice, but in
omezit nebo Ze nejsou povoleny viibec 74dné emise. V Evropé | countries with higher car emissions (e.g. Australia), the
se tato omezen{ v praxi uplatiiuji velmi zfidka, avSak v zemich restrictions are very strict. In fact, many tunnels in Europe
s vy$§imi automobilovymi emisemi (napf. v Austrdlii) jsou are equipped with shafts for extraction of tunnel air at the
omezeni velmi pfisnd. Ve skute¢nosti jsou na mnoha evrop- | Portals which in reality are never in operation. The invest-
skych tunelech Sachty pro odsdvani vzduchu z tunelu ments for those installations are questionable, but still many
u portéla, které v praxi nejsou nikdy v provozu. Investice do new projects require shafts, even when considered as unne-
téchto zarizeni jsou diskutabilni, av§ak mnoho novych projek- cessary.
ti Sachty vyZzaduje, i kdyZ jsou povazovany za zbytetné. One reason for this is that most immission calculation met-
Jeden davod je, Ze vétSina metod pro vypolty emisi nadhod- hods over-estimate concentrations, when compared with real
nocuje koncentrace ve srovnani se skutenymi méfenimi. measurements.
gachty jsou uzitetné pouze pro vytlatovani vyfukovych Shafts are only useful when expelling the tunnel exhaust
plynii z tunelu vysokou rychlosti (> 15 m/s) do ovzdusi, kde se | With high velocity (> 15 m/s) into the atmosphere, where the
emise mohou nafedit. To ale vede k hlukovym emisim a velké emissions may be diluted. That leads to noise emissions and
spotiebé energie na provoz odsdvacich ventildtora. Alter- high energy consumption for the operation of exhaust fans.
nativou Sachet pro sniZeni emisi v bezprostiednim okol{ tune- Filters might be an alternative to shafts for the reduction of
lovych portdld mohou byt filtry, i kdyZ piispévek filtri na emissions in the immediate neighbourhood of tunnel portals,
vydechu z tunelu na sniZenf celkovych emisf je zanedbatelny. even when the contribution of tunnel exhaust filters for the
Meély by se vzit v ivahu obecné d¢inky samotnych opatfeni reduction of overall emissions is negligible.
na ochranu Zivotniho prostiedi. Napiiklad kdy# se energie na The general effects of the environmental measures themsel-
provoz $achty ziskdva z uhelnych elektriren, které produkuji | ves should be taken into account. As an example, when the
CO, a jiné emise, je celkovy dopad opatfeni zdporny, i kdyz energy for the operation of a shaft is provided by coal fuelled
mozna zlepSuje mistni situaci v okoli tunelu. power plants, generating CO2 and other emissions, the global
impact of the measure is negative, even whilst possibly impro-
POUZITI ZDRAVEHO ROZUMU ving the local situation in the vicinity of the tunnel.

PouZivéani hodnocen{ rizik a scéndft pro nalezeni optimélni-
ho feSeni muZe vést k nezddouci sloZitosti s mnoha zdroji neji-

USING COMMON SENSE

stot a chyb. Vysledky i sloZzitych podrobnych analyz rizik jsou Using risk assessments and scenario analysis for finding
stile jen hrubym odhadem, mluvime-li o silni¢nich tunelech. optimal solutions may lead to objectionable complexity with
Vhodna opatfeni, se kterymi se md pod&itat pro analyzu scéné- many sources of uncertainty and error. The results of even
i, musi byt vybrdna pfedem. Vysledky simulace se mus{ ové- complex, detailed risk analysis are still only a rough estimati-
fit pouzitim zdravého rozumu. on when talking about road tunnels. Appropriate measures to

V tomto sméru se zdravy rozum dé ziskat pouze na zdkladé be taken into account for the scenario analysis have to be pre-
praktickych zkuSenosti. ZkuSen{ inZenyfi resf slozité problémy selected. Simulation results must be checked by using
pomoci jednoduchych praktickych zdsad, které berou v dvahu a common sense approach.
pouze duleZité informace a neddvaji se zmdst méné relevantni- In that aspect, common sense can only really be achieved
mi aspekty. Tento pristup vede k lep§im a uéinnéj$im vysled- through practical experience. Experienced engineers solve
kim neZ slozitd podrobna analyza [12]. Proto je k iden- complex problems by applying simple rules of thumb, which
tifikovéni, které aspekty jsou duleZité, a k nalezen{ spravnych take into account only the important information, while not
zéavéru potrebné odborné know-how. Analyza rizik muZze byt becoming confused by less relevant aspects. This approach
uzite¢nd pti porovndvéni variant, které byly predtim hodnoce- leads to better and more efficient results than a complex
ny pomoci odbornych pravidel vyplyvajicich ze zkuSenosti. detailed analysis [12]. Therefore, expert know-how is requi-
Odbornici se daji poznat podle toho, Ze maji ovéreny prehled red to identify which aspects are important and to find the
dosavadnich vysledka pldnovanych, realizovanych a tspésné right conclusion. Risk analysis might be useful to compare
odzkouSenych referenénich projekti. Duraz musi byt kladen variants which have been previously evaluated by expert
na zkouSeni a provoz. rules of thumb.

Dulezity aspekt je, Ze neni moZné predvidat budoucnost tak, Experts can be identified by having a proven record of plan-
Ze se vezme v Uvahu minuld zkuSenost. V praxi se mohou ned, realised and successfully tested reference projects. The

vyskytnout hor$i scéndre, na které predtim nikdo nepomyslil. focus must be on the testing and operation.
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Po takové mimoradné uddlosti je obvyklé, zZe vefejné minéni
kritizuje nedostatek vhodnych opatfeni. Rozhodovaci proces
vyzaduje jistou odvahu dradu pri hleddni vyhodnych feSeni.
Neni mozné, aby se spoléhaly na maximdlni opatfeni tak, aby
se vyhnuly obvinovani ¢i odpovédnosti.

SHRNUT(

Subjekty zainteresované na infrastrukrurnich projektech by
se mély pokusit premyslet o penézich, které se maji investovat,
jako by byly jejich vlastni. Zaujmuti takového pfistupu je nej-
lepsi metodou pro zajisténi, aby se projekt realizoval optimdl-
nim zpusobem.

Technické normy a predpisy se musi revidovat. Namisto
dodrzovédn{ normativnich predpist je uZite¢né hodnocen{ bez-
pecnostnich opatfeni pomoci analyzy rizik. Zdkladn{ systémo-
vd rozhodnuti, kterd maji nejvétsi vliv na ndklady, by méla byt
v prvni fadé zaloZena na jednoduchych empirickych pravi-
dlech podle odbornych znalosti, a teprve ve druhé fade na ana-
lyze rizik se zaméfenim na pozarni riziko.

Riziko poZdru by se mélo podéitat na zdkladé analyzy scéna-
fu, srovndvajici ruzné varianty bezpeCnostnich opatfeni pro
bézné a kritické scéndre. Tato opatfeni by se méla posuzovat
podle ndklad na né a jejich pfinosu s pouzitim odhadu ,,ndkla-
du na zachrdnény Zivot* a ,,nakladu na zabranénou Skodu*.

Podle zvoleného systému se musi stanovit jasné ukoly a pro
tyto dkoly se musi definovat postup ovéfovéni. Nejvyssi dule-
zitost maji podrobné specifikace pro zajisténi kvality, provoz
a fizeni a postupy zkouSeni a uvddéni do provozu. Pro trvalé
zlepSovani se musi pouZzivat praktické zkusenosti.

Pro hodnoceni a kontrolu projektové dokumentace je pod-
statny ndzor odborniku s praktickymi zkuSenostmi. Odbornici
se musi vybirat na zdkladé ovéreného prehledu dosud realizo-
vanych staveb, které dspéSné proS§ly prisnymi prejimacimi
zkouskami.

Cilem by mély byt jednoduché a inteligentni koncepce.
Se zvysujici se slozitosti roste chybovost a celkovd bezpecnost
klesd. Investice do inteligentni inZenyrské pfipravy muze uSet-
fit stondsobek ndkladu stavby. Placeni inZenyrské pfipravy na
zékladé¢ investi¢nich ndkladi neni dobrou pobidkou pro dosa-
hovéni téchto cilu.

ING. PETR POSPISIL, petr.pospisil@gruner.ch,
GRUNER AG, Basilej

Recenzoval: doc. Ing. Pavel Pribyl, CSc.
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An important aspect is that you cannot predict the future by
taking into account past experience. In practice, worse scenarios
can occur, of which nobody has previously thought of. It is usu-
ally only after such an incident that public opinion may criticise
the lack of appropriate measures. The decision process requires
some courage from the authorities when looking for useful solu-
tions. Maximum provisions cannot be relied upon just to avoid
blame.

SUMMARY

The stakeholders of infrastructure projects should try to
think of it as their own personal money being invested. Having
such an attitude is the best method of ensuring that the project
is done in an optimal way.

Technical norms and regulations must be revised. Instead of
following prescriptive regulations, a risk based evaluation of
safety measures is useful. Basic system decisions, which have
the biggest impact on costs, should be based in first order on
simple rules of thumb by expert knowledge, and in second
order on risk analysis, focusing on fire risk.

The risk of fire should be calculated based on a scenario ana-
lysis, comparing different variants of safety measures for com-
mon and critical scenarios. These measures should be assessed
according to their costs and benefits, using estimations of
'costs per life saved', and 'cost of avoided damage'.

According to the selected system, clear tasks must be estab-
lished, and for those tasks, the verification process defined.
Detailed specifications of quality assurance, operation and
control and testing and commissioning procedures are of
utmost importance. Practical experience must be used for
ongoing improvement.

The opinion of experts with practical experience is essential
for assessment and design review. Experts must be chosen on
the basis of a proven record of realised projects, having
successfully passed rigorous acceptance tests.

Simple, intelligent concepts should be aimed for. The error
rate grows with increasing complexity, and the overall safety
decreases. An investment in intelligent engineering can save
a hundredfold in project costs. Engineering fees based on
investment costs are not a good incentive in achieving these
aims.
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FOTOREPORTAZ ZE STAVBY PRODLOUZENI TRASY VA
PRAZSKEHO METRA

PICTURE REPORT FROM THE CONSTRUCTION
OF THE PRAGUE METRO LINE VA EXTENSION

Obr. 3 Pripraveny portdl pro raZbu trojlodni stanice ze stavebni jdamy
Veleslavin (foto M. Chotdr)

Fig. 3 The portal prepared for the excavation of the triple-span station from
the Veleslavin construction trench (photo courtesy of M. Chotdr)

Obr. 5 Razba dvojkolejného tunelu ze stanice Motol (foto J. Junek)
Fig. 5 Driving the double-track tunnel from Motol station (photo courtesy of J. Junek)

Obr. 2 Hloubeni stavebni jamy vc. sjizdné rampy pro razbu stanice Veleslavin
(foto J. Junek)

Fig. 2 Digging the construction trench incl. the inclined ramp for construction
of Veleslavin mined station (photo courtesy of J. Junek)

Obr. 4 RazZba a rozfdrdni stanice Petiiny (foto J. Junek)
Fig. 4 Driving the Petriny mined station tunnels (photo courtesy of J. Junek)

Obr. 6 Razba pristupové Stoly FrantiSek do stanice éervenj vrch (foto
J. Husdk)

Fig. 6 Driving the FrantiSek access tunnel to Cerveny vrch station (photo
courtesy of J. Husdk)
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Obr. 7 Razba stanice Cerveny vrch (foto J. Junek)

Fig. 7 Driving Cerveny vrch station tunnels (photo courtesy of J. Junek)
Obr. 8 Provddeéni primdrniho osténi pravého diléiho vyrubu stanice Petriny
(foto J. Junek)
Fig. 8 Installation of primary lining of the right-hand partial drift for Petiiny
station (photo courtesy of J. Junek)

Obr. 9 Den otevienych dveri na ZS Vypich (foto J. Junek)
Fig. 9 Doors Open Day at the Vypich site facility (photo courtesy of J. Junek)

Obr. 10 Montdz stroje zeminového Stitu Adéla (foto J. Tatar)
Fig. 10 Assembly of Adéla EPB shield (photo courtesy of J. Tatar)

Obr. 12 Dopravnikové pdsy od zeminovych $titu s mezideponii rubaniny

Obr. 11 Tratbvy tunel vyrazeny zeminovym Stitem Tonda (foto J. Junek) (foto J. Tatar)
Fig. 11 The running tunnel being driven by Tonda EPB shield (photo courtesy Fig. 12 Belt conveyors running from EPB shields and the muck stockpile
of J. Junek) (photo courtesy of J. Tatar)
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FOTOREPORTAZ ZE STAVBY HLOUBENEHO TUNELU OSEK

PICTURE REPORT FROM THE CONSTRUCTION OF THE OSEK
COVER-AND-CUT TUNNEL

Obr. 1 Zemni prdce a zajisténi stavebni jamy
Fig. 1 Earthmoving work and stabilisation of construction trench

Obr. 3 Ocelové ramy samonosné vyztuZe , faleSného* primdrniho osténi
Fig. 3 Steel frames forming the self-supporting reinforcement of the “false”
primary lining

Obr. 5 Postupné symetrické zasypdvdni tunelu
Fig. 5 Successive symmetric backfilling of the tunnel

Obr. 2 Stavebni jama a zdkladové pasy osteni
Fig. 2 Construction trench and footings under the lining

Obr. 4 Ndstrik primdrniho osteni
Fig. 4 Application of primary lining shotcrete

Obr. 6 Bednici viz pod ,,falesnym* primdrnim osténim
Fig. 6 Traveller formwork under the “false” primary lining
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poradc, advokati, podnikovi préwnici, rezhodci
nebo soudc

Fublikace obsahuje jako philobu kompletni ménl
tf nejpoutivandjtich vzord (Serveni, Huté

a stiibrmé knihy). vzorové dokumenty pro claim
management a ﬂg}aa‘ﬁnj slovnik nejpoutiva-
néjEich vyramnl a abrati,

Udrzitelng
porizovani
staveb

Uidriitelné pofizovani staveb
(ekonomické aspekty)
Rendta Schneiderova Heralova
260 stran, varba brodovand

Kniha se zaméfuje na ekonomickou efektivnost
udriitelniého pofizovand staveb, plidem? hlavni
myilenkou je pasuzavat stavby 7 hlediska celko-
vych nakladi vynaklddanych béhem jejich dlouhé
Fvotnosti, Kniha podavd ucelenou informaci

o motnostech a postupech analyry a kalkulace
nakladd Eivetniho cyklu (Life Cycle Costing LCC)
staveb v jejich jednotlivipch fazich tzn. ve tazi
pledinvestitnd, investidnl, ulivini a likvidace,

Ma piikladu pfipravy vefejné stavby je uvedena
aplikace metodiky. Rozsihld pflohova £dst nabizi
podrobnéjsi Eolstup klalkm?;% nakladd na pofizeni
stavby pro Odely analyzy L stup Do
plﬁn?ngkladu ?’ertnl'{lnyrylclu g‘::i-hupaktua irace
a pPehled potencidinich rizik = dopadem do
nakladd tivotniho cykly stavby.

Fakon
R jnyech
sakidzkiach

R LRT

2. vydani
Zakon o verejnych zakazkach

Komentar

Vilém Podedva, Milod Olik, Martin Janousek,
Jakub Stramsky

BAE stran, vazba vazand

Od Gtinnosti sakona uplynulo nékolik let, béhem
nich? byl zkon nestetnékedt poudit a toto poulitl
pfineslo celou Fadu otdzek, novych pohledd,
sportl, fedeni a rochodnuti. Loela odlisna je situa-
ce v oblasti rozhodovaci praxe, nebof zatimeo

v okamdiku vydani plvedniho komentafe exista-
vila pouze rozhodnutl tykajicl se jii nedéinniého
zékona €. 40/2004 5b. a rozhodnuti evropskych
soudnich orgdnd, bihem svi platnosti byl soutas
ny zdkon podroben jif fadé zkoumani a vyklada,
jak re strany Uradu pro echranu hospodafské
soutéde, tak organd soudnich, a rozhodovad
prine jie tak dm:-;j'i.l. pomémé bohatd, Komentd?
prata bylo maoing celkovs vyraznd roesifit

a konfrontovat, jak s nashromaldéngmi praktic-

Wolters Kluwer CR, a. 5., U Ndkladového nddrakl &, 13000 Praha 3,

Publikace Wolters Kluwer

kymi zkufenostmi a problémy, tak s rozhodovaci
privei,

246 040 400, Tax: 246 040 407, o-mall: ocbchod@whkcr

¢:) Wolters Kluwer

Ceska republika

cr, www. wher.ct

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

SVETOVY TUNELARSKY KONGRES ITA WTC 2011 A 37. VALNE SHROMAZDENI ITA-AITES
ITA WORLD TUNNEL CONGRESS WTC 2011 AND 37™ ITA-AITES GENERAL ASSEMBLY

The ITA World Tunnel Congress WTC 2011, which is the
annual most important meeting of professionals and compa-
nies from the field of underground construction, was held
from 20th through 25th May 2011 in the Finnish capital,
Helsinki. Over 1400 persons attended the event. Thirty six
attendees arrived to the Congress from the Czech Republic,
therefore, the Czech delegation was among the more nume-
rous.

The Congress theme was: Underground Space in the
Service of a Sustainable Society.

Even the technical exhibition was taken part in amply. One
of the stands was presented by Metrostav a. s., which is cur-
rently driving tunnels in Finland for the project of the
Helsinki metro extension.

There were meetings of the ITA-AITES Executive,
Working Groups and, above all, the 37th ITA-AITES
General Assembly held within the framework of the WTC
2011 in Helsinki. The General Assembly was attended by 49
member countries or their deputies of the total number of 64.
This number already contains 6 new members: Azerbaijan,
Belarus, United Arab Emirates, Nepal, Panama and Serbia.

One of the main results of the General Assembly session is
the acceptance of a partial change in the Articles of
Association, a change in the duration of a fiscal year and
a modification of member fees.

SVETOVY TUNELARSKY KONGRES ITA WTC 2011
V HELSINKACH

Kazdoro¢ni nejvyznamnéjsi setkdni odborniki a firem
z oboru podzemnich staveb Svétovy tuneldrsky kongres ITA
WTC 2011 se konal od 20. do 25. kvétna 2011 v hlavnim
mésté Finska v Helsinkdch. Zucastnilo se ho pres 1400 osob.
7 Ceské republiky prijelo na kongres 36 ulastniki, takze
Ceska delegace patfila k t€ém nejpocetnejsim. Kongres se
konal ve Finlandia Hall, kterd je vyznamnym architektonic-
kym dilem architekta Alvara Aalta. Budova byla preddna do
provozu v roce 1975 a byla mistem konani zavére¢ného aktu
konference o bezpecnosti a spolupraci v Evropé.
Tématem kongresu bylo Podzemni prostory ve sluzbé udr-
Zitelného rozvoje spolecnosti.
Bohaté byla obesldna i odbornd vystava. Jeden ze stanku zde
méla i spolecnost Metrostav, a. s., kterd v soucasné dobé prova-

~ Y

di razi¢ské prace na rozsiteni helsinského metra. Rada Ceskych



Obr. 1 Pohled do Finlandia Hall pred zahdjenim kongresu
Fig. 1 View of the Finlandia Hall before opening of the Congress

a slovenskych dcastnikil se na tuto stavbu, o které lze informa-
ce ziskat na str. 20 tohoto Casopisu v Clanku Ing. Viclav
Pavlovského a Ing. AleSe Gotharda, podivala pri neoficidlni
exkurzi zajisténé firmou Metrostav, a. s., ve ¢tvrtek 25. kvétna
2011.

Organizatofi kongresu vybrali k prednesu pét piispévku od
Ceskych autora.

37. VALNE SHROMAZDENI ITA-AITES

V ramci WTC 2011 v Helsinkdch jednala exekutiva ITA-
AITES, jeji pracovni skupiny a predevsim se konalo 37.
valné shromazdéni ITA-AITES. Zicastnilo se ho nebo bylo
zastoupeno 49 z celkového poltu 64 ndrodnich Elenu ITA.
V tomto poltu je jiZ zapolteno 6 novych ¢lena, kterymi
jsou: Azerbijdzan, Bélorusko, Spojené arabské emirity,
Nepél, Panama a Srbsko.

Jednim z hlavnich vysledku jednani valného shromazdéni
je prijeti dil¢i zmény stanov, zména trvani finan¢niho roku,
ktery bude zacinat 1. dubna b.r. a koncit 31. brezna roku
nasledujiciho. Zvysily se ro¢ni ¢lenské prispévky a upravila
se kategorizace ¢lenu 1TA.

Zaznéla také informace o pripravé ustaveni nového vybo-
ru ITA-TECH zaméreného na rozvoj novych technologii.

Valné shromédzdéni také rozhodlo o poradateli WTC 2014.
Ze tfi uchaze&u — Austrélie, Brazilie a Singapuru vypadla po
prvnim kole voleb Austrilie. Z duvodu stejného po&tu hlast
bylo nutné rozhodnout v druhém kole mezi Brazilii
a Singapurem. V ném zvitézila o jeden hlas Brazilie, takze

TUNELARSKE ODPOLEDNE 2/2011
TUNNELLERS' AFTERNOON 2/2011

The 2nd Tunnellers’s Afternoon was held in Masaryk Col-
lege of the Czech Technical University in Prague 6 — Dejvice
on Wednesday the 18t June 2011. Its topic, Construction plan-
ning and construction of the Prague metro Line VA, using
full-face tunnelling machines, received great attention from
the professional public.

The afternoon seminar was preceded by a morning excursi-
on to the construction site. The attendees were divided into two
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Obr. 2 Ing. Viclav Pavlovsky (vlevo) a Ing. Boris Sebesta p¥i vykladu o dsti
stavby helsinského metra zajistbvané firmou Metrostav, a. s.
Fig. 2 Ing. Viclav Pavlovsky (for the left) and Ing. Boris Sebesta presenting
the paper on the part of the Helsinki metro being built by Metrostay a. s.

Obr. 3 Pohled na celbu tunelu raZeného v charakteristicky zbarvené finské Zule
Fig. 3 View of the excavation face of the tunnel driven through the characte-
ristically coloured Finnish granite

ITA WTC 2014 se bude konat v Sao Paulu od 9. do 15. kvét-
na 2014.

Pristi rok se kond ITA WTC 2012 v Bankoku od 18. do 23.
kvétna 2012, v roce 2013 je hostitelem ITA WTC 2013 od
31. kvétna do 5. Gervna 2013 §vycarskd Zeneva.

groups to see the EBP shield supplied by Herrenknecht AG,
which is driving a running tunnel, and the conventional driving
of Petfiny station.

Za velké pozornosti odborné verejnosti se ve stredu
1. &ervna 2011 konalo v Masarykové koleji CVUT v Praze 6-
Dejvicich 2. Tunelarské odpoledne v roce 2011, jehoz téma-
tem byla Priprava a vystavba trasy VA praZského metra
s vyuZitim technologie EPBS.
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Obr. 1 Dipl.-Ing. Gottlieb BlaZek pri prednesu svého prispévku
Fig. 1 Dipl.-Ing. Gottlieb BlaZek delivering his speech

Vlastnimu odpolednimu semindfi predchdzela dopoledne
exkurze na stavbu. Sraz na exkurzi byl na staveni$ti Vypich
a jeji dcastnici rozdeleni do dvou skupin si prohlédli zemino-
vy §tit dodany firmou Herrenknecht nasazeny na razbé trato-
vého tunelu a konvenéni razbu stanice Petfiny. Organizaci
exkurze zajistili a zasvéceny vyklad podali pracovnici firmy
Metrostav, a. s.

SVYCARSKY TUNELARSKY KONGRES 2011
SWISS TUNNEL CONGRESS 2011

The annual meeting of Swiss tunnellers was held in Luzern
on 9th and 10th June 2011, under the main slogan “Swit-
zerland — the land of tunnels”.

The morning programme on 9th June 2011 contained
technical papers dedicated first of all to the most important
domestic projects — the Gotthard base tunnel (more or less
in the context of the process of its completion), successful
starting of the Generi base tunnel construction and extre-
mely ambitious reconstruction of the main railway station
and the entire railway junction in Zurich. The papers read
during the afternoon programme dealt with other deman-
ding domestic projects (CEVA transportation link in the
agglomeration of Geneva, the Eyholz tunnel on the by-pass

TufHel

Podle moznosti stavby byl stanoven maximdalni pocet
ucastniku na padesét. Zdjem o exkurzi byl obrovsky — prihla-
silo se pres 140 zdjemcu. Pfednost nakonec dostali mimo-
praZsti a zdjemci z organizaci statni spravy. Pro ty, na které se
nedostalo, bude snaha zorganizovat dals$i exkurzi v pod-
zimnich meésicich t. r.

Odpoledniho programu se zicastnilo 135 osob. Je moZno
konstatovat, Ze vSechny prednasky byly velmi peélivé pripra-
vené a obsahovaly mnoho zajimavych informaci. Témata
prednesenych prednasek ndsleduji (tucné jsou vyznaeni
predndsejici):

Ing. David Krasa, Ing. Jiri Ruzicka, Ing. Otakar Hasik
(Metroprojekt Praha, a. s.) — Historie ndvrhu, projektovd
a investorska priprava, umisténi stanic a tunela

Ing. Martina Urbankova, Toma$ Urbédnek, Ing. Josef
Kunak (Metroprojekt Praha, a. s.) — Statické reSeni segmen-
tového osteni

Ing. Boris Sebesta, Ing. David Cyron, Dr. Ing. Petr Vitek
(Metrostav, a. s.) — Technologie EPBS

Mgr. Lucie Bohatkova, Jakub Bohdtka, Mgr. Jifi Rout,
Mgr. Jifi Tlamsa (Arcadis Geotechnika, a. s.) — Geologické
vylety s prekvapenim v trase metra VA

Dipl.-Ing. Gottlieb Blazek (Hochtief Construction AG) —
Prubéh NRTM raZeb trasy metra VA

Ing. Miroslav VIk, Ing. Miloslav Sala¢, Ing. Jif{ Bfichnac
(Metrostav, a. s.) — Vystavba stanice Petfiny s pristupovou
Stolou Markéta

Ing. Jan Panuska (Subterra, a. s.) — ZkuSenosti z vystavby
stanice Veleslavin

Jakub Bohatka, Ing. Tomas Ebermann, Ing. Ondrej Hort
(Arcadis Geotechnika, a. s.), Ing. Martin Vinter (INSET,
s. 1. 0.) — Kontinudlni zprava o geomonitoringu na konvenc-
nich a mechanizovanych razbach trasy metra VA

Druhé Tunelédrské odpoledne 2011 bylo velmi dspésné také
proto, e po skuteéné dlouhé dobé je v Ceské republice opét
nasazen pri razbé celoprofilovy tunelovaci stroj, tentokrat
ovSem se jednd o zeminovy $tit odpovidajici soucasné svéto-
vé technické a technologické drovni.

ING. MILOSLAV NOVOTNY, novotny @metrostav.cz,
sekretdr CzTA ITA-ATIES

road around the town of Visp on the A9 Swiss motorway)
or the participation of Swiss tunnellers in important pro-
jects abroad (transport tunnels for the OG 2014 in Sochi),
but also large underground construction projects in the
world.

The Swiss Tunnel Congress 2011 itself was preceded by
the traditional “Swiss Tunnel Colloquium 2011 in the after-
noon and early evening of 8th June 2011. Its topic “Logistics
in Underground Construction” was interesting first of all for
contractors.

The offer of excursions was also rich. Four of the five
planned visits to construction sites took place on 10th June

2011.




- STS Meeting Pulnt

O

ARTUS - IV0TH

C.

WA Ta-aites.at
WL Ao
wiww afteLanso fr
s iwisstunnaleh

Obr. 1 Prezentace ticastnickych organizaci ITA-AITES — CzTA chybi
Fig. 1 Presentation of the attending ITA-AITES organisations — the CzTa
is missing

Ve dnech 9. a 10. 6. 2011 se konalo v Luzernu v KKL
(Kultur- und Kongresszentrum Luzern) kazdoro¢ni setkdni
$vycarskych tuneldit pod tstfednim heslem ,,Svycarsko —
zemé tuneld“. Prubéh kongresu byl tradi¢ni.

Vlastnimu kongresu predchdzela zména ve vedeni Svycar-
skych tuneldiu. Z funkce prezidenta FGU (Fachgruppe fiir
Untertagebau — Swiss Tunnelling Society) odstoupil p. Felix
Amberg, ktery se ujal vedeni pripravného vyboru svétové
tunelaiské konference 2013 v Zenevé. Na misto prezidenta
pak nové nastoupil p. Martin Bosshard.

Dopoledni program dne 9. 6. 2011 sestdval z odbornych
referdti vénovanych predevs§im nejvyznamnéj$im domécim
projektim — bédzovému tunelu Gotthard (viceméné
v souvislosti s jeho dokon¢ovdnim), zddrnému rozjezdu stav-
by bdzového tunelu Ceneri a mimordadné ambicidzni prestav-
bé hlavniho nddrazi a celého Zelezni¢niho uzlu v Ziirichu.
Prednasky odpoledniho programu se tykaly jak dalSich
ndro¢nych domdcich projekti (dopravni spojeni CEVA

v aglomeraci Zenevy, tunel Eyholz na obchvatu mésta Visp

Obr. 2 Referujici na kongresu pri zdvéreéné diskusi
Fig. 2 Authors of papers read on the Congress during the final discussion
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na §vycarské délnici A 9) &i dcasti Svycarskych tuneldiu na
vyznamnych dilech v zahrani¢i (dopravni tunely pro OH
2014 v Soci), tak i velkych podzemnich staveb ve svété.

Z vyznamnych svétovych projektd byly prezentovany
nasledujici:

e elektrarensky tunel Niagarské vodopady,

e Brenersky bdzovy tunel,

e nové pldnovany bdzovy

a Piemontem na VR trati Lyon — Turin,
e Pajares tunel v Asturii a (v souasné dob¢ velmi zpoliti-

tunel mezi Savojskem

zovany),

¢ nejvetsi podzemni projekt v SRN — Stuttgart 21.

Prispévek o nejdel$sim 62 km dlouhém kanalizaénim tune-
lu svéta v hlavnim mésté Mexika nebyl pro nepritomnost
referujiciho prednesen.

Program nasledujiciho dne 10. 6. 2011 vyplnily odborné
exkurze. Okruh A navstivil fascinujici a mimoradné rozsah-
ly soubor novych Zelezni¢nich podzemnich staveb v Ziirichu
— nadrazi Lowenstrasse a Weinbergtunnel. Okruh B finiSuji-
ci stavbu bazového tunelu Gotthard (pracoviste Faido).
Okruh C stavbu bédzového tunelu Ceneri (pracovisté
Sigirino). Okruh D stavbu tunelu Eyholz na A 9 na obchvatu
mésta Visp. A konecné exkurze okruhu E jiZ v predstihu na-
vStivila v pozdnich vecernich a no¢nich hodinidch dne 8. 6.
2011 ve vylukdch rekonstruovany ddlni¢ni tunel Sonnenberg
primo na okraji Luzernu.

Jak vlastni prednaskovy program, tak organizace exkurzi
se vyznacCovaly tradi¢ni Svycarskou preciznosti. Vynikd to
predev§im u exkurzi, kdy byl organizdtory obdivuhodné
zajistén plynuly pohyb vétstho mnoZstvi navstévniku rozdé-
lenych do mensich skupin za plného provozu staveb. To plati
prirozené i pro velmi vielé velerni spoleCenské setkdni
v hotelu Schweizerhof.

Vlastnimu Svycarskému tunelafskému kongresu 2011
predchazelo v odpolednich a podvecernich hodinach dne 8.
6. 2011 tradi¢ni Svycarské tunelaiské kolokvium 2011 na,
predev§im pro zhotovitele mimoradné zajimavé, téma:
Logistika v podzemnim stavitelstvi.

Jiz k jedndni kongresu byl k dispozici vypravné vyvede-
ny tistény sbornik vSech prednesenych prednaSek véetné

Obr. 3 Foto 7 exkurze — okruh A (Ziirich): Predstihové zrizeni svislych nos-
nych prvku pro podzemni prostory — mikropilotové bdrky

Fig. 3 Photography from the excursion to the A Ring Road (Zurich):
Micropile trestles - vertical load-bearing elements for underground spaces
prepared in advance



20. rocnik - €. 3/20M

kolokvia. Jednd se zde jiz o 10 dil postupné vydavanych
sbornikt. Samoziejmosti je soucasné zvefejnéni predndsek
na elektronickém nosici.

1 kdyZ se jednalo o vyrazné ndarodni setkani (podle priloZe-
ného seznamu se jednani kongresu zucastnilo 556 domécich
odbornikt v podzemnim stavitelstvi) byl nezanedbatelny
pocet ucastniki rovnéZ ze zahrani¢i (53 z SRN, 23
z Rakouska, 5 z Francie, 3 ze Spanélska, 2 z Itdlie a po jed-
nom z Belgie, Recka a USA; v tom i 3 ucastnici z CR). Je
pouze ke $kodé, Ze se kongresu neztdastnilo vice odborniki
z CR — vloZné na ti¢ast jednéni vEetné exkurze bylo stanove-

Tuel

no velmi mirné — pro ne¢lena FGU (Svycarské tunelafské
spolecnosti) 585 CHF (450 €), pro seniory a studenty jen
245 CHF (190 €). Tato ,ldce” patrné souvisi vedle neoby-
Cejné otevienosti Svycarské spolecnosti vaci podzemnimu
stavitelstvi i s mimoradné Sirokou prezentaci sponzorskych
firem.

DOC. ING. VLADISLAV HORAK, CSc.,
horak.vl@fce.vutbr.cz, Fakulta stavebni VUT v Brné,
ING. VLASTIMIL HORAK, vhorak@amberg.cz,
AMBERG ENGINEERING Brno, a. s.

JEDNANI PRACOVNI SKUPINY WG 2 TC.C4 PIARC V PRAZE
MEETING OF WORKING GROUP WG2 TC.C4 PIARC IN PRAGUE

A meeting of the Working Group on Road tunnel safety
was held in Prague on 11th — 12th April 2011. It was attended
by 19 members from 14 PIARC member countries. Four
attendees of the above-mentioned number were from the CR.
The meeting of the Working Group was the last held during
its term 2008 — 2011, before the PIARC Congress to be held
in Mexico City in September. of Petfiny station.

Ve dnech 11.-12. 4. 2011 se v Praze konalo jednani pra-
covni skupiny Bezpecnost v silni¢nich tunelech. Jednani
pracovni skupiny bylo poslednim za obdobi cinnosti
2008-2011 pred kongresem PIARC v zari v Mexico City.

V souladu s predpokladem zpracovala pracovni skupina
WG 2 za uvedené obdobi dva dokumenty. Dokument
Current praktice for risk evaluation of road tunnels shrnuje
soucasné pouZivani postupu pouZivanych na tzemich Elen-
skych, zejména evropskych, ¢lenu spoleEnosti PIARC pri
hodnoceni bezpecnosti v tunelech pozemnich komunikaci
s pouzitim rizikové analyzy. Dokument Improving safety in
existing tunnels informuje o dosavadnich zkuSenost
s provedenymi dpravami podminek bezpecnosti provozu ve
dfive zfizovanych tunelech pozemnich komunikaci.
Zavéretné schvéleni obou dokumentu probéhlo krdtce pred

prazskym jedndnim na jednani celé casti C 4 PIARC
v Xiamen v Ciné. Tohoto jednéni se G&astnil zastupce CR pro
¢ast TC.C 4 PIARC pan prof. Ing. Pavel Pribyl, CSc.

Druhy den prazského jednani byl vénovan diskusi
k ndvrhum vystupu strategického zaméreni ¢innosti PIARC
na dal$i obdob{ jeho ¢innosti 2012-2015. Jednani druhého
dne probihalo za ucasti prezidenta casti C 4 PIARC pana
Pierra Schmitze. Do programu jednédni byla zarazena prezen-
tace technického reSeni a stavajiciho stavu vystavby tunelu
Blanka pripravenda spolecnosti Satra, s. r. 0.

Prazské jednéani skupiny WG 2 probéhlo za ucasti celkem
19 dlastniki ze 14 c¢lenskych zemi spolecnosti PIARC.
Z uvedeného poctu byli &tyfi Gcastnici jednani z CR.

Dvoudenni jednadni skupiny WG 2 konané na Novotného
livce v Praze bylo organizovdno sekci Tunely CSS
a financovdno ve spolupriaci Ceské silni¢ni spole&nosti
a Ceské tunelaiské asociace ITA-AITES. Diky tispésné spo-
luprdci probéhlo zdvére¢né jedndni skupiny WG 2 jako
distojnd prezentace podilu &innosti CR na &innostech
PIARC v koncicim obdobi 2008-2011.

ING. JIRI SMOLIK, Jsmolik@subterra.cz,
sekce Tunely CSS

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

DUL JERONYM V CISTE — GEOGRAFIE, GEOLOGIE A HISTORIE
JERONYM MINE IN CISTA - GEOGRAPHY, GEOLOGY AND HISTORY

The complex of underground structures and mine workings
forming the Jeronym Mine in Cistd is a technical monument
that remained preserved owing to a set of favourable circu-
mstances. From the geographical point of view, Cist4 locali-
ty is found in Slavkov Forest, west of the village of Krdsno,
the district of Sokolov, the region of Karlovy Vary. The
underground spaces (sub-horizontal, slanted or vertical line-
ar workings, chambers, hacks) are formed by abandoned
mine workings and old mine workings. It has been proved
that both systems of underground workings formed a single
complex in the past, which was drained through Jeronym

sough, but deep falling of roofs happened during the course
of time and today unknown workings collapsed.

From the historic aspect, the technical monument “Jeronym
Mine” supplements the montane monuments, first of all in the
area of extraction and processing of tint for an over 400 years
long prospecting and extracting period. In terms of the histo-
ry of ore mining and underground workings, the “Jeronym
Mine” is an object of European importance.

The paper deals with geography and geological situation of
the locality, the spatial layout of the Jeronym Mine and cha-
racteristics of underground workings in the condition in
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souhrnu priznivych okolnosti. Z geo-
grafického hlediska se lokalita Cistd
nachdzi ve Slavkovském lese, zdpad-
nim smérem od obce Krasno v okrese
Sokolov, Karlovarsky kraj. Podzemni
prostory (liniovd dila subhorizontdlni,
uklonnd i svisld a komory a zatinky)
tvorfi opusténa dalni dila a stard dulnf
dila. Je prokdzano, Ze oba soubory
podzemnich dél tvorily v minulosti
jeden komplex, ktery byl odvodnovan
dédi¢nou Stolou Jeronym, ale v pru-
béhu ¢asu doslo k hlubokému zaboren{
stropu a k zavaleni dnes nezndmych
podzemnich dél.

Z hlediska historického doplnuje
technickd pamétka ,,Dul Jeronym*
fond montdnnich pamaitek, zejména
v oblasti t€zZby a zpracovani cinu za
obdobf pres 400 let pruzkumu a t€Zby
a z pohledu historie rudného hornic-

B 3 WM 40 W om
————

Obr. 1 Vysek dulni mapy a topografie povrchu dsti Opusténych dilnich dél (ODD)

Fig. 1 Part of a mine map and topography of the surface of a part of the abandoned mine workings

which they existed or were discovered and the decision was
made that they would be made accessible for both the profes-
sional and lay public.

Soubor podzemnich a dilnich dél Dolu Jeronym v Cisté
pfedstavuje technickou pamadtku, kterd zustala zachovdna diky

P

Obr. 2 Rekonstruovand dédicénd §tola Jeronym
Fig. 2 Reconstructed Jeronym sough

Obr. 3 Ukdzka dulni chodby
Fig. 3 Illustration of a drift

tvi a podzemnich dél je Dul Jeronym
objektem evropského vyznamu.

Obr. 4 Ukdzka razici prdce Zelizkem a mldtkem
Fig. 4 Illustration of mining work using a drag and a holing pick
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Obr. 5 Ukdzka komory (§iriny) se stopami ru¢niho dobyvdni
Fig. 5 Illustration of a chamber with traces of hand mining

Prispévek se zabyva geografii a geologickou situaci lokali-
ty, prostorovou situaci Dolu Jeronym a charakteristikou pod-
zemnich dél, a to ve stavu, ve kterém se dila nachdzela nebo
byla objevena a bylo rozhodnuto o zpfistupnéni pamatky
odborné a laické verejnosti.

Geograficky se lokalita Cistd nachdzi u obce Krasno
v okrese Sokolov, Karlovarsky kraj. Je soucasti CHKO
Slavkovsky les.

Obr. 6 Vydreva skladisté trhavin z obdobi 2. svétové vilky
Fig. 6 Timbering of a magazine from the time of World War 2

Tuel

Geologicky patri lokalita do jizntho okraje masivu Kudrum
s cino-wolframovym zrudnénim v kfemennych Zildch nebo
v alberovanych granitech.

Rozvoj dolovani zacal v 16. stoleti (prokazatelné od roku
1551). Doly byly ale pasivni, v 19. stoleti klasifikovdny jako
seSlé a sporadickd t€7ba a pruzkum byly ukonleny v roce
1965. Zustaly vSak zachovény a predstavuji historicky cennou
pamaétku.

Podzemni prostory Dolu Jeronym [1] tvori dvé dnes oddé-
lené &dsti. Opusténa dulni dila (ODD, obr. 1) a Stard dulni dila
(SDD) objevena v roce 1982. Toto rozdeleni je administrativ-
ni, protoze v roce 2009 byly obé ¢asti prevedeny pod spravu
Karlovarského kraje. Domnénka, Ze obé Casti tvorily
v minulosti jeden celek, byla potvrzena barvicim pokusem.

Charakteristika podzemnich
a duinich dél Dolu Jeronym (obr. 1)

Dédi¢na Stola Jeronym predstavuje zakladni banské dilo
a podzemni stavbu lokality o délce cca 400 m. V sedmde-
satych letech 20. stoleti, kdy byla prostupnd, doslo k hlubo-
kému zaboreni stropu a k zdvalu v délce cca 120 m. Po rekon-
strukci je pohodlné prichozi a bezpedné zajisténd
s prumérnym sklonem 1,98 % a plni funkci vstupu do dolu,
hlavniho odvodnovaciho dila a vétrniho spojenti.

Obr. 7 Zatopené bezodtokové prostory pod iirovni Stolového patra
Fig. 7 Inundated spaces without outlet under the adit level




Obr. 8 Ukdzka prostorového skeletu komory a pilifu nad hladinou podzemni vody — tzv. mustek
Fig. 8 Illustration of a spatial skeleton of a chamber and pillars over the water table — the so-called bridge

Sachtice Jeronym spojuje povrch s komplexem dé&l
v oblasti ODD. Je vyhloubena v profilu 3,3x1,0 m
a zpruchodnéna do hloubky 27 m, kde je zastiZen strop velké
komory K1. Je vybavena leznim oddélenim s ocelovymi Zeb-
fiky a oddélenim pro dopravu materidlu a plni funkci druhého
vstupu do dolu a vétrni cesty.

Ostatni podzemni a dulni dila v celé oblasti Dolu Jeronym
jsou komplexem chodeb, dobyvek, vertikdlnich a Sikmych
dél. Monumentédlné pusobi zvlast€ komory (3ifiny), na dobu
vzniku znaénych rozméru. Je zde zjiSténa komora o délce
50 m, $itky 15 m a vySky kolem 10 m. Do komory K2 na
trovni $tolového patra usti dédi¢nd Stola Jeronym.

Podzemni dila jsou vysekdna do skalniho masivu Zelizkem
a mlitkem a jsou bez vyztuze. Na Cetnych mistech komplexu
dél jsou patrné znaky jejich vzniku: prace mlatkem a Zelizkem,
sazeni ohné, suché zdi, vysekané stupy, vyklenky apod.

LITERATURA / REFERENCES
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V bezodtokovych partiich a pod
urovni Stolového patra se odkry-
vaji nddherné pohledy do jezirek
¢iré nadrzené podzemni vody,
jejichz dna pravdépodobné pokra-
C¢uji do hlubSich partii dolu.
Celkové predstavuji dila a pod-
zemni prostory Dolu Jeronym slo-
zity prostorovy skelet, ktery je
unikdtnim doloZenim drovné razi-
cich a dobyvacich praci v dobé
vzniku.

Ukédzka dualnich a podzemnich
dél Dolu Jeronym je uvedena na
obr. 2 az 8.

Roku 2008 byl Dul Jeronym
v Cisté prohlasen narodni kulturni
pamatkou, kterd doplnuje fond
evropskych montdnnich pamadtek.
Od roku 2001 je na lokalité
postupné budovidn systém geomechanického a geotech-
nického monitoringu, kterym je sledovan stabilitn{ stav loka-
lity pro jeji vyuziti v podobé hornického skanzenu. Z hlediska
odborného pak podzemni prostory Dolu Jeronym a insta-
lované instrumenty monitoringu predstavuji vyzkumnou labo-
rator in situ pro vyzkumné prace a pro studenty oboru geo-
technika na Fakulté stavebni VSB-TU Ostrava.

Prispévek byl zpracovdan za podpory Projektu Grantové
agentury CR 105/09/0089 ,, Progndza casoprostorovych zmeén
stability dilnich prostor technické kulturni pamdtky Duil
Jeronym v Cisté*, Muzea Sokolov, p. o. Karlovarsky kraj
a Nadace Georgia Agricoly Slavkovsky les.

DOC. ING. ROBERT KORINEK, CSc.,
robert.korinek@vsb.cz, Fakulta stavebni V§B-TU, Ostrava

[1] Historicky dil Jeronym v Cisté — monografie. Projekt GACR 105/06/0068 ,,Vyzkum faktord ovliviiujicich stabilitu stfedové-
kého Dolu Jeronym v Cisté*. VSB-TU Ostrava, Ustav geoniky AV CR v. v. i. Ostrava, 2008. ISBN 978-80-248-1757-6.

Foto/Photo: Ing. Radovan Kukutsch, Ph.D.

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

CESKA REPUBLIKA

SOUBOR STAVEB MO V USEKU
MYSLBEKOVA — PELC-TYROLKA

TUNEL SPEJCHAR — PELC-TYROLKA
(KRALOVSKA OBORA)

Pokracuji prdce na definitivnim osténi severni tunelové
trouby, propojek a vzduchotechnickych objektia. K dne$nimu
dni je ze 142 sekci horni klenby dvoupruhového tunelu STT
zabetonovano 95 sekci, na 112 sekcich je polozena hydro-
izolace a u 103 sekci je osazena armatura. V tripruhovém

THE CZECH REPUBLIC

MYSLBEKOVA — PELC-TYROLKA SECTION OF THE CITY
CIRCLE ROAD

SPEJCHAR - PELC-TYROLKA TUNNEL
(KRALOVSKA OBORA)

The work continues on the final lining in the northern tunnel
tube, cross-passages and ventilation structures. At present, casting
of 95 blocks of the 142 blocks of the upper vault in the double-
lane NTT has been finished, 112 blocks have the waterproofing
layers installed and 103 blocks have the concrete reinforcement
completed. In the triple-lane NTT, 33 blocks of the total of 52
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tunelu STT je zabetonovdno 33 sekci spodni klenby
z celkovych 52 sekci. Horni klenba je vybetonovdna u 22
sekci, v 25 sekcich je poloZena hydroizolace a 23 sekci je
vyarmovanych. Byla dspé$né dokoncena betondz atypickych
tuneld u propojky TP 18. Bednici viz se vybavuje pfidavnym
bednénim pro betonaz prvniho nouzového zdlivu na STT.

Stavba se nachdzi v zav€re¢né etapé betondze definitivniho
ostén{ tunelt. Probihd pfesun bedniciho vozu z JTT do STT.
Dojde tak k souc¢asnému nasazeni tif bednicich vozu v jedné
tunelové troubé!

FiniSuji rovnéZz prace na definitivnim osténi vzduchotech-
nickych objektu. V propojovacim kandlu SO 9021.04 je kom-
pletné zabetonovédna prvni &dst objektu zvétSeného prifezu
pred strojovnou vzduchotechniky smérem k STT. Druhd &ast
propojovaciho kandlu o menS$im profilu a tdsek pod tunely
STT a JTT jsou dokonCeny ve dné a bocich, probihd montéaz
hydroizolace a armatury horni klenby a v nejblizsi dobé bude
zahdjena jeji betondZz. V nejvétsim objektu, strojovné vzdu-
chotechniky SO 9021.05, je dobetonovdno dno a na horni
klenbé zbyva dokonlit posledni tfi sekce z celkovych 22.
Definitivni osténi vzduchotechnického kandlu SO 9021.07 je
témér hotovo, zbyva dokondit posledni dve sekce horni klen-
by na konci tunelu u kominu (Sachty SO 9021.09) a tri sekce
horni klenby ve smérovém oblouku (nutno pouZit zvI4stni
skruz vyrobenou na miru) v¢etné kréku do strojovny vzdu-
chotechniky.

V propojovacim kandle mezi tunely a strojovnou vzducho-
techniky byla ukoncena prvni etapa vystavby definitivniho
osténi ze stiikaného betonu naneseného na féliovou hydro-
izolaci. Tato technologie byla jiz pouzita u propojek TP 15
a TP 16.

Obecné 1ze konstatovat, Ze se v sou¢asné dobé na relativné
malém prostoru v podzemi kumuluji veskeré betonarské
prace. Tato skute¢nost klade zvySené pozadavky na koordina-
ci provadeénych praci, zvlasté s ohledem na dopravu materidlu
k pracovistim s atypickymi soubory bednicich prvka.

V soulasnosti se provadéji betonové mazaniny podlah
v technickych chodbidch pod mostovkou dvopruhu STT
a tiipruhu JTT, probihaji Gpravy povrchu a byly zahdjeny
natéry v technickych chodbach JTT s cilem pripravit zahdje-
ni montédZe technologického vybaveni tunelt pocdtkem pristi-
ho roku.

TUNEL MYSLBEKOVA - PRASNY MOST (BRUSNICE)

Razba kaloty v JTT byla ukoncena 18. 7. 2011 v délce
552 m za doplnujicich opatreni projektanta ve staniceni 3,431
662 km. V soucasné dobé probihd dokonceni razby spodni
klenby vcetné vycisténi a profilace celého tunelu.

V STT probihd betondz definitivniho osténi tunelu véetné
izolaci. Spodni klenba do drovné vozovky je provedena v celé
délce tunelu 536 m a v délce 140 m je vybetonovédna za
pojizdnou betonovaci formou horni klenba tunelu.

Vzduchotechnicky tunel (VZT), ktery je dlouhy 114 m
a vede k vétraci Sachté, je prubézné betonovdn. Definitivni
osténi spodni klenby je hotovo v celé délce a betondZz horni
klenby je dokoncena na dseku dlouhém 52 m v oblouku vcet-
né zadsténi do technologické ¢asti mezi STT a JTT.

Tuel

blocks of the invert have casting of concrete finished. The upper
vault casting has been finished in 22 blocks; the waterproofing has
been completed on 25 blocks and 23 blocks have the reinforce-
ment finished. Casting of atypical sections in the space of the futu-
re pumping station in the lowest point of the tunnels, near the
cross-passage TP 18, has been successfully finished. The travel-
ling formwork is being equipped with an additional form for cas-
ting of the first lay-by in the NTT.

The construction is found at the final stage of casting of the final
lining of the tunnel tubes. The travelling formwork is being tran-
sferred from the STT to the NTT. As a result, three travelling
forms will be deployed in a single tunnel tube simultaneously!

The work on the final lining of the ventilation structures is being
finished. In the connecting duct SO 9021.04, casting of the first
part of the structure with the enlarged cross-section before the
ventilation plant room (viewed in the direction of the NTT) has
been completed. The second part of the connecting duct with a
smaller cross-section and a section under the NTT and STT tun-
nels has the bottoms and side-walls finished; the installation of the
waterproofing and reinforcement of the upper vault is in progress
and concrete casting operations will start shortly. In the largest
structure, the ventilation plant room SO 9021.05, casting of the
bottom is underway and last three blocks of the total of 22 blocks
of the upper vault remain to be finished. The final lining of the
ventilation duct SO 9021.07 has nearly been completed; last two
blocks of the upper vault, found at the tunnel end at the shaft (SO
9021.09) and three blocks of the upper vault on the horizontal
curve (requiring the use of a special purpose-made form) inclu-
ding a neck to the ventilation plant room remain to be completed.

The initial stage of the construction of the final lining using
shotcrete applied on the waterproofing membrane has been com-
pleted in the connecting duct between the tunnels and the ventila-
tion plant room. This technology has already been applied in cross
passages TP 15 and TP 16.

In general, it can be stated that all concrete casting operations are
piled up in a currently relatively small space in the underground.
This condition places increased demands on the coordination of the
operations, especially with respect to the material transport to the
work places where the atypical sets of formwork elements are requ-
ired.

At the moment screed finishes are being carried out on floors in
service galleries under the deck carrying the double-lane roadway
in the NTT and the triple-lane roadway in the STT; surface finis-
hes are being applied and paint coating has been started in service
galleries in the STT, with the aim of preparing the installation of
the tunnel equipment for the beginning of 2012.

MYSLBEKOVA - PRASNY MOST (BRUSNICE) TUNNEL

Driving of the top heading in the STT was finished at chainage
km 3. 431,662 on 18 July 2011, at the length of 552 m, applying
additional measures required by the designer. At the moment, the
excavation of the invert, including clearing and profiling of the
whole tunnel, is underway.

In the NTT, the tunnel final lining is being cast and the waterpro-
ofing is being applied. The invert up to the roadway level has been
completed throughout the tunnel length of 536 m; casting of the
upper vault behind a traveller form has been finished at the length of
140 m.

Casting of the 114 m long ventilation tunnel, leading to the ven-
tilation shaft, is continually in progress. The final lining of the
invert has been finished throughout the tunnel length, while cas-
ting of the upper vault has been finished along a 52 m long secti-
on found on a curve, including the connection to the part between

the NTT and the STT housing services.
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PRODLOUZENI TRASY METRA VA METRO LINE VA EXTENSION

Na projektu EPBS byla zahdjena razba levého tratového A full-face EPB tunnelling machine has started to drive the left-
tunelu (LTT) z montdZni Sachty umisténé na zafizeni stave- hand running tunnel (LRT) from the assembly shaft located on the
ni§té oznaeném jako BRE 1. RaZba tohoto dseku je provadé- construction site marked as BRE 1. This section is being driven by

the machine which was assigned number S609 by the manufactu-
rer. This machine is the historically first EPB mechanised shield
used in the Czech Republic. For that reason employees of
Herrenknecht AG are present on the above-mentioned project,

na strojem oznafenym prii vyrobé &islem S609. Jednd se
o historicky prvni nasazeny mechanizovany S§tit typu EPB
(earth pressure ballance machine) v Ceské republice. Z toho
dUVOSh,} J.sou il DOl e zmnvl/enem pr(ilektu Rntom/m pra- taking care of the machine set control during the verification ope-
covnici firmy Herrenknecht, ktef{ se staraji v ovérovacim pro- ration and training employees of Metrostav a. s.
vozu o fizeni strojniho komplexu a zdroven o zaucovani The fist lining ring of the single-track running tunnel (the struc-
zaméstnanci firmy Metrostav. ture marked as SO 07-18/01) was erected on 13th April 2011 and
Prvni prstenec jednokolejného tratového tunelu tj. objektu additional 303 rings have been completed till the date of preparing
znaceného jako SO 07-18/01 byl sestaven 13. dubna 2011 this information. This means that till now (at the beginning the
a k datu zpracovdni informace jich pribylo dal§ich 303. To tunnel was being driven only during day shifts and the uninter-

znamend, Ze do soudasnosti (ze za&4tku raZba probihala pouze rupted operation only started gradually) over 450 m of the tunnel
v dennich sméndch, postupné se pieslo na nepfetrzity pracov- with the net diameter of 5.3 m have been finished. This advance

ni reZzim) bylo vyraZzeno vice nez 450 metru tunelu svétlého oI 02 el g WA, T WA BER Ee e el G
sfmim 58 meim, (N g s, e dosal of s Tonda by children from the Motol Hospital, before Petfiny stati-

Iské L da®. dostal pied . on, where it will wait until the civil works are finished in this sta-
z motolské nemocnice jméno ,,Tonda“, dostal pred stanici tion, allowing it to be pulled through.

Petfiny, kde bude Cekat do doby, nez bude zminénd stanice Simultaneously with driving the LRT, the project team worked

stavebné pripravena na jeho protaZeni. on the assembly of the sister machine S610, which had been given
Soucasné s razbou LTT pracoval projektovy tym EPBS na the name of Adéla and which will drive the right-hand running

montéazi sesterského stroje S610, ktery byl pojmenovan jmé- tunnel (RRT), lagging at a technologically necessary distance

nem ,,Adéla® a ktery bude razit pravy tratovy tunel (PTT) behind Tonda machine.

s technologickym odstupem za ,, Tondou*. On the 18th June, at the moment when the shield with the cut-

ting head assembly had been finished, a Doors Open Day was held

iof h byl laick feinost <adin d ‘ for the lay public. It was combined with the celebration of “chri-
§ razict avou, byl pro faickou verejnost usporadan den otev- stening” the machine, attended by official representatives of the

r.eny.cb dveri spv()Jeny s'e slflvn(;)stmm ”kreSteITl sliere e Deae City of Prague. The unique opportunity to see the full-face tun-
ti oficidlnich predstavitelu mésta Prahy. Jedine¢nou moZnost nelling machine during the Doors Open Day was not missed by

Dne 18. Cervna, v dobé kdy byla sestavena S§titova cast

vidét stroj EPBS pfi dni otevienych dvefi si nenechalo ujit | about 8,500 visitors.

zhruba 8500 ndvstévniku. Adéla machine assembly was finished in the following weeks;
Adéla byla v nasledujicich tydnech dokoncena, a tak mohl the first lining ring was erected in the RRT on 12th July. It was the

byt 12. Cervence osazen prvni prstenec PTT. Tak byla zahdje- beginning of driving the 4,100 m long second single-track metro

tunnel, with pulling the machine through Petfiny, Veleslavin and

Cerveny Vrch stations and dismantling it on dead-end tracks at

Dejvicka station.

S . . As of the date of preparing this contribution, the left-hand side-
K datu sepsini prispévku byl dokoncen technologii NRTM wall drift has been completed using the NATM at the single-vault

levy bocni tunel jednoklenbové stanice Petfiny (14. Cervna | petiiny station (on 14th June 2011). The right-hand sidewall drift

2011). Pravy boc¢ni tunel stanice se predpoklada dokoncit 25. completion is planned for 25th July 2011. Owing to this perfor-

na razba v délce 4100 m druhého jednokolejného tunelu metra
s prutahy stanicemi Petfiny, Veleslavin a Cerveny vrch
s demontaZzi v obratovych kolejich stanice Dejvicka.

Cervence 2011. Tim se podarilo dosdhnout na obou ¢lenénych mance, the about one-month reduction of the construction time at
vyrubech jednoklenbové stanice cca mési¢niho zkraceni ter- both partial headings of the single-vault station was achieved.
minu. Provddéji se stavebni dpravy pro vjezd Stitu do stanice The construction work enabling the entry of the shields into the
a jejich protaZeni stanici s cilem co nejdfive vytvofit podmin- station and their passage through the station is being carried out

with the aim of creating conditions for launching of the shields to
the section between Petfiny and Veleslavin stations as soon as

V soutasné dobé vrcholi projekéni pi kaldtorového | POSSible:
soucasne dobe VICHOL Projekent priprava eskalaioroveno At present, the design work on the escalator tunnel is reaching

tunelu, ktery by mél byt raZen po dobu posunu stitu (véetn€ |, ,eak [t should be driven while the shields (including the bac-
jejich zavésnych zarizeni) v bo¢nich tunelech jednolodni sta- kups) are being pulled through the sidewall drifts in the single-
nice Petfiny. Kompletni dokonCenf raZby cel€ stanice Petfiny vault Petfiny station. The full completion of the excavation of the
bude mozné az po presunuti technologickych a logistickych entire station will be only possible after the technological logisti-
vazeb do jamy E2 za stanici Veleslavin, coZ je planovédno na cal facilities are moved to the construction trench E2 behind
meésic duben 2012. Veleslavin station. This is expected to happen in April 2012.
Good news for Veleslavin station is the fact that the progress of
the work on the construction trench has finally reached the correct
dimension and rhythm. The construction trench inclusive of an
access ramp has been completed, even including a trafficable
concrete slab and blinding concrete at the bottom of the trench. At
the moment canopy tube pre-support is being installed (right-side,

ky pro start §titu do useku mezi stanicemi Petfiny a Vele-
slavin.

Dobrou zpravou pro stanici Veleslavin je, Ze postup praci na
stavebni jameé dostal konecné spravny rozmér a rytmus.
Stavebni jdma vcetné pristupové rampy je hotovd, a to
i véetné pojizdné betonové desky a podkladniho betonu na
dné jamy. V soucasné dobé se provadeéji ochranné deStniky

(pravy, levy, stfedni) pro budouci razbu i pro dojezd EPBS middle and left-side) for the future excavation and for the arrival
v opatném sméru. K 1. 8. 2011 je napldnovéno slavnostni 0sa- | of the tunnelling machines in the opposite direction . The Saint
zeni sosky sv. Barbory s naslednym zahdjenim razeb — nejdri- Barbara statuette installation celebration is planned for 1st August
ve levého, posléze i pravého (ve sméru razby) stani¢niho 2011, to be followed by commencing the excavation — first the
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tunelu, kterymi budou na konci roku protazeny obé soupravy
EPBS pres stanici. Prace na stanici si rozdélily divize 1 a di-
vize 2 firmy Subterra, a. s.

Na druhou stranu stanice Cerveny vrch ddl Zije svym Zivo-
tem, tedy pokracovanim raZeb vlastni stanice. Pravdou je, Ze
ve velmi komplikovanych geologickych pomérech, které
nebyly projektem plné predikovany.

DALNICE D 8-805 — LOVOSICE — REHLOVICE

Na posledné dokon&ovaném tseku dilnice D8 pres Ceské
sttedohofti bylo po tunelu Prackovice jiz také dokonéeno defi-
nitivni osténi tunelu Radejéin. V soucasné dobé tak mohly
navazat priace na betondzi jeho hloubeného useku, a to ve
sméru na Usti nad Labem.

Jisté zajimavou technicko-spole¢enskou uddlosti pro tento
tunel se stane dne 4. 8. 2011 jeho z legislativnich divoda
odloZend prorazka, ktera se uskutecni na prazském portale.

TUNELY VMO DOBROVSKEHO

BetondZe chodniku a ndtéry stén velmi sledovaného brnén-
ského tunelu jiz byly dokonéeny. V soucasné dobé probihaji
v tunelu dalsi instalaéni a dokoncovaci prace. Soucasné se pri-
stoupilo i k opravdm prvnich poskozenych povrchovych raz-
bou doteenych objektl. Tyto opravy budou postupné pokraco-
vat i v dalSich letech, tak jak se konsoliduje nadloZi tunelu
a tim doznivaji vlivy razby na povrch a jeho zdstavbu. Price
provadi firmy Subterra, a. s., a OHL 7S, a.s.

TUNELY NA ZELEZNICNI TRATI
PRAHA - CESKE BUDEJOVICE

USEK: VOTICE — BENESOV U PRAHY

Soucasnd nejvyznamnéjsi koridorova Zzelezniéni stavba
pokrafuje v provddéni definitivnich obezdivek tunelt
a nésledné i dal§ich dokon¢ovacich praci.

Na nejdel$im Zahradnickém tunelu mimo jiné se provadéji
zasypy priportdlovych hloubenych udseku. Na Olbramo-
vickém tunelu se zase dokoncuji posledni stavebni dpravy
a natéry.

Tunel Tomice I je ve znameni dokoncovani betonazi defini-
tivni obezdivky. Bednici forma poté prejede na tunel Tomice
II. Do takto dokonéenych tuneli se potom budou montovat
instalace, predev§im uchyty pro nosniky trakéniho vedeni
a dalsf nutné technologie.

Vsechny tuneldfské prace na vSech Ctyrech tunelech probi-
haly zcela standardné a v souladu s harmonogramem praci.
V souladu s jeho obsahem se ocekdvd, Ze v listopadu 2011
budou tunely preddny k instalacim kolejovych svriku
a trak¢niho vedeni.

Prace na vSech vySe zminénych raZenych tunelech provadi
Subterra, a. s.

ZELEZNICNI TUNEL JABLUNKOV €. 2

Na havarovaném tunelu Jablunkov byly dokonceny zpev-
nujici injektaze a byly znovu zahdjeny razby. Postupovat se
bude s délenim Celby na Sest ¢asti (horizontdlné na dvé &dsti,
vertikdlné na tfi). Bude se kombinovat vyztuz Hebrex, HEB
a Bretex v urcité analogii podle zkuSenosti z razby tunelu
Dobrovského, ktery, jak se ukdzalo, vykazuje urcitou podob-
nost v geologickych podminkdach. V dobé uzdverky cisla
bylo vyrazeno 81 m na Stole A (levd horni z pohledu razby)

Tuel

left-hand and then the right-hand station tunnel (viewed in the
direction of the excavation), through which both tunnelling
machines with the backups will be pulled to pass the station at the
end of 2011. The work on the station was divided between
Division 1 and Division 2 of Subterra a. s.

On the other hand, éerven)’/ Vrch station continues to live its
own life, which means that the excavation of the station itself will
continue. The true is that it will be carried out in very complicated
geology, which has not been fully predicted by the design.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE-REHLOVICE

In the D8 motorway section running across the Ceské
Stredohoti highland, which is being completed as the last one on
the D8 route, the final lining of the Radej¢in tunnel has been com-
pleted, after completing it in the Prackovice tunnel. Therefore the
work on casting of the cut-and-cover section in the direction of
Usti nad Labem could start.

The date of 4th April 2011 will certainly become an outstanding
technical and social event for this tunnel. On that day the breakt-
hrough, which was postponed for legislative reasons, will take
place at the Prague portal.

DOBROVSKEHO TUNNELS ON THE LARGE CITY CIRCLE
ROAD IN BRNO

Casting of walkways and paint coating of walls of the closely
monitored Brno tunnel has been finished. At the moment, other
installation finishing operations are in progress in the tunnel. At
the same time repairs to first surface buildings which had suffered
damage due to the tunnel construction have started. The repairs
will continue even in the following years, depending on the pro-
cess of the consolidation of the tunnel overburden and abating of
the effects of the excavation on the surface and surface buildings.
The work is carried out by Subterra, a. s., and OHL 7S, a.s.

TUNNELS ON VOTICE -~ BENESOV U PRAHY SECTION
OF PRAGUE ~ CESKE BUDEJOVICE RAILWAY LINE

The currently most important railway corridor development
project continues by installing the final lining in the tunnels and,
subsequently, carrying out other finishing work.

On the Zahradnice tunnel, which is the longest of the tunnels,
among other operations, portal sections are being backfilled. On
the Olbramovice tunnel, the last construction work items and paint
coating are under completion.

The Tomice tunnel is in the phase of completing casting of the
final lining. The formwork will be subsequently moved to the
Tomice II tunnel. When the tunnels are completed in this way, the
equipment installation will follow, first of all brackets for beams
carrying the contact line and other necessary equipment.

All tunnelling operations on all four tunnels have proceeded in
a standard way, in compliance with the works schedule. It is
expected that the scheduled deadline for handing the tunnels over
to the contractor installing the trackwork and the catenary system,
which is November 2011, will be maintained.

The work on all of the above-mentioned mined tunnels is being
carried out by Subterra, a. s.

JABLUNKOV NO.2 RAILWAY TUNNEL

Consolidation grouting has been completed on the collapsed
Jablunkov tunnel and the tunnel excavation has resumed. The
excavation will proceed with the face divided into six partial hea-
dings (horizontally into two parts and vertically into three parts).
The support frames will be a combination of Hebrex, HEB and
Bretex arches, in a certain analogy to the Dobrovského tunnel,
using the experience gained during its excavation, which, as it has
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a 30 m na Stole B (prava horni). Prace na Stole A probihaji turned out, exhibits certain similarity in the geology passed
dobre vzhledem k tomu, Ze je zde minimalizovdn rozsah through. As of the closing date of this issue, 81 m of the excavati-
rozebirdni staré Zelezobetonové vyztuZe prvotné raZeného on has been completed at the drift A (left-side, top - viewed in the
tunelu. Navic v dob& uzévérky &isla jiz Stola progla dzemim direction of the excavation) and 30 m at the drift B (right-side,
zévalu a nachdzi se v prostordch pred zdlivkou z hubeného top). The work on the drift A has proceeded well, with respect to
betonu. kterid tvoii ochrannou zitku hotového tunelu the fact that the scope of dismantling of the old reinforced conc-

. L . Ny . rete lining of the initially mined tunnel. In addition, before the clo-
z obdobf{ prvotni razby. Prace na Stole B jdou mnohem poma- . . . .
.. _ . . sing date of this mygazine issue, the drift had already passed
leji, vzhledem k tomu, Ze je nutno rozebirat nejen Zelezobe-

A A ‘ ey through the collapse area and is found in the area in front of the
tonovou vyztuz z prvotnf razby, ale i kamennou definitivnf | 1o, concrete backfill, forming a plug protecting the tunnel struc-

obezdivku piivodniho tunelu. Price tak probihaji s postupy ture completed during the initial tunnelling stage. The work on the
asi 0,5 m denné. drift B proceeds much slower, taking into consideration the fact

that, in addition to dismantling the reinforced concrete lining
TUNEL OSEK V USEKU BEROUN - ZBIROH installed during the initial excavation stage, it is necessary to

remove the final masonry lining of the original tunnel. Thus the

Stavebni c¢ast tohoto hloubeného dvoukolejného tunelu 5
work proceeds at the daily advance rates of about 0.5 m.

délky 324 m byla jiz dokoncena v&etné zéasypu, terénnich
a vegeta¢nich dprav. V tunelu je v souc¢asné dobé s ohledem
na stav celého budovaného tseku zprovoznéna jedna kolej
pro verejny provoz. Druhd kolej se potom bude pokladat ve
3 kvartalu tak, aby na podzim tohoto roku byly v provozu
obé koleje jiz pln€ rekonstruované Zelezni¢ni trati.

OSEK TUNNEL WITHIN THE BEROUN - ZBIROH SECTION
The civil work on this 324 m long, cut-and-cover double-track
tunnel has been finished, including backfills, terrain finishes and
planting. One track is currently in public service in the tunnel,
taking into consideration the state of the tunnel under constructi-
ING. BORIS SEBESTA, sebesta@metrostav.cz, on. The other track will be laid during the third quarter, with the
METROSTAV, a. s., aim of haying both tracks of the completely reconstructed rail line

ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz, | °Pcrable in the autumn of 2011.

SUBTERRA, a. s ING. BORIS SEBESTA, sebesta@metrostav.cz,
METROSTAYV, a. s.,
ING. KAREL FRANCZYK, Ph.D., kfranczyk @subterra.cz,

SLOVENSKA REPUBLIKA SUBTERRA, a. s.

UL S ALl THE SLOVAK REPUBLIC
Jedinou v sucasnosti beziacou tunelovou stavbou na TURECKY HILL TUNNEL

Slovensku je Zelezni¢ny tunel Turecky vrch. Dvojkolajny
tunel diiky 1775 m je sucastou modernizovaného tuseku
Nové Mesto nad Vdhom — Zlatovce na ZelezniCnej trati
Bratislava — Zilina. V letnych mesiacoch roku 2011 pokra-

The only tunnel currently under construction in the Slovak
Republic is the Turecky Vrch railway tunnel. This 1,775 m long,
double-track tunnel is part of the Nové Mesto nad Vdhom —
Zlatovce section being upgraded on the Bratislava — Zilina rail

Covala vystavba izolanymi prdcami a betondZami sekun- line. During the summer months of 2011, the construction conti-
ddrneho ostenia. V septembri 2011 by mali byt ukon¢ené | nued by installing the waterproofing system and casting of the
vSetky bloky sekunddrneho ostenia. Prace v tuneli budi final lining. All blocks of the secondary lining should be comple-
pokracovat’ betonazou chodnikov a kablovych tras ako aj ted in September 2011. The work inside the tunnel will proceed by
definitivnymi konS$trukciami tnikovej chodby. Otvorenie casting of walkways and cable ducts, as well as installing final
7elezni¢nej trate vritane tunela sa oakdva za&iatkom roku structures in the escape gallery. Train services on the rail line inc-

luding the tunnel are expected to begin at the beginning of 2013.
The project owner is Zeleznice Slovenskej republiky (Slovak
Railways); the contractor is a consortium led by OHL 7S, a.s.,
with the other members comprising Skanska SK a. s., Vdhostav -
Sk, a. s., Doprastav, a. s. and Eltra, spol. s r. 0.

2013. Investorom stavby st Zeleznice Slovenskej republiky
a zhotovitelom zdruzenie vedené spolo¢nostou OHL 7S,
a. s., pricom dal$imi ¢lenmi zdruZenia sd Skanska SK a. s.,
Viahostav - Sk, a. s., Doprastav, a. s. a Eltra, spol. s r. o.

INCIMILOSLAVHRANEOVS KA, ING. MILOSLAV FRANKOVSKY,
Jfrankovsky@terraprojekt.sk, frankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s. TERRAPROJEKT, a. s.

ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz

VALNE SHROMAZDENI CESKE TUNELARSKE ASOCIACE ITA-AITES
GENERAL ASSEMBLY OF THE ITA-AITES CZECH TUNNELLING ASSOCIATION

The General Assembly of the ITA-AITES Czech Tunnelling chairman and members of the Board for the electoral term starting in
Association was held in the Brevnov monastery, Prague 6, on 2012 and ending in 2014. In total, there were 39 delegates from 50
Wednesday, the 8th June 2011. Tt was combined with elections of the member organisations, 10 individual members and 17 guests present.
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In the beginning, Mr. Ivan Hrdina, the chairman of the ITA-
AITES CzTA, cordially welcomed precious guests — Mr. Rébert
Turansky, the chairman of the ITA-AITES Slovak Tunnelling
Association, Mr. Mikulas Pakh and Mrs. Eva Granova.

In his opening speech, Mr. Hrdina reminisced the contribution
of Mr. Jaroslav Grén to the origination of the CzTA, the estab-
lishment of TUNEL journal and winning of and successful orga-
nisation of the first World Tunnel Congress held in the Czech
Republic in 1985, the ITA WTC 1985. Then, receiving great
applause, he handed the CzZTA Commemorative Medal awarded
to Mr. Jaroslav Gran in memoriam over to Mrs. Granova.

The results of the election of the ITA-AITES CzTA chairman
and members of the Board for the functional period 2012 — 2014:

Chairman of the Association: Ing. Ivan Hrdina (Metrostav a. s.)

Members of the Board:

Prof. Ing. Jif{ Bartak, DrSc., Faculty of Civil Engineering of the

Czech Technical University in Prague

Ing. Alexandr Butovi¢, Ph.D., Satra s. r. o.

doc. Ing. Matous Hilar, Ph.D., D2-Consult Prague s. r. 0.

doc. RNDr. Eva Hrubesovd, Ph.D., Faculty of Civil

Engineering of the VSB-TU Ostrava

Ing. Libor Marik, IKP Consulting Engineers s. r. o.

Ing. Vaclav Soukup, Metrostav a. s.

Ve stfedu 8. Cervna 2011 se konalo v Bfevnovském klastere
v Praze 6 valné shromazdéni Ceské tuneldfské asociace ITA-
ATTES spojené s volbami pfedsedy a ¢lenu jejiho predsednictva
pro funk&ni obdobi 2012 az 2014. Celkem bylo pfitomno 39
delegata z 50 ¢lenskych organizaci, 10 jednotlivcu a 17 hosta.

Valné shromdzdeéni zahdjil predseda CzTA ITA-AITES
Ing. Ivan Hrdina, ktery zvlasté srde¢né privital vzacné hosty —
predsedu STA Ing. Réberta Turanského, Ing. MikuldSe Pdkha
a pani Evu Granovou se synem a dcerou.

V dvodu jedndni Ing. Hrdina pripomenul zasluhy Ing. Ja-
roslava Grana na vzniku CzTA, na zaloZeni ¢asopisu Tunel a na
ziskdni a dspésné organizaci prvniho svétového tuneldiského
kongresu konaného v CR ITA WTC 1985. Pak za potlesku viech
pritomnych predal pani Granové pamétni medaili CzTA, kterou
predsednictvo udélilo Ing. Jaroslavu Granovi in memoriam.

Nasledovala zprava o ¢innosti CzTA od valného shromazdéni
konaného dne 26. kvétna 2010, ve které Ing. Hrdina zduraznil
uspesny rozvoj ¢innosti asociace predevsim v oblasti vzdélava-
ni (pordddni Tuneldrskych odpoledni a dal$ich seminéit),
v ediéni &innosti (vyddvani Casopisu Tunel a svazku edice

Obr. 1 Predseda CZTA Ing. Ivan Hrdina preddvd pani Evé Grdnové pamétni
medaili, kterou CzTA udélila Ing. Jaroslavu Grdnovi in memoriam

Fig. 1 Mr. Ivan Hrdina, chairman of the CzTA, handing the Commemorative
Medal which was awarded to Mr. Jaroslay Grdn in memoriam over to Mrs.
Eva Granovd

Dokumenty CzTA) i velmi dspé$ny prubéh 11. mezindrodni
konference Podzemni stavby Praha 2011.

Komentoval také snahu predsednictva o posilovéni kontakta
se statni spravou a zapojeni asociace do projednavani legislati-
vy tykajici se podzemnich staveb. Podafilo se napriklad docilit
dulezité zmény stavebniho zdkona.

S ministerstvem dopravy byla dohodnuta Gast asociace pri
tvorbé predpisu pro tunely na pozemnich komunikacich.
Obdobné po souhlasu predsedy CBU je asociace zapojena do
aktualizace vyhlaSky 55/96 Sb.

Zpravu o ekonomické situaci, navrhu rozpoctu na rok 2011
a o stavu Clenské zdkladny (k 1. 1. 2011 bylo ¢leny asociace 50
organizaci a 49 jednotlivet) prednesl sekretdf asociace
Ing. Miloslav Novotny. Déle informoval o aktivitich CzTA na
rok 2011. Z hlavnich akci chce asociace uskutecnit Ctyfi
Tunelarska odpoledne, odborny zdjezd do Rakouska, pokraco-
vat ve vyddvani Casopisu Tunel a zahdjit pfipravu konference
Podzemni stavby Praha 2013.

V edici Dokumenty CzTA byl jiz vydan svazek 4 Prehled ter-
minologie podzemniho stavitelstvi (vyklad a preklad zdkladnich
pojnii). Dale se planuje vyddni dvou svazka — svazek 5
Rakouskd smérnice pro geotechnicky ndavrh konvencné raZenych
podzemnich staveb a svazek 6 Cesky preklad rakouské normy
ONORM B 2203-1 Prdce v podzemi — smlouva o provedeni dila,
cast 1: Cyklické razby (konvencni tunelovdnt). Ten budou moci
¢lenové CzTA ziskat za dhradu 800 K¢&/vytisk.

Ucast ¢lent asociace na ITA WGs a &innost pracovnich sku-
pin CzTA komentoval Ing. Stanislav Sikora. V rdmci CzTA
vyvijeji svou aktivitu pracovni skupiny:

PS pro stiikany beton — vedouci skupiny: doc. Ing. Matou$
Hilar, Ph.D.

PS pro konvenéni tunelovani — vedouci skupiny: Ing. Vaclav
Soukup (dojde ke zméné vedouciho PS)

PS pro navrhovani a statiku podzemnich staveb — vedouci
skupiny: Ing. Vladislav John

PS pro hydroizolaci tuneli — vedouci skupiny: Ing. Jiff
Svoboda

PS pro mechanizované tunelovani — vedouci pracovni skupi-
ny: Ing. Boris Sebesta

PS odbornd vychova — vedouci skupiny: doc. Dr. Jan Pruska

VyhlaSeni vysledku studentské soutéZe o nejlepsi diplomovou
praci za rok 2010 provedla doc. RNDr. Eva Hrubesova (VSB
TU-Ostrava). Vyhodnoceni byli:

1. misto: Ing. Befio — CVUT Praha (vedouci prof. Bartdk)

Téma diplomové prace: 3D modelovdni razby tunelu Blanka
pod letenskou zdstavbou

2. misto: Ing. Dostdlek — FAST VSB-TUO Ostrava (vedouci
prof. Aldorf)

Téma diplomové prace: Velké havdrie podzemnich staveb —
priciny a pouceni

3. misto: Ing. Rychtecky — VUT Brno (vedouci doc. Horék)

Téma diplomové prace: Primdrni kolektor v Brné

a

Ing. Kozousek — CVUT Praha (vedouci doc. Prugka)

Téma diplomové prace: Modelovdni stanice metra pomoci 3D MKP

Vysledky voleb predsedy a ¢lena predsednictva pro funkéni
obdobi 2012 az 2014 (viz niZe usneseni z valného shromazdéni).

V zdvéru jedndni tcastnici valného shromdzdéni prijali jedno-
myslné néasledujici usneseni:

Usneseni

z valného shromazdéni CzTA, které se konalo 8. ¢ervna 2011

v Brevnovském klastere v Praze 6
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1. Valné shromazdéni schvaluje zpravu predsedy o ¢innosti doc. RNDr. Eva Hrubesovd, Ph.D.
asociace v obdobi od minulého valného shromazdéni, které Ing. Libor Marik
se konalo 26. kvétna 2010 Ing. Viclav Soukup
2. Valné shromdzdéni schvaluje hospodareni asociace za rok
2010 a navrh rozpoCtu na rok 2011 Po ukonéeni oficidlni ¢asti valného shromazdéni nasledovala

Valné shromdzdéni vzalo kladné na védomi hlavni aktivity
CzTA v roce 2011:
— edi¢ni zaméry CzTA,
— poradani tunelarskych odpoledni, semindre o rakouské

legislative a tematického zdjezdu do Rakouska, .
— pf‘]’pravu mezinarodni konference PS 2013. Jiri Rehé.k, teChnlck}’/ reditel Eltodo EG, a. S.)

prezentace pracovniku firmy Eltodo EG, a. s.:

Prehled aktivit vyboru PIARC C4 Road Tunnel Operation
(prof. Ing. Pavel Pribyl, CSc.)

Aktivity firmy Eltodo EG, a. s., v podzemnich stavbach (Ing.

Valné shromazdéni zvolilo predsedu a ¢leny predsednictva
Ceské tuneldiské asociace pro funkéni obdobi 2012 a7 2014 ve
sloZeni:

Predseda asociace: Ing. Ivan Hrdina

Clenové predsednictva:

prof. Ing. Jifi Bartak, DrSc.

Ing. Alexandr Butovi¢, Ph.D. ING. MILOSLAV NOVOTN Y', novotny@metrostav.cz,

doc. Ing. Matous Hilar, Ph.D. sekretdr CzTA ITA-ATIES

Valné shromédzdéni ukoncil predseda CzTA Ing. Ivan Hrdina,
ktery podékoval pritomnym za dcast i za duvéru, kterou mu pro-
jevili zvolenim do funkce predsedy asociace pro ndsledujici
funkéni obdobi.

NOVE TECHNICKE PODMINKY TP 237 ,GEOTECHNICKY MONITORING TUNELU"

Obecné informace a bezpecnost stavby. Z téchto diivodi TP 237 také definuji poZa-

Dne 1. &ervence 2011 vydalo Ministerstvo dopravy CR nové davky na za¢lenéni monitoringu do celkové struktury Fizeni rizik
technické podminky TP 237 , Geotechnicky monitoring tuneli a fizeni celé vystavby tunelu a na soucinnost jednotlivych ucast-
pozemnich komunikaci“, (ddle jen TP 237). niku vystavby pfi jeho provadéni.

Tyto nové TP 237 stanovuji zdvazna pravidla provadéni geo-

technického monitoringu pfi pripravé a vystavbé silni¢nich, dal- Zakladni vychodisko pfijaté pro vypracovani TP 237
m?\?wh a I_I}eStSkyCh tunelEI P ozehmn.lclil/komuglkflc; d4vane Zékladnim vychodiskem zpracovatelt byla mySlenka, Ze moni-
e e L L toring je nedilnou soucasti vystavby podzemniho dila. Monitoring

Ministerstvem dopravy CR, zejména na Technické kvalitativni p i g AT 2 <
; . . . podle novych TP 237 vytvari podminky pro bezpecnéjsi a zdroven
podminky pro dokumentaci staveb pozemnich komunikact, jejich | ... .

. N . . S ekonomictéjsi razbu pri splnéni vSech technicko kvalitativnich
kapitolu 1 Vseobecné, a jejich kapitolu 7 Tunely, podzemni objek- p P g — -~ 2
. . . L , podminek stanovenych projektem. RozSiruje pouZiti prvku obse-
ty a galerie. Déale na Technické kvalitativni podminky staveb

acni metody, kdy s Sti ystavby a realizacni dok ta
pozemnich komunikact, kapitolu 24 Tunely a na TP 154 Provoz, Tvachi metody, kCy se postup Vystavoy a reatizacnl dostimentace

. . . , o . razeb upravuje podle skute¢ného chovani systému osténi tunelu-
sprdva a udrzba tunelu pozemnich komunikaci. Navazuji na TP-

s e @ . e . hornina.
76/C Gfotechmck?z prftzkum pro navrhovdni a provddeni tunelu TP 237 proto vyZaduji, aby monitoring byl provédén tak, aby
pozemnich komunikact.

. - - .. vysledky monitoringu umoZznily dpravu puvodnich predpoklada
Pro zpracovani TP 237 byla prijata definice, podle které je e & o » pv . p L
L .. S e iy projektu a aby byly podkladem pro upresnéni vstupnich paramet-
., Monitoring souhrn cCinnosti smérujicich k zjistovdani aktudlniho 2 LT L yo ) . ,
9 z p _p : e . ru geotechnickych vypoctu v dal§im prubéhu vystavby.
stavu spolupusobent systému osteni-hornina v okoli vyrubu ovliv- .. p R ST 2
_y 3 A oG] - i Monitoring v souladu s TP 237 také umoznuje zpresnovani pro-
neném raZbou a ke sledovdni vyvoje tohoto stavu v cCase. SlouZi . y y . . . .
p . i e . .. . gndzy dalsiho chovani horninového masivu a jeho reakce na razbu
pro ndvrh opatreni k zajistovani stability vyrubu, pripustnych .. v . . . J
feccd . 25 11 97 2 L podzemniho dila pripadné s predstihem signalizovat stavy, které
deformact vyrubu i nadloZzi, k Zddoucimu ovliviiovdni hydrogeolo-

gickych pomerii, k neprekracovdni projektem stanovenych kriterii by mohly vést ke vzniku mimorddnych udalost.
a k ovérovdni iicinnosti k témto iceliim prijimanych opatient. .
Cilem monitoringu je predevsim progndzovdni dalSiho vyvoje Rozsah platnosti nhovych TP 237

chovdni sledovaného systému na zdkladé posouzeni jeho predcho- Nové vydané TP 237 plati pro ndvrh a provadéni monitoringu

ziho vyvoje a zhodnoceni geomechanického modelu horninového viech tunelu pozemnich komunikaci a podzemnich dél s nimi sou-

prostredi, ve kterém je tunel raZen.* visejicich v prubéhu vystavby. V pfiméreném rozsahu se vztahuji
Zpracovatelé TP 237 dale respektovali tezi, ¢ monitoring je i pro monitoring t€chto dél v prubéhu jejich provozovéni. Vztahuji

komplexni Cinnost, na které se kromé zhotovitele monitoringu se i na monitoring vSech objektu ovlivnénych razbou tunelu.

a investora (sprdvce stavby), podle svych kompetenci ve smyslu Predevsim se jednd o:

stavebniho zdkona, platnych vyhldsek, technickych podminek — dotcené objekty nadzemni zdstavby, inZzenyrské sité, komuni-

a uzavrenych smluv s objednatelem tucastni i ostatni ucastnici kace,

vystavby. Pfedev§im projektant stavby, zhotovitel stavby, pripad- — podzemni objekty v dosahu vlivu raZeného tunelu,

né i objednatelem prizvani nezavisli experti. — portdly tunelu, portdlové jamy véetné prilehlého okoli,
Novum proto je, Ze TP 237 obsahuji i ty pozadavky na pripravu — podzemni vodu a vodni rezim, jakoZ i dopady zmén rezimu

organizovani a fizeni monitoringu (véetné zpusobu hodnoceni podzemni vody na objekty v nadlozi,

dosaZzenych vysledku), které podminuji dosaZeni dostate¢ného — Zivotni prostredi v dosahu dotéenych tunelu.

pfinosu monitoringu pro celkovou ekonomiku, kvalitu
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Konvenénimi metodami se rozumi razba, pri které se
v definovaném sledu cyklicky opakuji jednotlivé ¢innosti (napr.
rozpojovani horniny, odt€éZovéni, zajiStovdni stability vyrubu
atd.), Nova rakouska tunelovaci metoda, Adeco-RS, SCL (razba
s osténim ze stitkaného betonu), metoda obvodového vrubu apod.

Kromé silni¢nich tuneli se nové TP 237 vztahuji i na monito-
ring podzemnich dél s vystavbou tuneli souvisejicich (vzducho-
technické a technologické podzemni raZené prostory, unikové
nebo pristupové Stoly, Sachty apod.). V priméfeném rozsahu se
vztahuji i na monitoring a na sledovani chovani stavebnich jam
a portala tunelt v&etné sledovani hloubenych dseku tunelu.

TP 237 plati i pro pruzkumné Stoly provadéné v rdamci geotech-
nickych prazkuma pro piipravu tuneld, s tim, Ze se poZadavky pfi-
méfené upravuji podle cili prazkumnych praci, podle velikosti
profilu pruzkumné $toly, technologie razby a geologickych pomé-
ra, ve kterych je pruzkumna $tola raZena.

Pii tunelovani plnoprofilovymi tunelovacimi stroji (TBM
a §tity) je nutno obecné pozadavky TP 237 upravit podle typu pou-
Zitého stroje a jeho specifickych pozadavka na sledovani stroje
béhem raZeb a sledovani objektu v nadloZi.

TP 237 navazuji na TP 76-C Provddeéni geotechnického priizku-
mu pro tunely pozemnich komunikact, které byly vydany v lednu
2008.

Monitoring a geotechnicky dozor béhem raZeb tunelu

TP 237 vychézi z principu, Ze geotechnicky dozor, prubézné
hodnoceni miry shody ¢i odli$nosti mezi predpoklady geotechnic-
kého pruzkumu se skutené zastiZenymi geotechnickymi poméry
pfi razbdch, hodnoceni zastiZenych geotechnickych typu
a navrhovani tfid vystrojeni vyrubu, je nedilnou soucdsti hodno-
ceni monitoringu.

Je to proto, protoZze pri hodnoceni skute¢né zastizené geologie
je treba vzit v dvahu i vysledky méfeni a naopak pfi hodnocen{
vysledku méfeni se nelze obejit bez velmi podrobného profesio-
ndlniho hodnocenf zastizZené geologie.

Doslo po uzavérce / Submitted after the copy deadline

Vyznam zavedeni TP 237 do praxe

Cilem zpracovatela TP 237 bylo poskytnout investoram, sprav-
cum staveb, stavebnim dozorum, projektantim, zhotovitelim
podzemniho dila, geotechnickym konzultacnim firmdm
a zhotovitelim monitoringt pravidla pro G¢inné a profesné sprav-
né provadéni monitoringu.

Zpracovatelé mohli vychdzet z pomérné rozséhlych aktudlnich
znalosti a zkuSenosti s dosavadnim provddénim monitoringa dal-
ni¢nich, silni¢nich, Zelezni¢nich i méstskych tuneld, budovanych
konvencnimi tunelovacimi metodami s vyuzitim observacniho
pristupu v CR i z doporugeni mezindrodni tuneldfské asociace
ITA-AITES

Monitoring podle poZzadavka novych TP 237 umoZni maximal-
ni sniZeni rozsahu vicepréci a vicendklad i zmenSeni nebezpedi
prodluZovéni doby vystavby z divodu vzniku mimofadnych uda-
losti. S tim souvisi i vet§i bezpecnost praci. Monitoring v pojeti
podle TP 237 je rovnéZ nedilnou souddsti fizenf rizik v prabéhu
vystavby tunelu.

Vedlejsim, avSak nezanedbatelnym prinosem monitoringu je
také vyznamny prispévek k prohloubeni obecnych znalosti
o chovani syst¢ému podzemni stavebni konstrukce—horninovy
masiv vyuzitelnych pri kazdém dal$im projektu tunelu.

Autori doufaji, Ze tohoto cile se jim alespon ¢dstecné podafilo
dosdhnout.

Distribuci novych TP 237 ,, Monitoring tunelu pozemnich komu-
nikaci* byla povérena firma ARCADIS Geotechnika, email: brzo-
bohata@arcadisgt.cz.

Lze si je rovneéz stdhnout ve formdtu pdf z webové stranky
www.arcadisgt.cz a z webové stranky ITA-AITES www.ita-aites.cz.

DOC. ING. ALEXANDR ROZSYPAL,
rozsypal@arcadisgt.cz,
ARCADIS GEOTECHNIKA, a. s.

RAZBY NA TUNELOVEM KOMPLEXU BLANKA DOKONCENY!
UNDERGROUND EXCAVATION FOR THE BLANKA COMPLEX OF TUNNELS COMPLETED!

A special ceremony was held at the currently largest underg-
round construction project in the Czech Republic, the Blanka
Complex of Tunnels, on the
Sth September 2011. The last
cubic metre of ground was
excavated in the Brusnice tun-
nel section, in the presence of
Bohuslav Svoboda, the Lord
Mayor of the Capital City
Prague, and Karel Brezina, his
deputy. This moment meant the
overall completion of the
underground excavation which
commenced in July 2007.
Nevertheless, the construction
operations are far from
ending. The installation of the
waterproofing, the final lining
and tunnel equipment will
continue. The current works
schedule expects the entire
complex to be opened to traf-
fic in March 2014.

Dne 5. 9. 2011 v dopolednich hodindch se konala na tune-
lovém komplexu Blanka slavnostni uddlost. Za dcasti prima-
tora hlavniho mésta Prahy
MUDr. Bohuslava Svobody
a jeho naméstka Ing. Karla
Breziny probéhlo na tunelu
Brusnice odtéZeni posledniho
kubiku horniny. Timto oka-
mzikem byly definitivné ukon-
éeny razby zahdjené v Pra-
ze-Troji v Ccervenci 2007.
Préce tim vSak zdaleka nekon-
¢i, dale bude pokracovat pro-
vadéni vodotésnych izolaci,
definitivnich osténi a technolo-
gie. Zprovoznéni celého kom-
plexu se podle aktudlniho har-
monogramu stavebnich praci
predpoklada v breznu 2014.

Obr. 1 Nakldddni posledniho kubiku horniny — vlevo praZsky primdtor MUDr.
Bohuslav Svoboda, za nim jeho naméstek Ing. Karel Brezina (foto: Ing. Libor Marik)
Fig. 1 Loading of the last cubic metre of ground — pictured left: MUDr.
Bohuslav Svoboda, the Lord Mayor, Ing. Karel Brezina, his deputy, behind him
(photo courtesy of Libor Marik)

ING. ALEXANDR
BUTOVIC, Ph.D.,
SATRA, s. r. o.
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SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE
SLOVAK TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.sta-ita-aites.sk

NOVE SLOVENSKE PREDPISY NA NAVRHOVANIE CESTNYCH TUNELOV

Uvod

Stav slovenskych technickych predpisov na navrhovanie cest-
nych, resp. dialni¢nych tunelov nebolo mozné v obdobi predoslej
dekady povazovat za tplne uspokojivy. Kym podklady pre navrho-
vanie stavebnej Casti tunelov boli pomerne jasne definované najmé
normou STN 73 7507 Projektovanie cestnych tunelov, na navrhova-
nie bezpecnostno-prevddzkového vybavenia (technologickej Casti)
sa pouZzivali r6zne zahranicné predpisy, najCastejSie Ceské TP 98,
rakuske RVS, nemecké RABT ako aj svajciarske ASTRA. Vyber
predpisu bol na projektantovi, pricom samozrejme podliehal odsu-
hlaseniu investorom. ProtipoZiarna bezpec¢nost’ cestnych tunelov
bola navrhovand na zdklade predpisu TP 04/2006. Viaceré z jeho
ustanoveni sposobovali problémy pri ich interpretécii zainteresova-
nymi stranami (investor, projektant, orgdny poZiarnej ochrany),
¢oho dosledkom boli mnohomesa¢né zdrzania pri schvalovani pro-
jektovej dokumentdcie a ziskavani stavebnych povoleni.

V juni 2009 usporiadala Slovenskd tuneldrska asocidcia (STA)
odborny semindr venovany problematike vetrania a bezpecnosti
cestnych a dialhi¢nych tunelov, na ktorom vystupili viaceri zahra-
ni¢ni i domdci odbornici. Cielom semindra bolo okrem vymeny sku-
senosti a zjednotenia odporicani pre bezpecnost cestnych
a dialnicnych tunelov aj ndjdenie modelu spoluprace medzi odbor-
nikmi a Stdtnymi inStitdciami za dcelom dopracovania technickych
predpisov.

Na zdklade zdverov semindra bola vytvorend pracovnd skupina
zloZend zo zéstupcov Slovenskej tuneldrskej asocidcie, Ministerstva
vnutra (Prezidia hasi¢ského a zachranného zboru), Ministerstva
dopravy, post a telekomunikécii a Narodnej dialhi¢nej spolocnosti.
Tato pracovnd skupina v priebehu roku 2010 rozbehla pripravu
predpisov tykajicich sa ProtipoZiarnej bezpecnosti a vetrania cest-
nych tunelov.

Protipoziarna bezped&nost cestnych tunelov

Ako uz bolo uvedené, odborna verejnost’ dlhodobo citila potrebu
revizie znenia technickych podmienok TP 04/2006. Na zdklade objed-
navky od Nérodnej dialhi¢nej spolocnosti STA prevzala zastitu nad
spracovanim kompletnej revizie TP. Hlavnym spracovatelom revizie
bol Ing. Jan Dekanek zo spolocnosti Apolloprojekt, s. r. 0., pripravy
predpisu sa ako Clenovia pracovnej skupiny aktivne ucastnili
Ing. Viktéria Chomovd (Dopravoprojekt, a. s., neskor Narodnd dialhic-
na spolo¢nost), Ing. Stefan Choma (Basler & Hofmann Slovakia,
s.1.0.), Mgr. Pavol Komdr a JUDr. Emilia Tadialova (Prezidium hasic-
ského a zachranného zboru), Ing. Petr Schmidt (Ndrodnd dialni¢nd
spolocnost), Ing. Vojtech Té6th (Elhyco, a. s.), Ing. Maridn Viazanko
(Ministerstvo dopravy) a Ing. Miloslav Frankovsky zo spolocnosti
Terraprojekt. Prace na TP boli ukoncené zaciatkom roku 2011.

TP sa v svojich ustanoveniach venuje stavebnej i technologickej
Casti tunelov, pricom zvlaStnu pozornost venuje koncepcii poZiarnych
usekov, unikovym cestdm, zariadeniam na poZiatrny zdsah ako aj
poziarnotechnickym zariadeniam a zariadeniam na doddvku vody na
hasenie poziarov. Na rozdiel od TP 04/2006 nie st v predpise ustano-
venia tykajice sa vetrania tunelov a tnikovych ciest, nakolko st tieto
predmetom osobitného predpisu. Vyraznou zmenou oproti TP
04/2006 je aj zmena kategorizacie tunelov, ktord sa podla revidované-
ho predpisu vztahuje len na stanovenie poZiarnej odolnosti stavebnych
konStrukcii v tunelovej rire a nesdvisi uz s inymi ndvrhovymi para-
metrami ako je vzdialenost tnikovych ciest alebo potreba vody na

hasenie poziaru. Pre zaradenie tunela do jednej z dvoch kategorii je
rozhodujtice, ¢i kolaps nosnej konstrukcie moze sposobit'skody velké-
ho rozsahu napriklad na budovéch alebo liniovych stavbach nachad-
zajuicich sa nad tunelom alebo v jeho bezprostrednej blizkosti.

Vetranie cestnych tunelov

Kli¢ovym prvkom prevadzkovo-bezpecnostného vybavenia cest-
nych tunelov je spravidla ich vetranie. Vetranie vyraznym sposobom
ovplyviuje stavebné usporiadanie najmi dlhych tunelov a vyrazne
sa podiela na stavebnych a prevadzkovych ndkladoch.

V priebehu roku 2010 boli sticasne s TP ProtipoZiarna bezpecnost
cestnych tunelov zacaté prace na predpise pre vetranie cestnych
tunelov, zahrujice tak prevadzkové ako aj nddzové (poziarne) vet-
ranie. Spracovanie predpisu zadala Ndrodnd dialni¢nd spolo¢nost’
Slovenskej tuneldrskej asocidcii. Na priprave predpisu sa spolu so
zdstupcami slovenskych orgdnov a organizdcii podielali skiseni
experti zo zahranicia, Dipl. Ing. Petr Pospisil zo spolo¢nosti Gruner
AG a dr. Alexander Rudolf zo spolo¢nosti ILF Consulting
Engineers. Autorom findlneho znenia TP Vetranie cestnych tunelov,
ktoré bolo schvalené v jini 2011 je napokon dr. Alexander Rudolf.
Text TP vychddza z poslednych poznatkov v oblasti vetrania tunelov
a je mozné konstatovat, Ze v porovnani s inymi podobnymi predpis-
mi umoznuje vacsiu flexibilitu pri navrhovani vetrania pre tunely
rdoznych dizok a dopravnych systémov, pri sic¢asnom plneni mini-
malnych bezpecnostnych poZiadaviek na cestné tunely v zmysle
znenia Direktivy 2004/54/EC.

Ocakdva sa, ze oba TP ProtipoZiarna bezpecnost cestnych tunelov
a TP Vetranie cestnych tunelov budu oficidlne publikované v 4. kvar-
tali roku 2011.

Metodika analyzy rizik

Este pred spracovanim TP ProtipoZiarna bezpecnost cestnych
tunelov a TP vetranie cestnych tunelov boli v priebehu roku 2009
zaCaté prdce na spracovani ndrodnej metodiky analyzy rizik
v zmysle Direktivy 2004/54/EC a Nariadenia vlady ¢. 344/2006
Z. z. o minimdlnych bezpe¢nostnych poziadavkach na tunely v cest-
nej sieti. Na zdklade vysledkov siitaZze organizovanej Narodnou dia-
Ini¢nou spolo¢nostou bola na jej spracovanie vybrand spolo¢nost
Terraprojekt, a. s., ktord metodiku spracovévala v spoluprici s ILF
Consulting Engineers Linz. Zakladom pre spracovanie slovenskej
ndrodnej metodiky sa stala rakiiska metodika TuRisMo. Modifikacia
TuRisMa na slovenské pomery bola zaloZena na preskimani podob-
nosti ndvrhovych predpisov ako aj porovnani dostupnych ddajov
o nehodovosti na slovenskych a rakiiskych dialhiciach. Vzhladom
na zatial Statisticky nedostatony objem udajov o nehodich
v slovenskych tuneloch vychadzaji vstupné idaje modelu z analyzy
cca 450 nehdd v rakiskych cestnych tuneloch. Tunelovy rizikovy
model podla metodiky bude sliZzit' na kvantitativne urCenie riziko-
vych parametrov cestnych tunelov dlhsich ako 500 m v slovenske;j
dialni¢nej a cestnej sieti. Pradce na metodike boli ukoncené v prvej
polovici roku 2010, nésledne bola o metodike v zmysle znenia
Direktivy 2004/54/EC informovand Eurépska komisia. Nakolko
k zneniu metodiky neboli na eurdpskej trovni vznesené Ziadne
ndmietky, vstipila tato do t¢innosti od 1. jina 2011 ako TP 02/2011
Analyza rizik pre slovenské tunely.

Ing. MILOSLAV FRANKOVSKY, frankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s.



