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VaZeni ¢tendri a Ctenarky Casopisu Tunel!

Clenem redakéni rady Gasopisu Tunel, jehoz druhé &islo 2009 dostavite do rukou, jsem se stal v roce 1997. V té dobé jsme pii jednénich redakéni
rady bilancovali, kterd podzemnf dila se pfipravuji, kterd jiz jdou do vystavby, popfipadé kterd se dokoncuji a jestli jsme o nich ¢tendfe informo-
vali. V pripadé, Ze jsme o nich v Tunelu neinformovali, fesili jsme, kdo ze ¢lenu redakéni rady zafidi, to je obrati se na projektanta, investora nebo
dodavatele, aby ¢lanek vznikl. ProtoZe to byl nekdy problém, zarazovali jsme o nekterych podzemnich dilech alespon fotoreportdze z vystavby
nebo z dokonceni stavby.

V prubéhu let jsme s potéSenim sledovali, jak roste zdjem technik a firem o uvefejnéni informaci o novych podzemnich stavbach. Postupné
nastava situace, kdy zdjem o publikovéani prevySuje moznosti Casopisu a je nutné pripravené ¢lanky presouvat do vydani dalstho ¢isla Casopisu
anebo je i odmitnout. Dalsi pozitivni zmény, ke kterym v prubéhu let doslo, se tykaji ndrustu po&tu ¢lanku o stavbéch, které Ceské firmy prova-
déjf v zahrani¢ni, a novéji pribyvaji i ¢ldnky od zahrani¢nich autoru. Toto ¢&islo, které je vénované firméam HOCHTIEF a BASF, je toho dokladem.

Firma HOCHTIEF CZ, jejimZ jedinym vlastnikem je nadndrodni stavebni holding HOCHTIEF AG, prezentuje v tomto &isle Ctyfi ¢lanky. Ty
svedei o skuteCnosti, Ze pracovnici firmy HOCHTIEF CZ spolupracuji s firemnimi pobo¢kami v Evrope a zdmori.

Firma BASF Stavebni hmoty Ceskd republika, s. r. 0., zabezpe&uje predevsim prodej vyrobki BASF SE, jako? i jejich nékterych dcefinych spo-
le¢nosti. BASF SE je globdlné fungujici chemickd spole&nost. T&ZistS jeji &innosti se nachézi v Evropé. Clanky, prezentované v tomto &isle &aso-
pisu, uvadéji priklady vhodného vyuZiti firemnich vyrobkl na konkrétnich stavebnich dilech.

Myslim si, Ze se podarfilo vytvorit ¢asopis, ktery je na vysoké drovni a ktery dobre informuje odbornou verejnost o déni tykajicim se podzem-
nich staveb. Ale méli bychom postoupit ddl. Tak jak Slovenska tunelova asociace vede kampan pod heslem ,,Tunely jsou potfebné*, méli bychom
programové pripravovat podklady pro celostatni i regionalni deniky a Casopisy k informovani §iroké vefejnosti. Ze je o podzemni stavby zijem,
svedei ,,dny otevienych dveri, které se podari zatim ojedinéle, pro nékteré podzemni stavby, Cas od asu usporadat. V pripadé PreCerpdvaci vodni
elektrarny Dlouhé Strané, kde je moznost se ke zpoplatnéné prohlidce tohoto ojedinelého dila celoroéné dopredu prihlasit, je zdjem verejnosti
ohromujici. Jednd se o padesét a7 Sedesét tisic nav§tévniku za rok. Zbyva ndm jen ,,drobnost“: Vytvorit podminky pro to, aby deniky a asopisy
meély vétsi zdjem poskytnuté informace o Gcelu a prinosu pripravovanych podzemnich staveb ve vétSim rozsahu zverejnovat.

Na zavér bych chtél étenafum podékovat za prizen, kterou Casopisu Tunel vénuji.

ING. VACLAV TORNER
¢len redakcni rady

Dear readers of TUNEL,

I became a member of the Editorial Board of TUNEL, the last issue of which you are just reading, in 1997. At that time, the editorial board mee-
tings summarised data on the underground workings which were under preparation, ready for commencing or being completed and enquired whet-
her the readers had been informed about them. In the case that the information had not been published in TUNEL, we negotiated which of the
members of the editorial board would arrange the origination of an article, addressing the respective designer, owner or contractor. Since this task
sometimes posed a problem, we informed about some underground construction projects at least by means of picture reports from the constructi-
on or completion of the works.

We have been pleased to see the growing interest of technicians and companies in publishing information on new underground construction pro-
jects. In the situation which has gradually developed, the interest in publishing exceeds the capacity of the magazine, therefore it is necessary to
transfer articles prepared for publishing to the following magazine issue or even turn them down. Other positive changes which have taken place
during the course of time are associated with the increasing number of articles on construction projects being implemented by Czech companies
abroad and, newly, articles by foreign authors. This TUNEL issue, which is dedicated to HOCHTIEF and BASF, is a proof of that.

HOCHTIEF CZ, which is solely owned by a multinational construction holding company HOCHTIEF AG, has presented four articles in this
issue. They are a proof of the fact that HOCHTIEF CZ employees collaborate with company branches in Europe and overseas.

The main activity of BASF Stavebni hmoty Ceska republika, s. 1. 0. is selling products of BASF SE and some other branches of this company.
BASEF SE is a globally operating chemical company. Its activities are focused on Europe. The articles which are published in this issue present
examples of the appropriate use of the company products in specific construction projects.

I suppose that jointly we managed to create a high-level magazine which keeps the professional public well informed about activities in the field
of underground engineering. Nevertheless, we should proceed further. Similar to the Slovak Tunnelling Association, which is conducting
a campaign under the slogan “Tunnels are needed”, we should prepare details for national and regional daily papers and magazines suitable for
relaying to the general public. The interest in underground constructions exists. The Doors Open Days which we have from time to time managed
to organise for some underground constructions provide evidence for this statement. In the case of the Dlouhé Strané pumped storage power sta-
tion, where it is possible to get registered for a paid visit in advance, during the whole year, the public interest is amazing. They have fifty to sixty
thousand visitors every year there. Only one ‘petty task’ remains to be solved: It is necessary to create conditions in which daily papers and maga-
zines would by more interested in publishing to a greater extent the information provided by us on the purpose and benefits of underground con-
structions under preparation.

To conclude, I would like to thank our readers for the favourable attitude toward our TUNEL.

ING. VACLAV TORNER
Member of Editorial Board
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VAZENE DAMY A VAZENI PANOVE,

¢dst vyddni Casopisu Tunel, které pravé drZite v ruce, je vénovana
prezentaci stavebni spole¢nosti HOCHTIEF.

Clanky, které jsme pripravili, vds provedou po celém svéte.
Zacneme v Praze — ve Sliveneckém tunelu — pilotnim projektu akcio-
vé spolec¢nosti HOCHTIEF CZ v segmentu dopravni infrastruktury.
V roce 2006 jsme vstoupili do oboru v oblasti provadéni tunela
a mosta pravé zakdzkou silni¢niho okruhu kolem Prahy v dseku 514
Lahovice-Slivenec.

V Ceském prostfedi muZeme byt povaZovéni v oboru ,,podzemni-
ho* stavitelstvi za novacky, ale rozhodné jimi nejsme ve svétovém
meéfitku. Svedéi o tom 125 let stavitelské historie nasi némecké mater-
ské spole¢nosti HOCHTIEF v pozemnich stavbach. Z projektu
némeckych kolegt uvedu dva pifklady: Gotthardsky tunel — 57 kilo-
metrd dlouhy Zelezni¢ni tunel mezi Svycarskem a Italif a most pres
Bosporsky pruplav propojujici obyvatele dvou kontinenti — Evropy
a Asie.

Proto se v dalSich prispévcich presouvame do sveta na vyznamné
stavby provddéné matefskou spole¢nosti HOCHTIEF Construction.
Dva z prispévki se vénuji v zahrani¢i bézné pouZivané technologii
razeb pomoci velkoprofilovych TBM. Na prvni realizaci doméci
Ceskd tuneldfskd obec netrpélivé Ceka, ta se jiZ pfipravuje na plano-
vané trase prazského metra VA.

To, Ze naSe spoleCnost dostala prilezitost ukdzat své schopnosti
i v Ceské republice na projektu ,,pétsetétrnactky* — tunelu a mostu
mezi Radotinem a Lochkovem, je pro nds velkou motivaci. Vnimdm
to i jako potvrzeni umu, znalosti a kvalit nasich zaméstnancti. Rada
z nés — fidi¢u — oceni ,,pétsetétrnactku‘ az ve chvili, kdy drahocenny
Cas, straveny v dopravni zdcpé na barrandovském kopci ¢i jizni spoj-

Vv, o

ce, vyuzije efektivnéj§im zpusobem.

V&fim, Ze i Clenstvi v Ceské tuneldiské asociaci ITA-AITES pri-
nese nasim zaméstnancim nejen vyménu zkuSenosti s prednimi
kapacitami v tuneldfském oboru, ale i prileZitosti predvést nas stav-
barsky um.

Na zavér chei popidt Ceské tuneldfské asociaci mnoho kvalitnich
a podnétnych setkani spojenych s doprovodnymi odbornymi aktivita-
mi. Doufdm, Ze pri Cteni aktudlniho vyddni Casopisu Tunel ziskdte
mnoho zajimavych informaci.
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DEAR LADIES AND GENTLEMEN,

a part of the TUNEL issue you are just reading is dedicated to pre-
sentation of the HOCHTIEF company.

The articles we prepared will take you through the whole world. We
will start in Prague — the Slivenec tunnel, which has been a pilot pro-
ject for HOCHTIEF CZ joint-stock company within the segment of
traffic infrastructure. We entered the field of tunnel and bridge con-
struction in 2006, through the contract for construction lot 514 of the
Prague City Ring Road Project, i.e. the Lahovice — Slivenec section.

We may be considered beginners in the field of underground con-
struction in the Czech Republic, although, this is certainly not the
case on a worldwide scale. The proof is the 125-year history of con-
structing underground structures by HOCHTIEF, our Germany-based
parent company. I can mention two examples of projects accomplis-
hed by our German colleagues: the 57km long Gotthard railway tun-
nel between Switzerland and Italy, and the bridge over the Bosporus
strait, connecting people from two continents — Europe and Asia.

This is why we are moving, in other articles, to the world, focusing
on important construction projects being implemented by our parent
company, HOCHTIEF Construction. Two of the contributions deal
with the application of large-profile TBMs, which has been common-
place abroad. The first domestic application has been impatiently
awaited by the Czech tunnelling community. It is under preparation
for the planned line V.A of Prague metro.

The fact that our company was offered the opportunity to prove its
ability also in the Czech Republic, through the construction lot 514
structures, i.e. the tunnel and bridge between Radotin and Lochkov,
means strong motivation for us. I even perceive it as the confirmation
of the skill, knowledge and qualities of our employees. Many of us —
drivers — will appreciate the “Five Hundred Fourteen” only at the
moment when we are able to use the precious time spent in traffic jam
on Barrandov Hill or the Southern Link Road by a more effective
way.

I believe that our membership in the ITA-AITES Czech Tunnelling
Association will not only allow our employees to exchange experien-
ce with prominent experts in the field of tunnelling, but also give us
an opportunity to demonstrate our construction skills.

To conclude, I wish the Czech Tunnelling Association many quali-
ty and inspiring meetings combined with attending professional acti-
vities. I believe that you will find lots of interesting information while
reading the topical issue of TUNEL.

N

TOMAS BILEK
predseda predstavenstva a generaini reditel HOCHTIEF CZ, a. s.
Chairman of Board of Directors and CEO HOCHTIEF CZ a. s.
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VAZENI CTENARI CASOPISU TUNEL!

BASF Stavebni hmoty Ceska republika, . 1. 0., je stoprocentni dcefinou spolecnosti akciové
spolecnosti BASF SE, sidlici v némeckém Ludwigshafenu. BASF jako nejvétsi chemicka spolec-
nost na svété doddvd Sirokou Skélu produktt od chemikdlif, plastu, pres pifsluSenstvi, zemédélské
vyrobky a Cisté chemikdlie aZ po ropu a zemnf plyn. Ke konci roku 2008 méla spolecnost BASF
vice nez 96 000 zaméstnancti a v lofiském roce dosahla obratu pies 62 miliard eur.

Historické kofeny spole¢nosti BASF Stavebni hmoty Ceské republika, s. 1. 0., na trhu staveb-
nf chemie a specidlnich stavebnich technologif spadaji do pocitku devadesétych let 20. stoleti, kdy
na Ceském trhu zafala pusobit firma PCL. V nékolika krocich firma zvétSovala vyrobkové
iznackové portfolio a v roce 2001 se stala clenem mezindrodniho koncernu Degussa Construction
Chemicals. V 1ét€ 2006 byla tspésné uzaviena akvizice spolecnosti Degussa Construction
Chemicals koncernem BASE. Spolecnost se tak stala oficidlnim ¢lenem skupiny BASF Group
a od zdff 2006 piisobi na trhu pod ndzvem BASF Stavebni hmoty Ceskd republika, s. 1. 0.

V roce 1992 byla jesté pod hlavickou spoleénosti MBT zalozena specializovand divize pro
podzemni stavby s hlavnim sidlem ve $vycarském Curychu. Dnes se zde nachdzi zdzemi Spicko-
vého vyvojového centra novych produktu a nékteré vyrobni kapacity.

Ceskym a slovenskym tuneldrtim jsou od roku 1996 dobie zndmé produkty se znackou Meyco.
Meyco oslavilo v roce 2007 vyroli 50 let od svého zaloZeni. V roce 1957 byl totiZ vyvinut stitka-
cf stroj Meyco GM57, vlastné prvni sériové vyrdbény rotorovy stroj na aplikaci stifkaného beto-
nu suchou cestou. Dal$im vyvojovym milnikem znacky Meyco pak bylo vyrobeni prvniho stroje
na stikan betonu mokrou cestou. Stroj Meyco Suprema je dodnes vyrabén a doddvan na stavby
po celém svété. Na tunelovych stavbdch v naich kon¢indch se muZete dnes a denné setkdvat
s osvéd¢enymi stifkacimi stroji Meyco Potenza.

Pod znackou Meyco se viak nedodévajf jen stifkact stroje. Znacka Meyco oznacuje také kom-
plexni sortiment produktd pro podzemni stavby. Jsou to predeviim piisady pro stifkané betony.
Poprvé byly pouZity v SR napitklad na stavbu priizkumné toly tunelu Visiiové, v CR potom tieba
pri stavbé Hnévkovského tunelu a tuneli na praZském velkém okruhu na stavbdch SOKP 513
a SOKP 514. Z velkych zahrani¢nich projekti nelze nezminit Zelezniéni tunely Lotschberg
a Gotthard, kde je BASF hlavnim dodavatelem pifsad do beton.

Vzhledem k neddvnym poZirim v tunelech, kterym se dostalo znaéné pozornosti médif,
a ndslednym $koddm na jejich stavebnim osténi vyvinula spolecnost BASF pro ti¢innou ochranu
Zelezobetonového ostént tunelt pred dinky pozdru a zvysenych teplot produkt Meyco Fireshield
1350. Tuto nastrikem aplikovanou tepelnou bariéru na bdzi cementu s jedine¢nymi vlastnostmi lze
nandSet pomoci robotickych systémi Meyco Logica s velmi zna¢nou produktivitou, stejnomér-
nym povrchem a fizenou tloustkou vrstvy. Jedna z prvnich velkych aplikaci tohoto systému byla
realizovana na silniénim tunelu pod centrem $védského Stockholmu. A z poslednich aplikact
napiiklad jiz zminény tunel Gotthard, kde byl tento materidl pouZit u kifZeni tuneld.

Dal§im z novych materidli, kterym se revolu¢nim zplisobem méni zplsob vystavby tuneli
nejen v zahranic, ale i u nds, je stifkand hydroizolatni membrana Masterseal 345. Prvni pouZiti
této technologie spadd do roku 1998, kdy byla stitkand hydroizolace pouZita pii vystavbé vodni
elektrarny Machadinho v Brazilii. V roce 2005 byl tento moderni rychly a spolehlivy zptisob hyd-
roizolace pouZit i pfi vystavbé prazského metra IVC2. Nejvét$imi doposud realizovanymi projek-
ty byly podmorsky tunel o délce 6 km mezi Faerskymi ostrovy a v sou¢asnosti stavény délniénf
tunel Hindhead nedaleko Londyna.

Od roku 1994 jsou pod znackou Meyco nabizeny i injektdzni hmoty. V soucasné dob¢ jiz BASF
nabizi spektrum injektaznich produktu. Na tunelovych stavbach jsou pouZivany ke stabilizaci hor-
niny a zastaveni prusaku vyrobky na bdzi mikrocementu, koloidnf siliky, polyuretanu, akrylovych
geli anebo organicko-minerdln{ pryskyfice. Ve velmi sloZitych geologickych podminkéch by se jen
tézko podarilo prorazit napriklad tunely mezi Vidni a St. Polten. Nesoudrzné nadloz pred razicimi
stroji TBM bylo nutné zpevnit 600 000 kg injektézni pryskyfice Meyco MP 367 Foam.

Ani nejmodernéjs{ zpiisob mechanizované razby pomocf stroji TBM se neobejde bez chemie
BASF. Nase produkty pro tipravu reologie zemin Meyco SLF a Rheosoil, sniZen prasnosti Meyco
ABR, tésnén §titd Meyco TSG a BSG, ale i piisady Glenium ACE do betonovych segmentti jsou
soucdsti komplexniho baliku produkti pro technologii TBM.

Spolecnost BASF se pravidelné aktivné Gcastnf odbornych semindfu a konferenci zaméfenych
na technologii vystavby tuneli a podzemnich staveb. Mimo jiné participovala v roce 2007 pii
porddéni svétového tuneldiského kongresu v Praze jako jeden z hlavnich sponzoru.

V tomto roce otvirdme v Praze novou velmi moderné vybavenou betondfskou laboratof. Tato
laborator slouzi nejen k névrhu a zkouseni receptur betonu, ale diky své akreditaci také zdkazni-
kum pro vyhotovenf akreditovanych zkousek vlastnosti betonu.

Véiime, Ze nase produkty, know-how a zkusenosti z velkych
zahrani¢nich projektd podzemnich staveb napomohou i vam pii zddr-
ném dokoncen at’jiz realizovanych, nebo teprve pripravovangch pro-
jektd podzemnich staveb.

TuoufHel

DEAR TUNEL READERS,

BASF Stavebnf hmoty Cesk republika s. r. o. is a one hundred per cent owned subsidiary of BASF
SE joint stock company, which has its main seat in Ludwigshafen, Germany. As the world’s largest che-
mical company, BASF supplies a wide assortment of chemicals, plastics, through accessories, products
for farming and pure chemicals to crude oil and natural gas. As of the end of 2008, BASF had over 96,000
employees and its 2008 tunover reached 62 billion EUR.

Historic roots of BASF Stavebni hmoty Ceskd republika s. r. 0. in the market of building chemistry
and special building technologies are at the beginning of the 1990s, when the PCI company started to
operate in the Czech market. The company enlarged the product and brand portfolio in several steps; in
2001 it became a member of Degussa Construction Chemicals, an international concern. The summer
2006 saw successful conclusion of the acquisition of Degussa Construction Chemicals by the BASF con-
cern. Thus the company became an official member of BASF Group. It has been operating in the Czech
market under the name of BASF Stavebn{ hmoty Ceskd republika s. . o. since 2006.

In 1992, a division specialised in underground construction was founded, with its main seat in Zurich,
Switzerland, at that time still under the MBT company name. Today, a base for a top level centre for the
development of some products and some production capacities are in this facility.

Czech and Slovak tunnellers have known Meyco brand products since 1996. Meyco celebrated the
fiftieth anniversary of its foundation in 2007. The year 1957 was the year in which Meyco GMS7 was
developed. It was the first rotor type dry shotcrete sprayer manufactured in series. Another Meyco brand
development milestone was the manufacture of the first wet shotcrete machine. Meyco Suprema has still
been manufactured and supplied to constructions all over the world. Well-tried Meyco Potenza spraying
machines can be daily seen at tunnel construction sites in the Czech Republic.

Shotcrete sprayers are not the only products supplied under the Meyco brand name. In addition,
Meyco brand covers a complete assortment of products for underground construction, first of all shotc-
rete additives. These were for the first time used in the Slovak Republic, for example at the excavation
of the Visiové exploratory gallery; then in the Czech Republic, for instance during the construction of
the Hnévkov tunnel and tunnels on the Prague City Ring Road construction lots 513 and 514. Regarding
large foreign projects, the Lotschberg and Gotthard rail tunnels, where BASF is the main supplier of
concrete additives, must not remain unmentioned.

Taking into consideration recent tunnel fires, which received significant attention of media, and sub-
sequent damage suffered by the tunnel linings, BASF developed its Meyco Fireshield 1350 product pro-
viding enhanced protection to reinforced concrete tunnel linings against fires and increased temperatu-
res. This cement-based spray-applied thermal barrier, featuring unique properties, can be applied by
means of Metro Logica robotic systems, achieving high productivity, with uniform surfaces and control-
led thickness of layers. One of the first applications of this system took place in a road tunnel under the
centre of Stockholm, Sweden. Regarding the last applications, this material was used, for example, in the
above-mentioned Gotthard tunnel, at tunnel crossovers.

Another of the new materials which changes in a revolutionary manner tunnel construction processes
not only abroad but also in the Czech Republic is Masterseal 345, a spray-applied waterproofing mem-
brane. The first application of this technology was in 1998, at the construction of the Machadinho hyd-
toelectric plant in Brazil. In 2005, this modern, fast and reliable waterproofing method was also used at
the construction of the Prague metro line IV C 2. The largest project which has ever been implemented
was the 6km long undersea tunnel between the Faroe Islands and the Hindhead motorway tunnel near
London, which is currently under construction.

Since 1994, Meyco grouting materials have also been on offer. Currently, BASF offers the entire
spectrum of products for grouting. Products based on microfine cements, colloidal silica, polyurethanes,
acrylic gels and/or organic-mineral resins are used at tunnel construction sites for stabilisation of ground
and sealing of seepage. It would have been very difficult to drive tunnels in complicated geological con-
ditions, for example, the tunnels between Vienna and St. Polten. The incohesive overburden in front of
TBM:s had to be stabilised using 600,000kg of Meyco MP 367 Foam grouting resin.

Nor can the mechanised tunnel driving method using the latest state-of-the-art TBMs cope with
BASF chemistry. Our soil theology conditioning products Meyco SLF and Rheosoil, dust formation
reducing Meyco ABR, shield tail sealants Meyco TSG and BSG, but also Glenium ACE additives to
concrete segments are parts of the comprehensive package of products for the TBM technology.

BASF has regularly actively participated in technical seminars and conferences focused on tunnelling
and underground construction technologies. Among others, it participated in the organisation of the
World Tunnel Congress in Prague in 2007 as one of the principal sponsors.

In 2009, we opened a new concrete laboratory in Prague, which is equipped with very modern devices.
This laboratory is used not only for designing and testing of concrete formulas, but also, owing to its acc-
reditation, for customers requiring accredited testing of concrete properties.

We believe that our products, know-how and experience gained from
major foreign underground construction projects will help also you in your
efforts to successfully complete underground construction projects, both the
under construction ones or those being prepared.

ING. MICHAL ZAMECNIK

manazer pro podzemni stavby CR a SR, BASF Stavebni hmoty Ceska republika, s. r. o.
Manager for underground constructions in the CR and SR, BASF Stavebni hmoty Ceska republika s. r. o.
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APLIKOVANY A PROVEDENY VYZKUM
A VYVOJ NA NOVEM TUNELU SCHLUCHTERN (NTS)

APPLIED AND CONDUCTED RESEARCH & DEVELOPMENT
AT NEW SCHLUCHTERN TUNNEL (NST)

MARTIN PFEIFFER, CLAUS WIRTZ

Tunel Schliichtern je nejvetsi inZenyrskd stavba na Zelezni¢n{ trati
spojujici Frankfurt nad Mohanem a Fuldu v Némecku. Prace na novém
tunelu jako druhé troubé k soucasnému starému tunelu bézi od roku
2005 tak, aby bylo moZno vyhovét nejnovéj§im bezpecnostnim stan-
dardim a provoz v ném mohl probihat dvéma jednokolejnymi trouba-
mi. Novy tunel Schliichtern ma celkovou délku cca 4 km a vnitin{ pru-
mér 9 metra.

Na prikladu nového tunelu Schliichtern je vidét, jak 1ze dosédhnout
inovace v tuneldiskych pracich a jak se maze vyzkum a vyvoj (V&V)
prevést do praxe.

Pri zadéani zakédzky na stavbu tunelu zadal investor Deutsche Bahn
AG také rozsdhly program méfeni pro sledovdni napéti v pre-
fabrikovanych dilcich osténi od samého za&étku stavby prstenct osté-
ni. Vyzkum a vyvoj se provddi na probihajici stavbé, v piikladné
spolupriéci investora, dodavatele stavby a STUVA (némeckd vyzkum-
né spole¢nost pro zafizeni pro podzemni dopravu).

V pribéhu stavby tunelu byly uplatnény v praxi vysledky tii dokon-
&enych V&V projektt firmy Hochtief Construction AG.

POPIS STAVBY

Tunel Schliichtern je situovdn ve stiedu Némecka, mezi mésty
Hanau a Fulda. Usek Zeleznice zde prochézi tdolim feky Kinzig,
severné od nizké hornaté oblasti Spessart, a poté v délce 3575 m pod-
chdzi horsky hibet Distelrasen.

Obr. 1 Misto nového tunelu Schliichtern v Némecku
Fig 1 Location of New Schliichtern Tunnel in Germany

The Schliichtern Tunnel is the largest engineering structure on the
railway line linking Frankfurt/Main and Fulda in Germany. Work has
been progressing on the new tunnel as a second tube for the existing
old tunnel since 2005 so that services can in future run through 2
single-track tubes in order to be able to comply with the latest safe-
ty standards. The New Schliichtern Tunnel has a total length of app-
rox. 4 km and an inner diameter of 9 metres.

Using the example of the New Schliichtern Tunnel it is shown how
innovation in tunnelling could be achieved and how Research and
Development (R&D) could be transferred into practice.

With awarding the contract for the tunnel construction, the client
Deutsche Bahn AG also commissioned an extensive measurement
programme to trace stresses in the segmental lining right from the
beginning of the construction of the segment rings. In an exemplari-
ly co-operation Client, Contractor and STUVA, the German
Research Association for Underground Transportation Facilities, are
conducting R&D on a running project.

During the tunnel construction the outcome of three completed
R&D-projects of Hochtief Construction was transferred into prac-
tice.

PROJECT DESCRIPTION

The Schliichtern Tunnel is situated in the centre of Germany bet-
ween Hanau and Fulda. The railway section runs through the valley
of the river “Kinzig” north of the low mountain area “Spessart” and
then passes on a length of 3575 m under the mountain range of the
“Distelrasen” which is a part of the border to the “Rhon”.

The existing tunnel (AST) was excavated conventionally from
1909 to 1914 and is supported by brick cladding. A section of the
tunnel in the tertiary clay was excavated already at that time with
a part-section shield machine, because the wooden support of the
tunnel failed due squeezing of the surrounding rock of the tunnel.

The electrified section is used daily by about 250 to 300 trains of
the long-distance and regional traffic as well as by freight trains. On
March 30th, 2007 the formal celebration for the start of the tunnel
heading took place and on March 3rd, 2009 the tunnel boring machi-
ne (TBM) broke through at the Northern portal.

The entire project of the Schliichtern Tunnel is carried out in three
construction phases:

* Excavation of the new tunnel tube in parallel alignment to the
existing one and taking into operation the new section as double-
track operation.

e Comprehensive renewal of the existing tunnel and start of the
single track operation in the renewed and in the new tube.

e Dismantling of the second track in the new tube and completion
of the rail related equipment in the new tunnel.

The first construction phase was commissioned to a joint venture
consisting of Hochtief Construction AG, Ed. Ziiblin AG und
Bickhardt Bau AG in August 2005. It contains the 3,995 m long, shi-
eld-driven tunnel with a shield-diameter of 10.25 m, the earth works
in both approx. 1000 m long excavation and embankment sections,
various civil engineering work works and the construction of the
superstructure.

The tunnel will be constructed using a tunnel boring machine
(TMB) in combination with a single shell concrete segmental lining,
to be watertight against pressurized groundwater.

Categorized in three excavation classes, the tunnel alignment goes
through layers of upper and medium mottled sandstone and tertiary.
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Mountain water is expected in
places. The TBM can operate in
| either EPB or open mode. Eight
segments form a complete seg-
ment ring, using the so-called
“8+0-System” with a keystone
of the same size as the other
segments. The conventionally
reinforced segment is 2 m long
and 45 cm thick. Each segment
is fitted with a sealing gasket to
make it watertight. The lower
part of the invert (precast invert
segment) will be fitted during
the excavation phase.
For emergency purposes
} three crosscuts will be executed
: at 1,000 m intervals to connect
- NST to the existing AST. The
crosscuts will be made by

Tretihorni jil / Tertiary Clay
Pestré piskovce — horni terciér
Upper Mottled Sandstone
Pestré piskovce — spodni terciér
Lower Mottled Sandstone

Obr. 2 Podélny geologicky rez
Fig. 2 Longitudinal Section with Geological Formation

Nyné&jsi tunel byl razen konvencéné od roku 1909 do roku 1914. Je
vystrojen cihelnou obezdivkou. Cdst profilu tunelu v dseku prochdze-
jicim tfetihornimi jily byla jiZ tehdy raZena pomoci stroje s pricné
délenym Stitem. Duvodem bylo to, Ze vydieva tunelu nevydrzela tlak
okolni horniny. Tento elektrifikovany dsek je vyuZzivan denné asi
250 az 300 vlaky ddlkové a regiondlni dopravy a nakladnimi vlaky.

Dne 30. bfezna 2007 se konalo slavnostni zahdjeni razby nového
tunelu Schliichtern a 3. brezna 2009 prorazil tunelovaci stroj (TBM) na
severnim portdlu posledni metry a razbu ukondil.

Stavba tunelu Schliichtern se provadi ve tfech stavebnich fdzich:

e Razba nové tunelové trouby soubézné s trasou stdvajici trouby;

obousmérny (dvoukolejny) provoz v nové vyrazeném tunelu.

* Komplexni obnova stdvajictho tunelu a zahdjeni jednokolejného

provozu v obnovené i nové tunelové troubg.

e Demontdz druhé trati v nové tunelové troubé a dokonceni kolejo-

vého vybaveni v novém tunelu.

Prvni faze stavby byla zaddna firemnimu sdruZeni sloZzenému z Hochtief
Construction AG, Ziiblin AG a Bickhardt Bau AG v srpnu 2005. Zahrnuje
3995 m dlouhy, Stitem raZeny tunel (prumér $titu 10,25 m), zemni préce
(ndsypy a vykopy) v obou priblizn¢ 1000 m dlouhych priportdlovych dse-
cich, dal3i stavebni prace veetné vybudovéni kolejisté.

Tunel se bude razit pomoci tunelovaciho stroje (TBM)
s jednopldstovym osténim z betonovych dilct, které je zajisténo proti
tlakové podzemni vodé.

Trasa tunelu byla zatfidéna do tfi tfid vyrubu. Prochdzi vrstvami
pestrych piskoveu horniho a stfedniho terciéru. Ocekdva se mistn{
vyskyt podzemni vody. Stroj TBM miiZe pracovat bud v reZimu zemi-
nového §titu (EPB), nebo s ¢elbou bez podepreni. Kompletni prstenec
osténi se sklddd z osmi dilcu (8+0) v&etné zdmku ve velikosti ostatnich
dilct. Klasicky vyztuzeny dilec osténi je 2 m dlouhy a jeho tloustka je
45 cm. Kazdy dilec je opatfen tésnicim obvodovym pryZovym pdsem
k zajisteni vodotésnosti. Spodni ¢ast dna (prefabrikovany dilec dna) se
montovala soubézné s razbou.

V intervalech 1000 m se raz{ tfi tunelové propojky pro pripad nouze,
které spoji novy tunel Schliichtern se stdvajicim. Propojky budou pro-
vadény konvenéni metodou razby NRTM a jejich definitivni ostén{
bude tvorit stifkany beton. Sou¢asny tunel zlstane v prubéhu razeb tif
propojek v provozu. Ihned po skoncéeni razeb se polozi asfaltovy pod-
klad a betonova kolejova deska.

PROGRAM MERENI PRO SLEDOVANI NAPETI
VE SKLADANEM OSTEN[

V novém tunelu Schliichtern byl poprvé instalovdn rozsahly pro-
gram méfeni pro sledovani napéti v dilcovém osténi tunelu v pribéhu
vystavby. Cilem téchto méreni je analyzovani napéti ve sparach mezi
dilci, kterd vznikaji v prubéhu razby a pri postupu stroje TBM vpied.
Meéfeni za¢inaji od samého pocatku stavby prstenct z dilcu a zahrnuji
i méfeni tlaku zeminy a hydrostatického tlaku. Dany vyzkumny
a vyvojovy program stédle pokracuje a bude dokoncen pravdépodobné
na konci roku 2009.

Méfend napéti, kterd vznikaji pfimo v procesu razeb a také
v nésledujicich etapdch, se porovnavaji s analytickymi predpoklady,

means of conventional excava-
tion and fitted with a final
shotcrete lining. The existing tunnel will remain in operation while
the three crosscuts are excavated from the NST.

Immediately after the excavation works are completed, an asphalt
base and concrete track slab will be installed.

MEASUREMENT PROGRAMME TO TRACE STRESSES
IN THE SEGMENTAL LINING

In the New Schliichtern Tunnel the first time an extensive measu-
rement programme for tracing stresses in the segmental lining of
a tunnel under construction was installed. The aim of these measure-
ments is to analyse the stresses in the joints between segments that
occur during the excavation and the TBM advance process. The mea-
surements start right from the beginning of the construction of the
segment rings and include additionally the earth and hydraulic pres-
sure. The R&D-program is still ongoing and will be completed pre-
sumably by end of 2009.

The measured stresses which occur directly during the excavation
process and also in the subsequent stages are compared with the ana-
lytical assumptions taken during the design phase. Using the results
obtained by the measurements will facilitate for the future a more
economic dimensioning of the segmental lining with regard to the
short-term effects generated during the construction phase. The
results obtained so far can be summarized as follows:

The first results lead to the conclusion that the loads and calcula-
tion methods applied for the dimensioning of the segments at the
New Schliichtern Tunnel are adequate and incorporate a sufficient
safety level. However, from the results it can also be derived that an
optimisation of the dimensioning concerning the economic efficien-
cy can be achieved.

An exemplary calculation of the normal forces from the measured
earth and hydraulic pressures in the longitudinal joints show that

Bei roter Flogge
und Hornsignal
wird gesprengt |

Obr. 3 Novy tunel Schliichtern
Fig.3 New Schliichtern Tunnel
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Obr. 4 Namérené tlaky v porovndni s vypoctenymi napétimi v kruhové spdre
Fig. 4 Measured pressures versus calculated stresses in the annular joint

stanovenymi ve fézi projektovani. VyuZiti vysledku ziskanych méfeni-
mi usnadni v budoucnosti ekonomictéjsi dimenzovani sklddaného
osténi, pii kterém se prihlédne ke kratkodobym d¢inkam, ke kterym
dochdzi ve fazi stavby. Dosud ziskané vysledky se daji shrnout takto:
e Prvni vysledky vedou k zdvéru, Ze zatizeni a vypocetni metody
pouzité pro dimenzovdni dilci osténi na stavbé nového tunelu
Schliichtern jsou adekvétn{ a vykazuji dostate¢nou troven bezpec-
nosti. Z vysledku vak je mozné odvodit i to, Ze je mozno dosah-
nout optimalizace dimenzovdni z hlediska hospoddrnosti.
* Typické vypocty normdlovych sil v podélnych spardch vyvolanych
naméfenymi zemnimi a hydrostatickymi tlaky ukazuji, Ze tyto sily
jsou podstatné mensi neZ normdlové sily, které jsou pocitany ze
zatiZeni nadlozim.
e Kromé toho se musi sledovat vlivy souvisejici se stavbou. Tlak
(pritlak) stroje TBM neni v obvodové spare v prstenci prokdzan ve
stejné velikosti. Naméfend data predstavuji pouze zhruba 30-50 %
pritlaku TBM.
e Naméfené tlaky injektdZe v kruhové spédre maji stejnou velikost
jako svisla zatiZzeni vyvoland nadloZim. Tlaky zustdvaji po druhém
dnu konstantni a také nejsou ovlivnény razbou tunelu.
Prvni zjisténi byla detailnéji pfedvedena na konferenci STUVA
v Kolin¢ v roce 2007 [1].

Dosud provedend méfeni ukazuji, Ze pozorovéni skuteénych napéti
v dilcich osténi je slozity a naro¢ny inZzenyrsky tkol. Co se tykd opti-
malizace dilcovych osténi tunel, méfeni provedend v novém tunelu
Schliichtern se daji pouzit k optimalizaci dimenzovani a pro redlné
posuzovéni dopadu.
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Obr. 5 Nameérené tlaky v porovndni s vypoctenymi napétimi v podélné spdre
Fig. 5 Measured pressures versus calculated stresses in the longitudinal joint

Cologne STUVA 2007 [1]

The measurements carried out so far show that the observation of
the real stresses in a segment cladding is a complex and demanding
engineering task. Concerning an optimisation of segment linings in
tunnels the measurements carried out at the New Schliichtern Tunnel
can be used to optimise the dimensioning concerning a realistic esti-
mation of impacts.

TRANSITION OF R&D INTO PRACTICE

Advanced Tunnel Drive System (ATDS)

In order to improve the steering mechanism of TBM and to decre-
ase the settlement of sensitive structures induced by tunnel driving
ATDS (Advanced Tunnel Drive System) was developed by Hochtief
Construction. ATDS was in use at the New Schliichtern Tunnel site,
in particular during the underpassing of a bridge-foundation.

In the central database of ATDS the measured deformation,
machine data and steering requirements were recorded simultane-
ously to the shield driving. There, great importance was attached
to the measurement of deformation immediate after their occur-
rence applying a hydrostatic measurement system and to the real
time transmission and visualisation of these data. Thus the syn-
chronic collection, visualisation and monitoring of measured
deformation, machine data and steering requirements were made
possible. ATDS allowed to record, to visualise and to document
continuously the relevant machine and steering data while driving
the tunnel. ATDS assisted the shield machine’s driver and the con-
struction management with the choice of the parameters to control
the shield driving best.

ATDS-visualisation was provided to everyone involved in the con-
struction progress — this system allowed an active monitoring of
deformation for machine driven tunnelling.

The components of ATDS including the steering and measurement
values, the visualisation and documentation offered a check-up of the
efficiency of a reaction to a deformation resulting of the shield
driving.

The data pool and documentation of ATDS supported the process
control especially regarding future prediction and provide informati-
on that has so far not been recorded coherently in a consistent matrix.

“Flying Shield Start-up"”

A new patented method for starting up TBMs devised by Hochtief
Construction was used on the New Schliichtern Tunnel project. In
contrast to conventional TBM start-up systems with rigid structure
and blind ring support the abutment for the TBM’s driving jacks
automatically advanced towards the excavation pit’s front wall
during the shield start-up process.
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Obr. 6 Namerené tlaky zeminy v porovndni s postupem tunelovaciho stroje TBM
Fig. 6 Measured earth pressures versus advance of TBM

PREVEDENI VYZKUMU A VYVOJE DO PRAXE

Zdokonaleny systém razby tunelt (ZSRT)

Aby se zlepSil mechanismus Tfizeni tunelovaciho stroje (TBM)
a zmensilo se seddni citlivjch konstrukci vyvolané razbou tuneld,
vyvinula spole¢nost Hochtief Construction AG systém ZSRT
(Zdokonaleny systém razby tunelt). Systém ZSRT byl pouZit na stav-
bé nového tunelu Schliichtern hlavné pii podchdzeni zdkladi mostu.

Nameérené deformace, data stroje a poZadavky na fizeni byly zazna-
mendvéany v centrdlni databdzi systému ZSRT soubéZné s razbou §ti-
tem. Velkd duleZitost byla prisuzovdna méfeni deformaci ihned po
jejich vzniku s pouzitim systému hydrostatického méfeni a prenosu
téchto dat a jejich vizualizace v redlném Case. Tim se umoZnilo prova-
déni synchronizovaného sbéru, vizualizace a monitoringu naméfenych
deformaci, Gdaju o stroji a jeho fizeni. Systém ZSRT umoZnil nepretr-
Zité zaznamendvéni, vizualizaci a dokumentovdni pfislu$nych dat
0 stroji a jeho fizeni v prubéhu razby. Systém ZSRT pomahal obsluze
Stitu se strojem TBM a vedeni stavby pfi vybéru parametru tak, aby se
§tit Fidil co nejlépe.

Systém ZSRT vizualizace byl poskytnut kazdému, kdo byl zapojen
do postupu stavby — tento systém umoznoval aktivni monitorovani
deformaci pri strojni razbé tunelu. SloZky systému ZSRT véetné fize-
ni a hodnot méfeni, vizualizace a dokumentovani nabizely moZnost
kontroly t¢innosti reakce na deformace vznikajici v dusledku razby
Stitem.

Shromdzdéna data a dokumentace systému ZSRT podporovaly pro-
ces kontroly, zvld§té pokud jde o predpovédi do budoucna,
a poskytovaly informace, které do té doby nebyly zaznamendvany sou-
visle v konzistentni matici.

.Letmy start Stitu” (Flying Shield Start-up)

Na stavbé nového tunelu Schliichtern byla pouzita nova patentova-
nd metoda startu stroje TBM, kterd byla vyvinuta firmou Hochtief
Construction AG. Na rozdil od béZnych systému startovani stroju
TBM s tuhou konstrukei opéry a ,,faleSnym* prstencovym osténim,
posunovala se v daném pripadé opéra (opérny prstenec) pro pritlacné
pisty TBM béhem startu smérem k Celu startovaci jamy. PreruSovany
postup TBM umoznuje v klidové fazi razby posun opérného prstence
o délku kroku hydraulickych vdlca. Tento krok simuluje zabudovan{
prstence z dilct. Opérny ocelovy prstenec je zavésen na Dywidag-tah-
lech rozmisténych za vnéj$im licem raziciho S$titu a zakotvenych
v horniné hluboko za startovaci sténou jamy. Z davodu konstrukce
razictho Stitu nebylo moZno pouZit k posunu Stitu jeho hlavni tlatné
hydraulické vdlce. Tyto slouzily pouze jako opora pro mezikruzi
z dilcti osténi tvorici distanéni viozku.

Systém ,letmy start Stitu (LSS) zahrnoval hlavné ocelovou kon-
strukci opérného prstence a hydraulicky agregat s hydraulickymi valci
s dutymi pisty. Dutymi pisty prochdzi zdvitova tdhla Dywidag. Ocelovd
konstrukce se sklddala z ocelového tlaéného opérného prstence, vyba-
veného na obvodu drzdky pro tazné tyce, které zajiStovaly prenos taho-
vych sil vzniklych rozpindnim obou podpor hydraulickych vélca do
Celni kotvici stény startovaci jamy. Tlaény prstenec byl uloZen na beto-
nové kolébce §titu za TBM. Z davodu geometrické polohy hlavnich
hnacich vélci TBM byl v konci $titu sloZen prstenec z dilct osténi, aby
pusobil jako distan¢ni vlozka. V prabéhu startovaciho postupu byl tento
prstenec posunovén vpied spolu se strojem TBM pomoci dutych valca
a hydraulickych pist. Tla¢né hydraulické vdlce stroje TBM vykondva-
ly béhem ,,letmého startu §titu“ pouze pridrzovaci funkci. Duté vélce

Tuel

The “flying shield start-up” (FSS) largely comprised a steel struc-
ture and a hydraulic unit with hollow piston jacks. The steel struc-
ture consisted of a pressure ring equipped on the circumference with
brackets for the tension rods, which catered for further transferring
the forces towards the driving wall. The pressure ring was set down
on a concrete shield cradle behind the TBM. Because of the geome-
trical position of the driving jacks a segment ring was required wit-
hin the shield tail as spacer. During the subsequent start-up proce-
dure, this was advanced together with the TBM and the pressure
ring by means of the hollow piston cylinders. The TBM’s driving
jacks just exerted a holding function during the “flying shield start-
up”. The hollow piston cylinders were divided up into a number of
groups in order to react to any undesired translational changes in
position. Each group of jacks was controlled by means of its own
hydraulic circuit. The thrust parameters were entered at the control
stand of the FSS. In addition to the permissible driving force further
parameters such as force distribution above/below and left/right,
maximum thrust speed or maximum inclination could be fed in.

The start-up procedure then took place as follows: the thrust from
TBM, distance segments and pressure ring was effected by initiating
the hollow piston jacks behind the pressure ring. Mechanical distan-
ce measurement systems are installed in form of cable control sen-
sors between the start-up rim and the pressure ring to facilitate posi-
tion control at any time. If the pressure ring’s predetermined inclina-
tion was exceeded the advance group of jacks was automatically
throttled and the follow-up group intensified. The thrusting speed
could be increased or decreased to need. The actual thrust data for
the FSS were read from the display visualisation during the advance.

In order to avoid damage occurring to the TBM, the
Programmable Logic Controller (PLC) of the tunnelling machine
was coupled with the PLC of the FSS. The FSS could first initiate
the excavation once the TBM transmitted an electronic signal to
indicate it is ready to operate. If predetermined limit values for the
TBM (as e.g. minimum cutter wheel speed) were underrun or exce-
eded the operational mode was cancelled and advancing of the “fly-
ing shield start-up” was automatically stopped. Once the hollow
piston jacks had been completely extended, the anchor nuts of the
tension rods were first of all screwed together with positive locking
in the brackets to ensure that the total system remained braced.

Obr. 7 Monitor ZSRT na tunelovacim stroji TBM
Fig. 7 ATDS-display on TBM
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pistu byly rozdéleny do nékolika skupin, aby reagovaly na jakékoli
zmény v pozici pii prendSeni sil. Kazdé skupina hydraulickych vdlcu
byla ovladdna svym vlastnim hydraulickym okruhem. Parametry pritla-
ku byly ukldddny na stanovisti fizeni systému DSS. Kromé pfipustné
hnacf sily se daly uklddat i dal$f parametry, jako je rozdélen{ sil nad/pod
a vlevo/vpravo, maximdlni rychlost pfitlaku nebo maximalni sklon.

Procedura startu probihala ndsledovne: pfitlak TBM, distan¢ni dilce
a opérny prstenec byly uvedeny do pohybu hydraulickymi vdlci
s dutymi pisty. Aby se usnadnilo Fizen{ polohy v kterémkoli okamzZiku,
je mezi startovacim rdmem a opérnym prstencem instalovdno mecha-
nické méfeni vzdalenosti pomoci kontrolnich lanovych senzoru.
Pokud byl prekrocen predem urceny sklon tlatného prstence, doslo
k automatickému utlumeni prislusné skupiny hydraulickych vdlca
a zvysila se intenzita navazujici skupiny. Rychlost posunu vpred se
dala podle potreby zvySovat nebo sniZovat. Aktudlni data pritlaku pro
DSS se v priibéhu postupu odegitala z monitoru.

Aby nedochdzelo k poskozeni stroje TBM, byl jeho fidici systém
propojen s Fidicim systémem letmého startu 3titu. Systém LSS mohl
ndl, kterym dal informaci, Ze je pfipraven k razbé. Jestlize byly limit-
ni hodnoty predem uréené pro stroj TBM (jako napr. minimdln{ rych-
lost otdceni fezného kola) prekroCeny, provozni rezim byl zruen
a postup vpred ,,letmého startu §titu* byl automaticky zastaven.

Po plném vysunuti hydraulickych vélcu s dutymi pisty byly kotevni
matice taznych ty¢i seSroubovany dohromady, aby doslo k nucenému
blokovan{ distan&nich prvka. Tim bylo zajisténo, Ze zustal cely systém
zakotveny. Potom byl opérny ocelovy prstenec posunut vpred o délku
kroku a zaji$tén pritazenim matic. Ndsledoval novy cyklus razby, ktery
se opakoval, dokud nebyl tlaény prstenec umistén v predem urené
kone¢né poloze.

Z této konecné polohy tlacného prstence jiz pokracovala razba
pomoci pritlakovych vélcu stroje TBM.

Odstartovani $titu systémem ,,letmého startu §titu” pfineslo nasledu-
jici vyhody:

» Uspory Casu pri stavbé — startovaci faze mohla probihat bez preru-
Senf az do mista injektaze. Casové ndroénd montd? a demontaz
faleSnych* prstencu byla vynechéna.

* Ve srovnéni s b&znym postupem byly pii DSS potiebné podstatné
niz§ vyrobni ndklady. Nebyly potiebné ,,falesné* prstence ostén{
a ddle krat3i doba zpusobovala sniZeni ndkladu.

* Bezpecnost priace a ochrana zdravi — stavba ,faleSné“ trouby
z dilcu je vZdy nebezpelnd prace, zv1asté u velkych praméru.

Alternativni dilec pro prostup do tunelovych propojek

Spojeni mezi osténim tunelové propojky a osténim tunelu bylo pro-
vadéno s pouzitim zvlastnich patentovanych betonovych dilci opatie-
nych ocelovymi kazetami pro seSroubovdni a dvou vypliovych dilcu
v prostupu. Ty byly pozdéji odstranény prekryvajicimi se jadrovymi
vrty. Tyto nové vyvinuté dilce nahradily obvyklé litinové dilce, které
byly béZzné uZivdny pro prostupy propojek v tunelech s jednoplas-
tovym osténim.

Na stavbé se vyskytly nékteré drobné problémy, se kterymi se tune-
larskd parta musela vyrovnat. Tolerance poZzadované pro nardZeci spoj
Sroubt se daly pfi osazovéni dilca tézko dodrZet. Problém se fesil pou-
zitim excentrického adaptéru. V prostupech do tunelové propojky je
poloha prstence z dilci predem presné uréend, co se tyce jeho déleni.
Ve spojeni s dal§imi ndsledujicimi prstenci, které mély predem urce-
nou polohu €7 napt. kvali drzdkam pro trolejové vedent, se fizenf stro-
je TBM stalo obtiZznym.

Tato praktickd zkuSenost bude preddna zpét do tutvaru projekce
a bude vyuzita pro dal$i zlepSovani systému tunelovych propojek.

MARTIN PFEIFFER, martin.pfeiffer@hochtief.de,
CLAUS WIRTZ, claus.wirtz@hochtief.de,
HOCHTIEF CONSTRUCTION AG, Essen

Recenzoval: Ing. Karel Rossler, Ph.D.

LITERATURA / REFERENCES

18. rocnik - €. 2/2009

Obr. 8 ,,Letmy start $titu“ na novém tunelu Schliichtern
Fig. 8 “Flying shield start-up” at New Schliichtern Tunnel

A new thrusting cycle followed, which was repeated until the pres-
sure ring was located in the previously calculated final position.

From this final position of the pressure ring the excavation conti-

nued by means of the TBM thrusting jacks.

The shield start-up with the “flying shield start-up” has afforded

the following major advantages:

* Saving construction time.

e The start-up phase could be undertaken right up to the grouting
position without interruption. The time consuming assembly and
disassembly of the blind segments were omitted.

* Less production cost.

* Considerably less steel was required for the FSS compared to
the conventional approach, there was no need for eight blind
segment rings and furthermore the shorter construction time has
caused less cost.

* Health and safety.

* The erection of a blind segment tube is always a hazardous
work, in particular with large diameter.

Alternative segment for cross-passage opening

The connection between crosscut lining and tunnel lining was
made using special patented concrete segments fitted with steel cas-
settes to be bolted together, and two filling segments in the opening.
These were removed later by overlapping core-hole drillings. This
new developed segments substituted the customary steel segments
which were typically used for a cross-passage opening in a tunnel
with single shell lining.

On site some minor issues have challenged the tunnelling crew.
The tolerances required for the force-fit connection of the bolts were
hard to achieve while placing the segments. This could be solved by
use of an excentric adapter. At crosscut openings the position of the
segment ring regarding its partition is strictly predetermined. In
conjunction with subsequently following rings which had e.g. due to
mountings for catenary a predetermined position as well, the stee-
ring of the TBM became difficult.

This practical experience will flow back to the design department
and will be used for further enhancement of the cross-cut opening
system.

MARTIN PFEIFFER, martin.pfeiffer@hochtief.de,
CLAUS WIRTZ, claus.wirtz@hochtief.de,
HOCHTIEF CONSTRUCTION AG, Essen

[1] Breidenstein, Wirtz (2007): Neubau des Schliichterner Tunnels: Aktueller Stand und Erfahrungen aus den Spannungsmessungen im
Tunnelausbau, Presentations at the STUVA-Conference 2007 ,,Connections by Tunnels* (Forschung + Praxis 42), pp. 118-122
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TUNEL NA USEKU LAHOVICE - SLIVENEC PRAZSKEHO
SILNICNIHO OKRUHU

THE TUNNEL IN THE LAHOVICE - SLIVENEC SECTION OF THE PRAGUE
CITY RING ROAD

LADISLAV STEFAN, GOTTLIEB BLAZEK, VIT PASTRNAK

uvob

Usek 514 mezi Lahovicemi a Slivencem je souédsti silni¢ntho okruhu
kolem Prahy (ddle jen SOKP). Spolu s tsekem 513 Vestec—Lahovice,
usekem 512 Ddlnice D1-Jesenice—Vestec a jiZz provozovanym utsekem
515 Slivenec—Trebonice tvori jihozdpadni ¢st silniéniho okruhu. Tato
¢ast okruhu propoji dédlnici DS smérem na Plzen s délnici D1 smérem na
Brno. Po dokonceni bude okruh v Praze vytvaret spolu s méstskym okru-
hem integrovanou dopravni soustavu zajistujici funkéni propojeni pro
tranzitni dopravu a soucasné i dobrou dopravni obsluhu mésta a jeho
okoli.

Soudasti iseku 514 o celkové délce 6 km je mimotiroviiovd kiiZovat-
ka se silnici 1/4 Strakonickou, atraktivni mostni estakdda délky 2,1 km
pres tdoli Berounky a pfes Zelezni¢ni trat’ Praha—Plzen, vysoky most
vzpéradlové konstrukce pres Lochkovské tidolf a také dva paralelni tune-
ly, kazdy délky 1,6 km. Celkova cena stavby ¢ini 8,9 mld. K& (v cenové
drovni roku 2005 véetné DPH).

O okruhu SOKP jiz bylo v ¢asopisu Tunel uvedeno mnoho ¢lanku
a informaci. Tunelu na tseku 514 se tykaly Ctyfi podrobné &lanky
v ¢islech 2/2005, 1/2006, 2/2008 a 4/2008.

Z tohoto duvodu je ¢ldnek koncipovén jako doplnék téchto informaci
a vybér postieht a zkusenosti zhotovitele, jako ¢lena realiza¢niho sdru-
Zeni celé stavby 514. V dobé vzniku textu byly kompletné dokonceny
razby tunelu a probihd betondz definitivniho osténi. V ¢lanku jsou proto
uvedeny tdaje o etapé provddéni raZeb a provizorniho osténi. Ke zfizo-
véni definitivniho osténi a kompletaci dila bychom se radi vratili
v nekterém pozdéjsim Cisle Casopisu.

OBCHODNE-TECHNICKE UDAJE

Investorem stavby je Reditelstvi silnic a ddlnic CR a celou stavbu pro
néj provadi sdruzenf tif stavebnich spolecnosti Strabag, Hochtief a Bogl
a Krysl. Zhotovitelem samotného tunelu jsou dvé slozky nadndrodniho
stavebniho koncernu Hochtief, a to HOCHTIEF Construction AG,
Némecko a HOCHTIEF CZ, Cesko. Stavbu provadéji spole¢né formou
interntho sdruZeni.

Realizaci tunelu tak vstoupila stavebni skupina Hochtief na ¢esky trh
podzemniho stavitelstvi. Spolecnost Hochtief CZ se stala v roce 2008
¢lenem Ceské tuneldrské asociace.

INTRODUCTION

Section (construction lot) 514 between Lahovice and Slivenec is part of the
Prague City Ring Road project (hereinafter referred to as the PCRR).
Together with section 514, Vestec — Lahovice, section 512, D1 motorway —
Jesenice — Vestec, and the already operating section 515, Slivenec —
Trebonice, it forms the south-western part of the Ring Road. This part of the
Ring Road will link the D5 motorway heading toward Plzen with the D1
motorway toward Brno. When it is complete, the (outer) Prague City Ring
Road together with the (inner) City Circle Road will form an integrated tran-
sportation network, which will provide functional interconnection for transit
transportation and, at the same time, even the improved residential traffic in
the city and its surroundings.

Part of the 6km long section 514 are a grade-separated intersection with
the 1/4 Strakonickd road, an attractive, 2.1km long viaduct over the Berounka
River valley and over the Prague - Plzen rail line, a high strut-framed bridge
and two parallel tunnels, each of them 1.6km long. The total project cost
amounts to CZK 8.9 billion (at 2005 price level, including VAT).

TUNEL has already published many papers and lots of information about
the PCRR. The tunnel in the construction lot 514 was the topic of four simi-
lar papers, in the issues No. 2/2005, 1/2006, 2/2008 and 4/2008.

This is why this paper is conceived as a supplement to the previous
information and a selection of observations and experience gathered by the
contractor as one of the members of the group of companies which has
been awarded the contract for construction lot 514. At the time when this
paper was being prepared, the tunnel excavation was completely finished
and casting of the final lining was underway. Therefore the paper presents
data on the construction stage during which the excavation and temporary
lining were carried out. We would like to return to the erection of the final
lining and finishing operations in one of the future magazine issues.

COMMERCIAL-TECHNICAL DATA

The project owner is the Directorate of Roads and Motorways of the Czech
Republic, who hired a group of companies consisting of construction firms
Strabag, Hochtief and Bogl and Krysl as the contractor. The contractor for the
tunnel construction are two branches of the multinational construction con-
cern Hochtief, namely HOCHTIEF Construction AG, Germany, and
HOCHTIEF CZ, the Czech Republic. They carry out the construction joint-
ly as an internal consortium.
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Obr. 1 Situace viseku 514 po zméndch
Fig. 1 Section 514 layout after the changes
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Obr. 2 Podélny profil tiseku 514
Fig. 2 Longitudinal profile of section 514

Stavba je financovéna ze tif zdroja — z ndrodnich prostredku Stétniho
fondu dopravni infrastruktury, z evropskych prostiedkt z Fondu soudrz-
nosti EU a dopliikové pomoci tvéru Evropské investi¢ni banky. Této
struktufe zdroju téZ odpovidd kontrolni aparat statni spravy pro Cerpani
prostiedku téchto vefejnych zdroju.

VYVOJ STAVBY SOKP 514 V PRUBEHU REALIZACE

Zhotovitel SdruZeni Strabag, Hochtief a Bogl a Krysl inicioval ihned
po zahdjeni vystavby nékolik zmén technického feseni dila. Zmény uva-
dime proto, Ze celd stavba 514 je sledovana odbornou vefejnosti a na jeji
dokonCeni a také zpusob provedeni dekaji vSichni motoristé, ktefi uZiva-
ji k dopravé Barrandovsky most a jizni spojku v Praze. Jihozdpadni seg-
ment SOKP byl mél na sebe prevést vijznamny podil tranzitni dopravy
a uvolnit citovanou ¢ast meéstského okruhu.

Nejvetsi zménou proslo usporddani jednotlivych ndjezdovych ramp
v kfizovatce Strakonicka. Podafilo se puvodni sloZity rozplet ramp zjed-
nodusit a nahradit pfehlednym spojovacim kruhovym objezdem
cich se komunikaci.

Podobné se vyrazné materidlové zménil most pres Lochkovské ddoli.
Tuto zménu na rozdil od predchoziho piipadu fidi¢ pfi pfejezdu mostu
nezaznamend. VSechna se odehravd pouze v samotné nosné konstrukei.
Pavodné pouze ocelovy most o péti polich s ortotropni mostovkou byl

Obr. 3 Severni raZeny portdl tunelu v Lochkové
Fig. 3 Northern mined tunnel portal in Lochkoy

The HOCHTIEF Group entered the Czech underground construction mar-
ket through the construction of this tunnel. Hochtief CZ became a member of
the Czech Tunnelling Association in 2008.

The project is funded from three resources: national means provided by the
State Fund of Traffic Infrastructure, European means from the EU Cohesion
Fund and, as a supplement, a loan has been granted by the European
Investment Bank. The system of the state administration control over the uti-
lisation of public resources corresponds to the above mentioned structure of
resources.

DEVELOPMENT OF THE PCRR CONSTRUCTION LOT 514
DURING CONSTRUCTION

The contractor, the consortium consisting of Strabag, Hochtief a Bogl and
Krysl, initiated several changes in the technical solution to the works imme-
diately after the commencement of the construction. I am mentioning the
changes because of the fact that the entire construction lot 514 has been fol-
lowed by the professional public and its completion is eagerly awaited by all
motorists who use the Barrandov bridge and the Southern Connection Road
for their travels. The south-western segment of the PCRR should assume
a significant proportion of transit traffic and unblock the above-mentioned
part of the City Circle Road.

The most significant change was carried out in the configuration of indi-
vidual on-ramps at the Strakonick4 intersection. Owing to the change, the ori-
ginal complicated junction was successfully simplified and replaced by
a lucid roundabout. Thus all steep curves on off-ramps leading from both
intersecting roads were avoided.

Similar substantial changes were applied to the materials of the bridge over
the Lochkov Valley. In contrast with the previous case, this change will not
be noticed by a driver driving along the bridge. Everything takes place only
in the load-bearing structure. The originally five-span, purely steel bridge
with an orthotropic bridge deck was replaced by a composite steel and conc-
rete single-cell, uniform-height box structure; steel struts were replaced by
concrete ones. The struts interact with the bridge deck in the main span as
a trapezoidal strut frame.

TUNNEL

The total length of the tunnel amounts to 1.6km. The tunnel consists of two
tubes: the right (ascending) tube has three traffic lanes, while two traffic lanes
are in the left (descending) tube. The mined part of the tunnel is about 1.3km
long; the remaining portions are cut-and-cover. The theoretical excavated
areas of the double-lane tunnel and triple-lane tunnel range from 89 to 103m?
and 101 to 125 m? , respectively, depending on the excavation support class.

The northern portal is located at the level of a plateau found west of
Prague, near Lochkov; the southern portal is on the slope above the Berounka
River valley in Radotin, where the viaduct is directly connected to the portal.
The longitudinal gradient of the bridge is uniform at 4%, which is the maxi-
mum allowable gradient for this road type. About a half of the difference in
the altitude of the bottom of the Berounka River valley and the above-men-
tioned plateau is overcome through the tunnel.
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nahrazen spraZenou ocelobetonovou jednokomorovou konstrukei
s konstantn{ vyskou a ocelové Sikmé podpéry byly nahrazeny betonovy-
mi. Tyto podpéry spoluptisobi s mostovkou v hlavnim poli jako vzpéra-
dlovy ram.

TUNEL

Celkova délka tunelu ¢ini 1,6 km. Skldda se ze dvou tubust, v pravém
(stoupajicim) tubusu jsou tfi jizdni pruhy, v levém (klesajicim) jsou dva
jizdni pruhy. Délka razené Cisti tunelu je zhruba 1,3 km, zbytek jsou
tunely hloubené. Teoreticka plocha vyrubu dvouproudového tunelu se
pohybuje podle technologické tiidy razby od 89 do 103 m2, plocha tii-
pruhového tunelu od 101 do 125 m2.

Severn{ portdl je umistén na drovni ndhorni roviny zdpadné od Prahy
pobliz Lochkova, jizni portdl je ve strani nad tddolim Berounky
v Radotiné a bezprostiedné na néj navazuje mostni estakdda. Tunel ma
v celé délce podélny sklon 4 %, coz je maximalné pripustny sklon pro
tento typ pozemni komunikace. Tunelem se prekondva asi polovina vys-
kového rozdilu mezi dnem tidoli Berounky a citovanou ndhorni rovinou.

Provéddéni raZené Casti tunelu bylo zahdjeno v predstihu razbou pra-
zkumné Stoly v roce 2004, ve které byl proveden podrobny geotechnicky
pruzkum (Tunel &. 2/2005 a &. 2/2008).

GEOLOGICKE, HYDROGEOLOGICKE A GEOTECHNICKE POMERY

Tunel prochézi ve sméru tpadni razby postupné souvrstvim spodniho
siluru a svrchntho ordoviku Barrandienu, vrstvy maji generelni sklon
k severozdpadu. Horniny jsou prostoupené zlomovymi a vrdsovymi
poruchami se silnym porusenim hornin.

Souvrstvi kopaninské (spodni silur) je facidlné velmi pestré, je
budovano stiiddnim vépnitych bridlic a vdpenct nebo tufitickymi jilo-
vitymi bridlicemi a bazaltovymi tufy. Byly dokumentovany jilovité
bridlice, vapnité, mirné zvétralé, navetralé — R4, zdravé, tmavé hnédo-
Sedé R3, deskovité vrstevnaté s vloZkami mikritickych védpenct,
Sedych — R2 a deskovité vrstevnaté a jilovité tufitické bridlice vapnité,
tmavé hnédosedé, zdravé — R3 s vétS§imi polohami bazaltovych tufu
zelenoSedych deskovité az lavicovité vrstevnatych — R2 mocnosti
15 m.

Motolské souvrstvi (spodni silur) tvori prevdzné bazélni jilovité az
jilovitoprachovité bridlice, Sedoerné — R3, deskovité az lavicovité
vrstevnaté s podfadnymi polohami bituminéznich vépencu — R2, des-
kovité vrstevnaté.

Kosovské souvrstvi (svrchni ordovik) predstavuje litologicky pestry
sled hornin od bfidlic, prachovet, drob aZ po kiemité piskovee. Na bazi
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The work on the mined part of the tunnel started in advance by driving an
exploration gallery in 2004, which served for a detailed geotechnical survey
(TUNEL No. 2/2005 and No. 2/2008).

GEOLOGICAL, HYDROGEOLOGICAL AND GEOTECHNICAL CONDITIONS

The tunnel passes, viewed in the direction of the downhill excavation,
successively through Lower Silurian and Upper Ordovician Groups of the
Barrandian. The general dip of the layers is north-west. The rock mass is hea-
vily disturbed, pervaded by faults and folds

The Kopaniny Member (Lower Silurian age) is, in terms of facies, very
chequered. It consists of alternating calcareous shales and limestone or tuffi-
tic clayey shales and basaltic tuffs. The following shale types were docu-
mented: clayey calcareous shale, moderately to slightly weathered — R4,
fresh, dark brown-grey R3, tabularly bedded, inter-layered by micritic limes-
tone — R2 and tabularly bedded and clayey tuffitic shales, calcareous, dark
brown-grey, fresh — R3, with 15m thick layers of basaltic tuffs, green-grey,
tabularly to thick-tabularly bedded — R2.

The Motol Member (Lower Silurian) consists mostly of basal clayey to
clayey-silty shales, grey-black — R3, tabularly to thick-tabularly bedded, with
secondary layers of bituminous limestone — R2.

The Kosov Member (Upper Ordovician) represents a lithologically che-
quered succession of rocks, ranging from shales through siltstone and grey-
wacke to quartzose sandstone. An about 2m thick layer of coarse-grained
sandstone to conglomerate was encountered at the base of the Kosov
Member. The rock types frequently alter. Shales are clayey, with laminated to
thinly tabular bedding, grey to green-grey, heavily micaceous. The siltstone
and sandstone are usually tabular to heavy bedded, light grey to brown.

The Krédliv Dvir Member (Upper Ordovician) is composed of clayey
shale, thinly tabular to laminated, non-micaceous or very finely micaceous,
grey to grey-green, easily decomposing on the surface to clayey eluvium. The
highest part of the Krdluv Dvir Member has the character of grey claystone.

The hydrogeological conditions were affected by the exploratory gallery.
The drainage effect of the gallery lowered the water table in the vicinity; the
water table in the mined profiles was at the gallery bottom level.

This is only a brief overview because the geological and geotechnical con-
ditions were comprehensively described in the issue No. 4/2008.

Trilobite and cephalopod fossils found in the Lower Silurian rocks during
the initial phase of the excavation were especially interesting. Two experts
from the vicinity of the construction regularly devoted themselves to sear-
ching for them and collecting them on the stockpile; the searching for fossils
required expertise and, above all, great patience. The same rock was also
distinctive of very frequent occurrence of balls with the diameters ranging
from Scm even to one metre. The large ones were easy to find, but handling
them was more difficult.

TUNNEL EXCAVATION
CONDITIONS

- Primérni osténi 250 mm — Primary lining 250 mm

- Tolerance (véetné izolace) 200 mm
Tolerance (including waterproofing) 200 mm

- Sekundarni osténi 400 mm
Secondary lining 400 mm

Svorniky hydraulicky upinané nebo
samozavrtné kotvy IBO dl. 4ma 6 m

Hydraulically expanded rock bolts or
IBO self-drilling anchors 4m and 6m
long 2

8928
FETR

The rock environment en-
countered consists of relative-
ly stable rocks, which required
higher load-bearing capacity
temporary support only in the
sections disturbed by faulting
or in portal areas. A larger,
1.3km long part of the tunnel
is built by mining methods; the
only cut-and-cover part is at
Lochkov, where the overbur-
den is too shallow.

The tunnel is driven by the
New Austrian Tunnelling
Method. Continual and inde-
pendent geotechnical monito-
ring (GTM) is carried out for
the client by a group of engine-
ering companies consisting of
PUDIS and Stavebni geologie
— Geotechnika. The detailed
design is developed for
Hochtief by Valbek sr.o. and

Jehly Roxor pr. 32 mm nebo samozavrtné
IBO-dl. 4 m, po35cm

Roxor 32mm dia spiles or IBO self-drilling
anchors 4m long, at 35cm spacing

7012
16374

its sub-contractor Tubes s.r.0.
The basic conditions for
the mining operations were
contained at the beginning in
the building permit. Because

@iz

50

Obr. 4 Vzorovy pFiény fez tripruhového tunelu v provizornim osténi TT 4 s profilem pruzkumné §toly
Fig. 4 Typical cross section through the triple-lane tunnel supported by temporary lining for excavation support class 4,

with the exploratory gallery profile

of the fact that the Radotin
portal is accessible only along
a narrow local urban road in
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a Radotin rest area in which
family houses prevail, all
operations (excavation and
excavation support) are per-
mitted to pass only through
Py the Lochkov portal. Owing to
/ / the fact that the mined part is
1.3km long and the ground
! V4 / environment was to a sig-
; # nificant extent drained earlier
by the exploratory gallery,
i this condition posed no pro-
e blem. A negative consequen-
P ce was that, owing to the uni-
] — form dip of the sedimentary
" layers throughout the tunnel
length, a threat originated that
individual beds would slip to
o x the heading.

Geotechnical properties of
the ground environment allo-
wed the miners to use only
a horizontal excavation sequ-
ence consisting of the top
heading, bench and completi-
on of the bottom. The bottom
is open along a prevailing
part of the tunnel length.
A closed bottom with an
invert was applied only to the
TT 5b and TT 5c excavation

Obr. 5 Vzorovy pricny rez dvoupruhového tunelu v provizornim osténi TT 4

Fig. 5 Typical cross section through the double-lane tunnel supported by temporary lining for excavation support class 4

souvrstvi byla zastiZzena cca 2 m mocnd poloha hrubozrnnych piskovct
az slepenct. Horninové typy se Casto stiidaji. Bfidlice jsou jilovité,
s laminovanou az tence deskovitou vrstevnatosti, Sedé az zelenoSedé,
siln¢ slidnaté. Prachovce a piskovce jsou obvykle tlusté deskovite az lavi-
covité odlu¢né, svétle Sedé az hnédé.

Krélodvorské souvrstvi (svrchni ordovik) tvorf jilovité bridlice, tence
deskovité az laminované, neslidnaté nebo velmi jemné slidnaté, Sedé az
Sedozelené, na povrchu snadno rozvétravajici na jilovité eluvium.
Nejvyssi ¢ast kralodvorského souvrstvi mé charakter az Sedych jilovcu.

Hydrogeologické poméry byly ovlivnény pruzkumnou Stolou.
Drendzni t¢inek $toly sniZil hladinu podzemnich vod v okoli, v razenych
profilech byla tiroven na po¢vé §toly.

Tolik pouze struény prehled, protoZe geologické a geotechnické pomé-
ry byly vy&erpdvajicim zpusobem popsény v Cisle 4/2008.

Zajimavosti byly ndlezy fosilif — trilobiti a hlavonoZct v hornindch
spodniho siluru v poéate¢ni fazi razeb. Jejich hleddn{ a sbéru se pravidel-
né na halddch vénovali dva odbornici z okolf stavby, protoZe nalézt zka-
menélinu vyZadovalo odbornost a predev§im vysokou trpélivost. Stejné
horniny byly také charakteristické velmi ¢etnym vyskytem kouli ruzné
velikosti, od praméru 5 cm az do priméru okolo jednoho metru. Ty bylo
snadné nalézt, manipulace byla obtiZnéjsi.

Obr. 6 Rozpojovani horniny skalnim bagrem
Fig. 6 Rock disintegration by a rock excavator

support class sections. The
tender documents as well as
the design of means and met-
hods assumed before the excavation commencement that the following exca-
vation support classes would be encountered: TT 3, TT 4, TT 5a, TT 5b.

The excavation was carried out using mechanical disintegration combined
with the drill + blast. The Silurian age rocks in the initial about 300m long
section with the shallow overburden could be disintegrated by a rock exca-
vator; then the drill and blast technique had to be applied. Modern high-per-
formance wheeled equipment was used for the excavation.

The following common components of the primary lining were used:

* Inner and outer layers of steel mesh 6/150/150 mm

* steel lattice girders

e sprayed concrete C20/25 X0 layers 250 to 350mm thick, applied by the

wet process

* hydraulically expanded rock bolts 4.0 or 6.0m long in the top heading;

4.0m or 6.0m long, minimum loading capacity of 12 ton SN anchors in
the bench; adequately long IBO anchors were used in case of unstable
boreholes.

* the round length depending on the prescribed excavation support class,

ranging from 70 to 200cm.

No critical problems were encountered during the tunnel excavation.
Geotechnical monitoring worked flawlessly and all problematic situations
during which deformations of the rock mass increased were solved timely
and correctly. The advance rates which were achieved at the top headings in
both tunnel tubes amounted to about 120m per month.

Obr. 7 Celba kaloty tfipruhového tunelu s profilem pruzkumné $toly
Fig. 7 The triple-lane tunnel — top heading face with the exploratory gallery
profile in it
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Obr. 8 Podélny profil kaverny
Fig. 8 Longitudinal section through the cavern

PODMINKY PRO PROVADENI RAZEB TUNELU

ZastiZzené horninové prostredi je tvoreno relativne stabilnimi hornina-
mi, které pouze v tektonicky porusenych pasdzich nebo v priportdlovych
usecich vyzadovaly vétSi miru Gnosnosti provizorniho ostén{. VEts{ ¢ast
tunelu v délce 1,3 km je raZend, pouze Usek u Lochkova délky 300 m je
pro malé nadloZ{ hloubeny.

Tunel je provadén Novou rakouskou tunelovaci metodou, nepretrzity
a nezavisly geotechnicky monitoring (GTM) na objedndvku investora
provadi sdruzeni inZenyrskych spole¢nosti PUDIS a Stavebni geologie-
Geotechnika. Realiza¢ni dokumentaci tunelu pro Hochtief zpracovava
Valbek, s. r. 0., a jeho subdodavatel Tubes, s. r. 0.

Zékladni podminky provddéni razeb byly ddny jiZ stavebnim povole-
nim. Vzhledem k poloze radotinského portélu, ktery je pristupny pouze
po tzké mistni méstské komunikaci v klidové &ésti Radotina
s prevazujicim bydlenim v rodinnych domcich, bylo povoleno provddét
vSechny préce (razby a definitivni osténi) pouze z lochkovského portdlu.
Vzhledem k tomu, Ze délka razené &dsti ¢ini 1,3 km a horninové prostre-
di bylo ve vétsi mife odvodnéno jiZ pruzkumnou $tolou, nebyla tato pod-
minka problémem. Negativnim dusledkem bylo, Ze vlivem jednotného
uklonu zastiZenych sedimentdrnich souvrstvi v celé délce tunelu vzniklo
nebezpedi vyjizdéni jednotlivych lavic do Celby.

Geotechnické vlastnosti horninového prostiedi umoznily provadet
razbu pouze horizontdlnim ¢lenénim vyrubu na kalotu, opéfi a dordzku

iv 2

dna. V prevazné délce tunelu je dno oteviené. Pouze v udsecich s tiidou

Virtually the whole volume of the muck from the tunnel was crushed for
secondary use of the material out of the construction as lower quality back-
fill material. Of course, this meant that a large intermediate stockpile had to
be established.

DEVIATIONS FROM THE INITIAL ASSUMPTIONS

Before the commencement of the tunnel excavation, the tunnelling con-
tractor proposed that all cross passages be uniformly enlarged to be passable
for vehicles, so that the tunnel operation safety be enhanced. The main rea-
son was a requirement of the contractor for equipment for a sufficient space
for the installation of switchboards and other equipment. There was
a secondary effect there — the possibility of transportation connection betwe-
en the two tunnel tubes always when 200m of the excavation had been com-
pleted. The advantage is found even in the final lining installation phase,
during which linear structures are implemented in the tunnel bottom (cable-
ways, walkways, sewerage and a fire main), with a permanent need for chan-
ging the transportation route to the workplaces using the cross passages.

It was found out during the excavation of the pit for the northern portal and
the cut for the cut-and-cover section of the tunnel, and during the preparati-
on of the portal wall of the mined tunnels that, from the triple-lane tunnel
containing the exploratory gallery toward the double-lane tunnel, the propor-
tion of dark layers of soft-consistency clays increased. They caused deterio-
ration of the ground environment in the double-lane surroundings, probably
offering low stability of the excavation. For that reason the excavation sup-
port class 5¢ was supplemented in the design of means and methods for both

2PT 3PT
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Obr. 9 Graf zatridéni raZeb do technologickych tiid NRTM — porovndni predpokladu ZDS se skutecénym zatiidenim podle GTM
Fig. 9 NATM excavation support cl — comparison of tender documents with actual classification according to the GTM




Obr. 10 Provadeni stiikaného betonu na Celbé kaloty, zajisténé jehlovanim
Fig. 10 Application of shotcrete at the top heading supported by forepoling

TT 5b a TT 5c bylo zabudovano uzavrené dno s protiklenbou. Zaddvaci
dokumentace stavby i realizaéni projekt pred zahdjenim razeb predpo-
klddal zastiZeni téchto technologickych tfid NRTM: TT 3, TT 4, TT 5a,
TT 5b.

Razba byla provadéna pomoci mechanického strojniho rozpojovani
v kombinaci s pouZitim trhacich praci. Horniny silurského stafi s malym
nadlozim bylo pocdtenich cca 300 m mozno rozpojovat skalnim
bagrem, ndsledné bylo nasazeno rozpojovani trhaci praci. Razilo se za
pouziti vysoce vykonnych modernich kolovych mechanismu.

Prvky primérniho osténi byly tvofeny obvyklym zpisobem:

e vnitin{ a vn&jsi vyztuz z ocelovych siti 6/150/150 mm,

* ocelové prihradové rdmy,

o stifkany beton C20/25 X0 v tloustkdch 250 az 350 mm, nandSeny
mokrou cestou,

* hydraulicky upinané svorniky dl. 4 nebo 6 m v kaloté, v opéfi kotvy
typu SN dl. 4 nebo 6 m s tGinosnosti v tahu min. 12 tun; v piipadé
nestability vrta se pouzivaly IBO kotvy odpovidajicich délek,

* délka zdbéru podle predepsani tiidy t€zby v kroku mezi 70 az 200 cm.

Béehem razeb nenastaly Zadné zdsadni problémy, fungoval bezchybné

geotechnicky monitoring a vSechny problematické situace pri zvySeném
deformaénim chovani masivu byly v¢as a spravné feSeny. Bylo tak dosa-
Zeno pramérnych postupti na razbach kalot obou tunelovych rour cca 120
m/mesic.

Rubanina z tunelu byla prakticky v celém objemu drcena pro sekun-

déarni vyuZziti materidlu mimo stavbu jako zdsypovy materidl nizs{ kvali-
ty. Vedlo to ovSem k nutnosti vybudovat velkou mezideponii materidlu.

ODCHYLKY OD POCATECNICH PREDPOKLADU

Zhotovitel tunelt pred zahdjenim raZeb inicioval zvétSeni a rozsiteni
vSech propojek jednotné na rozmér prujezdné propojky z divodu zvyse-
ni bezpecnosti provozu tunelu. Hlavnim divodem byl poZzadavek doda-
vatele technologie na dostateny prostor pro umisténi rozvadéla
a technologického vystrojeni. Sekundarnim efektem byla moZnost
dopravniho spojen{ obou tunelovych trub pri razbé po 200 m. Vyhoda se
ukazuje téZ ve fézi zfizovani definitivniho osténi, kde se soubéZné pro-
vadéji liniové objekty ve dné tunelu (kabelovody, chodniky, kanalizace
a potrubi poZarniho vodovodu) a neustéle je tfeba menit dopravni cestu
k témto pracovistim vyuZitim prajezdu propojkami.

Pfi hlouben{ severni portdlové jamy a stavebni jamy hloubeného tseku
tunelu a pii piipravé portdlové stény raZenych tunelt bylo zjisténo, Ze od
tiipruhového tunelu s prazkumnou Stolou smérem k dvoupruhovému
tunelu pribyvaji tmavé vrstvy jili mékké konzistence, které vytvareji
v okoli dvoupruhového tunelu zhorSené horninové prostredi
s prokazatelné nizkou stabilitou vyrubu. Z toho divodu byla RDS rozsi-
fena jeste o technologickou tfidu TT 5S¢ pro obé tunelové roury. Ndsledné
vyhodnocovédni GTM potvrdilo opravnénost tohoto opatieni.

Konstrukce provizorniho osténi prizkumné Stoly pri razbé tiipruhové-
ho tunelu sice komplikovala rozpojovani horniny v kaloté tunelu, na dru-
hou stranu prispivala ke zvySovdni stability Celby v problematickych tse-
cich jako vyrazny podélny vyztuzujici prvek. Lze konstatovat, Ze z tohoto
duvodu byl v plosné men§im dvoupruhovém tunelu vétsi pocet projevi
nestability nez v tfipruhovém.

Dal$im priznivym vlivem prizkumné $toly z pohledu zhotovitele bylo
odvodnéni horninového masivu tak, Ze pritoky vody béhem razby neby-
ly podstatné. Prusak vody do celého tunelu po dokoneni primdrniho
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tunnel tubes. The follow-up assessment of the GTM confirmed that this mea-
sure was well justified.

The structure of the exploratory gallery support may have had complica-
ted the disintegration of the rock mass during the triple-lane tunnel top hea-
ding excavation, but, on the other hand, it contributed to the increasing of the
face stability within problematic sections as a significant longitudinal support
element. We may say that this was the reason why the numbers of manifes-
tations of excavation instability were higher in the double-lane tunnel, where
the cross-sectional area was smaller than that in the triple-lane tunnel.

Another effect of the exploratory gallery which was favourable from con-
tractor’s point of view was the drainage of the rock mass to such the extent
that water inflows during the excavation were insignificant. The rate of the
seepage into the whole tunnel after the completion of the primary lining sta-
bilised itself at 1 to 2 L/s. Even the fact that a proportion of the rock mass
deformations developed earlier, during the excavation of the exploration gal-
lery, proved to be beneficial. The advantage of the possibility to use the
exploratory gallery as a ventilation adit is undisputable. A fan was installed
at the Radotin portal to provide forced ventilation of the works.

In Radotin, the tunnel passes a cluster of newly built family houses with
the overburden about 40m high. The work in the underground affected the
buildings above the tunnel substantially more than it had been assumed in the
tender documents. With the aim of reducing negative effects of blasting ope-
rations, the tender documents had specified a 200m long section where the
time for blasting during night shifts had been limited. It turned out during the
tunnel excavation and even later during the construction of the final lining
that not only seismic effects of blasting operations negatively affect people’s
perception; the effect of the noise generated in the underground by tunnelling
equipment (a drilling rig, impact breaker etc.) was also significant. This sec-
tion was subsequently extended to about 400m because of complaints from
local residents about the propagation of noise through the rock mass, and on
the basis of results of noise measurements in affected houses during night
shifts. Even today, when the final reinforced concrete lining is being cast
behind travelling forms, the noise caused by external vibrators manifests
itself very negatively.

An about 180m3 overbreak, which was assessed according to mining regu-
lations as an emergency, developed at the top heading face on 18th April
2008, just before the completion of the double-lane tunnel top heading exca-
vation, 29m back from the Radotin portal wall and 9m before the end of the
canopy tube pre-support which was installed from the portal. The 4m deep
cavern expanded over the whole top heading width. Its height reached 6.5m
above the top heading roof. The cavern developed in weathered ground, in
a location where the upper level of the bedrock got close to the excavated
opening. The cover above the cavern in the highest spot consisted of about
2m high rock and about 2 metres thick layer of Quaternary soil. There was
a threat that a daylight collapse could develop. There is only an old cherry
orchard on the surface in this location.

This event put the till then very good collaboration with the geotechnical
office to a test. The stabilisation of the cavern was designed during an opera-
tively summoned meeting of the geomonitoring board. The cavern walls
were covered with shotcrete and the space of the unsupported cavity above
the top heading crown level was backfilled with the muck, using the rock
excavator and a front-end loader. The subsequent excavation proceeded from
the opposite direction, via the Radotin portal. The cavern was concurrently
backfilled with cinder concrete through targeted boreholes drilled from the
surface, and the tunnel crown was supported by an umbrella consisting of
IBO anchors. The whole stabilisation of the cavern was finished on the fourth
day after the event.

Details of the event in terms of geotechnical monitoring are presented in
TUNEL issue No. 04/2008.

There is an interesting comparison between the anticipated proportion of
individual NATM excavation support classes according to the geotechnical
survey and the tender documents and the actual proportions which were

MSB C25/30 X0 SB (Stikany beton) 1  SB (Stfikany beton) 2
SC (Sprayed concrete) 1 SC (Sprayed concrete) 2

Cement / Cement Radotin CEM 1 42,5 R kg 420 0
Cement / Cement Karsdorf CEM I152,5 AS kg [1) 390

Popilek / Fly ash kg 30 0
Kamenivo 0-4 / Aggregates 0-4 kg 960 890
Kamenivo 0-8 / Aggregates 0-8 kg 960 890
Mischoel LP 78 kg 0,2 0,46
Glenium SKY 555 kg 34 0
Glenium SKY 593 kg [1) 51

ABR (Abramsova zkouska) — Slump test mm 240 230

MEYCO SA 180 kg 0 21,5 kg (5,5%)
MEYCO SA 183 kg 31,5 kg (7%) 0

vic - wic 0,45 0,45

Obr. 11 Porovndni obou receptur stiitkaného betonu
Fig. 11 Comparison of the two shotcrete formulas
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z provozu stroju v podzemi (vrtaci

vuz, impaktor). Z divodu §ffeni hluku horninami, na zékladé stiznosti
obyvatel a vyvolaného méfen{ hlu¢nosti v no¢nich hodinach v dotéenych
objektech, byl tento tsek dodate¢né prodlouZen na cca 400 m. Téz
v soucasné dobé pfi provadeni definitivniho Zelezobetonového osténi do
pojizdnych forem se velmi negativné projevuje hluk zpusobeny priloz-
nymi vibratory.

Tésné pred dokonCenim razby kaloty dvoupruhového tunelu, 29 m
pred radotinskou portalovou sténou a 9 m pred koncem v predstihu pro-
vedeného portdlového mikropilotového destniku, vznikl dne 18. 4. 2008
na Celbé kaloty nadmérny nadvylom objemu cca 180 m3, hodnocenym
banskymi predpisy jako mimorddnd uddlost. Kaverna vznikla na celou
Sitku Celby kaloty a jeji hloubka Cinila 4 m. Dosahovala do vysky 6,5 m
nad klenbu kaloty. Kaverna se vytvorila ve zvétralych hornindch
v mistech, kde se horn{ droven skalniho podkladu pribliZila provadéné-
mu dilu. V nejvys$$im misté kaverny tvorily jeji strop cca 2 metry horni-
ny a na nf uloZené kvartérni zeminy mocnosti také cca 2 metry. Hrozilo
vytvoreni kominu na terén. V téchto mistech se na terénu nachézi pouze
stary vistiovy sad.

Tato uddlost provéfila dosavadni velmi dobrou spoluprici
s geotechnickou kanceldfi. Na operativné svolané radé geomonitoringu
byla navrZena sanace kaverny. Bylo provedeno zastiikdni stén kaverny
a vyplnéni nezajisténého prostoru nad droven klenby kaloty rubaninou
z predchozi razby pomoci skalniho bagru a kolového Celniho nakladace.
Razba nésledné pokraCovala z opatného sméru pres radotinsky portal se
soubéZnym postupnym zaplnénim kaverny popilkocementem cilovymi
vrty z terénu a zajisténim klenby ochrannym destnikem IBO kotev. Celd
sanace a stabilizace kaverny byla dokoncena ctvrty den po udalosti.

Podrobnosti této uddlosti z pohledu geotechnického monitoringu jsou
uvedeny v Cisle €. 4/2008.

Zajimavé je porovndni predpoklddaného rozsahu jednotlivych techno-
logickych trid razeb NRTM podle geotechnickém prazkumu a ZDS
a skute¢ného rozsahu urceného geotechnickym monitoringem béhem
razeb. Vyplyvd z néj, Ze autor ZDS dobre odhadl celkovy rozsah tiid TT
5. Podle GTM ale doslo k vyrazné vétsimu vyskytu tiid TT 5b a TT 5S¢
na tkor TT 5a. Podobné doslo k nadhodnocent ,,stfedni** tfidy TT 4, prav-
dépodobné z divodu bezpetného stanoveni ceny dila, vaci skute¢ného
rozsahu tiidy TT 3.

HARMONOGRAM PROVADENI A DOSAZENE POSTUPY

Piipravné préce na stavbé tuneld mezi Lochkovem a Radotinem zho-
tovitel zah4jil v cervnu 2006. Vlastni razby tunelu z lochkovského portd-
lu byly zahdjeny v prosinci 2006 a tunel bude stavebné dokoncen
v prubéhu roku 2009. Poté bude nésledovat instalace technologického
vybaveni tunelu s dokon¢enim do dubna 2010.

Samotnd razba tunelu Marie, ktery je pojmenovan podle své patronky
pani Ing. Marie Nédvornikové, dnes Teditelky zdvodu Praha RSD CR,
byla zahdjena symbolicky na svatek sv. Barbory dne 4. prosince 2006.

Zahajeni StavhY .............cccovvviiiieieieiieeeeee s 6/2006
Zahdjeni razeb tunelu ........oooveeieeciciicninnnnceee 12/2006
Stavebni pfipravenost pro technologii.. ... 5/2009
Uvedeni do ProvOZU .............c.cccooveeeieieeereierereensesereesesesesenens 4/2010
Dokonceni Stavhy .............ccoviueiniurinierinieinieenee e 10/2010

Obr. 12 Graf priubéhu spotieby urychlovadée stiikaného betonu
Fig. 12 Curve of the development of consumption of shotcrete accelerator

determined by the geotechnical monitoring during the excavation. It follows
from this comparison that the author of the tender documents correctly esti-
mated the overall proportion of excavation support classes 5. However,
according to the GTM, the occurrence of classes 5b and Sc was significantly
higher, on the expense of class 5a. Similarly, the “medium” class 4 was ove-
restimated, probably with the aim of determining the contract price on the
safe side with respect to the proportion of excavation support class 3.

CONSTRUCTION SCHEDULE AND ADVANCE
RATES ACHIEVED

The contractor started the preliminary work on the tunnels between
Lochkov and Radotin in June 2006. The tunnel excavation from the Lochkov
portal commenced in December 2006; the civils works on the tunnel will be
completed during 2009. The installation of equipment will follow, with the
completion scheduled for April 2010.

The excavation of Marie tunnel itself, which was named after its patron
Mrs. Marie Nddvornikova (today the director of the Directorate of roads and
motorways of the Czech Republic, plant Prague) commenced symbolically
on 4th December 2006, which is the holiday of St. Barbara, the patron of
miners).

Construction commencement ......................... 6 /2006
Tunnel excavation commencement ..................... 12 /2006
Completion of civils works ............ ... ... i 572009
Opening totraffic .................................... 4/2010
Construction completion: ............................ 10/2010

APPLICATION OF A NEW FORMULA FOR THE PRIMARY
TUNNEL LINING SHOTCRETE

Today, the amount of mechanical equipment used in tunnelling projects
reaches a maximum. One of the few possibilities to accelerate the construc-
tion and at the same time reduce production costs are savings during the
application of sprayed concrete.

Great attention was paid to the preparation of the sprayed concrete tech-
nology for the tunnel in section 514. Initial testing of sprayed concrete for-
mulas was conducted in collaboration with Hochtief Construction AG as
early as March 2006, nearly one year before the commencement of the exca-
vation. The tests were carried out in close collaboration with ZAPA Beton
(concrete supplier) and BASF (supplier of concrete admixtures and shotcre-
te application equipment). The tests were performed directly in the premises
of the ZAPA batching plant in Kacerov, using a fully mobile spraying machi-
ne. The concrete testing itself was performed by an accredited company,
Beton Bohemia ZL.

The objective of the testing was to verify properties of various formulas
when various types and various doses of Meyco accelerator were used.
Several tests which were repeated in this way resulted in SB1 formula.
Cement produced by Radotin cement works was used in this formula.

The contractor, Hochtief, considered the proposed formula to be uneco-
nomic on the basis of experience from German constructions. Hochtief and
BASF technologists agreed that tests of an alternative formula SB2 using
cement produced in German cement works, Karsdorf, would be conducted.
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UZITI NOVE RECEPTURY STRIKANEHO
BETONU V PRIMARNIM OSTENI TUNELU

V soucasnosti dosahuje mechanizace na tunelo-

Davkovani urychlovace MEYCO SA 180: 5,1 %
Accelerator dosing by MEYCO SA 180: 5,1 %

vych stavbdch maxima. Jednou z mdla mozZnosti, T
jak stavbu urychlit a také sniZit vyrobni ndklady,
jsou tspory pri aplikaci stfikaného betonu.
Pripravé technologie stifkanych betonu byl na
tunelu dseku 514 kladen velky duiraz. Ve spolupré-
ci s Hochtief Construction AG byly prvni zkousky
receptur stifkanych betonu realizovany jiZ v bieznu
roku 2006, tedy téméf rok pred zapocetim vlastnich
razeb. Tyto zkousky byly provadény v tzké spolu-
préci se spolecnosti ZAPA beton (dodavatel beto-
nu) a BASF (dodavatel prisad do betonu a strojniho
zafizeni na aplikaci stfikaného betonu). Zkousky
byly realizovdny pifmo v prostordch betondrny
ZAPA Kacerov za pouZiti plné mobilniho stfikaci-

Pevnost [MPa] - Strength [MPa]

ho stroje Meyco Roadrunner. Vlastni zkouSky 6 min.
betonu realizovala akreditovand spole¢nost Beton
Bohemia ZL.

UCelem zkousek bylo ovéfeni vlastnosti riznych
receptur stitkaného betonu za pouZiti raznych typu

Doporuceny pribéh J2 . Doporugeny priibéh J3
Recommended J2 curve

30 min. 1hod. /h.

3 hod. /h. 6 hod. / h. 12 hod. / h. 24 hod. /.

Cas po nastfikani - Time after spraying

Recommended J3 curve iy OA1805,1%

a ruznych ddvek urychlovaci prisady znacky
Meyco. Vysledkem nékolika takto opakovanych zkousek byla receptura
SB1.V této recepture byl pouZit cement vyrobeny v cementdrné Radotin.
Dodavateli Hochtief se jevila na zdkladé zkuSenosti z némeckych sta-
veb navrhovand receptura nehospoddrnd. Technologové spolecnosti
Hochtief a BASF se dohodli na zkouskach alternativni receptury SB2
s cementem vyrabénym v némecké cementdrné Karsdorf. Kombinace
cementu Karsdorf CEM 1II 52,5 AS a urychlovace Meyco SA180 se
osvédcila na nékolika tunelovych stavbach v Némecku a v Rakousku.

PRVNI ZKUSENOSTI S POUZITIM SPECIALNIHO TUNELOVEHO
CEMENTU DO STRIKANYCH BETONU V CESKE REPUBLICE

Mohlo by se zdat, Ze beton bude pri pouZiti drahého specidlniho
cementu dovazeného z Némecka ndkladové drazs§i neZ obdobny beton ze
standardniho cementu z Ceské produkce. Skute¢nost je vSak opacnd.
Kubik hotové konstrukce ze stifkaného betonu podle receptury SB2 je
levnéjsi neZ pfi uZiti receptury SB1.

Poprvé tak byl v podminkdch Ceské republiky nasazen specidlni
cement vyvinuty pravé pro aplikaci do stiikanych betonu a také systém
garance ddvkovani prisad formou bonus-malus spole¢nosti BASF.

Systém garance ddvkovani motivuje totiz vSechny smluvni strany
k dosazeni co nejvyssi kvality kone¢ného produktu. Pouzitim kvalitnich
vstupnich surovin je mozné ziskat findlni produkt, ktery je ndkladové
vyhodny pro dodavatele betonu, pro dodavatele prisad, tak i pro zhotovi-
tele stavebniho dila.

Vyhody vybrané receptury stitkaného betonu a systému garance dév-
kovdni se plné projevily jiZ pfi prvnim vyhodnoceni ddvkovani urychlo-
vace. Vyslednd hodnota pramérného ddvkovani mnoZstvi urychlovaci
prisady Meyco SA180 po prvnim étvrtleti roku 2007 byla 5.4 %. Tento
vysledek vysoce pred¢il smluvné garantovanou hodnotu mnoZzstvi ve
vysi 6.5 %. Dalsi podstatnou vyhodou vybrané receptury vSak byla spo-
lehlivost vlastnosti stifkaného betonu a predev§im pak zarucené charak-
teristiky ndbéhovych pevnosti.

ZAVER

V dobé psani prispévku (3/2009) je dokonceno definitivni osténi tri-
pruhového tunelu a provadi se jeho stavebni vybaveni (kanalizace, chod-
niky, kabelovody). Na dvoupruhovém tunelu jeste probihd betondZ oste-
ni, stejné jako v propojkéach. Datum uvedeni do provozu 4/2010 se velmi
rychle blizi.

K definitivnimu osténi bychom se rddi vratili samostatnym prispév-
kem po jeho dokonéeni v celém rozsahu, véetné koncepce statického

vypoltu a problematiky provddéni definitivnich konstrukei
z provzdu$néného betonu tiidy C25/30 XF4, XD3.
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Obr. 13 Graf typického prubéhu vyvoje poldtecénich pevnosti stiikaného betonu
Fig. 13 Typical curve of development of shotcrete early strength

A combination of Karsdorf CEM II 52.5 AS cement and Meyco SA180
accelerator proved itself on several tunnelling projects in Germany and
Austria.

FIRST EXPERIENCE FROM THE USE OF SPECIAL TUNNEL
CONSTRUCTION CEMENT FOR SPRAYED CONCRETE IN THE
CZECH REPUBLIC

It could seem that concrete will be more expensive in terms of the expen-
ses if expensive cement imported from Germany is used than similar concre-
te using standard cement produced in the Czech Republic. Although, the
experience is just opposite. A cubic metre of the complete shotcrete structu-
re using formula SB2 is cheaper than if SB1 formula is used.

The special cement developed specifically for sprayed concretes was app-
lied on this project for the first time in the Czech Republic, as well as a BASF
bonus-malus system for guaranteeing the dosing of additives.

The additive dosing guarantee system motivates all parties to the project to
achieving as high quality of the final product as possible. By using quality
feed materials it is possible to obtain a final product which is favourable in
terms of costs for both the concrete supplier, additive supplier and the con-
tractor.

The advantages of the chosen formula and the dosage guaranteeing system
were fully proved as early as the first assessment of the accelerator dosing.
The final value of average percentage of Meyco SA180 accelerator dosing
after the first quarter of 2007 was 5.4%. This result highly exceeded the con-
tractually guaranteed value of 6.5%. Another significant advantage of the
chosen formula was reliability of shotcrete properties and, first of all, the gua-
ranteed characteristics of early strengths.

CONCLUSION

At the moment of writing this paper (03/2009), the final lining of the trip-
le-lane tunnel is complete and the tunnel construction equipment is being
installed (sewerage, walkways, cableways). Casting of the final lining in the
double-lane tunnel and cross passages is still underway. The date 04/2010 for
the tunnel opening to traffic is very quickly approaching.

We would like to return to the issue of the final lining through a separate
paper when it has been finished to the full extent, including the structural ana-
lysis concept and problems of the construction of final structures where
C25/30 XF4, XD3 grade aerated concrete is applied.
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NOVE ZELEZNICNI SPOJENI NA SEVERNI PREDMESTI SYDNEY
TRAT EPPING - CHATSWOOD
NEW RAIL LINK TO SYDNEY'S NORTHERN SUBURBS
EPPING TO CHATSWOOD RAIL LINE

MARTIN PFEIFFER, RIKU TAURIAINEN, FRANK WILKING

Dne 23. tinora 2009 oteviel premiér Nového Jizniho Walesu Nathan
Rees zZelezni¢ni trat’” Epping—Chatswood (ECRL) v nové stanici
Macquarie University Station v australském Sydney. Nova Zeleznice spo-
juje trat’ North Shore Line v obchodnim centru predmésti Chatswood
se stanici Epping na trati North Line. Projekt zahrnuje stavbu dvojice jed-
nokolejnych Zelezni¢nich tunelt, kazdy délky 12,5 km, hloubené kon-
strukce u kifZeni s fekou Lane Cove, tfi nové podzemni stanice, velkou
modernizaci stanice Epping a napojeni do nynéjsi Zelezniéni site.

Stavba byla provedena na kli¢ sdruzenim Thiesss HOCHTIEF JV
(THJV), se kterym byla v ¢ervnu 2002 podepsdna smlouva za 600 milio-
nu eur na doddvku na kli¢ (Design and Build).

RAZBA TUNELU

Pripravné préce byly zahdjeny v listopadu 2002 s tim, Ze veskerd hlav-
ni ¢innost se pohybovala kolem ustfedniho pracovisté celé stavby — pra-
covisté M2. To, Ze bylo témér uprostied trasy, z néj udélalo idedlni misto
pro vytvoreni zdkladny pro tuneldrské prace, obzvlasté s prihlédnutim
k omezenému prostoru v Chatswoodu a Eppingu. Na tomto stavenisti
byla betondrna, mezisklddka rubaniny, startovaci Sachta tunelovacich
stroji TBM 20x25 m, hlubokd 30 metru a $ikmy pristupovy tunel.

Dva tunelovaci stroje TBM, kazdy o priméru 7,2 metru, se montova-
ly v Sacht¢ M2, priblizné v poloviné navrzené trasy. Odtud pak zacaly
razit smérem na Epping. Po dokonCeni 6,7 km dlouhych razeb do
Eppingu dojely stroje TBM do pfedem pripravené Sachty, kde byly &és-
te¢né demontovény a protazeny zpét tunelem do startovaciho mista na
staveni$ti M2. Zde byly obrdceny, znovu smontovany a zacaly razit
5,8 km dlouhé dseky druhym smérem na Chatswood. KdyZ stroje TBM
prorazily v Chatswoodu, byly demontovdny ve specidlné pripravené
komote a dopraveny na povrch k odvozu ze stavby.

Kombinovand prumérna rychlost stroji TBM na projektu byla velmi
tictyhodnd — 33 metru za den, s nejlep$im dennim vykonem 92 metr,
s kterym stavba dr7i svétovy rekord pro stroje TBM této velikosti a tridy
razby. K dosazeni svétového rekordu v tydennim postupu razby jim chy-
bely pouhé 4 metry, kdyZ vyrazily 368 metra za jeden tyden.
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Obr. 1 Situace Zeleznicni trati Epping—Chatswood
Fig. 1 Location of the Epping to Chatswood Rail Line

On February 23, 2009 Nathan Rees the Premier of New South Wales
opened the Epping to Chatswood Rail Line (ECRL) at the new
Macquarie University Station in Sydney, Australia. The new railway is
connecting the North Shore Line at the business centre of Chatswood to
the North Line at Epping Station. The project comprises the construction
of 12.5km twin rail tunnels, cut and cover works at the Lane Cove River
crossing, three new underground stations, a major upgrade of Epping
Station and the integration into the existing rail network.

Project turnkey construction was carried out by the
Thiess/HOCHTIEF JV (THJV), which was awarded the 600M Euro
design and build contract in July 2002.

EXCAVATION

Preparation work began in November 2002 with all major activity
based around the project’s central M2 worksite. Being almost at the align-
ment’s mid point made it an ideal location to base the tunnelling operati-
ons, particularly with regard to the limited space at Chatswood and
Epping. The site houses the concrete batching plant, spoil operations, the
20m x 25m x 30m deep TBM launch/turning shaft and the decline tunnel.

The TBM’s, each with a 7.2-metre diameter, were assembled at M2
shaft, approximately half way along the proposed line. Then they began
tunnelling towards Epping. On completion of the 6.7 kilometre drives to
Epping the TBM’s were run into a pre-prepared chamber where they
were partially disassembled and pulled back through the tunnel to the M2
start point. Here, they were turned around, reassembled, and began work
heading the 5.8 kilometres, the other way, towards Chatswood. Once the
TBM’s broke through at Chatswood, they were dismantled inside
a specially prepared chamber and then transported to the surface for
removal from site.

The combined average speed of the TBM’s on the project was a highly
respectable 33 metres per day, with a best ever of 92 metres in 24 hours.
The project holds the world record for the daily excavation rate, for
TBM’s of this size and class. Their weekly excavation rate missed the
world record by only 4 metres, coming in with 368 metres in one week.

The 12.8m centreline spaced tunnels run at depths between 15m and
60m through the Sydney Basin, consisting of the Mid Triassic Ashfield
Shale, the Mittagong Formation and Hawkesbury Sandstone. Tunnel exca-
vation is almost exclusively through the Hawkesbury Sandstone, a medium
to coarse grained quartz rich rock with strengths of around 35MPa.

It was decided to bore the tunnels using two 7.2-metre diameter
Robbins hard rock TBM’s. Some 10% of each 1200t machine was origi-
nally used on the Lesotho project in Africa, specifically the cutterhead
support, the mainbeam, the gripper carrier and the gripper cylinder, the
remaining 90% was all new.

The machines were taken from storage in France and transported to
Newcastle, New South Wales for refurbishment at a shipyard in late
2002. Each TBM was completely re-built under the manufacture’s super-
vision to give 7,700kN of thrust and 1475kN of torque, while the
2,300kW cutterheads were equipped with 35 x 17" wedge lock design
backloading cutters to cut the abrasive sandstone. Roof drills, mesh
installers and ring beam erectors were also provided to aid installation of
the initial tunnel support, designed to cope with the route’s six support
classes of sandstone. This varied from spot bolting in the tunnel’s predo-
minantly good ground (PRL-1) to a tight array of chemically grouted
rockbolts and steel sets in the very occasional poor conditions (PRL-6)
through the alignment’s fault zones. Any shotcrete required for roof sup-
port was manufactured by the THJV at the M2 worksite.

The tunnel invert was cast some 6m behind the TBM using a relatively
new system, which combined prefabricated segments with in-situ conc-
rete. As the TBM’s advanced, a 45cm wide precast concrete element was
installed at 6m centres. These were then straddled by 6m long sections
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Obr. 2 Podélny ez trasou tunelu
Fig. 2 Longitudinal section of the tunnel alignment

Tunely s osovou vzddlenosti 12,8 m prochdzeji v hloubce mezi 15
a 60 metry sydneyskou pdnvi, sklddajici se ze stfedné triasovych ashfi-
eldskych bridlic, mittagongské formace a hawkesburyskych piskovcu.
Razba tunel prochdzi t€méf vyhradné hawkesburyskymi piskovci, coZ
je stfednézrnnd az hrubozrmnd prokfemenéld hornina s pevnosti kolem
35 MPa.

Bylo rozhodnuto, Ze razby budou provedeny dvéma otevienymi tune-
lovacimi stroji TBM Robbins do tvrdych hornin o pruméru 7,2 metru. Asi
10 % z kazdého stroje o hmotnosti 1200 t bylo ptivodné pouZito na stav-
bé v Lesothu v Africe, konkrétné opéra fezné hlavy, hlavni nosnik, nosi¢
rozpérnych desek a rozpérné desky. Zbyvajicich 90 % bylo novych.

Stroje se odebraly ze skladu ve Francii a na konci roku 2002 byly
dopraveny do Newcastlu v Novém Jiznim Walesu k prestavbé v lodénici.
Kazdy stroj TBM byl kompletné prestavén pod dohledem vyrobce tak,
aby déval pritlak 7700 kN a kroutici moment 1475 kN. Rezné hlavy byly
vybaveny 35 valivymi dlty vyménitelnymi zevnitf stroje velikosti 17
pro rozpojovani abrazivniho piskovce. Pro stroje TBM byly doddny
i vrtacky pro vrtani v piistropi, zafizeni na instalaci svarovanych siti
a ukladaCe dilct, aby pomohly s instalaci primarniho zajisténi tunelu.
Byly navrzeny tak, aby si poradily s Sesti tfidami zaji$téni vyrubu
v piskovci, vyskytujicimi se na trase. Zajisténi se pohybovalo od bodo-
vého osazovén{ svornika v prevazujici dobré horniné (PRL-1) a7 k husté
sestavé chemicky injektovanych svorniku a ocelovych rdmu ve velmi
fidce se vyskytnuvsich $patnych geologickych podminkdch (PRL-6) pri
pruchodu trasy poruchovymi zénami. VSechny stifkané betony potfebné
pro zajisténi stropu vyrab¢l dodavatel THJV na stavenisti M2.

Dno tunelu se provddélo asi 6 m za strojem TBM relativné novym
systémem, ktery kombinoval prefabrikované dilce s monolitickym beto-
nem. Jak stroje TBM postupovaly, kazdych 6 m byl poloZen 45 c¢m Siro-
ky prefabrikovany dil. Po obou strandch mezery mezi t¢mito dily pak
byly instalovany 6 m dlouhé kolejnice pro pojezd zdvésu $titu, které tvo-
fily bocnice bednéni prostoru dna, do kterého se ukladal prosty monoli-
ticky beton. Systém s Sirokym rozchodem kolejnic na dné tunelu skldda-
jici se z 3770 prefabrikovanych dilct dna a kolem 33 000 m3 litého beto-
nu mél nékolik vyhod. Kromé znaénych dspor nakladi umoZiioval pou-
Ziti bezpecnéjsi a u¢innéj$i metody prdce tim, Ze umoznoval pouZiti
pneumatikovych vozidel na dopravu materidld ke strojim TBM. Dno
tedy bylo nedilnou soucasti provozu stroju a muselo zapadat do systému

Obr. 3 Budovdni dna tunelu
Fig. 3 Construction of tunnel invert

of TBM back-up support rail that provided the sideforms within which
the space between was infilled with unreinforced in-situ concrete.
Comprising 3,770 invert segments and some 33,000m3 of poured conc-
rete, the wide gauge invert system offered several advantages. As well as
significant cost-savings, it offered a safer and more efficient work met-
hod by allowing the use of rubber-tyred vehicles for transportation of
supplies to the TBM’s. Thus the invert was an integral part of the machi-
ne’s operation and had to fit into the tunnel logistic system. The concrete
was batched on site, delivered to the TBM in underground agitator trucks,
discharged into a skip on the TBM and carried forward to the work stati-
on using a monorail crane.

The spoil was transported via a system of five conveyer belts to the M2
site where it was stockpiled and a large percentage reused during later
works. To cope with the projected 800t/hr of spoil per TBM a horizontal
900mm belt width conveyor, suspended from the tunnel crown, was used
in both up line and down line feeding a common 1200mm belt width con-
veyor in a cross passage. Then the excavated spoil reached via the incli-
ne conveyor located in the decline tunnel and the stacker conveyor the
15,000m3 muck pile.

On their way to Epping at Macquarie Park and Macquarie University
Stations the tunnelling crew was confronted a technically innovative part of
the design — boring through the cavern bench with 1.8m of the cutterhead
exposed. The station cavern’s 200m length and 20m width had already been
excavated by roadheader to a depth 5.5m above the cavern floor leaving
a 5.4m high bench to be removed by the TBM’s, with each drive separated
by a central 5.6m wide pillar. The central pillar was removed by rock ham-
mer and excavator after both TBM’s had passed through the cavern.

This unusual method of removing the final 5.4m depth of the cavern
was selected by THJV due to the tight nature of the construction schedu-
le. It had been used at the two first stations reached by the TBM’s, but
was not necessary at Epping and Delhi Road where there was sufficient
time in the programme for the station to be fully excavated.

More critical was the drive through the station by the second machine, due
to the minimal rock provided by the central pillar for the TBM grippers to
thrust off. To allay fears that excessive gripper forces could cause the pillar
to fail during the heading, THJV reduced the gripper thrust by half to 900t
and the torque by 60% to 1,500kNm. A bracing frame was also positioned
within the already excavated down line tunnel to resist the gripper forces.

On the second leg to Chatswood the TBM’s passed through the cut and
cover Lane Cove River tunnel section, in the Lane Cover River Park.
This had been excavated across the Lane Cove River using cofferdams to
de-water half the river at a time whilst excavating, then flooding the com-
pleted half, and following the same process on the second half. This tech-
nique ensured the river maintained its flow during the works, minimising
environmental impact.

The tunnelling works also comprise the construction of 3 cross overs,
44 fan niches and 49 cross passages linking the two tunnels every 240m
along its alignment. The timely construction of the cross passages and fan
niches were critical to the overall construction plan of the project.
Planning was optimised by running TBM and cross passage/fan niche
excavations concurrently. The most common construction method for the
cross passages and fan niches comprised rock hammering and mucking
out via dump truck. Where access and availability permitted, a road hea-
der could also be brought in for excavation.

LINING

The excavated tunnels were finished to 6.65m internal diameter with
a waterproof in-situ concrete lining. Within the 73-month design-build
contract, the lining operation was programmed to progress over
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Obr. 4 Razby stroji TBM ve stanici Macquarie Park
Fig. 4 TBM bores through Macquarie Park Station

logistiky stavby tunelu. Beton se michal na stavenisti, byl doddvan ke
strojum TBM tunelovymi autodomichdvaci, vysypan do okovu na stroji
TBM a dopravovin vpred na pracovi§té pomoci podvésného jerdbu.

Rubanina se dopravovala systémem péti pdsovych dopravniku na sta-
venisté M2, kde byla ukldddna na meziskladku. Velké procento rubaniny
se pozdéji znovu na stavbé pouZilo. Aby bylo mozné zpracovat predpo-
kladanych 800 t/hod. rubaniny z jednoho TBM, byl pro oba tunely pou-
Zit vodorovny 900 mm Siroky pasovy dopravnik, ktery byl zavésen ve
vrcholu klenby tunelu. Dopravnik doddval rubaninu na bézny 1200 mm
Siroky pasovy dopravnik instalovany v tunelové propojce. Potom se ruba-
nina dostala pres Sikmy dopravnik umistény v pristupovém tunelu a pres
oto¢ny korytkovy dopravnik na sklddku o objemu 15 000 m3.

Na cesté do Eppingu se ve stanicich Macquarie Park a Macquarie
University tuneldfi setkali s technicky novétorskou ¢asti projektu — raze-
nim TBM v opéii kaverny s tim, Ze 1,8 m fezné hlavy vy¢nivalo nahoru
do volného prostoru. Kalota kaverny stanice o délce 200 m a Sitce 20 m
jiz byla vyrazena diive frézou do trovné 5,5 m nade dnem kaverny, takze
na razbu strojem TBM zbyvala 54 m vysokd lavice. Razby byly prové-
dény tak, Ze uprostied zastdval 5,6 m $iroky horninovy pilit. Poté, co oba
stroje TBM prosly kavernou, byl stfedni pilif odstranén hydraulickym
kladivem a bagrem.

Tuto neobvyklou metodu pouZitou pro vyraZeni zbyvajicich 54 m
kaverny vybral dodavatel THJV s ohledem na napjaty harmonogram
praci. Metoda byla pouZita na prvnich dvou stanicich, do kterych dorazi-
ly stroje TBM, ale nebyla nutnd ve stanicich Epping a Delhi Road, kde
byl pro dokonceni raZzeb v harmonogramu dostate¢ny prostor.

Prichod druhého stroje stanici byl kritict€jsi, jelikoZ stfedni horninovy
pilif poskytoval jen minimélni oporu pro rozpérné desky stroje TBM,
a tim i pro vyvinuti pritlaku vpred. Aby se zmirnily obavy, Ze by nadmér-
né rozpérné sily mohly zpusobit zborcen{ pilife v prubéhu razby, snizil
dodavatel THJV tlak rozpérnych desek o polovinu na 900 t a kroutici
moment 0 60 %, na 1500 kNm. Do jiz vyrazeného tunelu byl navic umis-
ten rozpérny ram, aby odoldval rozpérnym sildm stroje TBM.

Ve druhé casti trasy do Chatswoodu v parku Lane Cove River Park
prochazely stroje TBM tsekem hloubenych tunelt v kifzeni s fekou Lane
Cove. Ten byl predtim hlouben pres feku Lane Cove pomoci jimek, které
pfi hloubeni umoznily sniZit hladinu spodni vody na poloviné §itky feky

Obr. 5 Izolace proti vodé z nopové folie
Fig. 5 Dimple Sheet Waterproofing

20 month, starting in the Epping to M2 drive while the two TBM’s exca-
vated the second leg from M2 to Chatswood.

The originally design based on the known hydro geological data and
anticipated that some 30% of the tunnels would need to be tanked and
that a 2mm thick polyethylene (PE) membrane system would be used in
tanked sections of the tunnels, as well as in the cross passages located at
240m intervals. As it happened water ingress during excavation was less
than anticipated and THJV worked on submitting major value enginee-
ring alternatives to a) reduce the length of tanked waterproofing to less
than 1% and to b) replace the PE membrane with a dimpled sheet mem-
brane in the drained sections of the project.

According to the redesign the most part of the underground facilities have
a drained waterproofing system, any water seepage being drained to one of
five sumps and from there either pumped or fed by gravity to the main col-
lection sump at the Lady Game Drive Service Facility near the Lane Cove
River underpass. From this lowest point on the tunnelled alignment, water
is lifted to a treatment plant and subsequently discharged to the river. Only
on both sides of the Lane Cove River crossing cut-and-cover construction
is the waterproofing system fully hydrostatically sealed or tanked.

As a result more than 400.000m? of dimpled waterproofing membra-
ne, the majority supplied by Isola of Norway, was installed in the project.
The material arrived in 2.4m wide rolls and had 20cm flat overlap edges.
In the warm ambient temperatures of Sydney, the material was said to be
easy to handle and work with. While there was a hydrophylic water-sea-
ling gasket on the extrados edge of the precast concrete element in the
invert system, there were no water stops or sealing gaskets in the arch
concreting. The construction joints are all cold concrete contacts. With
the dimple sheet waterproofing, the system met the requirements to have
no damp patches on the arch. A crack survey of the un-reinforced water-
tight in-situ concrete of the base slab also identified no shrinkage crac-
king or water damp patches at all.

The draining system comprises a series of 150mm weep holes drilled
at 15m centers through the concrete and the dimple sheet membrane
down both sides of the tunnel. These weep holes allow seepage water to

Obr. 6a, b Zasouvdni bednicich vozi do tunelu a jejich zaparkovdni v kaverné stanice Mac Uni

Fig. 6a, b Shutters entering tunnel, parking at Mac Uni station
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najednou. Potom byla dokoncend polovina zaplavena a stejny postup se
opakoval ve druhé poloviné. Touto technologii se zajistilo, aby feka
v prabéhu praci zachovala svuj pritok a minimalizoval se vliv na Zivot-
ni prostiedi.

Tunelédrské price dédle zahrnovaly stavbu 3 kiiZeni, 44 vyklenkd pro
ventildtory a 49 propojek, spojujicich oba tunely kazdych 240 m. V¢asné
vybudovani propojek a vyklenka pro ventildtory bylo pro celkovy har-
monogram vystavby kritické. Pldnovani se optimalizovalo tim, Ze razby
stroji TBM a vyrub propojek a vyklenkut pro ventildtory probihaly sou-
Casne. Nejobvyklejsi stavebni metodou pro budovani propojek
a vyklenki pro ventildtory bylo rubédni hydraulickym kladivem
a odvézen{ rubaniny dempry. Tam kde byl povolen a moZny pristup, bylo
mozno nasadit na vyrub i frézu.

OSTENI

VyraZzené tunely byly dokoncovdny na vnitini primér 6,65 m vodotés-
nym monolitickym betonovym osténim. Z celkovych 73 mésict trvdni
kompletn{ stavby na k1i¢ (Design and Build) se na provadéni ostén{ pld-
novalo pres 20 mésicu, se zatdtkem ze stanice Epping do stavenisté M2.
Oba stroje TBM mezitim razily druhou &ést trasy ze stavenisté M2 do
Chatswoodu.

Pavodni projekt zaloZeny na zndgmych hydrogeologickych informacich
predpoklddal, Ze kolem 30 % délky tuneld bude opatfeno uzavienou
vodotésnou hydroizolaci s tim, Ze v izolovanych dsecich tunela
a v tunelovych propojkdch umisténych v intervalech 240 m se pouZzije
systém s 2 mm silnou polyetylénovou (PE) f6lii. Stalo se ale to, Ze prito-
ky vody béhem razeb byly mensi, neZ se predpoklddalo, a dodavatel
THIJV predlozil zdsadni alternativy hodnotového inZenyrstvi k a) zmen-
Seni délky konstrukce s uzavienou féliovou hydroizolaci na méné nez
1 % a b) nahrazeni PE f6lie v odvodnéném tseku stavby nopovou folii.

Podle zménéného projektu je vétSina podzemnich objektt chrdnéna
odvodnénym systémem hydroizolace — kazdy prusak vody se odvede do
jedné z péti jimek a odtud je bud Cerpan, nebo odvadén samospadem do
hlavni sbérné jimky v technologickém objektu Lady Game Drive
v blizkost podchodu feky Lane Cove. Z tohoto nejnizsiho bodu na trase
tunelu je voda Cerpdna nahoru do dpravny vody a ndsledné vypousténa
do feky. Systém s uzavienou foliovou hydroizolaci je pouze
v hloubenych dsecich na obou strandch kiizZeni feky Lane Cover.

V dusledku toho bylo na stavbé provedeno 400 000 m?2 izolace
z nopové félie, kterd byla vétSinou doddvdna firmou Isola z Norska.
Materidl byl doddvan v 2.4 m Sirokych rolich. Pasy folie mély 20 cm Siro-
ké ploché okraje pro provddéni presahu. Rikalo se, Ze pii vysokych tep-
lotdch panujicich v Sydney se s materidlem snadno manipuluje a pracuje.
Zatimco v systému dna byl na venkovnim okraji prefabrikovaného beto-
nového dilce hydrofilni tésnici pasek, pii betondzi klenby se zadné tésni-
ci pasy nebo tésnici pasky neuzivaly. VSechny pracovni spéry jsou tzv.
studené betonové spoje (bez t€snicich past). Pri pouZiti nopové folie izo-
laéni systém vyhovél pozadavkim, aby v klenbé nebyla Zddna vlhka
mista. Pruzkum trhlin v prostém vodotésném monolitickém betonu desky
dna nezjistil Zddné smrStovaci trhliny ani vlhkd mista.

DrendZni systém se sklddd z rady odtokovych otvori o pruméru
150 mm, vrtanych do betonu a skrz nopovou f6lii v osovych vzdalenos-
tech 15 m na obou strandch tunelu. Tyto odtokové otvory umoziuji, aby
prosakujici voda odtékala do otevienych drendznich kandla vytvorenych
po obou strandch 2,1 m Sirokého x 45 cm hlubokého kolejového loze,
betonovaného jako ndslednd operace klouzavého harmonogramu.

Kazdy 2.4 m $iroky pés byl rozvinut po obvodu klenby a nasledné pri-
vafen k teréam zakotvenym do horniny. Na nopovanou stranu flie obra-
cenou smérem k horniné nebylo tfeba ddvat geotextilii, takZe kdyZ byly
pdsy s 20 cm Sirokymi presahy svafeny dvojitymi zkouSenymi svéry, byl
tunel s hydroizolaci pfipraven pro betondZ monolitického osténi.

Dodavatel THIV poridil Sest 15 m dlouhych samohybnych bednicich
vozii rakouského vyrobce Ostu-Stettin, aby dodrZel napjaty harmono-
gram. Kazdy vz mél hmotnost kolem 130 tun, s plochou povrchu 265 m?2
z 10 mm silné oceli.

Téchto Sest sad bednéni bylo smontovano v srpnu 2004. Planovalo se,
Ze se zacne betonovat od konce tunelovych trub v Eppingu a bude se
postupovat zpét k dstfednimu stavenisti M2, které se nachdzelo mezi
podzemnimi stanicemi Macquarie Park a Delhi Road. Stroje TBM pravé
dokonCovaly razbu ze stavenist¢ M2 do Eppingu a nebylo mozné je ve
stanici Epping vyzdvihnout na povrch. Musely byt presunuty zpét do M2.
PFi nejvyssi rychlosti postupu 530 m/24 hod. to trvalo 21 dnd.

Aby se uetiil ¢as oproti harmonogramu, viech Sest bednicich vozu
bylo spusténo do pracovni Sachty M2 a presunuto do kaverny stanice
Macquarie University. Tam zustaly vozy zaparkovdny, dokud stanici
neprosly stroje TBM. Potom se pokracovalo v jejich presunu do
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Obr. 7 Budovdni kolejové desky pro primé upevnéni (Sydney Egg) metodou
shora dolu
Fig. 7 Top down construction of track slab type DFF with “Sydney Egg”

flow into open drainage channels formed either side of a 2.1m wide x
45cm deep track bed cast as a subsequent rolling-program operation.

Once rolled around the arch, each 2.4m wide section was heat-welded
to roundels anchored into the rock. With the dimpled side of the mem-
brane against the rock, there was no need for a draining fleece layer and
once the 20cm wide flat overlap sections were heat-welded with a double
weld and tested for integrity, the waterproofed tunnel was ready for cas-
ting the in-situ concrete lining.

To keep the tight programme the THJV procured six, 15m long, self-
propelling forms from the Austrian manufacturer Ostu-Stettin. Each form
weighed some 130 tonnes and each provided a 265m? casting surface of
10mm thick steel.

The six shutters were assembled in August 2004, the plan was to start
them at the Epping end of the twin tunnels and work back to the central M2
working site located between the Macquarie Park and Delhi Road underg-
round stations. The TBM’s were just completing the M2 to Epping drives
and with no opportunity to recover them at Epping; they had to walk back
out to M2. This took 21 days, advancing at about 530m/24h at peak.

To save time on programme, the six lining forms were lowered into the
M2 working shaft and walked along and parked in the Macquarie
University station cavern until the retreating TBMs had passed through.
They then continued their walk into the starting position at the Epping
end of the headings taking eight days to complete the self-propelling walk
and to set up for the first pour. This sequence saved more than a month
construction time. With six, 15m long forms in hand, the original plan
was to work them in two sets of three, one set in each drive. The three-
set train would work a leap-frog pattern, the trailing two forms infilling
the 15m bays left by the leading form. The logistics with three forms wor-
king together was complicated at this size of tunnel and the progress was
not satisfying. After completing the section from Epping Station to
Macquarie University station, the forms were split into three sets of two,
again working a leap-frog pattern. Where with two sets of three forms
250m/week on average were achieved the production increased to
a steady 30m/day/set or 90m/day in two 10h shifts/day, maintaining the
necessary 8h strike period with three sets of two forms.

Obr. 8 Plovouci kolejovd deska pred zvednutim a podloZenim loZisky
Fig. 8 Floating Track Slab before lifting and fitting of bearings
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startovaci pozice na konci razeb v Eppingu. Dokon¢eni samohybného
presunu a ustaveni pro prvni betondZ trvalo osm dnt. Tento postup uset-
fil vice nez mésic z doby stavby. Pri existenci Sesti 15 m dlouhych bed-
nicich vozu se puvodné pldnovalo, Ze se vytvori dvé sady, kazdd sloze-
nd ze tif vozu, po jedné sadé pro kazdou tunelovou troubu. TFidilné
pojizdné bednéni by pracovalo systémem preskakovdni a za nim by
postupovalo dvoudilné bednéni, které by vypliovalo patnictimetrové
mezery vynechané vedoucim bednénim. Pfi dané velikosti tunelu byla
logistika tif bednicich dilu spojenych dohromady komplikovana
a postup betondZe nebyl uspokojivy. Po dokonceni dseku ze stanice
Epping do stanice Macquarie University byly dily rozdéleny do tif dvou-
dilnych sad, které opét pracovaly systémem preskakovéni. Zatimco se
dvéma sadami sloZenymi ze tif bednicich vozi se dosahoval pramérny
vykon 250 m/tyden, se tfemi dvoudilnymi sadami se vykon zvysil na
stabilnich 30 m/den na sadu, resp. 90 m/den ve dvou 10hodinovych smé-
ndch za den, pri dodrZeni osmihodinové doby pro odbednéni.

Betonovd smes byla navrZena tak, aby byla zaru¢ena vysokd kvalita,
trvanlivost a nepropustnost. Jako kamenivo byl pouzit drceny cedic
(kvali trvanlivosti) a Ti¢ni $té€rk. Smés obsahovala 300 kg cementu
a 100 kg popilku na metr krychlovy. Vodni soucinitel byl 0,43.

Beton byl dovédZen z betonarny sdruZeni na stavenisti M2 do bednéni
jiz vyraZzenymi tunely. Jediné mezilehlé misto, kde byl beton spoustén
otvorem do podzemi, byla stanice Macquarie, a to z davodu zlepSen{
obtizné logistiky zdsobovani v podzemi. U bednicich vozu byla Cerpadla
na beton Putzmeister o vykonu 390 m3/hod., kterd dopravovala beton do
rozdélovace a dvéma hadicemi do oken v bednéni. Bednéni se plnila ode
dna nahoru s tim, Ze hutnéni se v kazdém bednéni provddélo 72 vibréto-
ry. Nasledujici program systematické opravné injektdze zajistil dplné
vyplnéni jakychkoliv dutin ve vrcholu klenby.

TRATOVE PRACE

Koleje na trase Epping—Chatswood byly budovdny jako klasicky
ZelezniCni svrSek. Rozchod koleji je 1435 mm, ndvrhovd rychlost
100 km/hod., takZe bylo potfebné minimdlni prevyseni koleje 125 mm.
V zdvislosti na pozadavcich na kontrolu hlu¢nosti a vibraci byly prova-
dény dva rizné druhy svrsku. Na délce 20 800 m byl pouZit systém pri-
mého upevnéni (Direct Fixation Fastener). Kolejovd deska z betonu pev-
nosti 40 MPa vyztuZend svarovanou siti byla 2150 mm S$iroka,
s prumérmou tloustkou 430 mm. Dilatacni spdry byly zfizovdny po
24 metrech. Kolejnice o hmotnosti 60 kg na metr s tvrzenou hlavou byly
uchyceny v roztecich 700 mm. Pro uchyceni kolejnic byl zvolen systém
Dekor Sydney Egg, ktery zajistuje vysoké utlumeni hluku a vibraci.
Tento systém byl instalovdn metodou shora dola.

V citlivejsich oblastech byl navrzen systém trati na plovouci kolejové
desce (Floating Slab Track). Plovouci deska byla z betonu o pevnosti
40 MPa, s prutovou vyztuzi asi 300 kg/m3. Jeden dil byl 19,60 m dlou-
hy, 2125 mm $iroky s tloustkou 300 mm. Byl podepten 20 elastomero-
vymi lozisky. Deska se betonovala na dn¢ a po dosaZeni pevnosti byla
hydraulicky zvednuta. Trat’se stavéla metodou vrtdn{ a zalévani zalivko-
vou hmotou, pri které se podkladnice upeviiovaly Srouby zalitymi epoxi-
dem v jadrovych vrtech. Tento systém, ktery zajistije vyssi tlumenti, byl
poZadovan na délce 5566 m tunelu.

KOLEJOVE SYSTEMY A TECHNOLOGICKE VYBAVENI STAVBY

Jako zdsadni ¢ast této stavby na kli¢ sdruzeni THJV vyprojektovalo,
vybudovalo a uvedlo do provozu kolejové systémy a technologické vyba-
veni tuneld a stanic. V rdmci stavby bylo vybudovano pét novych dréznich
méniren a dvé hlavnf signalizaéni a komunika¢ni budky. Z duvodu napja-
tého harmonogramu téchto praci zacala instalace tohoto souboru praci za
115 milionu eur jiz na za¢4tku roku 2006 montéZzi 3 ks na miru vyrobe-
nych instalacnich kolejovych vozidel v Eppingu. Prace se sklddaly z tplné
montdZe pro dodavku VN/NN a stejnosmérného trakéniho proudu, trole-
jového vedent, signalizace, systému dispecerského fizeni a pofizovani dat,
pozarni ochrany, systému radiové a telefonni komunikace, osvétleni
a vetrdni. Aby byly price dokonceny v&as, pracovalo na tomto projektu ve
vrcholném obdobi vice nez 15 specidlnich kolejovych vozidel a 200 kva-
lifikovanych délnikd a inZenyru 24 hodin denné, 7 dni v tydnu,
v tiisménném provozu (hlavni tdaje: 40 km VN kabeld, 52 km optickych
kabelu, 26,5 km trolejového vedent, 92 proudovych ventildtort, 16 axidl-
nich ventildtora, 117 navéstidel a plogin, 102 vlakovych zastavek aj.).

MARTIN PFEIFFER, martin.pfeiffer@hochtief.de,
RIKU TAURIAINEN, riku.tauriainen@hochtief.de,
FRANK WILKING, frank.wilking @hochtief.de,
HOCHTIEF CONSTRUCTION AG, Essen
Recenzoval: Ing. Jan Korejcik

Obr. 9 Tunel s Zelezni¢nim svrskem
Fig. 9 Tunnel with permanent way

The concrete mix was designed for high quality durability and imper-
meability. The aggregates were crushed basalt (for durability) and river
gravel and the mix included 300kg of cement, 100kg of flyash, and
a 0.43 water:cement ratio per cubic meter.

Concrete was trucked through the tunnels from the JV’s M2 site bat-
ching plant to the forms. Only one intermediate drop hole was used at
Macquarie station to improve difficult supply logistics underground. At
the forms, 390m?/h capacity Putzmeister pumps conveyed concrete to the
distributor and via two hoses into the shutter ports. The shutters were fil-
led from the bottom up, 72 vibrators in each shutter compacted the pour.
A following programme of systematic proof grouting ensured the com-
plete fill of any voids in the crown.

TRACK WORKS

The rail superstructure on the Epping to Chatswood Rail Line was con-
structed as permanent way. The track gauge is 1.435mm; the design
speed was 100km/hr which resulted in a maximum superelevation of
125mm. According to requirements of noise and vibration control two
different track types were executed. The so-called DFF-Type (Direct
Fixation Fastener) was used over a length of 20,800m. The track slab
consisting of 40 MPa mesh reinforced concrete was 2,150mm wide, with
an average height of 430mm. Expansion joints were located at every
24m. The 60kg head hardened rails were supported at 700mm spacing.
As rail support the Delkor Sydney Egg was chosen which provides a high
noise and vibration attenuation. The DFF was constructed using the top
down method.

In more sensitive areas the FST-Type (Floating Slab Track) was desig-
ned. The FST was made of 40MPa concrete with some 300kg/m3 bar
reinforcement. One slab section was 19.60m long, 2,125mm wide and
300mm height. It was supported on 20 elastomeric bearings. The concre-
te slab was poured on the invert and hydraulically lifted after curing. The
track was build according the drill and grout method, in which the base-
plates were epoxy-fixed in cored holes. This system provides a higher
attenuation and was required at 5,566m of the tunnels.

RAIL SYSTEMS AND M&E WORKS

As an essential part of this turnkey project THJV designed, built and
commissioned the Rail Systems and M & E works for tunnels and stati-
ons. Within the project 5 new rail substation and 2 main signalling &
communication huts have been built. Due to the tight program for these
works, the main tunnel installation of the 115 M Euro package started in
early 2006 with the assembly of 3 tailor made on-rail installation vehic-
les at Epping. The scope comprised the complete HV/LV and DC tracti-
on power supply, overhead wiring, signalling, scada, fire protection, radio
and telephone communication, lighting and ventilation. At the peak more
than 15 special on-rail vehicles and 200 skilled labour and engineers were
working on a 24/7 basis in 3 shifts to achieve the timely completion of
the works (key figures: 40km HV cable, 52km FO cable, 26.5km OHW,
92 jet fans, 16 axial fan, 117 signals and platforms, 102 train stops etc.).

MARTIN PFEIFFER, martin.pfeiffer@hochtief.de,
RIKU TAURIAINEN, riku.tauriainen@hochtief.de,
FRANK WILKING, frank.wilking@hochtief.de,
HOCHTIEF CONSTRUCTION AG, Essen



TuHel

18. rocnik - €. 2/2009

STAVBA METRA VE STISNENYCH POMERECH POMOCI
TUNELOVACIHO STROJE S FREZOU
CONSTRUCTING AN UNDERGROUND RAILWAY
IN CONFINED CONDITIONS USING A ROADHEADER

STEPHAN SCHLEGEL

OBECNE INFORMACE

Systém metra v Norimberku je nejnovéjsi v Némecku. Byl otevirdn
v roce 1972. Od roku 2008 je jako prvni v Némecku fizen plné auto-
matizovanym systémem. Sit’ je 35 km dlouh4 a skldd4 se ze tif tras.
Denné metro piepravuje prumérné 325 000 cestujicich.

Stavebni odbor mésta Norimberk odpovidd za pldnovani trati
sité, zatimco provoz spadd do odpovédnosti VAG (Verkehrs-
Aktiengesellschaft Nuremberg, dfad pro vefejnou dopravu
v Norimberku).

Investorem déle popsané stavby je mésto Norimberk.

POPIS STAVBY

Oddil 1.3 trasy U3 metra je priblizné 1,1 km dlouhy a obsahuje dvé
hloubené podzemn{ stanice a Useky raZenych tuneld s jednokolejnymi
i dvoukolejnymi tunely. Stavbou se prodluzuje stdvajici trasa U3
v extrémné stisnénych podminkdch vnitfniho mésta. Ndro¢né vyzvy
této stavby jsou vidét z toho, Ze na stavbu stanic je potieba pouZivat
tunelovaci stroj s frézou a metodu ¢elniho odtézovani.
Stanice se stavi v otevienych jaméch s kotvenymi nesouvislymi sté-
nami z vrtanych pilot. BetondZe se provadéji pod provizornimi stropy
ziizenymi pro tcely provozu povrchové dopravy, ve kterych jsou pro-
stupy ruzné velikosti. Tim je umoZnovdno zachovani dopravy
a minimalizuje se ruSeni vefejnosti. Jednokolejné a dvoukolejné dseky
véetné rozsiteni se razi tunelovacim strojem s frézou, tedy s co
nejmens$imi moZznymi vibracemi.
Provedeny vyrub je zajiStovan vnéj$im osténim z vyztuZzeného stif-
kaného betonu. Ndsledné se provadi vodotésné vnitini osténi.
V tomto ¢lanku se pod pojmem oddil rozumi Etyfi samostatnd sta-
veni$té, kterd maji razné funkce a pracuje se na nich ruznymi staveb-
nimi metodami:
» Stanice Kaulbachplatz
* Tunel mezi stanici Kaulbachplatz a nésledujici stanici Friedrich-
Ebert-Platz

* Stanice Friedrich-Ebert-Platz

e Tunel mezi stanici Friedrich-Ebert-Platz
Klinikum-Nord

a ndsledujici stanici

GENERAL INFORMATION

The Nuremberg underground rail system is the newest in
Germany, having been opened in 1972. Since 2008, it has operated
a fully automatic underground system, the first in Germany.
The network is 35 kilometres long and comprises three lines. It car-
ries an average of 325 000 passengers a day.

The Civil Engineering Department of the City of Nuremberg is res-
ponsible for network planning, whereas operation falls into the res-
ponsibility of the VAG (Verkehrs-Aktiengesellschaft Nuremberg, the
public transport authority in Nuremberg). The City of Nuremberg is
the client for the construction project described below.

DESCRIPTION OF THE PROJECT

Section 1.3 of the U3 underground line is around 1.1 km long and
comprises two underground stations, constructed by open-cut work, and
single-track as well as double-track tunnel sections, for which the con-
struction work is carried out underground. A length is being added to the
existing U3 section, under extremely confined inner-city conditions.

The exacting challenges of this project are demonstrated by the need
to use a roadheader for driving work, and a top-down method — wor-
king underground under a top cover — to construct the stations. The
stations are built using the open-cut method, with an anchored non-con-
tiguous bored-pile wall. The concreting work is carried out under tem-
porary traffic decks with access openings of variable size, so that road
traffic can be maintained and disruption to the public is minimised.

The single-track and double-track sections, including widenings, are
excavated underground by a roadheader as vibration free as possible.
The heading is secured using a reinforced shotcrete outer lining.
A waterproof inner lining is then installed.

In this paper, the section concerned will be considered as four sepa-
rate construction sites which have quite different functions and are
executed by different construction methods:

» Kaulbachplatz station

* The tunnel between Kaulbachplatz station and the following

station, Friedrich-Ebert-Platz

e Friedrich-Ebert-Platz station

* The tunnel between Friedrich-Ebert-Platz station and the follo-

wing station, Klinikum-Nord

[BF. KAULBACHPLATZ| =

KM_20.500 *|

[BF._FRIEDRICH-EBERTPLATZ]'t)

(% M 23-882.001

100m

Obr. 1 Situace oddilu
Fig. 1 Layout of section
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Obr. 2 Podélny rez oddilem
Fig. 2 Longitudinal profile of section KAULBACHPLATZ STATION

STANICE KAULBACHPLATZ

Stanice se nachdzi v husté obydlené ¢asti mesta s denn{ prepravou
9000 obyvatel a dojizdéjicich osob. Jednd se o hloubenou stanici pfi-
blizné 240 m dlouhou. Zéporové stény a stény z vrtanych pilot kolem
stavebni jamy se musi budovat v obzvld§té stisnénych pomérech.
Kvali blizkosti budov, aby se zabrédnilo poSkozeni jejich fasdd
a konstrukcf, se nékteré piloty vrtaji Sikmo.

VytéZend zemina se odvazi prevazné na zdpad prilehlymi tunely. Po
provedeni podzemni stény z vrtanych pilot se stavebni jama uplné
zakryvd provizornim stropem pro prevedeni dopravy. Prostupy ve stro-
pu s proménnou velikosti umoznuji pristup do podzemi{ pro materidly
a sluzby. Kromé toho umoznuji zachovani silni¢ni dopravy po dobu
provddéni stavby. VSechny stavebn{ préice na stanici se provddéji kom-
pletné pod stropem.

Po skonéeni betondzi se doCasné stropy odstrani a vytéZend oblast se
usek za dsekem zpétné zasype.

TUNEL MEZI STANICi KAULBACHPLATZ A NASLEDUJICI
STANICI FRIEDRICH-EBERT-PLATZ

Tento 350 m dlouhy tunelovy tsek zahrnuje dva jednokolejné tune-
ly, kazdy s pii¢nym profilem cca 36 m>. Pfiblizné v poloviné trasy
mezi stanicemi Kaulbachplatz a Friedrich-Ebert-Platz je kiiZzeni mezi
dvéma soubéZnymi tunely, které se celé nachdzeji ve svrchnich vrst-
vach triasu (keuper). Vyska skalniho nadlozZi se pohybuje od 5 do
10 m. Tyto dva jednokolejné tunely se razi pod zemi frézou smérem ze
stavebni jdmy pro stanici Friedrich-Ebert-Platz.

STANICE FRIEDRICH-EBERT-PLATZ

Tato dvoupodlaZni stanice se nachdzi v oblasti ndmésti Friedrich-
Ebert-Platz. Uroveni ndstupisté je pfiblizné 9 m pod povrchem.
Schodisté A vede primo do drovné ulice. Dvé dal$i schodisté vedou
z mezilehlé drovné do riznych mist ndmésti Friedrich-Ebert-Platz.
Stanice Friedrich-Ebert-Platz je velmi duleZitd. Obsluhuje 13 000
obyvatel a dojizdéjicich osob.

Stanice na ndmésti Friedrich-Ebert-Platz se stavi metodou hloubeni
a soucasné slouzi jako startovaci komora pro razby tuneli v obou
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Obr. 3 Situace stanice Kaulbachplatz
Fig. 3 Plan of Kaulbachplatz

The station is in a heavily populated urban district, with a daily tran-
sit of about 9 000 residents and commuters.

The station is being built by the open-cut method. The excavated
length is approximately 240 m. The bored-girder and bored-pile wall
surrounding the excavation area has to be constructed under particu-
larly restricted conditions. Due to the proximity of buildings some of
the piles are bored inclined to avoid damage to their facades and
structures.

The excavated earth is removed predominantly to the west through
the adjacent tunnels. After execution of the bored pile wall the exca-
vated pit is completely covered by temporary traffic decking.
Openings of variable size in the covers provide access for materials
and services below ground, and moreover allow road traffic to be
maintained while the construction work is going on.

All the construction work of the station takes place completely bene-
ath the decking.

Once the concreting work is complete, the temporary covers are
removed and the excavated area is filled in once more, section by
section.

TUNNEL BETWEEN KAULBACHPLATZ STATION AND THE
FOLLOWING STATION, FRIEDRICH-EBERT-PLATZ

The tunnel section, which is 350 m in length, comprises two single-
track tunnels, each approximately 36m? in cross-section. About half-
way between Kaulbachplatz and Friedrich-Ebert-Platz stations, there
is a crossing between the two parallel tunnels which are located solid
in the Keuper rock. The rock cover is between 5 and 10 m. The two
single track tunnels are excavated underground by a roadheader, app-
roaching from the pit at Friedrich-Ebert-Platz station.

FRIEDRICH-EBERT-PLATZ STATION

The two level station is located in the area of Friedrich-Ebert-Platz.
The platform

level is approximately 9 m below ground level.

Obr. 4 Provizorni strop pro prevedeni dopravy
Fig. 4 Temporary traffic decking




Obr. 5 Stavba metodou Eelniho odtéZovdani
Fig. 5 Top-down construction method

smérech. Stavebni jdma je priblizné 140 m dlouhd. S vyjimkou krat-
kych prestdvek se bude provoz tramvaji a silni¢nich vozidel udrzovat
po celou dobu vystavby. Stavba stanice je rozd€lena do nékolika dseku
s riznymi situacemi odklont dopravy.

TUNEL MEZI STANICI FRIEDRICH-EBERT-PLATZ
A NASLEDUJICI STANICI KLINIKUM-NORD

Tento tusek tunelu se sklddd ze dvou jednokolejnych tunelt
0 délkdch 118 m a pii¢ném profilu pfiblizné 36 m?. Dva jednokolejné
tunely se spojuji do jednoho dvoukolejného tunelu o délce 192 m
a s pii¢nym profilem priblizné 65 m?. Od ndmésti Friedrich-Ebert-
Platz trasa prochdzi pod citlivymi stdvajicimi budovami ulice
RiickertstraBe az k ndmesti Bielingplatz. Razi se opét pomoci frézy.
Poslednf{ asi 35 m dlouhy dsek tunelt na ndmésti Bielingplatz, tésné
pred stanici Klinikum-Nord, se provadi v oteviené jame.

SLED PRACI

Stavebni prace na staveniStich obou stanic, stanice Kaulbachplatz
a stanice Friedrich-Ebert-Platz, se zahajuji soucasné. Zatimco ve sta-
nici Kaulbachplatz se provadéji provizorni stropy a zakryti v radé jed-
notlivych tseka, ve stanici Friedrich-Ebert-Platz je budovéna startova-
cf komora s piistupovou rampou pro razby tunelt. Po této rampé se
také odvdZzi rubanina z tunelu.

Na stanici Friedrich-Ebert-Platz se pracuje metodou ¢elniho odtéZo-
véani, aby se tak minimalizovalo ruSeni obyvatel hlukem. Po dokonce-
ni pilotové stény kolem stavebni jaimy se napred budou betonovat
desky pozdéjsi stanice. Odvoz zeminy zevniti konstrukce se bude pro-
vadeét zcela pod zakrytim, dokud se nedosihne kone¢né hloubky sta-
ni¢ni komory.

Vykopy na ndmésti Friedrich-Ebert-Platz tvori hlavni uzel pro pro-
véadeni raZzeb. Z tohoto mista se razi dva jednokolejné tunely v kazdém
sméru. Razby prochdzejici formaci tvrdého keuperu se provadéji
vyhradné tunelovacim strojem s frézou. Nejprve se razi jeden po dru-
hém dva jednokolejné tunely smérem na ndmésti Kaulbachplatz,
potom bude fréza razit tunely na druhou stranu z ndmeésti Friedrich-
Ebert-Platz na namést{ Bielingplatz.

Obr. 7 Vykopovd komora na namésti Friedrich-Ebert-Platz v prubéhu raZeb
Fig. 7 Excavation chamber at Friedrich-Ebert-Platz, during driving work
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Obr. 6 Situace namésti Friedrich-Ebert-Platz
Fig. 6 Plan of Friedrich-Ebert-Platz

A Staircase there leads directly to street level. Two further staircases
lead from the intermediate level to different locations of Friedrich-
Ebert-Platz. Friedrich-Ebert-Platz station is a passenger terminal for
around 13 000 residents and commuters.

The station at Friedrich-Ebert-Platz is being built into the open-cut
method, and simultaneously serves as a starting chamber for the tun-
nel work in both directions. The excavated pit is approximately 140 m
long. With the exception of brief interruptions, the traffic of trams and
road vehicles will be maintained throughout the period of constructi-
on. The station is being constructed in a number of sections, with dif-
ferent diversions for traffic.

TUNNEL BETWEEN FRIEDRICH-EBERT-PLATZ STATION
AND THE FOLLOWING STATION, KLINIKUM-NORD

The tunnel section comprises two single-track tunnels, each 118 m
long and approximately 36m? in cross-section. The two single-track
tunnels joint into a double-track section which is 192 m long and has
a cross-section of approximately 65 m?.

From Friedrich-Ebert-Platz the alignment crosses below the sensiti-
ve existing buildings of the Riickertstrale, through to the square of
Bielingplatz, again by using a roadheader. The last section — about
35 m long — of the tunnels, at Bielingplatz, just ahead of the station of
Klinikum-Nord, is excavated by the open-cut method.

SEQUENCE OF WORKS

The construction work at the two station sites, Kaulbachplatz and
Friedrich-Ebert-Platz, is being started simultaneously. While the tem-
porary traffic decks and covers are placed in a series of individual sec-
tions at Kaulbachplatz station, the starting chamber, which has an
access ramp for the tunnel driving work, is built at Friedrich-Ebert-
Platz station. Muck is also removed from the tunnel via this ramp.

The station of Friedrich-Ebert-Platz is being worked on by the top-
down method to minimise disturbance caused by noise to residents.
Once the piles surrounding the excavation pit are in place, the later sta-
tion slabs will be concreted initially. The removal of earth inside the
excavated area takes place entirely under the cover until the station
chamber has reached its final depth. The excavations at Friedrich-
Ebert-Platz form the key hub for the driving work: from here, two
single-track tunnels are driven into both directions.

Driving through the hard Keuper is carried out solely by means of
roadheader. First, one after the other, the two single-track tunnels
towards Kaulbachplatz are driven, then the roadheader drives the
opposite tunnels from Friedrich-Ebert-Platz to Bielingplatz.

While this work is going on, the traffic of trams and vehicles in the
area around the inner-city junction formed by Friedrich-Ebert-Platz
can be fully maintained. Because of the temporary load-bearing dec-
king, material and services arriving for the underground construction
at Kaulbachplatz station can only gain access through small individu-
al openings.

All the concreting work for the station is carried out completely
under the covers forming the roadway, with above-ground road traffic
continuing without interruption. Once the concreting work is comple-
te, the temporary covers are removed and the excavated area is re- fil-
led section by section.
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Provoz tramvaji a vozidel v oblasti kolem kfiZovatky vzniklé uvnitf
mésta na namésti Friedrich-Ebert-Platz muze zustat v prubéhu praci
zachovdn bez omezeni. Kvali provizornimu nosnému zastropent je pii-
stup pro materidly a sluzby pro podzemni stavbu stanice
Kaulbachplatz mozny pouze malymi individudlnimi prostupy. Zcela
vSechny betondZe na stanici se provadéji pod stropnimi deskami tvori-
cimi vozovku, po které pokracuje dopravni provoz bez preruSeni.
KdyzZ je betondZz dokoncena, provizorni zakryti se odstrani a ve vyté-
Zené oblasti je tsek za dsekem proveden zp€tny zdsyp.

Névrh razenych tunell zdvisi na zastiZenych horninovych pomé-
rech, stdvajicich budovach a prostoru, ktery je k dispozici.

GEOLOGICKE PODMIMNKY A SPODNI VODA

Blizko povrchu v oblasti, kterou trasa prochdzi, se nachdzeji pra-
chové-pisité zdsypy, archeologické pozustatky a zbytky z valky, saha-
jici do hloubky pfevazné 3 m pod troven terénu. Ihned pod nimi nésle-
duje zéna zvétravani formace keuper, sloZend z prachového pisku
a drobivého az tvrdého piskovce ,,Blasensandstein® formace keuper.
Nebyl zastizen zadny kvartérni pokryv. Horniny formace keuper jsou
drobivé az tvrdé a v nékterych oblastech obsahuji vrstvy horniny zvané
»Quacken* (velmi tvrdé vrstvy dolomitu nebo slinovce), které touto
formaci prochdzeji.

Tunely se razi hlavné v piskovci ,,Blasensandstein®. Tento typ
keuperu je klasifikovén jako stabilni hornina, takZe se raZba muze
provadét i tunelovacim strojem s frézou. Hladina spodni vody je
pres 5 m pod povrchem. Voda se pohybuje hlavné podél trhlin
v horninach keuperu. Zadné velké piitoky spodni vody se nevysky-
tuji.

RAZBY TUNELOVACIM STROJEM S FREZOU

Prevédzna ¢dst trasy tuneld prochdzi pod vefejnymi uli¢nimi prosto-
ry a opakované podchézi stavajici budovy. Razby se provadéji bez vib-
raci razici frézou ET-380 s okamzitym zajisténim vyrubu vyztuZenym
stfikanym betonem, horninovymi svorniky a ocelovymi rdmy. Tim se
brani rozvolnéni nebo nezadoucimu uvolnéni napéti v horninovém
masivu.

Reznd hlava frézy ve tvaru ananasu feZe materidl na kousky a jemné
Castice, které padaji na dopravnik, ktery je dopravuje spodem tohoto
120tunového stroje na jeho zadni konec a déle na skldpéci ndkladn{
vuz. Ten rubaninu odveze tunelem na mezilehlou sklddku v prostoru
staveni§té. Na definitivni sklddku odvdzi rubaninu spole¢nost speciali-
zovand na pfemistovani zemin. Rubanina by se méla z ¢elby okamzi-
t¢ odstranovat, jelikoz keuper ma sklon k reagovani se spodni vodou
a ziskani konzistence bahna, ktera siln¢ zt¢Zuje dopravu.

Stény vyrubu musi byt zajiStény ihned po provedeni vyrubu. Diive
nez muze byt zahdjena prdce na vystrojeni vyrubu, musi se vSechno
vybaveni uzivané pro provadéni vystrojeni v&etné svornika, ocelovych
rdmu a vyztuznych siti ru¢né dopravit na &elo vyrubu, coz znamend, ze
se musi presouvat pred tunelovani stroj. JelikoZ tento stroj zabird
témér cely pri¢ny profil razeného tunelu, tato ¢innost razby velmi zté-
Zuje.

Razba kaloty je v predstihu pouhych nékolika metra pied razbou
opéfi tunelu. Pro zajisténi odhaleného lice vyrubu se okamZité nanasi
pocate¢ni ~3 cm silnd tésnici vrstva stfikaného betonu. Teprve potom
se priddvd az 25 cm silnd vrstva vyztuZeného stifkaného betonu.
Nakonec se beton stfikd na dno tunelu. Stfikany beton pouZivany pro
toto provizorn{ vnéjsi ostén{ se stifkd suchym postupem. Vrty pro hor-
ninové svorniky se provddéji ru¢né pomoci runich pneumatickych
vrtafek. Potom se do vrtd naplnénych maltou vkladaji svorniky.

Tento typ konstrukce je diktovdn stisnénym prostorem, ktery je
k dispozici. To, Ze se na tunel s tak malym pfi¢nym profilem pouZiva
tento vykonny tunelovani stroj s frézou, znamend, Ze jiny velky stroj
se zde pouZzit nedd. Povrchova udprava v tunelu je provedena pomoci
vodotésného vyztuZeného betonu vnitintho osténi razné tloustky.
Beton pro vnitini osténi se ukladad do ocelového bednéni ve tvaru klen-
by s hladkym ocelovym plastem.

PRUZNY NOSNY SYSTEM

K potlaceni hluku se pro konstrukci tohoto systému metra uziva
pruzny systém ulozeni. Ten se sklada z jednotlivych Zelezobetonovych
desek az 22 m dlouhych a 63 cm vysokych, které nesou kolejnice.
Desky se betonuji na separaéni vrstvu na dné tunelu a nésledné se
zdvihaji hydraulickymi lisy a poté spoustéji na pruznd loZiska.

Tuel
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Obr. 8 Pricny rez jednokolejnym tunelem
Fig. 8 Single-track cross-section

The design of the mined tunnels depends on the encountered ground
conditions, the existing buildings as well as the availability of space.

GEOLOGY AND GROUNDWATER

Close to the surface in the area of the alignment, there are silty-
sandy fillings, archaeological remains and remains from war, to
a depth of at most 3 m below the ground line. Immediately below fol-
lows the weathering zone of the Keuper, comprising silty sand and
the brittle to hard “Blasensandstein” of the Keuper rock formation.
No quaternary cover could be found. The Keuper is brittle to hard,
and in some regions has layers of so-called “Quacken” (very hard
layers of dolomite or marlstone) running through it. Tunnels are pri-
marily driven through the “Blasensandstein”. This type of Keuper is
classified as a stable rock, so in most cases driving can be carried out
using a roadheader. Groundwater level is located more than 5 m
below the ground level. Water moves primarily along the fissures of
the Keuper rock. There is no significant ingress of groundwater.

EXCAVATION BY ROADHEADER

Most of the tunnel route runs below public street spaces, and it repe-
atedly passes under existing buildings. Excavation is executed without
vibrations by an ET-380 roadheader followed by immediate support
with reinforced shotcrete, rockbolts and steel arches. This prevents any
damaging loosening or unnecessary relaxation of the rock. The pine-
apple shaped cutterhead cuts the material into chips and fines which
fall onto a conveyor, which carries it through to the back of the 120-
tonne machine onto a dumper truck and is removed from the tunnel for
intermediate storage in the station area. A company specialising in
earth-moving operations transports it to final disposal.
Rock cuttings should immediately be removed from the face since the
Keuper has the tendency to interact with groundwater to take on
a slurry like consistency which makes conveyance extremely difficult.

The walls must be secured immediately after driving. Before secu-
ring work can begin, all the equipment used for securing, including
bolts, steelarches and reinforcing steel mesh, has to be carried manu-
ally to the face, which means it must be moved past the roadheader.
Because the latter takes up almost the entire cross-section of the tun-
nel that is to be dug, this procedure makes the driving work conside-
rably more difficult.

The heading is advanced only a few metres ahead of the tunnel
bench. To support the exposed surface an initial sealing layer of ~3cm
shotcrete is applied immediately and a reinforced shotcrete layer is
added then to a thickness of up to 25cm. Finally shotcrete is applied to
the tunnel invert. The shotcrete used for this temporary outer lining is
sprayed on by the dry- method. The rock bolts are drilled by hand,
using handheld air drills, and then inserted into the grout filled holes.
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Obr. 9 Pricny fez dvoukolejnym tunelem
Fig. 9 Double-track cross-section

V Zelezobetonové desce jsou kapsy ve vzddlenostech priblizné po
3,35 m, aby bylo moZno osadit loZiska a rozmistit lisy. Kapsy jsou po
instalaci zakryty deskami z elastobetonu. Toto feSeni zajistuje, Ze se
pozdgji daji loziska vyjmout a vyménit.

Desky jsou propojeny kluznymi trny s natérem z umélé hmoty, aby
ve sparach systému pruzného uloZeni dochédzelo k pfenosu pri¢nych
sil. Trny jsou ndsledné osazovdny ve vhodné navrZzenych kapsdch
v deskéch a zalévdny v nich vysokopevnostni, objemové stdlou mal-
tou. Tento systém pruzného uloZeni byl pocitan projektantem, kterého
jmenoval spole¢ny podnik a kontroloval znalec investora.

PRACE V PODZEMI POD STAVAJICIMI BUDOVAMI

Zv1astni problém v oblasti zajisténi vyrubu se objevil ihned po
dokonceni startovaci faze v tseku mezi ndméstimi Friedrich-Ebert-
Platz a Bielingplatz. Ve vzdalenosti pouhych 95 cm od vrcholu vyru-
bu se tam nalézaji zdkladové patky s osamélym zatiZenim 2200 kN.
Prostedky pro zajisténi vyrubu navrZené pro standardni razby v tomto
pripadé nejsou schopny zajistit bezpe¢nost potiebnou v této neobvyklé
situaci. Namisto zajiStovdni pomoci mikropilotovych destniki nebo
pomoci razby predstihové Stoly v kaloté byl zvolen systém kombinu-
jici hnané paZeni s betonovym nosnikem podpirajicim kritickou zdkla-
dovou patku.

Aby se predeslo omezovéni prostoru v suterénu dané budovy, jsou
nosniky umistény pod podlahu suterénu. PfenaSeni podporovych tlaki
na pri¢né nosniky je zprostiredkovano predpjatymi interaktivnimi kot-
vami, které se instaluji pfed razbou tunelu. Tunel se zde razi v ¢lenéni
na kalotu a opéfi s tim, Ze se okamzité uzavird dno. Aby se zmensily
nenosné Useky, jsou do Cela vyrubu v celé jeho vySce instalovany hor-
ninové svorniky.

Kritické dseky budovy nad tunelem jsou trvale sledovany systémem
hadicové vodoviéhy, ktery spusti poplach ihned, jakmile je prekrocena
predem nastavend hodnota. InjektdZe omezenym tlakem presto zpuso-
bily zdvihnuti zdkladu o 5 mm. Nésledné seddni zpusobené razbami
tunelu vedlo pouze k malému celkovému seddni. Tak bylo moZné
dokon¢it podchézeni zdkladu bez jakéhokoli poskozeni.

AUTOMATIZOVANE RIZENI PROVOZU (AGT)

Diky vySe popsané trase U3 metra se Norimberk stane prvnim
némeckym meéstem, ve kterém bude provoz fizen plné automatizova-
né. V prvni etapé bude existovat smiSeny provoz. Na trase U3 bude
pIné automatizovany a na podzemni &dsti trasy U2 bude zachovan sta-
vajici systém ru¢niho fizeni. Tento smiSeny provoz je v celém svété
vyjimeény. Ve druhé etapé se i na trase U2 prejde na automatizovany
provoz (AGT).

Systém automatizovaného provozu se sklddd ze dyou Césti — zafize-
ni pro kolejovy svriek a zafizeni pro vozy metra. Ustfednim prvkem
systému je automatizované fizeni provozu vlaka (ATC), ktery vie uvadi
do pohybu. Ten se sklddd z pocitatem fizenych elektronickych systé-
mu, které zajistuji komunikaci mezi signély z vozu a signély z trati. Za
bezpe&nost vliaku odpovidaji plné automatizované signalizacni skiiné.
Na zdkladé této technologie systém automatizovaného fizeni provozu
vlakl ATC zajistuje fizeni a kontrolu jak trati, tak i vlaku. Komunikace
mezi témito dvéma slozkami je umoZnéna tratovymi vodi¢i. Jsou to
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Obr. 10 PouZiti frézy pro razby
Fig. 10 Using a roadheader for driving

This type of construction is dictated by the confined space availab-
le. The fact that the powerful roadheader is used in a tunnel of such
small cross-section means that other large-scale equipment cannot be
used there. The tunnel is finished with a water-impermeable reinforced
concrete inner lining of varying thickness. The concrete for the inner
lining is formed by a steel arch form with smooth steel skin.

ELASTIC BEARING SYSTEM

To suppress noise an elastic bedding system is used for the structu-
re of this subway system. This comprises individual reinforced conc-
rete slabs, up to 22 m in length and 63 cm thick, that support the rails.
The slabs are concreted onto a separation layer on the tunnel floor and
then raised by hydraulic jacks and lowered then on to elastic bearings.
To enable the bearings to be installed and the presses to be accommo-
dated, the reinforced concrete slab has blockouts at intervals of appro-
ximately 3.35 m, and after installation these are closed off with elastic
concrete cover slabs.

This design ensures that the bearings can be removed and replaced
later on. To ensure that transverse forces are transmitted at the joints of
the elastic bedding system, the slabs are interlocked with plastic-coa-
ted dowels. These are subsequently installed in appropriately designed
blockouts in the slabs and cast- in by high strength non-shrink grout.
This elastic bedding statical system has been calculated by the joint
ventures appointed engineer and checked by the client’s expert.

UNDERGROUND TUNNEL WORKS UNDERNEATH
EXISTING BUILDINGS

A special challenge to support requirements is encountered just
behind the start-up phase at the section Friedrich-Ebert Platz to
Bielingplatz. There a single foundation with 2200 kN single load is
located just 95 cm above the excavation crown. The support devices
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Obr. 11 Systém pruzného uloZeni
Fig. 11 Elastic bearing system
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Obr. 12 Podélny rez v misté raZby pod zdklady
Fig. 12 Longitudinal section showing heading underneath

datové kabely uloZené v tratovém t¢lese a trvale vysilaji oboustranné
informace mezi elektronickymi systémy.

ZAVER
Razby tunelu byly tdspé$né dokonfeny podle harmonogramu,
s prorazkou na namésti Bielingplatz. Ve stanici probihaji instalace

zarizeni a Upravy povrchu, zatimco v tunelech se provadi definitivn{
osténi. Pldnovany termin dokon&eni praci je Cervenec 2010.

ZAKLADNI UDAJE O STAVBE

Stavba:  Trasa U3 metra — oddil 1.3

Misto: Norimberk, Némecko

Investor: Meésto Norimberk

Dodavatel: Spolecny podnik: HOCHTIEF Construction AG /

BK Infrastruktur
InZenyrské sdruzeni K + S /ISNN /R + B,
Norimberk

HOCHTIEF Construction AG, VuH,

Frankfurt nad Mohanem

Tunely metra se dvéma stanicemi budované jako

hloubené a razené konstrukce (NRTM);

razba tunelovacim strojem s frézou

Geologie: Prevdzné pevnd hornina s ndsypy, keuper, arkéza s vysokou pev-

nosti v tlaku, nepodstatny pritok spodni vody

Priprava realizace/projektu:
Rizenf stavby:

Typ stavby:

Celkova délka: 1075 m
Hloubené konstrukce: Kaulbachplatz (KBP) 240 m
Friedrich-Ebert-Platz (FEP) 140 m

Bielingplatz (BP) 35m

415 m

Razené tunely: KBP - FEP 350 m
FEP - BP 310 m

660 m

Plocha pri¢ného profilu: Jednokolejny tunel 36 m?
Dvoukolejny tunel 65 m?
cca € 46 miliont

kvéten 2007 az Cerven 2010

Naklady:
Doba vystavby:

DIPL.-ING. STEPHAN SCHLEGEL,
stephan.schlegel@hochtief.de,
HOCHTIEF CONSTRUCTION AG, Frankfurt

Recenzoval: Ing. Miloslav Frankovsky

TuoufHel

designed for standard excavation do not provide the adequate safety
levels required in this unusual situation. Rather than supporting with
a pipe umbrella or an advancing crown heading, a heading with spiling
ahead in combination with a concrete beam support to the critical
foundation has been selected.

To avoid confinements in the basement of the respective building
the beams are arranged below the basement floor.The transfer of the
support loads to the cross beams is arranged by the pre-stressed, inter-
active anchoring installed before tunnelling. The tunnel here is exca-
vated by heading-/bench — excavation with immediate invert closure.
To reduce non-load bearing sections the face receives rock bolts over
its full height. Critical sections of the building above is surveyed con-
tinuously by a hose level system activating immediate alarm in case
a preset value is exceeded. The injection with limited pressure still
caused a light uplift of 5 mm of the foundation. The subsequent settle-
ment caused by the tunnel excavation resulted in a small settlement on
aggregate.

Thus the underpassing could be completed without any damage.

AGT (AUTOMATIC GUIDED TRANSIT)

With the U3 line described here, Nuremberg is the first city in
Germany to operate a fully automatic underground railway. In a first
phase, there will be mixed operation between the fully automatic U3
line and the existing, manually operated U2 underground line: this
mixed operation is unique world-wide.

In the second phase, the U2 line will be converted to automatic gui-
ded transit (AGT) too. The AGT system comprises two components,
the equipment for the track and that for the carriages. At the heart of
the system is the automatic train control (ATC), which sets everything
in motion. This comprises computer-controlled electronic systems that
ensure communications between the signals from the carriages and
those from the track. Fully automatic signal boxes are responsible for
train safety.

On the basis of this technology, the ATC system on both the track
and the carriages guides and controls the trains. Communication bet-
ween the two is provided by line conductors; these are data cables that
are laid in the track bed and continuously transmit information back
and forth between the electronic systems.

CONCLUSION

Tunnel excavation work has been successfully completed on time
with the break-throughs at Bielingplatz. The furnishing and finishing
works of the stations is well under way whilst the tunnel drives recei-
ve their final lining. In July 2010 the work is planned to be completed.

DATA ON THE CONSTRUCTION PROJECT

Project:  Underground line U3 — section 1.3
Location: Nuremberg, Germany
Principal: City of Nuremberg
Contractor: Joint Venture: HOCHTIEF Construction AG /

BK Infrastruktur
Implementation/design planning: Engineering partnership between K + S /

ISNN /R + B, Nuremberg

Project management: HOCHTIEF Construction AG, VuH, Frankfurt am Main
Type of construction: Underground railway tunnels, both open-cut and
underground (NATM) with two stations;
driving using roadheader
Primarily solid rock with refills, Keuper,
Arkose of high compressive strength, insignificant
amounts of groundwater ingress

Geology:

Length of construction: Overall 1075m
Open-cut constructions: Kaulbachplatz (KBP) 240 m
Friedrich-Ebert-Platz (FEP) 140 m

Bielingplatz (BP) 35m

415 m

Tunnel work: KBP - FEP 350 m
FEP - BP 310 m

660 m

Cross-section: Single-track tunnel 36m?
Double-track tunnel 65m?
Cost: approx. € 46M (gross)

Period of construction: May 2007 to July 2010

DIPL.-ING. STEPHAN SCHLEGEL,
stephan.schlegel@hochtief.de,
HOCHTIEF CONSTRUCTION AG, Frankfurt
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ZDOKONALENA TECHNOLOGIE UPRAVY VLASTNOSTI ZEMIN
PRO PLNOPROFILOVE TUNELOVACI STROJE
ADVANCED TECHNOLOGY OF SOIL CONDITIONING FOR TUNNEL
BORING MACHINES

LARS LANGMAACK, MICHAL ZAMECNIK

1. OvoD

Zeminové (EPB = Earth Pressure Balance) $tity pouZivajici pfisady pro
tipravu vlastnosti zemin jsou ve svété tunelovani pouZivané stdle Castéji.
Jejich schopnost vytvofit a udrZovat rovnovdzny stav tlaku zeminy
hlediska dspé¥né razby plnoprofilovym tunelovacim strojem.

Spravné a efektivni pouZiti prisad pro dpravu vlastnosti zemin neni
vidy ziejmé. Uspéch zeminovych §titd, zv1asté v podminkéch nehomo-
gennich, vysoce pdrovitych nebo lepivych zemin, zdvisi na dobré kon-
strukci stroje v kombinaci s vysoce G¢innymi pfisadami pro dpravu
vlastnosti zeminy. Piiklady téchto dspéSnych kombinaci je MetroSur
v Madridu [1], metro v Tolouse a Zeleznice v Rimé.

Dal§im ddlezitym hlediskem pro vybér piisad pro dpravu vlastnosti
zemin je jejich mozny vliv na okolni prostiedi. Je nezbytné provadét hod-
nocenf rizik tykajicich se znecisténi podzemni vody v prubéhu jejich pou-
Zivani, koncentraci na pracovisti a emis{ sklddek felonif upravené zeminy.

2. NAVRH ZEMINOVEHO STITU DLE GEOLOGICKYCH
PODMINEK

Zeminové Stity se pouzivaji pro razbu v homogennich i heterogennich
geologickych podminkdch. Zndmé priklady razeb zeminovym Stitem ve
velmi heterogennich geologickych formacich jsou stavby vnitfniho silni¢-
niho okruhu BPNL v Lyonu se $titem firmy NFM o praméru 10,98 m [2]
a trasa L9 barcelonského metra se §titem Herrenknecht o praiméru 12,06 m
[3]. Kfivka zrnitosti na téchto dvou stavbdch je uvedena na obr. 1.

V dusledku heterogenity zemin se nemohou zeminové $tity optimali-
zovat pro specifické geologické podminky, ale jsou navrhovadny na vie
zahrnujici optimum [4]. Z toho plyne kompromis s ohledem na techno-
logii stroje v tom, Ze musi byt optimalizovdna pomoci riznych pifsad pro
dpravu vlastnosti zeminy.

EPB-drives in very inhomogeneous geology
examples of Lyon (1956) and Barcelona (2004)
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Obr. 1 Krivky zrnitosti v Lyonu a Barceloné (Langmaack 2004)
Fig. 1 Soil distribution of Lyon and Barcelona (Langmaack 2004)

1. GENERAL

Earth Pressure Balancing (EPB) tunnel boring machines using soil con-
ditioning additives are becoming more and more common in the world of
tunnelling. Their ability to create and maintain the earth pressure equilibri-
um and their ecological and toxicological properties are a few amongst the
most important aspects of a successful TBM drive.

The correct and effective use of soil conditioning additives is not always
obvious. The success of EPB machines — especially in non-homogeneous,
highly porous or adhesive ground conditions depends on good mechanical
engineering combined with highly effective soil conditioning additives.
Examples of these successful combinations are Madrid MetroSur, Toulouse
Metro and Rome Railway.

An additional important point for the choice of soil conditioning additi-
ves is their possible impact on the surrounding environment. A risk assess-
ment concerning emissions into ground water during application, workpla-
ce concentrations and emissions from the land filling of the treated soil is
necessary.

2. TBM DESIGN VS GEOLOGY

EPB tunnelling is used in homogeneous as well as heterogeneous ground
conditions. Famous examples for EPB drives in very heterogeneous geolo-
gical formation are BPNL Lyon with a 10.98m diameter NFM machine
(Bentz et al. 1997) and Barcelona Metro L9 with a 12.06m diameter
Herrenknecht machine (Gabarr6 et al. 2003). The soil distribution of these
two projects is indicated in fig. 1.

As a consequence of the soil heterogeneity, the TBMs itself cannot be
optimised for a specific geology, however are designed for the overall opti-
mum (Rehm 2004). This implicates a compromise with respect to the
machine technology in that it has to be optimized by using different soil
conditioning agents.

The 3 most important factors for soft ground tunnelling - apart from the
hard rock geology - are the

* Soil permeability

* Ground water pressure

* Risk of clogging and adhesion

21 Soil Permeability

The soil permeability for EPB drives can reach values of up to k=103 for
the most porous soils (BPNL Lyon, Turin) and decreases to practically
impermeable clay (Heathrow T5).

The TBM drives in clay soil — either full face or mixed face — often face
clogging and adhesion problems as described in 2.3.

In porous soils, the problems faced are very instable tunnel face, uncon-
trolled soil and water income as well as loss of face pressure through the
soil. These problems have been recently described for the Milan Metro pro-
ject (Grandori et al., 2003). The mechanical adaptation of the TBM itself,
including shield opening factor, number and choice of tools and finally the
right soil conditioning (foams and polymers) combined with a complete fil-
led working chamber, is important for a successful TBM drive. The use of
pure foams will not be successful — details see in chapter 3.2.

2.2 Ground water

An important factor in EPB drives in soft ground is the ground water
level respectively the ground water pressure. The higher the water pressu-
re, the more difficult it is to avoid uncontrolled water income and surface
settlement. In relation to the machine design, only few modifications can be
made such as the addition of long screw conveyors to decrease the pressu-
re gradient or installation of piston pumps behind the screw conveyor. The
most important factor for the successful control of water is to fill the TBM
working chamber completely with a homogeneous and impermeable soil
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horniny) jsou:

* Propustnost zeminy

¢ Tlak podzemni vody

* Riziko ucpavéni a lepen{

2.1 Propustnost zeminy

Propustnost zeminy pro raZbu zeminovym Stitem muZe dosahovat
hodnot do k=10-3 pro vétSinu pérovitych zemin (BPNL Lyon, Turin)
a snizuje se az k prakticky nepropustnému jilu (Heathrow T5).

Razby plnoprofilovym tunelovacim strojem v jilovité zeming, kterd je
v celém profilu nebo v &4sti profilu, ¢asto Celi problémim s ucpdvanim
a lepivosti, jak je popsdno v kapitole 2.3.

V pérovitych zemindch spocivaji problémy, kterym Stity celi, ve velmi
nestabilni Celbé vyrubu, nekontrolovaném pfisunu zeminy a vody
a ztraté tlaku na Celbé dnikem do zeminy. Tyto problémy byly neddvno
popsény pro stavbu metra v Mildné [5]. Strojni dprava tunelovaciho stro-
je samotného, vCetné soucinitele otevieni §titu, poctu a volby nastroju
a kone¢né i sprdvné dpravy vlastnosti zeminy (pény a polymery)
v kombinaci s dplnym naplnénim pracovni komory je duleZitd pro
tspéch TBM razby. Pouziti istych pén nebude tspé$né — podrobnosti
jsou kapitole 3.2.

2.2 Podzemni voda

Dulezitym faktorem pii TBM razbé v zeminéch je droven hladi-
ny podzemni vody, respektive tlak podzemni vody. Cim vys3i je
hydrostaticky tlak, tfm obtiZnéjs{ je zabranit nekontrolovanym pri-
tokim vody a seddni povrchu. Co se tykd ndvrhu stroje, je jen mélo
Uprav, které se daji provést, jako naptiklad pridani dlouhych $ne-
kovych dopravniku pro sniZeni tlakového spiadu nebo instalace
pistovych cerpadel za $nekovy dopravnik. Nejdulezitéjsi faktor pro
dspésnou kontrolu vody je dplné vyplnéni pracovni komory tune-
lovaciho stroje homogenni a nepropustnou pastou ze zeminy
pomoci pén a polymeru. Pfiklady staveb jsou tunel Botlek
a kanalizaCni tunel v Alives [6].
2.3 Ucpavani a lepent

Razby zeminovym Stitem v jilovych formacich, které jsou v celém
profilu &i v jeho &4sti, se Casto dostdvaji do problému ucpdvani a lepent.

Obr. 2 ukazuje, jak snadno se otvory v fezné hlavé mohou ucpat
a fezné ndstroje na razici hlavé se mohou stdt nedéinnymi prilepenym
jilem. Problém ucpdvani jilem a lepeni vZdy povede k potizim pfi fize-
ni tunelovaciho stroje, ke zpomaleni postupu a potiebé rozsahlého Cis-
téni. Z hlediska strojn{ technologie je pouze nékolik véci, které 1ze ude-
lat. Je to napiiklad feSeni oteviené fezné hlavy — zvIdsté v jejim stfedu
—a vhodné umisténi misiciho zafizeni v pracovni komorte. I v tomto pri-
padé je jednim z nejdulezitéjsich faktort pro dspéSné zmenseni ucpdva-
ni a lepeni pouZiti pény nebo specidlnich polymertu do jild (podrobné
viz kapitola 3.3). Priklady ze staveb jsou madridsky okruh MetroSur
(MBT Online) a zZelezni¢ni tunel Roma 4 Venti v Rimé (MBT Online),
které jsou popsdny v kapitole 6.2, nebo metro v Tolouse popsané
v kapitole 6.3.

3. POTREBA UPRAVOVANI VLASTNOSTI ZEMIN

Uplné naplnéni pracovni komory TBM je moZné pouze pfi pouZiti pfi-
sad pro upravovani vlastnosti zemin. To je nutné pro sniZeni krouticiho
momentu stroje a tieni. Zadné jiné rezimy postupu vpied nejsou pro
nestabiln{ horniny a citlivé oblasti na povrchu vhodné [7], jak je vidét na
obr. 3.

Rovnovéha zemniho tlaku se dd dosdhnout, pouze kdyz je pracovni
komora stroje tplné vyplnénd zeminou [8, 9]. Zemina se proto musi
v prubéhu razby oSetfovat pfisadami pro upravovéni vlastnosti zemin:

e Pény

* Polymery pro pdrovité zeminy

e Polymery pro jilovité zeminy bud samostatné, nebo ve vzdjemné

kombinaci

3.1 Péna

Hlavni poZadavek na pény, které maji pusobit jako upravujici pfisa-
dy, je zajisténi vhodnych reologickych vlastnosti zemin, aby se vytvoril
a udrzoval potfebny tlak v pracovni komore, zajistujici elbu vyrubu,
a aby se zabranilo velkému kolisdn{ tlaku. Péna vstrikovand do zemino-
vé pasty md stejny ucinek jako velkd vzduchovd bublina
u bentonitovych $titd. SniZeni kroutictho momentu a abrazivity jsou

Obr. 2 Ucpdni Fezné hlavy tunelovaciho stroje jilem
Fig. 2 Clay clogging on the TBM cutterhead

paste with the aid of foams and polymers. Site examples therefore are
Botlek Tunnel and Alives Sewage Tunnel as described in the Fernandez et
al. 2002 paper and in chapter 6.1.

2.3 Clogging and adhesion

EPB drives in clay formations — either full face or mixed face — often run
into clogging and adhesion problems.

Fig.2 shows how easily the cutterhead openings can be closed and cut-
terhead tools can be turned ineffective by clogging clay. The problem of
clay clogging and adhesion will always lead to difficult TBM guiding, slow
advance rates and extensive cleaning. From the machine technique point of
view only few things can be done like the design of an open cutterhead —
especially in the center — and well placed mixing devices in the working
chamber. Again one of the most important factors to reduce successfully the
clay clogging and adhesion is the use of Foams or / and special anti-clay
Polymers (details in chapter 3.3). Site examples are Madrid MetroSur
(MBT Online) and Roma 4 Venti (MBT Online) as described in chapter 6.2
or Toulouse Metro in chapter 6.3.

3. NECESSISITY OF SOIL CONDITIONING

Only the use of soil conditioning additives enables the complete filling
of the TBM working chamber. This is necessary to reduce the TBM torque
and abrasion. No other modes of advance are suitable for instable ground
and sensitive surface areas (Babendererde 2003) as shown in figure 3.

The earth pressure equilibrium can only be achieved if the TBM working
chamber is completely filled with soil (Herrenknecht et al. 2003, Steiner et
al. 1994). Therefore the soil must be treated during excavation with soil
conditioning agents:

* Foams

* Polymers for porous soil

e Polymers for clay soil

either alone or in combination with one another

3.1 Foam

The main demand on foams as conditioning additives is to obtain the sui-
table rheology of the soil in order to build up and to maintain the necessa-
ry support pressure in the working chamber and to prevent high pressure
variations. Foam incorporated in the soil paste has got the same effect as the
big air bubble in slurry machines. The reduction of torque and abrasion are
also very important benefits. Foam is produced by turbulent mixing of
a surfactant solution with air (Langmaack 2000).

The main surfactant properties are:

» fluidising effect on soils because of the decrease of surface tension. Soil

particles are no longer bound to each other by linked water,

» electrostatic repulsion effect which can separate two particles attracting

each other by electrostatic forces.

Laboratory tests as well as site experience show, that often each soil type,
from stiff clay to sandy gravel, requires more or less an own type of foam
to reach its maximum effectiveness. Figure 4 demonstrates the effects of
a foaming solution on silty soil, foam & polymers on gravely soil and foam
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Obr. 3 ReZim EPB (Babendererde 2003)
Fig. 3 EPB mode (Babendererde 2003)

také vyrazné vyhody. Péna se vytvari vifivym michdnim roztoku deter-
gentu se vzduchem [10].
Hlavni vlastnosti detergentu jsou:
e ztekucujici G¢inek na zeminy v dusledku sniZzeni povrchového
napéti. Céstice zeminy prestanou byt vzdjemné vizdny vodou
v pérech;
* i¢inek elektrostatického odpuzovéni muze oddélit dvé &dstice,
které jsou k sobé pritahovény elektrostatickymi silami.
Laboratorni zkousky a zkuSenosti ze staveb ukazuji, Ze k dosazeni
maximdlni d¢innosti kazdy typ zeminy, od tuhého jilu az k pis¢itému
Stérku, Casto vyZaduje viceméné vlastn{ typ pény. Na obr. 4 jsou ukd-
zdny G¢inky pénotvorného roztoku na prachovitou zeminu, pény
s polymery na $térkovitou zeminu a pény s piisadami do jila na jilovi-
tou zeminu.
Typ pfisady na upravovani vlastnosti zeminy, ktery se pouZije pro
konkrétni stavbu, se musi stanovit predbéZnymi laboratornimi zkous-
kami puvodniho typu zeminy na stavbé.

3.2 Proftijilové pfisady (,anti-clay )

Prisady pro upravovdni vlastnosti zemin sniZ{ vlastnosti jilovité
zeminy, co se tykd ucpdvdni a prilnavosti. Protijilové polymery proto
musi byt absorbovdny do povrchu jilovych &dstic. Aby se oddélily ¢ds-
tice zeminy, musi nést velkou hustotu ndboje, a mély by byt ddle
schopné vytvorit prostorovou bariéru tak, aby se zabrdnilo G¢inkim
opétovného shlukovéni.

Tyto pozadavky mohou splnit jak detergenty, tak protijilové prisady,
avsak ty druhé jsou mnohem G¢innéjsi a silnéjsi. Protijilové prisady se
uzivaji hlavné k podpore vlastnosti pény rozbijejicich strukturu zemi-
ny, ale daji se pouZit i bez pény. Obr. 5 ukazuje G¢inek téchto polyme-
ra v jilovité zeminé.

PouZije-li se pouze voda s pénou, ¢astice jilu se okamZité shlukuji
a vykazuji silnou prilnavost ke kovovym povrchum (obr. 5 — leva ast).
Pri pouziti TBM v tomto reZimu se feznd hlava a pracovni komora
ucpe. Pouziti protijilového polymeru povede k oddélovani kusu jilu
a k drastickému sniZenf pfilnavosti (obr. 5 — pravé ¢dst). Pouze za téch-
to podminek je moZny spravny reZim zeminového Stitu s pfimérenou
rychlostf stroje a pfiméfenou tdrzbou.

3.3 Polymer pro pérovité zeminy

Na rozdil od protijilovych prisad, polymery pro pérovité zeminy
vytvdreji soudrznost pro to, aby zemina ziskala reologické vlastnosti
pasty.

V pérovitych zemindch se dd pouZit nékolik polymeru:

* Vodu vdzajici polymery — k vysuSeni (tekutych) zemin

Obr. 5 Chovani jilu bez protijilové prisady a s prisadou
Fig. 5 Clay behavior without and with anti-clay agent
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Obr. 4 Ucinky tunelové pény, prisady do jilii a polymeru na soudrinost
zeminy a tieni
Fig. 4 Tunnel foam, anti-clay and polymer effects on soil cohesion & friction

and anti-clay-additives on clayey soil.

The type of soil conditioning agent that shall be used for a specific site
has to be determined by preliminary laboratory tests of the original insitu
type of soil.

3.2 Anti-clay agents for clay soils

Soil-conditioning additives shall decrease the clogging and adhesion
characteristics of clay soil. Therefore anti-clay polymers have to adsorb at
the clay particle surface. They have to carry a high charge density to sepa-
rate the soil particles and they should furthermore be able to create a steric
barrier in order to avoid re-agglomeration effects.

These demands can be fulfilled by both surfactants and anti-clay agents,
however anti-clay agents are much more efficient and powerful. Anti-clay
agents are mainly used to support the destructuring properties of the foam,
but they may also be introduced without foam. Figure 5 illustrates the effect
of these polymers in clay soil.

Using foam and water alone, the clay particles agglomerate immediately
and show extensive adhesion to metal surfaces (figure 5 left part). Using
a TBM in this mode, the cutterhead as well as the working chamber will
clog up. The use of anti-clay polymer will result in separated clay lumps
and a drastically decreased adhesion (Figure 5 right part). A proper EPB
mode with a reasonable TBM speed and reasonable maintenance work is
only possible under these conditions.

3.3 Polymer for porous soils

In contrast to the anti-clay agents, the polymers for porous soil create
cohesion in order to obtain a pasty soil rheology.

A couple of polymers can be used in porous soils:

Water binding polymers - to dry out (liquid) soils,

Soil structuring polymers - which are useful in loose, coarse soils to
change the soil rheology and which prevent sedimentation,

Foam stabilizing polymers.

Obr. 6 Porovndni puvodni zcela suché porovité zeminy a homogenni pasty
ze zeminy po jejim smichdni s pénou a polymerem

Fig. 6 Comparison of original pure dry porous soil and as homogeneous
paste after mixing with foam and polymer
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Obr. 7 Kfivka zrnitosti pisku v Aviles
Fig. 7 Grain size distribution curve of Aviles Sand

e Polymery ménici strukturu zeminy — pouZivaji se pro zménu reologic-
kych vlastnosti sypkych, hrubozrnnych zemin a k branén{ usazovani

e Pénu stabilizujici polymery

Nékteré polymerové preparity jsou zaloZeny na uhlovodikovych
fetézcich a vyrdbéji se bakteridln{ fermentaci. Tyto polymery jsou vodou
feditelné, biologicky rozloZitelné a kompatibilni s detergenty. Jak poly-
mery, tak i detergenty jsou pii pouZiti v generdtoru pény bezpelné
a mohou se tedy misit s pénotvornym vodnim roztokem a projit generd-
torem pény. Polymery také vyvoldvaji stdlejsi tlak v komore, zajisthjici
Celo vyrubu béhem razby a pri zastaveni stroje.

Vsechny polymery by mély byt pfednostné v kapalné formé, aby se
predeslo problémim s ddvkovanim a potieb¢ instalovat dal3{ zafizeni na
preménu prasku na roztok nebo suspenzi.

4. VHODNE VYROBKY PRO UPRAVU VLASTNOSTI ZEMIN

Vyrobky vhodné pro dpravu vlastnosti zemin by mély byt pouze ty,
které maji pozadované funkéni vlastnosti a soucasné jsou co nejbezpec-
néjsi pro pracovniky a Zivotni prostfedi. To znamend, Ze je potreba iden-
tifikovat pomoci hodnocen rizik akutni zdvadnost pro vodni organismy,
moznost bioakumulace, biologické degradace a chronické zdvadnosti pro
vodni{ organismy a jejich potencidlni poSkozeni. Tato hodnocent rizik by
méla byt vyddvdna pouze nezdvislymi a specializovanymi spole¢nostmi.

5. PRIKLADY STAVEB

Nisledujici kapitoly predstavuji tfi stavby, na kterych se razba zemi-
novym S$titem provadéla v obtiznych geologickych podminkdch
a provddéni dprav vlastnosti zemin a ekotoxikologickych vlastnosti
vedlo k dspéchu.

5.1 Kanalizaéni stoka v Aviles (Spanélisko)

Na stavbé v Aviles pracuje zeminovy §tit Lovat o praméru 3,40 m. Po
pruchodu pevnymi jilovitymi ndplaveninami se zemina zménila v asi
1000 m dlouhém dseku na Cisty Stérkovity pldZovy pisek s morskou
vodou s tlakem az 3 bary. Kfivka zrnitosti je vidét na obr. 7.

U tohoto typu geologie vedlo pouZiti pény pouze k nespravnému tlaku
v pracovni komore, nekontrolovanému pritoku vody a velmi malym
rychlostem postupu TBM.

Stroj neumoznoval priddvdni dal§i vypliové suspenze do
pracovni komory. Zvl4stn{ instalace by byla pfili§ ndkladnd a Casové
naro¢nd. Alternativnim feSenim bylo pouziti dodate¢nych polymeru,
aby se zemina co nejvice plastifikovala, aby bylo moZné vyvinout
protitlak proti motské vodé a sniZit obsah vody v zeminé. Vysledek,
ktery je vidét na obr. 9, ukazuje ohromnou zménu.

Pri vySe uvedenych tdpravdch vlastnosti zeminy, kombinaci pény
a polymeru upravujictho strukturu, dosdhl denni postup 27 metra
s maximalnim dennim postupem 50,50 metru. Pracovni komora byla plné
zaplnénd s tlakem 3 bary bez problému s piitoky vody [6, 11].

5.2 Roma 4 Venti (italie)

Zeminovy $tit EPB TBM S-184 o pruméru 7,90 m firmy Herrenknecht,
pouZity sdruzenim Astaldi/Impregilo JV, pracoval na stavbé Zelezni¢niho
tunelu v Rime¢ v Itdlii. Po prvnim udseku razby prochdzejici formaci
piskovych usazenin (tufy) se hornina zménila na vysoce lepivy a pfilnavy

Obr. 8 RazZba v pisku pouze s pouZitim pény
Fig. 8 Sand excavation only with foam

Some polymer formulations are based on hydrocarbon chains and are
produced by bacterial fermentation. These polymers are water soluble, bio-
degradable and compatible with foam surfactants. Both polymer and sur-
factants are safe when used in the foaming generator, and can therefore be
mixed with the foaming solution and pass the foam generator. Polymers
also induce a more stable support pressure in the working chamber during
boring and when stopping the machine.

All Polymers should be preferably in liquid form to avoid dosing pro-
blems and to avoid additional installation to get a solution or suspension out
of the powder.

4. SUITABLE SOIL CONDITIONING PRODUCTS

Suitable soil conditioning products should only be those that show the desi-
red functional properties and at the same time are as safe as possible to wor-
kers and the environment. This implicates the identification of the acute aqua-
tic toxicity, potential for bioaccumulation, biodegradation and chronic aquatic
toxicity and their potential harm through risk assessments. These risk-assess-
ments should be issued by independent and specialised companies only.

5. SITE EXAMPLES

The following chapters introduce 3 TBM sites with difficult geologies,
where the soil conditioning performance and ecotoxicological properties
lead to success.

5.1 Aviles Sewer (Spain)

The Aviles Site works with a Lovat EBP machine, diameter 3.40 m. After
facing stiff clayey silt, the soil changed over a length of approximately
1000m to pure gravely beach sand with a seawater pressure of up to 3.0 bar.
The grain size distribution is shown in figure 7:

In this type of geology, the use of foam only resulted in incorrect pres-
sure in the working chamber, uncontrolled water inflow and very slow
TBM advance rates.

There was no possibility on the machine to introduce additional filler
suspension into the working chamber. An extra installation had been too
costly and too time intensive. The alternative solution was to use additional
polymers — in order to make the soil as plastic as possible to be able to
install a counter pressure against the seawater and to reduce the water con-
tent of the outcoming soil. The result is shown in figure 9 and visualises the
tremendous change.

With the above mentioned soil conditioning, a combination of foam and
structurising polymer, the average daily progress achieved 27 meters with
a maximum daily performance of 50.50 meters with fully filled and pres-
surized working chamber up to 3 bars and without any trouble with water
income.

Details concerning this jobsite are given by Fernandez 2002 and
Langmaack 2001.

5.2 Roma 4 Venti (Italy)

The Herrenknecht 7.90m diameter EPB TBM S-184 operated by Astaldi
/ Impregilo JV was working on the Rail Link Tunnel project in Rome, Italy.
After heading first through silty sand (tuff) formation, the ground later
changed into very sticky and adhesive Vatican Clay. In order to overcome
clay clogging at the cutterhead and stirring problems as well as very low
advance rates, it was necessary to use foam in combination with anti-clay

additives.



Obr. 9 Razba v pisku s pomoci pény a polymeru
Fig. 9 Sand excavation with Foam & Polymer

vatikdnsky jil. Aby se prekonalo ucpdvéni fezné hlavy jilem a odstranily
se problémy s fizenim stroje a zrychlil se postup razby, bylo nutné pouZit
peénu v kombinaci s protijilovymi prisadami.

Na obr. 10 je prordzka tunelovaciho stroje do prijimaci Sachty — pii pou-
Ziti pény a protijilovych prisad byla feznd hlava &istd. Problémy
s ucpavanim se daly drasticky zmensit a rychlost stroje se zvysila [12, 13].

5.3 Metro v Toulouse (Francie)

Zeminovy $tit EPB TBM S-208 o pruméru 7,72 m firmy
Herrenknecht, pouzity sdruzenim Vinci/Eiffage JV, pracoval na stavbé
stavebniho oddilu 2 prodlouzeni metra v Tolouse ve Francii. Geologickd
formace je suchy jilovity prachovec s Cockami pisku s tlakovou vodou.
V homogennim jilu bylo mozné razit se strojem v rezimu do suchych
podminek, ale sotva se narazilo na ¢oCky pisku, zajisténi Cela vyrubu
povolilo a byly pozorovdny pritoky vody. To vedlo k celkovému zpo-
maleni postupu, rozsghlému ¢i§téni stroje, problémum s pédsovym
dopravnikem a v neposledni fadé k pochybdm o stabilit¢ ¢elby vyrubu
a o seddni povrchu.

Vytvoreni nelepivé a neucpévajici se zeminy ve forme pasty, kterd by
zcela zaplnila pracovni komoru, a zahdjen{ prace v reZimu zeminového
Stitu bylo moZné pouze pri pouZiti pény, protijilového polymeru a vody.
Obr. 11 ukazuje kvalitu vytéZené zeminy.

Plnoprofilovy tunelovaci stroj dosahoval slusné vykony
40-50 mm/min i v reZimu zeminového §titu, k pritokim vody jiZ nedo-
chédzelo a bylo moZné zajistit podepreni Cela vyrubu. Na obr. 12 je vidét
Cistou feznou hlavu po proraZce TBM.

6. ZAVER

Jak bylo ukdzdno na piikladech ze staveb, plnoprofilovy tunelovaci
stroj muZe prochdzet Uspésné a rychle i obtiznymi geologickymi pod-
minkami. Kromé spravné volby TBM je rozhodujici pouZiti spravnych
prisad pro dpravu vlastnosti zeminy — pro velmi propustnou zeminu pod
hladinou spodni vody i pro jilovitou zeminu potencidlné schopnou
ucpdvani nebo lepivosti.

Obr. 11 Plastickd ale nelepivd zemina po vytéZeni
Fig. 11 Plastic but not adhesive soil after excavation
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Obr. 10 Cistd Feznd hlava po prordzce
Fig. 10 Clean cutterhead after breakthrough

Figure 10 shows the TBM breakthrough in the reception shaft with
a clean cutterhead, using foam and anti-clay additives. The clogging pro-
blems could be drastically reduced and the TBM speed increased. Further
project details are given by Marchionni et al. 2002 and MBT Online Roma
4 Venti.

5.3 Toulouse Metro (France)

The Herrenknecht 7.72 m diameter EPB TBM S-208 operated by Vinci
/ Eiffage JV was working on the Toulouse metro extension project Lot 2 in
France. The geologic formation is dry clayey silt with incorporated sand
lenses under water pressure. In homogenious clay formation it was possib-
le to excavate in dry mode under air pressure, but as soon as the sand len-
ses were hidden, the face support collapsed and water ingress was obser-
ved. This resulted in overall slow advance rates, extensive TBM cleaning,
conveyor belt difficulties and last but not least in doubts on face stability
and surface settlements.

Only by using foam and anti-clay polymer together with water it was
possible to create a non adhesive, non-clogging soil paste to fill the working
chamber completely and work in EPB mode. Figure 11 illustrates the qua-
lity of the excavated soil.

The TBM showed reasonable advance rates of 40-50mm/min also in the
EPB mode, no water ingress occurred any more and the face support could
be secured. Figure 12 shows the clean cutterhead after the TBM breakt-
hrough.

6. CONCLUSION

As demonstrated by the site examples, it is possible to drive a TBM
successful and rapidly also through difficult geologies. In addition to the
choice of a well adopted TBM machine, the use of the right soil conditio-
ning additives is vital - for very permeable soil under the water table as well
as for clay soil with high clogging and adhesion potential.

Obr. 12 Cistd Feznd hlava po prordice
Fig. 12 Clean cutterhead after breakthrough
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Tuel

Vsechny prisady pouZité na uvedenych stavbdch prosly prisnym posou- All additives used in the site examples passed a strict risk assessment

zenim vlivu na pracovniky a zivotni prostfedi. Ani v tunelech, ani na sklad-
kdch nebyl negativni vliv piisad pro dpravy vlastnosti zeminy pozorovan.

conditioning additives could be observed.
DIPL.-ING. LARS LANGMAACK, lars.langmaack@basf.com,

study to ensure minimum impact on workers and the environment. Neither
during construction nor at the disposal sites negative influence of the soil
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MODERNI INJEKTAZE V PREDPOLI PODZEMNICH STAVEB
PRO SNIZENI PRITOKU VODY A ZPEVNENI HORNIN
MODERN PRE-INJECTIONS IN UNDERGROUND CONSTRUCTION FOR
WATER INGRESS REDUCTION AND GROUND IMPROVEMENT

KARL GUNNAR HOLTER, MICHAL ZAMECNIK

1. UVOD

Zdvaly na Celbé nebo neofekdvané velké pruvaly vod nejsou
neobvyklé pfi raZeni v geologicky obtiZznych horninovych pomé-
rech, jakymi jsou poruchové zény v alpském terénu nebo tunely
s nizkym nadloZim, které jsou ovliviiovdny zvétravanim nebo ani-
zotropnim horninovym napétim.

Pfi raZbdch tunelt v méstskych tzemich se asto vyskytuji pri-
pady nizkého nadloZ{ tunelt, prace v blizkosti stdvajicich pod-
zemnich konstrukci i vytvareni spojeni mezi podzemnimi kon-
strukcemi. Dusledky sniZenf hladiny spodni vody nebo deformaci
v horniné ndsledkem nestability jsou zvlasté neprijatelné kvuli
moznému vlivu na budovy s citlivymi zdklady.

Tento ¢ldnek se zabyva problémem, jak silné muZe predstihova
injektdZ v predpoli tunelu s nizkym nadloZim sniZit riziko nehod.

Zvlastni duraz se klade na nejmodernéjsi technologie v oblasti
rychle tvrdnoucich mikrojemnych cementu a koloidélniho kiemi-
Citanu. Tato technologie miZe zna¢né zlepsit efektivnost ndkladu
a technickou proveditelnost razeb v citlivém prostredi v obtiZnych
geologickych podminkéch.

Clanek informuje o tfech pfipadovych studiich, z nichZ viechny
se tykaji mist s mélkym uloZenim (dvé z nich se zabyvaji citlivym
méstskym prostfedim), které ukazuji, jak bylo ndkladové hospo-
dérnou predstihovou injektdzi zabrdanéno vdZnym problémum.

2. ZAKLADNI FAKTORY

2.1 Koncepce piedstihové injektaze

Zikladni myS$lenkou predstihové injektdZe je tprava horniny
pred Celbou pomoci injektdze. InjektdZi se v této souvislosti rozu-
mi vhdnéni injektdZni smési do hornin vrty nebo rourami pod tla-
kem pomoci Cerpadel.

Predstihovd injektdZ se v zdsadé sklddd z hlavnich ndsledujicich
kroku:

1. Vrténi dér nebo i osazovani trub do vrtu pro injektovani (vha-

néni injektdZni smési pod tlakem).

2. InjektdZ probihd tak dlouho, dokud se nedosdhne splnéni kri-

térii pro ukonceni.

3. Vyhodnoceni nebo kontrola vysledku injektdZe: rozhodnuti

zda se md injektdZ opakovat, nebo se md zahdjit razba
v upravené horniné.

Kromé téchto tif hlavnich kroka probihd ve skute¢ném cyklu
injektdze predem proces stanoveni hlavniho rozsahu a mista injek-
tazich praci. Tento proces se sklddd z nasledujicich duleZitych
bodu:

e Pruzkumné vrtani k zji$téni po¢dtec¢niho stavu horniny, kterd

bude upravoviana.

* Urleni presného mista pro provedeni injektaznich vrtu.

e Urleni injektdZni metody, hlavnich prvku.

e Urceni typu injektdzni smési a ndvrh smési.

Je dulezité, aby pldn predstihovych injektaznich vrti pro razby
tuneld byl chédpdn jako sled rozhodnuti, kterd jsou provddéna
aktivné v nékolika etapach injektdZniho cyklu. Prabézné fizeni
injektdznich praci je proto hlavni podminkou pro efektivnost
nédkladu na injektdZze v predpoli.

1. INTRODUCTION

Collapses at the tunnel face or unexpected high water inrushes
is not a uncommon experience when tunnelling in geologically
difficult ground like fault zones in alpine terrain or tunnels with
shallow location influenced by weathering or low rock stresses.

Tunnelling in urban areas often involve shallow location of
tunnels, proximity to existing underground structures, as well as
establishing connections between underground structures. The
consequences of a groundwater drawdown or deformations in
the ground caused by instabilities are particularly unacceptable
due to the possible impact on buildings with sensitive foundati-
ons.

This paper addresses the issue of how pre-injections in
a shallow located tunnel strongly can reduce the risk of mishaps.

The state-of-the art technology within rapid hardening microce-
ments and liquid colloidal silica is particularly emphasized. This
technology can improve the cost-effectiveness and technical fea-
sibility of tunnelling in sensitive environment in difficult ground
significantly.

Three different case studies are reported, all with relevance to
shallow location (two of which in sensitive urban environment),
showing how serious difficulties were prevented through the cost-
effective use of pre-injections.

2. BASIC CONSIDERATION

2.1 The pre-injection concept

The basic idea of pre-injection is to treat the ground prior to the
excavation by injecting a grout into the ground. Injection in this
context means the introduction of a grout into the ground through
drillholes or pipes by the pumping with pressure.

Pre-injection basically consists of the following main steps:

1. Drilling of holes or pipes for the injection (placement of the

grout by pressure);

2. Injection until the termination criteria are reached;

3. Evaluation or control of the injection result: decision regar-
ding repeated injections or to commence excavation through
the treated ground.

In addition to these three main steps in the actual injection
cycle, there is an up front process of determining the main scope
and location of the injection works. This includes the following
important issues:

e exploratory drillings to determine the initial state of the

ground to be treated,

e exact location to establish the drillings for the injection,

* injection method, main features,

* grout types, mix designs.

It is important to understand a pre-injection scheme in tunnel-
ling as a sequence of decisions which actively are made at several
stages in the injection cycle. Management of the injection works
is therefore a crucial factor in order to achieve cost-effectiveness.
2.2 What can be achieved by pre-injections?

Pre-injections can have two main goals

e reduce the permeability of the ground and hence, reduce the

flow of water into the tunnel after excavation,

e improve the mechanical properties of the ground and hence,
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Obr. 1. Vrtdni pro predstihovou injektdZ pred &elbou. Vievo: vrtdni pro injektdZ pri konvenéni razbeé s pouZitim trhacich praci. Vpravo: vrtaci zarizeni pro injek-
tdz instalované na otevieném tunelovacim stroji TBM pro tvrdé horniny (Garshol, 2002)
Fig. 1 Drilling for pre-injections ahead of the tunnel face. To the left: injection drilling in conventional drill-and-blast excavation. To the right: drilling equip-

ment for injection installed on a hard rock open TBM (Garshol, 2002)

2.2 Ceho se da predstihovou injektazi dosahnout?

Predstihovd injektdZ maZe mit dva hlavni cile:

e snizit propustnost horniny, a tedy sniZit pfitoky vody do tune-

lu po jeho vyraZeni,

e zlepsit mechanické vlastnosti horniny, a tedy zajistit zlepse-

nou stabilitu horniny v prubéhu razby a instalace vyztuze.

V obou téchto pripadech bude vybrana injektdZni metoda reSit
problém dosazeni nejlepsiho mozného vpraveni injektdZni smési
do horniny. Tento proces ma za cil optimalizovat vrtné schéma
spolu s pripadnym pouzitim injektdzich prvka a stanovit vhodné
charakteristiky injektdZni smési.

V pripadé sniZovani propustnosti bude hlavnim cilem vyplnit
vodou naplnéné diskontinuity stabiln{ injektdZni smési, kterd je
utésni.

V piipadé mechanického zlepSovéni vlastnosti horniny bude
potieba, aby injektdzni smés nakonec nabyla urcitou konec¢nou
mechanickou pevnost.

V mnoha pripadech je potfeba, aby doslo ke kombinaci uvede-
nych G&inku.

2.3 otazky metody

Pfed ndvrhem technickych detaild projektu predstihové injektd-
Ze v predpoli Celby by se mélo provést celkové posouzeni metody.
Ndvrh metody zahrnuje rozhodnuti o injektdZich pracich na stra-
tegické trovni véetné zdkladniho pristupu k tomu, jak dosdhnout
74daného vysledku. V tomto procesu se vytvori zdkladni rdmec
pro jednotlivé operace v cyklu injektdZze.

Tento pldnovaci proces vyZzaduje potfebné vstupy pro specifiko-
vani zafizeni, jako napf. vrtani na pozadovanou hloubku a pripad-
né vrtaci zafizeni na strojich TBM (obr. 1).

Hlavni otdzky, které se v tomto procesu maji zvaZovat, jsou
tyto:

e vlastnosti horniny a schopnost zafizeni danou horninu vrtat,

e metoda vrtdni dér pfipadné instalovani trubek,

* systém obturdtoru, ktery bude vyhovoval zvolenému pruméru

vrtu nebo trubek,

e navrh injektdzni smési vyhovujici poZadavkim na pronikénf,

pocétecni pevnost a na dlouhodobé vlastnosti materidlu,

* otdzky tykajici se injektdZznich tlaka,

e kritéria pro ukonceni procesu injektazi.

Je dulezité, aby se operace provddéni injektdze chdpala jako
Uplnd metoda, u které jsou vidy v prubéhu pldnovaciho procesu
zvazeny vySe uvedené otdzky.

Casto $patné pochopenym ¢&lankem je injektazni tlak. Maxi-
malni dovolené injektdZni tlaky jsou velmi Casto stanoveny aZ pri-
1i§ nizko. Jako hlavni divod se predevs$im uvadi, Ze vyssi injek-
tazni tlak by mohl prispét ke globdlnimu zvySeni tlaku v zeming,
a tim vést k riziku poruSeni horniny injektdzi nebo nezadoucimu
proniknuti injekéni smési prili§ daleko od mista injektdze.
V situacich, kdy je u méstského tunelu nizké nadloZi, ale muze
existovat dobry duvod i pro stanoveni spodniho prahu tlaku.

provide improved stability of the ground during the excavati-
on and support of the tunnel.

In both these cases the chosen injection method will address the
issue of achieving the best possible introduction of the grout into
the ground. This is a process which aims to optimize the drilling
pattern in combination with the eventual use of pipes for injection
and specifying the proper characteristics of the grout.

In the case of permeability reduction the main goal will be to fill
the water bearing discontinuities with a stable grout that seals off
the water flow.

In the case of mechanical improvement of the ground properti-
es, the grout eventually will need to have a certain final mechani-
cal strength.

A combination of these two effects is also desirable in many
cases.

2.3 Method considerations

Before the technical details of a pre-injection scheme are desig-
ned, one should make overall considerations regarding the met-
hod. The layout of the method comprises decisions at a strategic
level for the pre-injection works including the fundamental app-
roach as to how to achieve the desired result. The basic framework
of the detailed operations in the injection cycle is laid out in this
process.

This planning process needs to give the necessary input for the
specification of equipment like drilling to desired length and
eventual drilling equipment installed on TBMs (Figure 1 below).

The main issues to consider in this process are the following:

e ground properties and their capacity to be drilled,

* method for the drilling of holes or pipe installation,

* packer system to suit the chosen hole diameter or pipe,

e grout mix designs to suit the required penetration, early

strength and long term material properties,

e considerations regarding injection pressures,

e termination criteria for the injection process.

It is important to understand an injection operation as
a complete method in which all the above mentioned issues are
always considered during the planning process.

A frequently misunderstood feature is the grouting pressure.
Very often maximum permitted grouting pressures are specified at
far too low a level. The main reason for this is frequently said to
be that a higher grouting pressure might feed a global pressure
build-up in the ground, and hence lead to a risk of hydrofracturing
or undesired penetration of grout far away from the location of the
injection. There however may be good reason for low pressure
thresholds in low cover urban tunnel situations

Barton et al. (2004) demonstrates that injection pressures mea-
sured at the injection lance (at the collar of the drillhole) do not
correspond to the pressure of the grout in the actual ground.

There is a significant drop of pressure in the immediate vicinity
of the drillhole into the ground, as long as there is a flow of grout.
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Barton a kol. (2004) ukazuje, Ze injektdzni tlaky méfené na Another important issue is to always have in mind that an injec-
injektdzni trubce (na objimce vrtu) neodpovidaji skute¢nému tion operation is a cycle in which decisions are made with regards
tlaku injektdZni smési v horniné. to specific criteria (pre-defined or subject to adjustment). These

Pokud dochdzi k proudéni injektdzni smési, nastivd v bezpro- decisions are made at each step of the injection cycle. Therefore
stfednim okoli vrtu velky pokles tlaku smérem do horniny. pre-injection is a type of work which requires experienced hands-

Dal3f dileZitou véci je vzdy mit na paméti, Ze operace injektd- on management on a continuous basis during the works.

Ze je cyklus, ve kterém se rozhodnuti ¢ini s ohledem na specific-

ka kritéria (pfedem definovand nebo podléhajici dpravam). Tato 3. STATE-OF-THE ART GROUTS FOR PENETRATION IN

rgzhoginutl/ se &inf pri kazdém ’kroku 1,njekvtazn'1ho cyklu. SOILS AND FINE JOINTS IN ROCK
Predstihovd injektdZ je proto typ prédce, ktery vyZaduje, aby byla o )
fizena trvale v provadéni praci osobou s praktickymi zkuSenostmi. Injection in difficult ground requires the complete method to be
especially adapted in order to achieve penetration in the ground as
3. NEJNOVEJSI INJEKTAZNI HMOTY SCHOPNE PRONI- desired. A very essential detail in this context is the choice and
KANI[ DO ZEMIN A JEMNYCH TRHLIN V HORNINE design of the proper grout characteristics with special emphasis on
penetrability.

InjektdZ obtizné horniny vyZaduje, aby kompletni metoda
umoznila poZzadované proniknuti injektdZniho média do horniny.
Zcela zdsadni je v tomto sméru volba a ndvrh vhodnych charakte-
ristik injektdZn{ smési se zvld§tnim durazem na jeji schopnost pro-
nikat do horniny.

Schopnost injektdzni smési pronikat do horniny (ddle jen pene-
tradni schopnost) je parametr, ktery se dd t€7ko pfimo méfit nebo
oveérovat. Penetracni schopnost popisuje schopnost injektazn{
smési pronikat do zrnité zeminy anebo do jemné trhliny v horniné

The penetrability of a grout is a difficult parameter to measure
or verify directly. Penetrability describes the ability of a grout to
penetrate into a medium like a granular soil or fine joints in a rock
mass under a certain injection pressure.

The penetrability of a grout for injection purposes in underg-
round construction is mainly influenced by the following three
measurable material properties:

e grain size distribution (if the grout is a granular medium),

za ur&itého injektazniho tlaku. * viscosity of the grout,
Penetraéni schopnost smési pro injektdZe v oboru podzemniho * stability of the grout (resistance to separation over time or
stavitelstvi je hlavné ovlivnéna ndsledujicimi tfemi méfitelnymi when exposed to pressure).
vlastnostmi materialu: The grain size is decisive for the penetrability into fine joints as
e zrnitostn{ sloZeni (je-li injektdZni smés koloidni zrnité médi- well as permeating between the grains in a soil. Figure 2 below
um), illustrates graphically the importance of grain size for the pene-
e viskozita injektdzni smési, trability in joints in rock.
e stabilita injektdzni smési (odolnost proti oddélovdni kompo- The viscosity is important since it will directly influence the
nent s ¢asem nebo pri vystaveni tlaku). shear stresses in a grout when it is flowing through joints or bet-
Velikost zrn je pro schopnost pronikat do jemnych trhlin a mezi ween the grains in a soil.
zrna v zeminé rozhodujici. Na obr. 2 dole je graficky zndzornéna The lower the viscosity, the lower the shear stresses in the grout
dulezitost velikosti zrn pro schopnost pronikat do trhlin v horniné. and hence, the lower the injection pressure which is required to
Viskozita je duleZitd proto, Ze bude pfimo ovliviiovat smykova sustain the flow of the grout into the ground.
napéti v injektazni smési pfi jejim pritoku trhlinami nebo mezi The stability of the grout is important since it will directly influ-
Zrmy zeminy. ence the capability of the cement in the grout to penetrate into the

Cim je viskozita niz$i, tim jsou smykovd napéti v injektdzni
smési mensi, a tedy injektdZzni tlak potfebny pro udrZeni toku
smesi do horniny je mensi.

Stabilita injektdZni smési je daleZitd, protoze bude pifimo ovliv-
novat schopnost cementu ve smési pronikat do jemnych diskonti- 3.1 Rapid hardening microcements

fine discontinuities. The process of bleeding , in which the cement
grains separate from the grout mix and clog the entrances to the
fine joints, does not occur with a stable grout mix.

nuit. U stabilni injektdaZni smési nedochdz{ k procesu odluc¢ovani These microcements offer particular advantages in a tunnelling
vody, ve kterém se zrna cementu oddeluji z injektdzni smési a situation. The main advantages are:
ucpavaji vstupy do jemnych trhlin. e small grain size

i

olloidal Silica

Obr. 2 Vievo: Grafické zndzorneéni $kdly velikosti zrn cementovych injektdZnich smési s ohledem na souvisejici otevreni trhlin, do kterjch md smés proniknout
(0,02 mm). Nejvétsi zrno odpovidd normdlnimu cementu s velmi jemnou zrnitosti, ndsleduji dva rizné mikrocementy a na samém levém konci je mikrosilikdt
a koloidni silikdt. Vpravo: Zjednoduiené grafické zndzornéni &ty hlavnich typii pronikdni injektdzni smési do zemin. Cistd smés je zndzornéna &erné.
A: vyména, B: hutnéni, C: hydrofracturing (trhdni tlakem smési), D: prolindni (Holter a kol., 1996)

Fig. 2 Left: Graphical representation to scale of grain sizes of cement grouts with respect to a relevant joint aperture for penetration (0.02 mm). The largest
grain corresponds to the normal cement with a very fine grading, followed by two different microcements, and to the far left silica fume and colloidal silica.
Right: Simplified graphical representation of the four main types of penetration of a grout in soils. Pure grout is shown as black. A: replacement, B: compaction,
C: hydrofracturing, D: permeation (Holter et al., 1996)
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3.1 Rychletvrdnouci mikrocementy e excellent stability and low viscosity even at relatively low
Tyto mikrocementy poskytuji zvlastni vyhody pfi v situaci raze- water/cement ratios (like e.g.1.0)
nf tunelt. Hlavni vyhody jsou ndsledujici: * excellent penetrability due to the two above mentioned issues
* mald velikost zrn, e setting within 1.5 to 2 hours, hence eliminating waiting time
e vynikajici stabilita a nizkd viskozita i pfi relativné malych for the next step in the injection cycle
vodnich souéinitelich (jako je napf. 1), 3.2 Liquid colloidal silica

* vynikajici schopnost pronikat do hornin v dusledku dvou vy3se
uvedenych vlastnosti,

e tuhnuti do 1,5 aZ 2 hodin, a tim sniZen{ vylouceni ¢asu ¢ekdni
se zahdjenim pred dal§im krokem injektdZniho cyklu.

This grout type consists of silica grains (SiO3) in the nanome-
tric scale in a colloidal solution in water. The typical grain size is
0.016 pm. Its viscosity is 5—6 mPas, which is slightly higher than
water. This offers particularly good penetration properties, which

3.2 Koloidni silikat otherwise only chemical agents like silicates (waterglass) or acry-
Tento typ injektdzni smési se sklddd z kfemicitych zrn (SiO») lates can offer.
velikosti mérené v nanometrickém méfitku, v koloidnim vodnim Colloidal silica, contrary to silicates and acrylates, is
roztoku. Typickd velikost zrn je 0,016 ym. Viskozita smési je 5-6 a completely non-toxic product, which makes it unique in terms of
mPas, slabé vyS$§i nez u vody. To poskytuje zvldsté dobré pene- environmental friendliness and health and safety. Colloidal silica
tracni vlastnosti, které mohou jinak poskytnout pouze chemické is a mineral grout and designed for permanent long-term purposes,
latky, jako jsou silikaty (vodni sklo) nebo akrylaty. whereas silicates only can have a temporary function.
Na rozdil od silikdta a akryldta je koloidni silikét zcela netoxic- The penetrability of colloidal silica in jointed rock and soils is
ky produkt, coZ je vyznamné z hlediska Setrnosti k Zivotnimu pro- illustrated graphically in figure 2. above.
stfedi a bezpecnosti a ochrany zdravi. Note the size of a grain of colloidal silica to the far left. In a soil
Schopnost koloidniho silikdtu pronikat do rozpukanych hornin injection situation, colloidal silica can offer permeation (D) in
a zemin je graficky zndzornéna vyse na obr. 2. soils down to the coarse silt fraction (0.01 mm) with the proper
Vsimnéte si velikosti zrn koloidniho silikdtu na samém levém injection method.

konci. V situaci injektovadni zeminy muZe koloidnf silikat pfi pou-

ziti vhodné metody injektdZe dat schopnost pronikat (D) az do 4. CASE EXAMPLE A: TBM BREAKTHROUGH INTO

frakce zeminy odpovfdajl’cl' jemnému prachu (0,01 mm) A VENTILATION SHAFT, CTRL CONTRACT 220 CORSI-
4. PRIKLAD A: PRORAZKA TUNELOVACIHO STROJE TBM CA STREET, UK, 2002
DO VETRACI SACHTY V ULICI CORSICA, ODDIL 220 4.1 The project
STAVBY TUNELU POD KANALEM LA MANCHE, The construction of the Channel Tunnel Rail Link (CTRL) in
SPOJENE KRALOVSTVI', V ROCE 2002 the UK, contract 220, involved several difficult situations with
) complex geometries of tunnels, cross-passages and ventilation
4.1 Projekt

shafts which had to be excavated in sandy silts. Mostly these situ-
V oddilu 220 stavby tunelu pod kandlem La Manche (CTRL) ve ations were dealt with by dewatering the sand through vacuum

Velké Britanii existovalo nékolik obtiZnych situaci spojenych se drainage.

sloZitou geometrif tuneld, tunelovymi spojkami a vétracimi Sach- At the ventilation shaft at Corsica St a shielded TBM was to

tami, které se musely razit v pis€itych zemindch. Tyto situace byly break through into the already constructed shaft. The ground con-

vétSinou feSeny sniZovénim hladiny spodni vody v piscich pomo- ditions were loose sands and silts below ground water table. Grain

cf vakuové drendZe. size tests of the sands showed that the 80 % of the grains were in
U vétraci Sachty v ulici Corsica mél stroj TBM se §titem prora- the range of 0.1 to 1 mm, with approximately 10 % uniformly

zit do drive vybudované Sachty. Horninové poméry byly tvoreny

I : b ¢ distributed on each side of this range.
volnymi pisky a naplaveninami pod hladinou spodni vody.

4.2 The challenge

In this particular case it was evident prior to the construction,
that the dewatering of the sands was not sufficient for achieving
the required stability of the sands for a safe and controlled breakt-
hrough of the advancing TBM into the shaft. An injection campa-
ign for stabilisation of the loose sands was therefore necessary.

4.3 The technical solution

The main contractor undertook a full scale in-situ trial with
injections of liquid colloidal silica into the sands in order to deter-
mine the possible achievable effect of such an injection campaign.

The trial injections were done in the main shaft floor during
construction using sleeve port pipes (tube a manchettes). The trial
showed thorough permeation of colloidal silica to radial distances
of 0.5 to 0.7 m around the sleeved pipes. A significant improve-
ment of the mechanical strength was observed, however no mea-
surements of the UCS were done at this stage. The results were
y Loose sands convincing and an injection campaign with colloidal silica was
, Fine grained decided.
Area for TBM breakthrough into shatt During construction, a fan of sleeved pipes was drilled from the
shaft into the sands at the location of the breakthrough of the
TBM. The fan of pipes was laid out in order to cover the ground
around the whole perimeter of the TBM , as well as completely
covering the intersection between the shaft wall and the TBM
excavated tunnel. The configuration of this situation is shown in

Obr. 3 0ddil 220 stavby CTRL, obrdzek ukazuje geometrické uspordddni
v misté prordZky stroje TBM do vétraci Sachty. V mistech obou prordZek se
provddéla injektdz? tekutou koloidni smési, &imz se zajistila zlepSend stabilita

zeminy figure 3 above.

Fig. 3 CTRL Contract 220, sketch showing the geometrical configuration of Holes with tubes-a-manchette pipes with lengths 4-6 m and
the situation at the location of the breakthrough of the TBM into the ventila- 1.2-1.5 m spacing were drilled covering the entire perimeter of
tion shaft. Liquid colloidal silica was injected at both breakthrough points, the advancing TBM. A total of approximately 60 tonnes colloidal
hence providing improved stability of the soi silica was injected.
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5. CASE EXAMPLE B: MANERI
BHALI HYDROPOWER

STANOVISTE 3 PROJECT, HEADRACE TUNNEL,
ZKOUSKY PORUSENI PODLOZI INJEKTAZI INDIA 2005-2006
———_ STOLA DHANARI LOCATION 3 T
e f DHANARI ADIT HYDROFRACTURING TEST T e e} 5.1 The project

The headrace tunnel for the Maneri
bud - bar - g Bhali hydroelectric power project phase
2 (Uttaranchal Province) underpasses
a valley with low rock cover. The tunnel
EgagR was excavated by drill-and-blast and
i supported by steel sets and lagging with
‘Agigegliyg concrete backfill. During the last phase
gighgh of the construction wet-mix steel fibre
reinforced sprayed concrete was also
used for rock support in the most adver-
se rock conditions. The situation with
valley underpass and main geological
formations is shown in figure 4.

The valley corresponds to a weakness
zone which intersected approximately
300 m length of the tunnel. The weak-
ness zone exhibited densely jointed and
partially crushed mica-quartzite schist.
In-situ fine grained crushed material in
the silt fraction occurred as joint fillings.

Obr. 4 Privodni tunel stavby hydroelektrdarny Maneri Bhali. Podélny rez obtiznou oblasti (Bahadur a kol., 2007)
Fig. 4 Headrace tunnel of the Maneri Bhali hydropower project. Longitudinal section of the difficult zone

(Bahadur et al., 2007)

Zkousky zrnitosti piskl ukdzaly, Ze 80 % zrn bylo v rozmezi 0,1
aZ 1 mm s tim, Ze zbyvajicich asi 20 % bylo rovnomérné rozdéle-
no po obou stranach tohoto rozmezi.

4.2 Vyzva

V daném pripadé bylo jasné jiz pred zahdjenim praci, Ze odvod-
novani pisku nebylo pro dosaZeni stability piskd potfebné, pro
bezpecnou a fizenou prorazku postupujiciho stroje TBM do Sach-
ty dostate¢né. Pro stabilizaci volnych pisku tedy byla nutnd injek-
taz.

4.3 Technické FeSeni

Hlavni dodavatel se ujal tkolu provést polni pokus injektovani
koloidniho silikdtu siliky do téchto piskd, aby se zjistil moZny
dosazitelny ucinek takové injektdze.

ZkuSebn{ injektdZe se provadely na dné hlavni Sachty béhem
stavby pomoci trubek s manZetami. Pokus prokdzal dokonalé pro-
niknuti koloidniho silikatu do radialni vzdalenosti 0,5 az 0,7 m
kolem trubek s manZetami. Bylo pozorovdno znacné zlepSeni
mechanické pevnosti. V této etapé¢ se ale neprovadélo méreni pev-
nosti v prostém tlaku. Vysledky byly presvéd¢ivé a bylo rozhod-
nuto injektdZ koloidnim silikdtem provést.

V misté prordzky stroje TBM byl v prubéhu stavby ze Sachty do
pisku proveden véjif vrtd, do kterych byly instalovany trubky
s manzetami. VEjit trubek byl usporadan tak, aby pokryl zeminu
kolem celého obvodu stroje TBM a pritom zcela pokryl styk mezi
sténou Sachty a tunelem, ktery byl raZen strojem TBM.
Uspordddni této situace je zndzornéno vyse na obr. 3.

Vrty s trubkami s manZetami délky 4-6 m byly provadény ve
vzdjemné vzddlenosti 1,2 aZ 1,5 m a pokryvaly cely obvod postu-
pujiciho stroje TBM. Bylo spotfebovidno celkem 60 tun koloidni-
ho silikdtu.

5. PRIKLAD B: STAVBA HYDROELEKTRARNY MANERI
BHALI, PRIVODNI TUNEL, INDIE 2005-2006

5.1 Stavba

Privodni tunel pro 2. etapu stavby hydroelektrarny Maneri Bhali
(stat Uttaranchal) podchdzi pod ddolim s nizkym skalnim nadlo-
zim. Tunel se razil pomoci trhacich praci a byl vystrojen ocelovy-
mi rdmy a pazinami prekrytymi betonem. V posledni etapé stavby

The entire weakness zone was highly
permeable; hence high water inflows
were encountered.

The valley had been underpassed with
serious difficulty several years earlier.
No pre-injections were carried out at this stage. Hence, large
water inflows in combination with a very irregular tunnel contour
resulting from cave-ins were the result. In this phase, the earlier
excavated tunnel portion through the weakness zone was bypas-
sed, in order to create feasible conditions for the support and
waterproofing of the headrace tunnel.

Tunnelface

Obr. 5 Schéma injektdzni metody (podélny svisly rez) zndzornujici zjednodu-
Sené cilové oblasti dvou stupiiui pFedstihové injektdZe. Venkovni tmavd plo-
cha pred Celem vyrubu predstavuje objem, ktery byl oSetien v 1. etapé injek-
tazi rychletuhnoucimi mikrocementy. Svétlejsi plocha pred celem vyrubu
predstavuje objem, ktery byl oSetien ndsledovné ve 2. etapé injektdzi
s pouZitim koloiddlniho silikdtu. Po tomto oSetreni se vyrazilo asi 8 m tunelu
a injektdZni cyklus se opakoval (Bahadur a kol., 2007)

Fig. 5 Layout of the injection method (longitudinal vertical section), princi-
pally showing the target areas for the two stages of the pre-injections. The
outer dark area in front of the tunnel face represents the volume which was
treated in injection stagel with rapid setting microcements. The lighter area
in front of the tunnel face represents the volume which was treated subsequ-
ently in injection stage 2, employing liquid colloidal silica. After this treat-
ment the tunnel was excavated a length of approximately 8 m before the
injection cycle was repeated (Bahadur et al., 2007)
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byl pro podepreni horniny v nejnepriznivéjSich horninovych
pomérech pouZit i mokry stifkany dritkobeton. Na obr. 4 dole je
situace podchodu tdoli s geologii.

Udoli odpovidd z6né poruseni, kterd kiizila tunel v délce pri-
blizné 300 m. V z6né poruseni byly husté rozpukané a Caste¢né
podrcené slidnaté kremité bridlice. Jako vypli puklin se vyskyto-
val jemnozrnny drceny materidl v prachovité frakci. Celd zdéna
oslabeni byla vysoce propustnd, takze se vyskytovaly vysoké pri-
toky vody.

Udoli se jiz fadu let pfedtim podchézelo s velkymi problémy.
V této etapé se neprovadély zddné predstihové injektdze.
Vysledkem proto byly velké pritoky vody, které byly kombinova-
ny s velmi nepravidelnym obrysem vyrubu v dusledku zdvald.
V této fazi se usek tunelu vyrazeny dfive v oslabené zoné obesel
obchvatem, aby se vytvorily podminky, ve kterych bylo mozZno
provadét zajisténi vyrubu a vodotésnou izolaci privodniho tunelu.

5.2 Vyzva

Silné rozpukand a podrcend hornina v kombinaci s nizkym
nadloZzim pouhych 20-25 m v nejméléim misté (z toho pouze asi
5 m skalniho podlozi) predstavovala kriticky bod stavby prfivod-
niho tunelu. Maximadlni{ tlak vody v tunelu za provozu elektrarny
mél byt 10 baru. To by vytvarelo potencidlni riziko poruseni hor-
niny tlakem vody a dniku vody z ptrivodniho tunelu. Ddle by exi-
stovalo riziko nasyceni okolni horniny vodou, vedouciho
k nebezpeli sesuvu.

Bylo nutno navrhnout technické fesSeni s ndsledujicimi hlavnimi

cili:

e stabilizace a sniZeni propustnosti horniny v zéné oslabeni, aby
se usnadnilo vytvoreni dostate¢ného zajisténi vyrubu a prove-
denf instalace osténi a vodotésné izolace tunelu,

e zajiSténi bezpec¢nych podminek pro razbu a zajistovani vyrubu
tunelu.

5.3 Technické feseni

Jiz dfive byly ¢&inény pokusy o predstihové injektdZe pomoci
mistné vyrdbéného obycejného portlandského cementu, avSak
pronikani do horniny bylo velmi omezené. Pro feSeni obtiZnych
horninovych poméru bylo pfistoupeno k dvoustupriové predstiho-
vé injektdzi dvéma riznymi typy injektdzni smési.

Hlavni ¢4sti injektdZni metody byla injektdZ skrz zainjektované
ocelové trubky o délce 2,5 m. Vrtani bylo velmi silné omezovéano
vysokym stupném rozpukdni a podrceni horniny. Kazda
z ocelovych trubek byla proto pouzita pro opakované vrtani a
injektdz. Prvni krok vrtdni a injektdZe skrz ocelové trubky dosa-
hoval 6 m pred ¢elo vyrubu. Druhy krok dosahoval 8—11 m, treti
a posledni krok dosahoval 13 m pred ¢elo vyrubu.

V prvni etapé se provadéla injektdZ rychletvrdnoucim mikro-
jemnym cementem. Rychlé tvrdnuti tohoto cementu umoZnilo
nepreruseny provoz s vrtdnim, injektdZemi a ndslednym prevrta-
vanim do vetsi hloubky skrz tytéZ ocelové trubky, bez poskozova-
ni vysledku predchazejici injektdze.

Druhd hlavni etapa spocivala v injektdzi koloidnim silikdtem.
Diky jeho extrémné nizké viskozité a velikosti zrn méfené
v nanometrech byly zainjektovdny i ty nejjemnéjsi trhliny a trhli-
ny s vyplni. Dosdhlo se velmi uspokojivého vysledku, co se tykd
sniZeni pritoka vody a zlepSeni vlastnosti horniny.

Druhé etapa byla geometricky rozvrZena tak, aby byla obalena
horninou, kterd byla proinjektovdna predtim v prvni etapé.
Injektaz nizkovisk6zni smési tedy byla provadéna tam, kde se jiz
predtim provedla injektdZ mikrojemnym cementem.

5.4 Zkusenosti z pribéhu injektaze

V prubéhu injektdZe bylo nutné omezovat maximdlni injektdzn{
tlak priblizné na 60 bart. Divodem bylo vtékdni injektdZni malty
zpét do tunelu a vyklouzéavani obturdtora z ocelovych trubek.

Prvni etapa injektdzi rychletvrdnoucim mikrocementem ukdza-
la relativné omezeny prijem injektdZni smési ve vy$i pouhych
100-150 kg na metr vrtu, kdyZ byl dosaZen kone¢ny tlak 60 bara.
Vezmeme-li v dvahu prasaky, ke kterym dochdzelo ve vrtech, dal
by se ofekdvat vySsi prijem smési horninou.

Duvodem relativné nizkého prijmu injektdzni smési byla vypli
trhlin bahnitymi a jilovymi ¢asticemi, které ndsledné omezily pru-
nik injektdzni smési.
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5.2 The challenge

The highly jointed and crushed rock combined with the low
overburden of only 20-25 m (of which only ca 5 m rock) at the
shallowest imposed a critical point in the headrace tunnel. The
maximum water pressure in the tunnel during the operation of the
power plant would be 10 bars. This would create a potential risk
of hydrofracturing and leakages out of the headrace tunnel. There
would also be a risk of charging of water in the surrounding
ground resulting in a danger of landslides.

A technical solution with the following main goals had to be

laid out:

e stabilization and permeability reduction of the ground in the
weak zone to facilitate the establishment of a sufficient rock
support as well as the structural and waterproofing lining of
the tunnel,

e facilitate safe conditions for excavation and immediate sup-
port of the tunnel.

5.3 The technical solution

Previously pre-injections with locally manufactured ordinary
portland cement had been attempted, but with very limited pene-
tration into the ground. In order to address the difficult ground
conditions, a two-stage pre-injection scheme with two different
grout types was undertaken.

The main feature of the injection method was to inject through
grouted steel pipes with a length of 2.5 m. The high degree of join-
ting and crushing of the rock mass severely limited the drilling
operation. Each of the steel pipes was therefore used for repeated
drilling and injection. The first drilling and injection step through
the steel pipes reached 6 m in front of the tunnel face. The second
step reached 8—11 m, and the third and final step reached 13 m in
front of the tunnel face.

The first stage consisted of injection of rapid hardening micro-
fine cement. The rapid hardening of this cement allowed for
a continuous operation with drilling, injections and the subsequ-
ent re-drilling to larger depth through the same steel pipes without
damaging the result of the previously injected volume.

The second main stage was the injection of liquid colloidal sili-
ca. Featuring extremely low viscosity and grain size in the nano-
metric scale, the finest joints as well as joints with fillings were
grouted. A very satisfactory result in terms of water ingress reduc-
tion and ground improvement was achieved.

The second stage was geometrically laid out in a way that it
would be enveloped by the grouted rock mass from the first stage.
In this way the injection of the low viscous grout would entirely
take place where the microfine cement already had been injected,
thus only utilizing the colloidal silica for the fine joints.

5.4 Experiences during injection

During injection it was necessary to limit the maximum injecti-
on pressure to approximately 60 bars. The reasons for this were
occurrence of backflow of grout into the tunnel and sliding of the
packers in the steel pipes.

The first stage injections with rapid hardening microcement
showed a relatively limited grout take of only 100-150 kg per m
drillhole when the termination pressure of 60 bars was reached.
Bearing in mind the seepage which was encountered in the drill-
holes one would expect a higher grout take.

The reason for the relatively low grout take was joint fillings
which consisted of the silt and clay particles, which in turn limi-
ted the penetration of the grout created by filtration.

The first stage injection fan with microcement was always com-
pleted in the full circumference of the tunnel before the seconda-
ry fan was attempted. The reason for this was that the first stage
injection provided penetration of grout into the joints with the lar-
gest apertures.

The second injection stage with an extremely low viscous grout
could therefore be targeted for the finer joints and the joints which
were partially filled with clay and silt. The secondary fan was dril-
led and injected with liquid colloidal silica with a termination
pressure of 25 bars, or approximately 100 kg per m drillhole

length.
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Pfed zahdjenim druhotného véjite
byla vZdy dokondéena prvni etapa véji-
fe injektdZze mikrocementem kolem
celého obvodu tunelu. Davodem bylo
to, ze prvni etapa injektdze zajistila
proniknuti injektdZni smési do trhlin
s nejvetsim otevienim.

Druha etapa injektaZzi injektazni
smési s extrémné nizkou viskozitou
proto mohla byt zaméfena na jemnéj-
§i trhliny a trhliny ¢édste¢né vyplnéné
jilem a bahnem. Druhy véjit byl vrtdn
a injektovdn koloidnim silikdtem
s kone¢nym tlakem 25 barQ pfi pri-
blizné spotrebé 100 kg na metr délky

Pri injektovani koloidnim silikdtem
tlakem nad 25 bard se obvykle ukdza-
ly zndmky poruSeni horniny touto
injektdZi. Kontrola dosaZeného vy-
sledku se provadéla dvéma zpusoby.
Za prvé, ve vrtech se kontrolovala
situace v prusacich vody po obou eta-
pach injektazi. Za druhé, po vyraZeni prvniho kola pocéinaje od
mista injektdZe se pozoroval vysledek na obrysu vyrubu. Timto
zplisobem se doladovala a priibézné upravovala detailni kritéria
pro ukonceni injektdze.

Vysledkem byl doslova suchy a stabilni obrys tunelu.
V prubéhu razby v oslabené z6né nedochdzelo k zddnym nepfi-
méfenym nadvylomim nebo zdvalim.

6. ZAVERY

Proaktivni pristup ukdzal v obou uvedenych pripadech, Ze pred-
stihovd injektdZ problémové horniny pred ¢elem vyrubu vedla
k vytvoreni bezpecnych, ndkladoveé hospoddrnych a predvidatel-
nych podminek pfi vlastni razbé. V pripadé stavby Maneri Bhali
se u¢inky daly pfimo srovndvat se $patnymi podminkami a silny-
mi pritoky vody, které byly pozorovdny v sousednim tunelu, ve
kterém nebyly predstihové injektdZe pouzivdny. PFfimé srovndni
G¢innosti mikrojemnych cementi a koloidniho silikatu
s oby¢ejnym portlandskym cementem bylo také jasné ziejmé.

ZkuSenosti ze stavby Maneri Bhali také ukazuji, Ze proaktivni
pristup k vrtani a injektovdni podle jasné definovaného technolo-
gického postupu a uZivdni materidlt s vhodnymi charakteristika-
mi schopnosti penetrace, nizké viskozity a rychlého tvrdnuti
mohou znaéné zkrdtit dobu stavebnich praci v silné poruSenych a
nestabilnich zéndch (6 mésicu v piipadé obchvatového tunelu
proti 18 mésicim v pfipadé puvodniho tunelu). Nizké ndklady na
predstihovou injektdZ ve srovndni s technologiemi nédsledné injek-
taze jsou také jasné viditelné. Ndklady na matridly na této stavbé
doséhly priblizné 1200 eur/m ve srovndni s podobnymi podmin-
kami na jinych tunelech v Indii, kde se uzivaly ndsledné injektaze
polyuretany s ndklady priblizné 12 000 eur/m a jsou v soucasné
dobé v témér dvouletém zpozdéni.
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Obr. 6 Vpravo: Fotografie porizend na celbé ukazujici injektd? skrz ocelové trubky — v prvni etapé rychletvrd-
vrtu. noucim mikrojemnym cementem. Vlevo: Celba tunelu ve sméru ke konci obtizné zony. Predstihovymi injektdze-

mi se dosdhlo stabilniho a doslova suchého obrysu a éela vyrubu umoZnujiciho bezproblémovou instalaci provi-
zorniho zajisténi vyrubu (Bahadur a kol. 2007)
Fig. 6 To the right: Photo taken at the tunnel face showing injection through steel pipes, first stage, with rapid har-
dening microfine cement. To the left: The tunnel face towards the end of the difficult zone. A stable and literally
dry contour and tunnel face was achieved by the pre-injections, allowing for the installation of the temporary rock
support without difficulty (Bahadur et al., 2007)

Injection beyond a pressure of 25 bars with liquid colloidal sili-
ca usually showed signs of hydrofracturing. The control of the
achieved result was done in two ways. Firstly, the water seepage
situation after the injection of the two stages was controlled in
drillholes. Secondly, the result was observed in the tunnel contour
after the excavation of the first round starting from the injection
location. In this way the detailed criteria for termination of the
injection were fine tuned and continuously adjusted.

The result was a literally dry and stable tunnel contour. No
excessive breakouts of rock or cave-ins occurred during excavati-
on through the weakness zone.

6. CONCLUSIONS

The proactive approach demonstrated in both these mentioned
cases, by pre-injecting the difficult ground ahead of the excavati-
on face resulted in safe, cost-effective an predictable conditions
during the actiual excavation. In the Maneri Bhali case, the effects
could be directly compared to the poor conditions and heavy water
flows observed in the adjacent tunnel where pre-injections were
not used. A direct comparison of the effectiveness of microfine
cements and liquid colloidal silica grout versus ordinary Portland
cement was also clearly evident.

The experiences from Maneri Bhali also show that a proactive
approach to drilling and grouting with a clearly defined method
statement and utilizing materials with the proper penetration, vis-
cosity and rapid hardening characteristics can significantly reduce
the construction time through such highly faulted and unstable
zones (6 months in by-pass tunnel versus 18 months in original
tunnel). The low cost of pre-injection in comparison with post-
injection techniques can also be clearly seen. The cost for materi-
als on this project came to a material cost of approximately Euro
1,200/m versus a similar condition in another tunnel in India where
polyurethane post-injections were utilized at a cost of approxima-
tely Euro 12,000/m and currently almost 2 years behind schedule.
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VODOTESNE OSTENI TUNELU Z KOMPOZITNIHO STRIKANEHO
BETONU S POUZITIM NASTRIKOVE VODOTESNE MEMBRANY
COMPOSITE SPRAYED CONCRETE WATERPROOF TUNNEL LININGS
USING SPRAY APPLIED WATERPROOFING MEMBRANE

KARL GUNNAR HOLTER, MICHAL ZAMECNIK

uvoD

Metoda izolace podzemnich konstrukei proti vodé néstfikem hyd-
roizolaéni polymerové membréany v kombinaci se stifkanym betonem
se vyvijela béhem poslednich 10 let.

Hlavni myslenka této metody je integrovani hydroizolace do trva-
1ého osténi ze stifkaného betonu. Timto zpusobem se vytvoif relativ-
né tenka vodotésnd vrstva, kterd je kompatibilni s trvalym osténim
sloZzenym ze stiikaného betonu a horninovych svorniku.

V tadé situaci, kdy tradi¢ni systémy hydroizolaci Celi specifickym
problémuim nebo omezenim, muZe byt tato metoda cenoveé vyhodnou
alternativou k tradi¢nim metoddm izolovani staveb proti vodeé.

Béhem nékolika uplynulych let se timto systémem dokoncila fada
Uspésnych projekti ve velmi odlisnych podminkédch a za raznych
ndvrhovych poZadavki, ¢imZ se demonstrovala cenovd vyhodnost
a technickd mnohostrannost tohoto systému.

Tato specifickd metoda a technické detaily, o kterych se piSe
v tomto ¢lanku, se tykaji hydroizolani stiikané membrény
Masterseal®345, kterd byla vyvinuta firmou BASF Construction
Chemicals.

POPIS SYSTEMU A TECHNICKE VLASTNOSTI

Toto technické feSeni hydroizolace se sklddd z nepropustné stiika-
né membrany, kterd je aplikovdna mezi vrstvami stfikaného betonu.
Tato membrdna se vdZe na obou svych stranich na stiikany beton
s velkou tahovou pevnosti spojeni. Je dulezité, aby se toto technické
feSeni chépalo jako kompozitni systém, ve kterém zédkladni funk&ni
souldsti tvoif stifkany beton a membréna.

Membrédna sama potrebuje minimdln{ tloustku 2 mm k tomu, aby
byla vodotésnd. Kromé toho je dualeZitd tahovd pevnost spojeni.
Normdlné¢ se dosahuje tahové pevnosti spojeni >1 MPa. Na hladkém
povrchu monolitické betonové konstrukce se pri spravné aplikaci
dosahuje pevnost >2 MPa.

Tato vlastnost vazby ¢ini stykovou plochu mezi membrdnou
a betonem vodot€snou. Nemuze tudiz dojit k pohybu vody po styko-
vé plose membrdny a betonu. Tato vlastnost je velmi duleZitd
z hlediska systému.

Tato vlastnost zdsadné odliSuje vdzanou néstfikovou membranu od
jinych prostiedka hydroizolaci, jako jsou systémy féliové izolace
s drendZni geotextilii, systémy s drendZnim §titem z pdst pénového
PE nebo prefabrikované prvky z lehceného betonu.

Tyto vlastnosti systému vedou k nésledujicim duleZitym technic-
kym vlastnostem kompozitniho osténi slozeného ze stiikaného beto-
nu a hydroizola¢ni stiikané membrany:

— Pripadny otvor nebo vada v membrdné nemusi vést nutné ke
vzniku prasaku, jelikoZ takovd vada se musi kryt s mistem prusa-
ku v betonu.

— Pripadné misto prusaku membrénou se dé fesit presné v misté
vyskytu prusaku, jelikoZ tento bod odpovida prusakovému kanal-
ku v betonu za membranou.

— Kompozitni ostén{ sloZené z membrdny a betonu je mechanicky
souvisld konstrukce, kterd se chova jako monolit. TudiZ se d4 celd
tloustka konstrukce povazovat za ¢ast definitivniho osténi.

OTAZKY TRVANLIVOSTI

Dlouhodobad trvanlivost kompozitniho osténi je néco vice neZ che-
mickd trvanlivost materidlu membrény. Patii sem i pochopeni toho,
ktery z mechanisma poruch se muZe potencidlné vyskytnout
u systému sloZeného ze stifkané membrany a stfikaného betonu.

BACKGROUND

Waterproofing of underground structures with a spray-applied, poly-
mer based membrane in combination with sprayed concrete has been
developed and established as a method over the last ca 10 years.

The main idea behind this method is to integrate the waterproofing
in a permanent sprayed concrete lining. In this way a relatively thin
and waterproof structure is established which is compatible with
a permanent lining based sprayed concrete and rock bolts.

This method can be a cost-effective alternative to the traditional
waterproofing methods in a number of situations, in which the traditi-
onal systems face particular difficulties or limitations.

A number of successful projects under quite different conditions and
design requirements have been completed over the last few years with
this system, demonstrating the cost-effectiveness and technical versa-
tility.

The specific method and technical details which are reported in this
paper refers to the waterproofing system Masterseal®345 which has
been developed by BASF Construction Chemicals.

SYSTEM LAYOUT AND TECHNICAL PROPERTIES

This technical solution for waterproofing consists of an impermeab-
le spray-applied membrane which is embedded between within
a sprayed concrete structure. The membrane bonds to the sprayed
concrete on both sides with a significant tensile bonding strength. It is
essential to understand this technical solution as a composite system,
in which both sprayed concrete and the membrane constitute vital
functional parts.

The membrane itself needs a minimum thickness of 2 mm in order
to be watertight. Additionally the tensile bonding strength on either
side of the membrane is significant. Normally >1 MPa tensile bonding
strength is achieved. On a smooth cast-in-place concrete surface >
2MPa is achieved with correct application.

This bonding property makes the interface between membrane and
concrete impermeable. Hence, no migration of water along the membra-
ne concrete interfaces can occur. This is very important system property.

This property makes a bonded spray-applied membrane fundamen-
tally different from other waterproofing systems like sheet membrane
systems with drainage geotextile or drainage shield systems with PE
foam sheets or light concrete pre-cast elements.

These system features lead to the following important technical pro-
perties of the sprayed concrete — membrane composite liner:

— An eventual hole or imperfection in the membrane does not neces-
sarily lead to a seepage point, since this imperfection must coin-
cide with a seepage point in the concrete.

— An eventual seepage point through the membrane can be resolved
locally exactly where the seepage occurs, since this point corres-
ponds to the seepage channel in the concrete behind the membrane.

— The membrane-concrete composite liner is a mechanically continu-
ous structure and shows a monolithic behaviour. Hence, the entire
thickness of this structure can be considered part of the final lining.

DURABILITY CONSIDERATIONS

Long term durability of a composite liner is more than the chemical
durability of the membrane material. Based on a spray-applied mem-
brane and sprayed concrete involves an understanding of which failu-
re mechanisms which can potentially occur. An intact and complete
sandwich structure is essential to avoid mechanisms which can lead to
failure over time.
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A. Membrdna je vystavena vodeé prostiednictvim spdry nebo kandlku prochdzejici pod-
kladni horninou nebo betonem. Voda se nemuze presouvat po styku povrchu mem-
brdny a betonu ani se nemiZe §iit skrz ti¢cinny material membrdny. Membrdna je
vystavena vodé pouze v bodech nebo v tenkych liniich tam, kde se prusaky protnou
s membrdnou.

B. Potencidlni situace s oddélenim vrstvy od strikaného betonu na vnitini strané mem-
brdny. Tlak vody vede k tahovym napétim na styku membrdny s podkladem. Muze

A. The membrane is exposed to water through a joint or channel through the substra-
te rock or concrete. The water cannot migrate along the membrane-concrete inter-
face, nor propagate through the actual membrane material. The membrane is only
exposed to water in points or thin lines where the seepage feature intersects the
membrane,

B. Potential situation with delamination without sprayed concrete on the inside of the
membrane. The water pressure results in tenstle stresses at the membrane-substra-

nastat §ireni mechanismu oddélovani jednotlivych vrstev. te mterface A propagating mechanism can occur.

C. Uplnd kompozitni konstrukce se stnkanym betonem na obou strandch brdny. C.Comp composite structure with sprayed concrete on both sides of the membra-
Mechanicky souvisld konstrukce brdni §ifeni mechanismu oddélovini jednotlivych ne. The mechanically continuous structure prevents any propagating delami
vrstev. mechanism.

Obr. 1 Vlastnosti systému pro kompozitni osténi ze stiikaného betonu s hydroizolaéni stiikanou membrdnou. Tahovd pevnost spojeni a mechanické chovdni
monolitického betonu jsou hlavni vlastnosti diileZité pro toto technické reSeni
Fig. 1 System properties for composite sprayed concrete liner with spray applied waterproofing membrane. Tensile bonding strength and monolithic mechanical

behavior are key properties of this technical solution

Moo

Neporusend a tplna sendvi¢ova konstrukee je to nejdulezitéjsi pro to,
aby nedoslo k mechanismu, ktery muze vést po Case k poruse.
Takovym mechanismem by mohlo byt oddéleni membrany od pod-
kladu nebo externi mechanické poskozeni. Na obr. 2 je videt, jak
kompozitni konstrukce zachovdvd dlouhodobou trvanlivost.

OTAZKY NAVRHU - ZAKLADNI PRINCIPY

Kompozitn{ osténi ze stiikaného betonu s hydroizola¢ni strikanou
membrdnou se muZe v podstaté navrhovat pro dvé hlavni kategorie
konstrukei:

* Komplexné odvodnénd konstrukce tunelu, u které je izolovana
proti vodé€ pouze ¢ast tunelového profilu (jako jsou stény a strop).
Voda muze prosakovat do tunelu (napi. dnem, spodni &dsti stén
nebo systematicky osazenymi drendZnimi pésy), je tudiz zabrdné-
no celkovému narustu statického tlaku spodni vody.

e Komplexné neodvodnénd konstrukce tunelu, u které systém hyd-
roizolace pokryva cely obvod tunelu v¢etné jeho dna. Do tunelu
nemtze prosakovat 74dna voda. Casem bude konstrukce vystave-
na plnému statickému tlaku podzemni vody.

Obr. 2 Zdkladni schéma ukazujici priklad situace komplexné odvodnéného
tunelu (svisly rez). Podzemni vodé je umozZnéno prosakovat do tunelu sténa-
mi a dnem (v pfimérené malych mnoZstvich). Horninovy masiv v okoli tune-
lu tudi¥ bude odvodnény, a tim se zabrdni rustu hydrostatického tlaku.
Priklad ndvrhu podmorského silniéniho tunelu realizovaného firmou
Nordoytunnilin na Faerskych ostrovech (Lamhauge a kol., 2007)

Fig. 2 Principal sketch showing an example of a globally drained waterproo-
fing situation (vertical section). The ground water is allowed to seep into the
tunnel (in reasonably small amounts) through the walls and the invert.
Hence, the rock mass will be drained around the tunnel, and a build-up of
water pressure is avoided. Design example realized at Nordoytunnilin, F aroe
Islands (Lamhauge et al., 2007)

Such mechanisms could be delamination of the membrane from the
substrate or external mechanical damage. Figure 2 shows how the
composite structure maintains long term durability.

DESIGN ISSUES - BASIC PRINCIPLES

Composite liner with spray-applied waterproofing membrane and
sprayed concrete can basically be designed in two main categories of
structures:

* Globally drained tunnel structure, in which only a part of the tun-
nel profile is waterproofed (like the walls and crown) Water can
seep into the tunnel (e.g. through the invert, lower part of walls, or
through systematically installed drainage stripes) hence, avoid
a global static groundwater pressure build-up.

* Globally undrained tunnel structure, in which the waterproofing
system covers the entire tunnel perimeter, including the invert. No
water can seep into the tunnel. Over time the structure will be
exposed to full static groundwater pressure.

These two main categories of design layout are shown in figures 2

and 3 below. When designing a globally drained tunnel structure it is
necessary to make a consideration of the drainage effect of the jointing

Obr. 3 Zdkladni schéma (svisly Fez) ukazujici izolaci proti vodé u komplexné
neodvodnéné konstrukce tunelu. Hydroizolace obaluje cely obvod tunelu.
Vnitini betonové osténi musi byt navrZeno na plny staticky tlak spodni vody
Fig. 3 Principal sketch (vertical section) showing the waterproofing of a tun-
nel as a globally undrained structure. The waterproofing encompasses the
entire tunnel perimeter. The inner concrete lining needs to be designed for
the full static groundwater pressure
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Obr. 4 Tunel Viret na trase M2 metra v Lausanne - kriticky pri¢ny rez (Holter, Tappy, 2008)
Fig. 4 Tunnel Viret, Lausanne Metro M2. Critical cross section (Holter, Tappy, 2008)

Tyto dvé hlavni kategorie moZnosti ndvrhu jsou zndzornény na
obr. 2 a 3. Kdyz se navrhuje konstrukce komplexné odvodnéného
tunelu, je nutné vzit v dvahu drendZni Gcinek rozpukdni horninového
masivu. K dosazeni potfebného drendzniho efektu mohou byt
nezbytné zvlastni drendzni pasy uloZené na podkladu.

ZKUSENOSTI ZE STAVBY TUNELU VIRET NA TRASE METRA
M2 V LAUSANNE VE SVYCARSKU

Tunel Viret je soucdst nové trasy 2 metra. Prochdzi pod historic-
kym centrem mésta. Uzemi nad tunelem je obzvldsté citlivé kvili
katedrdle a zemindm nasycenym spodni vodou. Nejkriti¢téjsi cast
tohoto tunelu (dlouhd 275 m) je umisténa mélce pod povrchem.
Tunel se nachazi v molase se skalnim nadlozim od 2,5 metru do 10
metra. NadloZni kvartérni sedimenty se sklddaji z nasycenych piska,
$térk a morény (obr. 4 ).

V pripadé vtékani vody do tunelu by pod katedrdlou doslo k sedani
vétSimu nez tfi centimetry. To by bylo jisté nepfijatelné. Proto bylo
pro tunel Viret navrZzeno vodotésné osténi pokryvajici cely obvod
tunelu.

of the rock mass. Extra drainage stripes installed on the substrate can
be necessary to achieve the necessary drainage effect.

EXPERIENCES FROM THE CONSTRUCTION OF THE VIRET
TUNNEL, LAUSANNE METRO M2, SWITZERLAND

The Viret tunnel is part of the new Metro Line 2 and passes under
the historic centre of the city. The area over the tunnel is particularly
sensitive with the cathedral and groundwater saturated soils. The most
critical part of this tunnel (275 m length) has a very shallow location.
The tunnel is located in molasse, with rock cover ranging from a 2.5
meters to 10 metres. The overlying quaternary sediments consist of
water saturated sands, gravels and moraine. (Figure 4 above).

In case of flow of water in the tunnel, settlements of more than
three centimetres would have appeared under the cathedral. This
would obviously have been unacceptable. Thus the design of the tun-
nel Viret includes a waterproof lining which covers the entire tunnel
perimeter.

The initial design included a double sheet of polyolefin of 3 mm
thickness and an inner lining with cast-in-place concrete (figure 5
upper part). Difficulties had been encountered on other projects with
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Obr. 5 Pii¢né fezy betonovymi osténimi — piivodni ndvrh a revidovany inovaéni ndvrh. Horni &dst: pﬁvodm’ ndvrh s polyolefinovou folii a vnitinim monolitickym betonovym
osténim. Dolni édst: realizovany ndvrh s kompozitnim osténim ze stiikaného betonu s hydroizolaéni stfikanou membrdnou Masterseal 345 (Holter, Tappy, 2008)

Fig. 5 Cross sections of concrete linings, original design and revised innovative design. Upper part. Original design with polyolefin sheet membrane and inner lining with
cast-in-place concrete lining. Lower part: Realized design with composite sprayed concrete liner with spray applied waterproofing membrane Masterseal 345 (Holter, Tappy, 2008)
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this system, so neither owner nor designer was com-
pletely confident with this traditional waterproofing
system.

For this reason the alternative design (figure 5 lower
part) with a composite sprayed concrete liner with
spray applied waterproofing membrane Masterseal 345
was developed in this case. This system had previous-
ly been successfully used in an undrained situation in
an emergency escape tunnel in Switzerland [Meier et
al. 2005].

The great advantage of this system relates to the fact
that no seepage is possible between the membrane and

Obr. 6 Tunel Viret, trasa M2 metra v Lausanne. Vpravo: Situace v pribéhu stavby s hydroizo-  its support, since there is a complete bonding between
laéni stitkanou membrdnou provedenou po celém obvodu tunelu véetné dna, tésné pied zahdje-  the sprayed membrane and the concrete.

nim praci na konstrukci ve dné. Vlevo: Dokonéeny tunel s definitivnim kompozitnim vodotésnym The construction of the tunnel was finished prior to
osténim ze stiikaného betonu na sténdch a v klenbé a s monolitickym Zelezobetonovym dnem  schedule and with a significant cost savings. Main
(Holter, Tappy, 2008) experienced data are given in the summary at the end

Fig. 6 Tunnel Viret, Lausanne Metro M2. Right: Situation during construction with  of the paper.
Masterseal®345 sprayable waterproofing membrane applied in the entire tunnel perimeter, inclu-
ding the invert, just before the commencement of the works with the structure in the invert. Left:  EXPERIENCES FROM THE REHABILITATION

Finished tunnel with final sprayed concrete composite waterproof liner in the walls and crown, OF THE CHEKKA ROAD TUNNEL. LEBANON
and reinforced cast-in-place concrete in the invert (Holter, Tappy, 2008) ) ) ' ]
The Chekka tunnel is a twin tube road tunnel in nort-

Potite¢ni ndvrh se skladal z 3 mm silné dvojité polyolefinové folie | hern Lebanon constructed in 1977. The two tubes are 360 and 390 m
a vnitfniho monolitického betonového osténi (horni ¢dst na obr. 5). long and consist of a final lining Wlth_ cast in-situ concrete .WlthOUt
Na jinych stavbéch se u tohoto systému objevily problémy, takZe ani waterpr.oofmg membrane. The total thickness of the old lining was
investor ani projektant neméli v tento tradi¢ni systém izolace proti approximately 90 cm. Both tubes have three le.mes.. .
vodé plnou diivéru. Traces of water ingress along the construction joints and structural

cracks in the concrete can be observed. The two tunnel tubes had to be
refurbished for several reasons. The main issue was the water ingress
along construction joints and structural cracks in the concrete lining,
well as structural repair since deformations leading to cracks had

Z toho duvodu byl v tomto pifpadé vyvinut alternativni ndvrh
(dolni ¢dst na obr. 5) s kompozitnim osténim ze stifkaného betonu
s hydroizolaéni stiikanou membranou Masterseal 345. Tento systém
byl predtim dspésné pouzit v situaci neodvodnéného tinikového tune-

lu ve Svycarsku [Meier a kol. 2005]. occurred in the portal areas.
Velké vyhoda tohoto systému spoc¢iva v tom, Ze mezi membranou Technical solution
a jejim podkladem neni moZny Zddny prisak, protoZe mezi membra- The original design called for a completely new concrete structure
nou a betonem existuje dokonald vazba. to be constructed inside the existing one, without removing the exis-
Stavba tunelu byla dokon¢ena pied terminem a s velkymi dspora- ting structure. This new tunnel lining would consist of steel-reinfor-
mi nékladl. Hlavni data o vystavbé jsou uvedena v prehledu na konci ced cast in-situ concrete with a waterproofing sheet membrane and
tohoto ¢ldnku. drainage geotextile. The total thickness of this structure would have
been 25 cm. This would impose a significant reduction of the width of
ZKUSENOSTI ZE SANACI SILNICNIHO TUNELU CHEKKA the tunnel, since a structural base for the concrete lining at the invert
V LIBANONU also had to be included.

The contractor was aware of several recent successful application of
the spray applied double bonded waterproofing membrane, which in
combination with sprayed concrete constitutes a composite waterpro-
of sprayed concrete lining. In refurbishment situations it is possible to
achieve durable high-performance linings with significantly lower
thicknesses than the traditional solution by using this alternative sys-
tem.

Two basically different options were available when planning
a technical solution with sprayable membrane in combination with
sprayed concrete: globally drained or globally undrained. Both these
two design options had been realized on several recent projects and
could offer cost-effective technical solutions for the Chekka Tunnel as

Tunel Chekka je dvoutrubni silni¢ni tunel v severnim Libanonu,
ktery byl vybudovany v roce 1977. Tunelové trouby jsou 360 m
a 390 m dlouhé a maji definitivn{ ostén{ ze Zelezobetonu bez izolac-
ni f6lie. Celkovd tloustka starého osténi byla cca 90 cm. V obou trou-
béch jsou tfi dopravni pruhy.

Jsou vidét stopy prusaku vody v dilatalnich spardch a konstrukéni
trhliny v betonu. Obé tunelové trouby musely byt sanovany
z nékolika davoda. Hlavni problém spo&ival v pritocich vody dilatac-
nimi sparami a konstrukénimi trhlinami v betonovém osténi a také
v potiebé opravy konstrukce, jelikoZ se v portdlovych oblastech
vyskytly deformace vedouci k vzniku trhlin.

Technické FeSeni well.

Puvodni ndvrh vyZzadoval kompletné novou betonovou konstrukci, The decisive design parameters for the rehabilitation of the tunnels
kterd by byla zfizena uvnitf té soucasné, bez vybourdvani stavajici were the following:
konstrukce. Toto nové tunelové osténi by se sklddalo * Groundwater level lower than the tunnel level, with percolating
z monolitického Zelezobetonu s izolaci proti vodé slozenou z félie water through the ground in periods with high precipitation.

a drendzni geotextilie. Celkovd tloustka této kon-
strukce by byla 25 cm. Vzhledem k tomu, Ze by bylo
nutné vybudovat i nosny zédklad pro betonové osténi
ve dné tunelu, vedlo by toto feSen{ k znaénému zmen-
Sen{ §itky tunelu. Dodavatel védél o nékolika pred-
chozich tspésnych aplikacich néstfikové dvojné véza-
né hydroizolaéni membrdny, kterd v kombinaci se
stifkanym betonem vytvaii kompozitni vodotésné
ostén{ ze stifkaného betonu. Pfi sanacich timto alter-
nativnim systémem je mozné ziskat trvanlivd, vysoce
uéinnd osténi s podstatné menSimi tlouStkami nez
u tradi¢nich feSeni.
Pii pfiprave technického feSeni pomoci hydroizo- ' k|

lagni stifkané membrany v kombinaci se stitkanym  gpy. 7 Tunel Chekka pred provedenim sanaci (Makhlouf, Holter, 2008)
betonem se nabizely dv€ v zdsadé odliSné moZnosti:  f ig. 7 The Chekka tunnel before refurbishment (Makhlouf, Holter, 2008)
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s komplexnim odvodnénim a bez komplexniho odvodnéni. Obé tyto e The tunnel structure should be globally drained.

moznosti feSeni jiz byly predtim pouzity na nékolika minulych stav- * The concrete existing concrete structure was mainly in good con-
béach a byly schopné poskytnout cenové vyhodnd technickd feseni dition. Defects were located to construction joints, structural crac-
i pro tunel Chekka. king in some areas, and local surface deterioration of the concrete.

Rozhodujici parametry pro ndvrh sanace tunelovych trub byly * Possibility to utilize the old concrete lining as a structurally bea-
tyto: ring lining by repairing the defects.

* Hladina podzemni vody pod trovni tunelu, prasaky vody horni- * The desire to retain as large as possible free width of the interior

nou v obdobich velkych srazek. of the tunnel.

* Konstrukce tunelu by méla byt komplexné odvodnéna. The contractor proposed an alternative technical solution with the

e Stdvajici betonovd konstrukce byla prevdzné v dobrém stavu. following main elements:

Vady se nachdzely v dilatanich spdrdch, v nékterych oblastech * Repair of the structural cracks in the existing concrete structure
existovaly konstrukéni trhliny a povrch betonu byl mistné degra- with injections with a resin with high mechanical strength.
dovany. * Repair of the construction joints with a tailored dilatation solution

* MoZznost pouziti starého betonového osténi po oprave vad jako including a joint seal, sprayed waterproofing membrane and spray-

nosného osténi. ed concrete.

* Pfdni zachovat co nejvetsi volnou §ifku vnitiku tunelu. e Ultra high pressure surface cleaning of the existing concrete struc-

Dodavatel navrhl alternativni technické feSeni s ndsledujicimi ture, removing all hardened dust, loose particles, soot as well as
hlavnimi prvky: deteriorated concrete.

e Oprava konstruk¢nich trhlin ve stdvajici betonové konstrukci * Application of a double bonded spray applied waterproofing mem-

injektovanim pryskyfice o vysoké mechanické pevnosti. brane with minimum thickness 2mm.

* Oprava dilata¢nich spar pomoci na miru navrzZeného fesenf dila- * Application of the inner lining with fibre-reinforced sprayed conc-

tace vyuzivajiciho tésnéni spdr, hydroizola¢ni stfikané membra- rete with minimum thickness 4 cm.

ny a stfikaného betonu. * Application of a suitable esthetic finish on the interior surface of
e Extrémné vysokotlaké ¢isténi povrchu stdvajici betonové kon- the tunnel.

strukce, odstranén{ vSeho ztvrdlého prachu, volnych ¢dstic, sazi With the alternative technical solution a significant time savings

a degradovaného betonu. could be realized, the tunnel could be left larger than originally desig-

* Proveden{ dvojné vazané hydroizola¢n{ stifkané membrany o mi- ned retaining all three traffic lanes, without increasing the budget.

nimdlni tloustce 2 mm. A slight reduction of the construction costs was expected.

* Provedeni vnitfniho osténi ze stfikaného vldknobetonu o mi- Details of the original (A) and the alternative (B) design are shown

nimdlni tloustce 4 cm. in figures 8 and 9.

* Provedeni vhodné estetické dpravy vnitfniho povrchu tunelu. The waterproofing membrane adheres to the substrate as well as the

Pii pouziti alternativniho feSeni bylo moZno dosdhnout velkych inner sprayed concrete lining with a tensile bonding strength of ca 1.2
Casovych dspor, tunel se mohl ponechat vétsi neZ v pripadé puvodni- MPa. Water cannot migrate along either of the interfaces between the
ho ndvrhu, a v8echny tfi dopravni pruhy by byly zachovany bez zvy- membrane and concrete. Hence, this waterproofing represents an und-
Seni rozpo&tu. OCekdvalo se malé sniZeni stavebnich nakladi. rained surface sealing. The global drainage of the structure, when

Detaily puvodniho ndvrhu (A) a alternativniho ndvrhu (B) jsou required during periods of precipitation, would take place behind the
vidét na obr. 8 a 9. construction joints as well as the invert.

Izolaéni membréna pfilne k podkladu i k vnitinimu osténf ze stfi- The layout of the construction joints represented an important detail.
kaného betonu s tahovou pevnosti vazby cca 1,2 MPa. Voda nemuze Since the alternative technical solution featured double bonded vital
proudit ani po jedné ze sty¢nych ploch mezi membranou a betonem. parts of the system, a mechanically continuous structure was the result.
Toto feSeni hydroizolace tedy predstavuje typ pro tésnéni neodvod- The construction joints were exposed to a longitudinal thermal defor-
néného povrchu. Komplexni odvodnén{ konstrukce, které je potieb- mation (opening and closing) of approximately 5 mm over the year.
né v obdobi zvySenych srdzek, by se provedlo pouze za dilataénimi The construction joints occurred every 10 linear tunnel meter. Hence,
spdrami a ve dné. a dilatation detail needed to be included in the design to secure a long

Uspordddni dilatatnich spdr predstavovalo duleZity detail. term waterproof situation at the construction joints.

JelikoZ alternativni technické feSeni poskytlo dvojné vdzané hlavni
casti systému, vysledkem byla mechanicky souvisld konstrukce.
B
A
1 Hornina, slabé bFit}IIiéngty vapenec 1 Hornina, slabé bFi(.iIiéngty véapenec
Ground, weak schisty limestone Ground, weak schisty limestone
2 Stévajl'ci stara betonova konstrukce 2 Stév§jici stard betonova konstrukce
Existing old concrete structure Existing old concrete structure
3 Félie a drendzni geotextili_e - 3 Dvojné véz_ané néstfikova vodoizolacni m_embréna
Sheet membrane and drainage geotextilie Spray-applied double bonded waterproofing
membrane, 2 mm thickness
4 Monolitické betonové osténi s prutovou o o
wyztuzi, 1. 25 cm ) 4 Stfikany beton vyztuZeny viakny, tl 4 om
Cast-in-place concrete lining with streelbar Sprayed concrete with fibre reinforcement,
reinforcement, thickness 25 cm thickness 4 cm
Obr. 9 Alternativni ndvrh B — detail pri¢ného rezu. Hydroizolace sloZend
z dvojné vdzané hydroizolacni stiikané membrdny a definitivniho osténi ze
Obr. 8 Pivodni ndvrh A — detail piicného fezu. Hydroizolace tvorend folii stiikaného vldknobetonu. Pivodni betonové osténi je opraveno injektdzemi
a drendZni geotextilii, definitivni osténi 25 c¢m silné, z monolitického Zelezo- konstrukénich trhlin (Makhlouf, Holter, 2008)
betonu (Makhlouf, Holter, 2008) Fig. 9 Alternative design B, cross section detail. Waterproofing with double
Fig. 8 Original design A, cross section detail. Waterproofing with sheet mem- bonded spray-applied membrane and final lining with fibre reinforced
brane and drainage geotextile and final lining with reinforced cast in-situ sprayed concrete. Original concrete lining is repaired with structural crack
concrete with 25 cm thickness (Makhlouf, Holter, 2008) injection (Makhlouf, Holter, 2008)




Obr. 10 Poéitacem Fizené robotizované nandSeni hydroizolaéni stiikané membrdny o tloustte T
2-3 mm (vlevo) a stFikaného vidknobetonu o presné tloustte 4 cm (vpravo). Hlavni &iselné iidaje zed spray-application of the membrane as well as the

z provddéni sanaénich praci jsou shrnuty niZe v tabulce 1 (Makhlouf, Holter, 2008)

Fig. 10 Computerized robotic application of sprayable waterproofing membrane with thickness
2-3 mm (left), and fibre reinforced sprayed concrete with precise thickness 4 cm (right). The
main figures of the execution of the rehabilitation works are summarized at table 1 bellow

(Makhlouf, Holter, 2008)

V dilata¢nich sparach dochézelo v prubéhu roku k podélnym tepel-
nym deformacim (otevirdni a zavirdni) priblizné 5 mm. Dilataéni
spary byly zfizovany po vzddlenostech 10 béZznych metrt tunelu.
Aby se zajistila dlouhodobd vodotésnost dilatacnich spdr, musel byt
detail dilatace zahrnut do ndvrhu.

Pouziti systému

Pro vytvoreni hydroizolaéni membrdny byl na této stavbé pouZit
systém Masterseal®345 dodany firmou BASF. Jednd se o cementovy
produkt na bdzi polymert, ktery byl dodédn v praskové podobé.
Aplikuje se metodou stifkdn{ suché smési pomoci stiikaci soupravy
na suchy beton. Na stroji se provedly drobné dpravy, aby se dosdhlo
konstantniho nizkého vykonu (vystupu) a presného davkovani vody,
coz zarucilo provedeni membrany s trvalou tloustkou 2-3 mm.

Pravidelnost povrchu betonového ostén{ v tomto pifpadé umoznila
pocitatem Fizené strojni stifkdni membrdny i betonu. ZkuSenosti
s touto metodou nandSeni byly ziskdny rok predtim na stavbé pod-
motského tunelu Nordrdy, kde se izolaci proti vodé opatfovalo pri-
blizné 18 000 m? povrchu tunelu (Lamhauge a kol. 2007). Stifkac{
zatizen{ vybrané pro tuto stavbu bylo MEYCO® POTENZA LOGICA
dodané firmou Meyco Equipment ve Svycarsku.

Pro aplikaci ndstfikové vodotésné membrany bylo pouZito nejmo-
dernéj§i robotické zafizeni. Toto zafizeni bylo puvodné navrzeno
jako robot na stiikdni betonu s velmi presnou tloustkou vrstvy.
Vlastnosti tohoto zafizeni, obzvl4steé sniméani (skenovéni) podkladu
a moznost dosdhnout konstantni rychlost pohybu konce strikacf trys-
Ky, z néj délaji zafizeni vhodné i pro robotické nandSeni hydroizo-
la¢n{ stfikané membrdny.

Pfi sniméni podkladu se digitdln¢ zaznamendvd detailn{ tvar povr-
chu laserovym skenerem. Skener je umistén na samém prednim
konci stifkaci trysky. Obsluha nejprve ur¢i dhly definujici plochu na
obvodu tunelu, kterd se ma skenovat. Skener pak zaznamend povrch
plochy v siti boda s pfedem uréenou hustotou. V daném pripadé se
pouZila hustota ¢tvercové sité 20 cm. Soubor obsahujici skenovanou
plochu pak byl pouzit pro roboticky ndstrik dané plochy.

Po naskenovdni musel stroj zistat v nezménéné poloze, dokud
nebylo zautomatizované stiikdni na dané ploSe dokonceno. Strikdni
membrany robotem se provadélo v oblasti, kterd byla v predstihu
bezprostiedne skenovana. Pfi danych rozmérech tunelu bylo mozné

Tab. 1 Hlavni ziskané casové iidaje ze sanace tunelu Chekka (Makhlouf,
Holter, 2008)

Zalezitost Vysledek, zkuSenost
DEIKa tunell . ..ottt 360 a 390 m
Celkova plocha povrchu k sanovani ....................... 18 000 m?

Rychlost nandseni izolacni membrany
(prumérnd, maximalni) ............... ... ... 150 m?/h, 180 m*h
Rychlost nandsen strikaného betonu

(tl. 4 cm; primérnd, maximalnf) .................... 80 m*h, 110 m*h
Trvani nandSeni izolaéni membrany ................ 12 pracovnich dnt
Trvani nanaseni stitkaného betonu . . ................ 22 pracovnich dna
I pracovniden ............. .. ..., 10hodinova sména
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Application of the system

The waterproofing membrane employed on this
project was the Masterseal®345 system supplied by
BASF. This is a polymer-based cementitious product
which is delivered as a powder. The application takes
place with the dry-mix spraying method, using a dry
concrete spraying machine. Minor modi-fications
were made to this machine in order to give a constant
low output and a precise dosage of water, so that
a consistent membrane thickness of 2-3 mm could be
achieved.

The regularity of the surface of the concrete lining
in this case allowed for a mechanized and computeri-

concrete. Experiences with this application method
had been gained one year earlier at the Nordoy sub-
sea tunnel project, in which approximately 18 000 m2
of tunnel surface had been waterproofed (Lamhauge et
al. 2007). The spraying system which was selected for
this project was the MEYCO® POTENZA LOGICA,
supplied by Meyco Equipment in Switzerland.

The spray-application of the waterproofing membrane utilized
a state-of-the-art robotic machine. This machine was originally
designed for the robotic application of sprayed concrete with a very
precise layer thickness. The features of this machine, in particular
the scanning of the substrate and the possibility to achieve
a constant speed of the spraying lance, made it suited for the robo-
tic application of the waterproofing membrane.

Scanning of the surface takes place with a digital recording with
a laser scanner of the detailed surface geometry. The scanner is loca-
ted at the very front of the spraying lance. The operator defines the
angles of a square area on the tunnel contour to be scanned. The
scanner then records the surface with a pre-defined grid density. In
this case one used a 20 cm square grid density. The file with the
scanned area was then in turn used for the robotic spraying of the
area.

The machine had to remain in the exact same location after the
scanning had taken place until the robotic application of the mem-
brane was completed in this area. The robotic spraying of the mem-
brane took place in the area which was scanned immediately in
advance. In the given tunnel dimensions, it was possible to spray
sections of 4.2 m tunnel length in the entire tunnel contour.

The robotic part of the spraying was the movement of the lance
and nozzle. Feeding of air, water and the speed of the pump had to
be adjusted manually. The constant speed of movement and the con-
stant nozzle movement and distance made it possible for any given
point in the scanned area to receive the exact same amount of mem-
brane. These machine parameters had to be defined in advance. This
was done in an initial exercise in order to optimize the mechanized
part of the application.

With this application method very satisfactory production data
were achieved. The main construction time data is shown in table 1
below.

When starting spraying on each shift, one only had to fine-tune
the air, amount of water (in order to achieve to correct mixture ratio)
and the speed of the dry spraying pump. When the crew had gained
good experience with the equipment, very satisfactory application
capacities of 1500-1800 m? per shift were realized.

Table 1 Main experienced construction time data for the rehabilitation of the
Chekka tunnel (Makhlouf, Holter, 2008)

Issue Result, experience
Length of tunnels..........ccccoovieiniiiiiiiniiiiiccecceeeceees 360 and 390 m
Total surface area to be refurbished............cccoooiniiiiiniinininns 18 000 m>
Application capacity waterproofing membrane

(AVErage, MaXimUIM) ..........coveevrrerersersesersessssnsessesensesensns 150 m?*h, 180 m*h
Application capacity sprayed concrete

(4cm thickness; average, MaxXimum) ...........cocovveeverevneerenne 80 m*h, 110 m*h

Duration of application of waterproofing membrane............ 12 working days
Duration of application of sprayed concrete ......... .. 22 working days
1 WOTKING day ....oveeiiiiiiiiiecieietee e 10 hours’ shift
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provést ndstrik na 4,2 m dlouhém udseku tunelu po
celém obrysu tunelu.

Robotizovand ¢ast stifkdni zahrnovala pohyb rame-
ne a trysky. Dodédvédni vzduchu, vody a rychlost Cer-
padla se musely upravovat ru¢né. Konstantni rychlost
pohybu a konstantn{ rychlost pohybu trysky umoZzno-
valy, aby v kterémkoli bodé€ uvnitf skenované oblasti
bylo nandSelo stejné mnozstvi materidlu membrany.
Tyto parametry stroje se musely urlit predem. To se
provedlo pfi prvnim pouziti, aby se optimalizovala
strojni ¢ast aplikace.

Touto aplika¢ni metodou se dosahovaly velmi
uspokojivé vysledky. Hlavni ¢asové tidaje o provadé-
ni konstrukce jsou uvedeny v tabulce 1.

Pii zahajovan{ stiikdni v kazdé sméné bylo pouze
nutné nastavit presné mnozstvi vzduchu, vody (aby
se dosdhlo spravného poméru miseni) a rychlost Cer-
padla na suchou smés. Kdyz jiZz posddka ziskala
dostate¢nou zkuSenost s timto zafizenim, dafilo se
dosahovat velmi uspokojivych vykonu nandseni, 1500-1800 m?2 za
sménu.

Vysledny povrch tunelu po aplikaci stiikaného betonu byl Sedy
s nerovnostmi v fddu 4-6 mm. ZvaZovalo se nékolik moZnosti
kone¢né povrchové tpravy véetné ndstfiku jemnozrnné kryci vrstvy.

HLAVNI ZKUSENOSTI

V obou uvedenych piipadech prineslo pouZziti moderniho stiikané-
ho betonu v kombinaci s hydroizola¢ni stiifkanou membréanou pro-
jektovym feSenim fadu vyhod. Hlavn{ zkuSenosti z pouZiti hydroizo-
laéni stfikané membrdany v kombinaci se stfikanym betonem
z pohledu technického vykonu, potfeby Casu a stavebnich ndkladu
jsou shrnuty v tabulce 2.

Tab. 2 Prehled zkuSenosti z uvedenych staveb s hydroizolaéni stiitkanou
membrdnou Masterseal 345

Stavba Doba provadéni Stavebni naklady Technické a jiné

Obr. 11 Vlevo: Povrch tunelu po aplikaci vnitiniho osténi ze strikaného vidknobetonu. Vpravo:

Povrch tunelu s koneénou povrchovou tvpravou hlazenou omitkou v klenbé a obklady na
sténdch (Makhlouf, Holter, 2008)

Fig. 11 Left: Tunnel surface after the application of the inner lining of fibre reinforced spray-
ed concrete. Right: Tunnel surface after the application of the floated mortar in the crown and
tiles in the walls to obtain final finish (Makhlouf, Holter, 2008)

The resulting surface of the tunnel after the application of the spray-
ed concrete was a grey surface with roughness irregularities in the
order of 4—6mm. Several final finish options were considered, inclu-
ding the spray application of a fine grained screen.

MAIN EXPERIENCES

In both these cases the use of modern sprayed concrete in combina-
tion with spray applied waterproofing membrane facilitated design
solutions with a number of advantages.

The main experiences with the use of sprayed waterproofing mem-
brane in combination with sprayed concrete with regards to technical
performance, construction time and construction cost are summarized
in table 2 below.

Table 2 Summary of the experiences from the mentioned project with spray
applied waterproofing membrane Masterseal 345
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Zadné snizovani
hladiny spodn{
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Sanace silniéntho O 6 tydnu krat3{ Nepodstatne Kratsi doba

tunelu Chekka doba provédent levnéjsi ruSeni provozu

(Libanon) (z planovanych na délnici.

74dné zmenseni
vnitini $itky
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4 mésicu pii
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VYZNAM VODOROVNEHO KOTVENI CELBY PRO ZLEPSENI
DEFORMACNICH VLASTNOSTI RAZBOU OVLIVNENEHO
HORNINOVEHO MASIVU A SNIZENI ZATIZENI OSTENI
IMPORTANCE OF HORIZONTAL ANCHORING OF EXCAVATION FACE
FOR IMPROVEMENT OF DEFORMATIONAL PROPERTIES OF
EXCAVATION AFFECTED ROCK MASS AND
TUNNEL LINING LOAD REDUCTION

2. CAST / PART 2

EVA HRUBESOVA, JOSEF ALDORF, TOMAS EBERMANN, VACLAV VESELY

5. NUMERICKE MODELOVANI VYZNAMU VODOROVNYCH
KOTEV

Na VSB v Ostravé, FAST, katedfe geotechniky a podzemniho sta-
vitelstvi, bylo provedeno numerické modelovdni souvislosti intenzi-
ty vodorovného vyztuzeni Celby kotvami a jeho vlivu na napéto-
deformaéni zmény horninového masivu jak pred Celbou, tak kolem
tunelové trouby. Prvni dosaZzené vysledky jsou ndsledujici:

Uvedeni do numerického modelovani

Deformacni odezva horninového prostredi na razbu, zatiZeni osté-
ni a stabilita tunelu zdvisi na mnoha objektivnich i subjektivnich fak-
torech. Proto se Casto fe$i pouze za predpokladu rovinného napéto-
-deformacniho stavu. Tento zjednoduSujici predpoklad je prijatelny
pouze v pripadé, kdy je feSena stabilita tunelu v dostate¢né vzdéle-
nosti za jeho Celbou. Na &elbé tunelu a v jejim predpoli se v dusledku
odlehéeni horninového prostredi po realizaci vyrubu méni obecné
primdrni stav rovinné deformace ve sloZity prostorovy napeto-defor-
matni stav. Celba a jeji predpoli se miize deformovat jak ve sméru
pricné, tak i podélné osy tunelu. Bez prijeti odpovidajicich stabili-
zalnich opatfeni — nad rdmec rovinného feSeni — na Celbé muze tato
kvalitativni zména stavu napjatosti a pretvareni vést predevsim
v malo pevnych hornindch a zemindch ke ztrdté stability Celby, pfi-
padné i ke ztraté stability celého prilehlého tseku tunelu se vSemi
negativnimi dusledky jak v podzemi, tak i na povrchu.

Mezi zdkladni faktory, urCujici stabilitu Celby a zatiZeni osténi
tunelu, patfi tvar a rozmér tunelu, hloubka uloZeni, vlastnosti horni-
nového prostied{ (pretvarné, pevnostni, strukturni a hydrogeologické
podminky), v némz je tunel raZen. Ddle je to ale i technologicky fak-
tor raZeni a vystrojovéni tunelu, pfedevsim zpusob Elenéni vyrubu
a délka nezajisténého vyrubu. Z tohoto pohledu je nutno posuzovat
Casovy faktor vystrojeni tunelu ze dvou hledisek, a to jednak
z hlediska vlivu na stabilitu ¢elby a jednak z hlediska jeho vlivu na
zatizeni osténi. Narustajici prodleva mezi provedenim vyrubu

5. NUMERICAL MODELLING OF IMPORTANCE
OF HORIZONTAL ANCHORING

Numerical modelling of relationships between the intensity of hori-
zontal reinforcement of an excavation face by anchors and the effect
of the reinforcement on changes in the stress-strain condition in rock
mass, both ahead of the face and around the tunnel tube, was carried
out at the Department of Geotechnics and Underground Engineering,
the Faculty of Civil Engineering of the VSB Technical University in
Ostrava. The following initial results have been achieved:

Introduction into numerical modelling

The deformational response of rock mass to excavation, the loads
acting on the lining and the tunnel stability depend on many objecti-
ve and/or subjective factors. This is why it is often solved only under
the assumption of a planar stress-strain state. This simplifying
assumption is acceptable only in the case that the tunnel stability is
solved at a sufficient distance behind the tunnel face. At the tunnel
face and in the zone ahead of the face, the primary state of planar
deformation changes into a complicated spatial stress-strain state as
a result of the unloading after the excavation. The excavation hea-
ding area and the core-face may deform both transversally and in the
direction of the longitudinal tunnel axis. Without adopting adequate
stabilisation measures at the heading (exceeding the framework of
the planar solution), this qualitative change in the stress-strain state
may, first of all in little strong rock mass, lead to a loss of stability of
the face or even loss of stability of the entire adjacent tunnel section
with all negative consequences both underground and on the surface.

Among basic factors determining the face stability and loads
acting on the tunnel lining are the geometry and dimensions of the
tunnel, its depth under the surface and rock mass properties (defor-
mational, strength related, structural and hydrogeological conditions)
through which the tunnel is driven. Another factor is the excavation

60 m

0]

60 m

Nevyztuzeny metrovy tsek
za Celbou tunelu 3.5m

Unreinforced cavity (lenght 1 m)

behind the face

Obr. 12 Vypocetni prostorovy model
Fig. 12 3D calculation model

Obr. 13 Detail vypocetniho prostorového modelu
Fig. 13 Detail of 3D calculation model
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a aktivaci osténi muZe zpusobit ndrust stabilitnich problému jak
v pri¢ném, tak i v podélném sméru. AvSak naopak z hlediska zatiZe-
ni osténi optimdln{ Casovd prodleva aktivace osténi muZe sniZit zati-
Zeni horninového masivu na osténi. Tyto dva protichudné poZadavky
je nutno sladit a najit pfijatelny kompromis. Efektivni vyuziti spolu-
pusobeni systému hornina-ostén{ pro dosaZzeni minimdlniho zatiZzen{
osténi pti zachovani stability tunelu a pripustné deformace hornino-
vého masivu (jak v pri¢ném, tak i v podélném sméru) predpoklada
mimo jiné objektivni uréeni deformaénich projevi v horninového
masivu, a to nejen v dsti za Celbou, ale i v jejim predpoli, s cilem
stanovit tu ¢dst celkovych deformaci, kterd se jiZ na osténi nepfend-
§i. Napéto-deformacni projevy horninového prostredi jsou predevsim
ovlivnény stabilizaénimi opatfenimi na ¢elbé a jejim vyztuZenim. Ke
stabilizaci a vyztuZeni Celby jsou &asto pouzivany ruzné typy kotev
a svorniku, jejichZ funkci je jednak ukotveni potencidlné nestabilni-
ho okoli Eelby, jednak zvySeni parametru pietvarnych a pevnostnich
vlastnosti horninového prostiedi v prokotvené C&dsti horninového
masivu pred Celbou. Tato druhd funkce kotveni elby, u nds zatim
opomijend, je vyznamnd predev$im v mdlo pevnych a mékkych hor-
nindch, kde je nutno razit pokud moZzno rychle a plynule s co
nejmensim naruSenim pavodniho stavu napjatosti horninového masi-
vu v okoli vyrubu.

Modelovani viivu kotveni ¢elby na vyztuZeni Gelby
a zatizeni osténi

Problematiky vlivu kotveni Celby na jeji vyztuZeni a stanoveni
zatizeni osténi jsou navzdjem velice tzce propojeny. K vytvoreni
objektivnéjsi kvalitativni i kvantiativni predstavy o procesech probi-
hajicich v okoli Celby jsou vyuZivdny ruzné typy fyzikdlnich mode-
1a, Broms a Bennermark (1967), Chambon a Corté (1994)
i zjednodusené modely zaloZené na vyhodnoceni pracovné-defor-
macnich charakteristik horniny a osténi (Lombardi a Amberg 1979).
Siroké moZnosti pro zohlednéni viech dfive zminénych determinuji-
cich faktoru a pro spolehlivéjsi a objektivnéjsi feSeni vlivu kotveni
Celby tunelu a stanovenf{ zatiZen{ osténi poskytuji numerické metody
prostorového modelovani.

S vyuzitim programového systému 3D-Tunnel nizozemské firmy
Plaxis, ktery pracuje na zdkladé metody koneénych prvku, byl na
pracoviiti VSB Ostrava, FAST, proveden parametricky modelovy
vypocet. Jeho cilem bylo zkoumat vliv vyztuZeni celbového jadra
vodorovnymi kotvami na napéto-deformacni stav horninového masi-
vu a osténi v okoli tunelové trouby.

and excavation support technology, above all the excavation sequen-
ce and the unsupported excavation length. From this point of view,
the time factor of the excavation support must be assessed from two
aspects, from the aspect of its influence on the stability of excavati-
on face and from the aspect of its influence on the loads acting on the
lining. The growing time gap between the excavation and activation
of the lining may cause a growth in stability problems both transver-
sally and longitudinally. On the other hand, regarding the loads
acting on the lining, an optimal time gap in the activation of the
lining may reduce the load on the lining imposed by the rock mass.
These two contradicting requirements must be harmonised and an
acceptable compromise must be found. A condition for effective
exploitation of the composite action of the rock mass-lining system
for achieving minimum loading while maintaining stability of the
tunnel and keeping the rock mass deformations within allowable
limits (both transversal and longitudinal) is, among others, that
deformational manifestations of the rock mass are objectively deter-
mined not only behind the tunnel face but also ahead of the face, with
the aim of determining the part of the overall deformation which is
no more transferred to the lining. Stress-strain manifestations of the
rock mass are affected above all by stabilisation measures imple-
mented at the face and its reinforcement. The stabilisation and rein-
forcement of the face is often achieved using various types of
anchors and rock bolts which are designed to anchor the potentially
instable surroundings of the face and to improve parameters of defor-
mational and strength-related properties of the rock mass in the part
of the rock mass ahead of the face which is strengthened by the
anchoring. The latter function of the face anchoring, which has been
neglected in the Czech Republic, is important first of all in unstable
and soft ground, where the excavation must be carried out as fast and
fluently as possible so that the original state of stress in the rock mass
and its surroundings is disturbed as little as possible.

Modelling of the influence of anchoring the face on the
face reinforcement and loads acting on the lining

The problems of the influence of the face anchoring on the face
reinforcement and determination of loads acting on the lining are very
closely interconnected. An objective qualitative and quantitative noti-
on of the processes which take place in the face surroundings is deve-
loped using various types of physical models (Broms and Bennermark
(1967), Chambon and Corté (1994)) or simplified models based on
assessing stress-strain characteristics of the rock mass and of the
lining (Lombardi and Amberg (1979)). Wide possibilities for taking

Svislé deformace stropu dila — pruzny model
(variantni roztece kotev na celbé)
Vertical deformations of the crown - elastic model
(span variants of face bolts)

Svislé deformace stropu dila — plasticky model
(variantni roztece kotev na celbé)
Vertical deformations of the crown - plastic model
(span variants of face bolts)
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Obr. 14 Svislé deformace stropu dila — pruzny model
Fig. 14 Vertical deformations of the crown — elastic model

Obr. 15 Svislé deformace stropu dila — plasticky model
Fig. 15 Vertical deformations of the crown — plastic model
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Obr. 16 Zdvislost dosahu zény poruseni na poctu kotev na éelbé
Fig. 16 Relation of disturbed zone size on number of core bolts
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Obr. 17 Zavislost maximdlnich posunu ¢elby v zdvislosti na poctu kotev
v Celbe

Fig. 17 Relation of maximum core deformations in longitudinal direction
on number of core bolts

Ve vypoctu byl modelovdn tunel uloZeny v hloubce 30 m pod
povrchem. Rozmeéry modelu jsou 60x60x100 m, tunel md obloukovy
pri¢ny prufez, vyska tunelu je 5,5 m, §itka v po¢vé 7 m (obr. 12 a 13).
Cely modelovy vypocet byl realizovén za predpokladu razby nedéle-
nou Celbou, betonové osténi (E=20 000 MPa) tloustky 25 cm je
v modelu aktivovdno ve vzddlenosti 1 m za celbou. Prostorovy
model pracuje s homogennim, izotropnim prostfedim, chovéni pro-
stfedi bylo popsdno jednak pruznym modelem a jednak pruzné-plas-
tickym Mohr-Coulombovym materidlovym modelem. Horninové
prostiedi je charakterizovano parametry:

e objemova tiha y = 22 kN/m3,

* modul pruznosti E4 = 50 MPa,

¢ soudrznost ¢ =100 kPa,

e dhel vnitfniho tfeni ¢ = 17°.

K vyztuZeni celbového jddra byly ve vypocetnim modelu pouzity
sklolamindtové kotvy o délce 5 m a pruméru kotevni ty¢e 25 mm,
lokalizované ve sméru podélné osy tunelu. Variantné byl posuzovén
vliv nasledujicich hustot kotveni celby:
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Obr. 18 Maximdlni axidlni sily v kotvdach v zdvislosti na lokalizaci kotvy
v Celbe

Fig. 18 Relation of maximal axial forces in core bolts on position of core bolts
on the face
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all of the above-mentioned determining factors into account and sol-
ving the effect of the tunnel face anchoring and determining the loads
acting on the lining more reliably and objectively are offered by three-
dimensional numerical modelling methods.

The Finite Element Method based on a 3D-Tunnel program system
developed by Dutch company Plaxis was applied at a workplace of
the VSB Ostrava, FAST to a parametric model calculation. Its aim
was to examine the influence of reinforcing the core-face by hori-
zontal anchors on the stress-strain state of the rock mass in the vici-
nity of a tunnel tube.

A tunnel located at a depth of 30m under the surface was model-
led in the calculation. The model dimensions are 60 x 60 x 100m; the
tunnel has a vaulted cross section; it is 5.5m high and 7m wide at the
bottom (see Figures 12 and 13). The entire model calculation was
performed under the assumption that the excavation is carried out
with the face undivided into partial headings, and the 25cm thick
concrete lining (E=20,000 MPa) is activated at the distance of 1m
behind the tunnel face. The 3D model is run in homogeneous, iso-
tropic environment; the behaviour of the environment was described
by both an elastic model and the elastic-plastic Mohr-Coulomb mate-
rial model. The rock mass environment is characterised by the follo-
wing parameters:

* volume weight y = 22 kN/m3,

* modulus of elasticity Eq = 50 MPa,

e cohesion ¢ = 100 kPa,

e angle of internal friction ¢ = 17°.

In the calculation model the core-face was reinforced by 5m long,
25mm-diameter glassfibre reinforced plastic anchors installed in the
direction of the tunnel axis. As a variant, the influence of the follo-
wing spacing of the face anchors was assessed:

e spacing of Im x 1m per anchor (corresponding to 27 anchors in

the face),

e spacing of 1m x 1.5m per anchor (corresponding to 22 anchors in

the face),

e spacing of 1.5m x 1.5m per anchor (corresponding to 14 anchors

in the face).

The influence of reinforcing the core-face on changes in stress-
strain and strength-related parameters of rock mass ahead of the face
was allowed for in the model by modifying the values of the elastic
modulus and cohesion. A simplifying assumption was adopted that
the increased values of the strain-stress and strength-related parame-
ters, which are, among others, a function of the number of anchors in
the face, are constant within the whole anchor-reinforced part of the
core-face. The percentage increase in the values of the modulus of
elasticity and cohesion is presented in the following table:

Anchoring Number of Increase in the Increase in

density anchors in elastic modulus cohesion ¢
the face E value (%) value (%)

1 anchor/Im? 27 30 197

1 anchor/1.5 m? 22 25 98

1 anchor/2.25m> 14 20 32

The percentage increase in the elastic modulus values is based on
parametric studies, which were carried out by the FEM; the value of
the increased cohesion ¢’ results from the following relationship:

. l+sing P
2cosg F

where P is for the resistance of an anchor, F is for the cross-secti-

onal area of the face attributable to one anchor.

Results of mathematical modelling
The above-mentioned 3D-Tunnel programme was used for parame-
tric calculations for the above-mentioned variant density of the face
anchoring, for the determination of the stress-strain and stability state
of the rock environment at the face and in its vicinity and for the
assessment of internal forces and deformations in the tunnel lining
and in the GRP anchors in the face. Some of the 3D modelling results
are presented in figures 14-21. The assessment of results of the para-
metric calculations can be summed up in the following points:
1) The final maximum value of vertical displacements of the tunnel
crown (15mm) is achieved at the distance of about 50m back from



18. rocnik - €. 2/2009

e hustota 1 m x 1 m/kotvu (odpovidéd 27 kotvam na Celbé),

e hustota 1 m x 1,5 m/kotvu (odpovidd 22 kotvdm na Celb¢),

e hustota 1,5 m x 1,5 m/kotvu (odpovidéd 14 kotvdm na Celbé).

Vliv vyztuzZeni ¢elbového jadra na zménu pretvarnych a pevnostnich
parametrt horninového prostiedi v predpoli Celby byl v modelu
zohlednén modifikaci hodnot modulu pruZnosti a soudrZnosti. Byl pfi-
jat zjednoduSujici predpoklad, Ze zvySené hodnoty pretvarnych
a pevnostnich vlastnosti, které jsou mimo jiné funkci poctu kotev na
Celbé, jsou konstantni v celé prokotvené &ésti v predpoli Celby.
Procentudlni navyseni hodnot modulu pruznosti a soudrznosti uvad{
nasledujici tabulka:

Hustota Pocet kotev Zvyseni modulu ZvySeni
kotveni v Celbé pruznosti E (%)  soudrznosti ¢ (%)
1 kotva/l m? 27 30 197

1 kotva/1,5 m? 22 25 98

1 kotva/2,25 m? 14 20 32

Procentudlni zvySeni modulu pruznosti vychazi z provedenych
parametrickych studii, provedenych metodou kone¢nych prvku, hod-
nota zvySené soudrznosti ¢’ pak vychdzi ze vztahu:

o= l+sing P

2cosqp  F

kde P je tdnosnost kotvy, F je plocha pri¢ného prufezu celby
prislusejici jedné kotvé.
Vysledky matematického modelovani
S vyuZitim uvedeného programu 3D-Tunnel byly provedeny para-
metrické vypocty pro uvedenou variantni hustotu kotven{ celby, byl
stanoven napé'to-deformacni a stabilitni stav horninového prostredi
na Celbé a v jejim okoli, byly vyhodnoceny vnitini sily a deformace
v osténi tunelu i ve sklolamindtovych kotvach na Celbé. Nékteré
z vysledki 3D modelovéni jsou uvedeny na obrdzcich 14-21.
Vyhodnoceni vysledkt parametrickych vypoctu lze shrnout do nasle-
dujicich bodu:
1) Koneénd maximdlni hodnota svislych posunt stropu dila
(15 mm) je dosaZena ve vzddlenosti cca 50 m za celbou (cca
sedmindsobek Sitky dila v pocvé), a to jak v pfipadé pruzného
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the tunnel face (about seven times the tunnel width at the bottom),
in the case of both the elastic model and the elastic-plastic model,
independent of the density of anchoring.

2) At a distance of 50m ahead of the tunnel face, the influence of the
rock mass unloading resulting from the tunnel excavation mani-
fested itself by vertical displacements of the crown ranging from
0.3mm to 0.5mm, depending on the chosen constitutive relations-
hip and the density of the face anchoring.

3) At the excavation heading and in its vicinity the character of the
time-vertical displacement curve varies depending on the selected
type of the rock environment behaviour. Model calculations pro-
ved that there was a significant quantitative and qualitative diffe-
rence between the results of displacement calculations based on
the assumption that the rock mass behaves elastically and the
assumption that it behaves elastic-plastically (Figures 14 and 15).
About 36% of definite vertical deformation of the tunnel crown
took place ahead of the tunnel face in the case of the elastic model
without the face anchoring, while 30% of definite vertical defor-
mation of the tunnel crown took place in the case of the anchored
face (the influence of the change in the density of anchoring near-
ly did not manifest itself in this model). Under the assumption that
the rock environment behaves plastically, nearly 100% of the defi-
nite vertical deformation of the tunnel crown took place ahead of
the face in the case of the non-anchored face. With the face ancho-
ring density increasing this percentage of the vertical displace-
ments of the tunnel crown which took place ahead of the face in
the total vertical displacements diminishes within the range of
69%-21% (1 anchor per 1m? of the face). The percentage of total
displacements which take place within the length of the unsup-
ported excavation (Im) behind the face grows with the growing
degree of the face reinforcement (66% for the maximum assumed
density of anchoring of 1 anchor per 1m?2, 19% for the minimum
assumed density of anchoring of 1 anchor per 2.25m? of the face
— see Fig. 15). For the time being, the results of the model calcu-
lations do not entirely correspond to the Lunardi theory, which
anticipates more significant influence of the face anchoring on the
magnitude of definite deformations of a lining, which are
a function of the rigidness of the lining, depend on technological
factors etc.

Nekotvena ¢elba
Unbolted face

dosah kotev (5 m)
bolted zone impact (5m)

Kotven Celba - hustota kotev 1 x 1.5 m (celkovy pocet kotev v Celbé 22)
Bolted face — spacing of bolts 1.5x1.5m; 22 bolts in total

dosah kotev (5 m)
bolted zone impact (5m)

Kotvend ¢elba - hustota kotev 1,5 x 1,5 m (celkovy pocet kotev v elbé 14)

Kotvend ¢elba - hustota kotev 1 x 1 m (celkovy pocet kotev v elbé 27)

Bolted face — spacing of bolts 1.5 x1.5m; 14 bolts in total

dosah kotev (5 m)
bolted zone impact (5m)

Bolted face — spacing of bolts 1x1m; 27 bolts in total

g
4/d'osah kotev (5 m)
bolted zone impact (5m)

Obr. 19 éerpdni pevnosti
Fig. 19 Strength using
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50 m za ¢elbou 1 m za ¢elbou ¢elba
50 m behind the face 1 m behind the face the face

l l |

1 m pfed ¢elbou
1 m ahead of the face

3'm pfed ¢elbou
3 m ahead of the face

5 m pfed éelbou
5 m ahead of the face

I ! |,

B

1

Cerpani pevnbsti v pfiénych fezech bez kotveni celby X
Strength using in cross-sections without face bolting

pEEEnD

Cerpani pevnosti v priénych fezech s hustotou kotveni &elby 1.5 m x 1.5 m / kotvu
Strength using in cross-sections with face bolting density ..

galgaien

Cerpani pevnosti v pfignych fezech s hustotou kotveni éelby 1 m x 1 m / kotvu
Strength using in cross-sections with face bolting density ...

glalo

Smeér razeni = Excavation direction

FEEEEEREEE

Obr. 20 Cerpdni pevnosti v piicnych Fezech
Fig. 20 Strength using in cross-sections

modelu, tak i modelu pruzné-plastického, nezévisle na hustoté kot-
veni Celby.

2) Ve vzdélenosti 50 m pred celbou se vliv odleheni masivu
v dasledku vyrubu tunelu projevil svislymi posuny stropu v rozmez{
0,3 mm-0,5 mm v zavislosti na zvoleném konstitutivnim vztahu
a na hustoté kotvenf Celby.

3) Na Celbé a v jejim okoli se charakter kiivky svislych posunt stropu
li§i v zdvislosti na zvoleném typu chovéni horninového prostiedi.
Modelové vypocty prokdzaly podstatny kvantitativni 1 kvalitativni
rozdil mezi vysledky vypoctu posunt za predpokladu pruzného
chovdni{ horninového prostredi a za predpokladu pruzné-plastické-
ho chovan{ prostedi (obr. 14 a 15). V pripadé pruzného modelu bez
kotveni Celby probéhlo pred Celbou cca 36 % koneénych svislych
deformaci stropu dila, v pripadé kotvené Celby cca 30 % kone¢nych
svislych deformaci stropu (vliv zmény hustoty kotven{ se v tomto
modelu téméF neprojevil). Za predpokladu plastického chovan{ hor-
ninového prostiedi v pripadé nekotvené Celby probéhlo pred elbou
téméf 100 % konecné svislé deformace stropu dila. Se zvySujici se
hustotou kotveni &elby se tento podil svislych posunu stropu dila,
které probéhly pred Celbou, na celkovych svislych posunech snizu-
je v rozmezi 69 %-21 % (1 kotva/l m? &elby). S rostoucim stupném
vyztuZeni elby vzristd podil celkovych posunu, které probéhnou
na délce nezajisténého vyrubu (1 m) za Celbou (66 % pro maximadl-
ni uvaZovanou hustotu kotveni 1 kotva/l m2, 19 % pro minimaln{
uvaZovanou hustotu kotven{ 1 kotva/2,25 m? &elby — viz obr. 15).
Vysledky modelovych vypoltu se zatim zcela neshoduji s teorif
Lunardiho, kterd predpokladd vyraznéjsi vliv kotveni Celby na veli-
kost kone¢nych deformaci osténi, které jsou funkci tuhosti osténi,
z4visi na technologickych faktorech atd.

4) V pripadé pruzného modelu s nevyztuzenym Celbovym jadrem
vysledky vypoctu vykazuji vétsi procentudlni podil celkovych svis-
Iych posunu stropu, které se prendSeji na osténi, ve srovnéni
s modelem pruzné-plastickym. Za predpokladu pruzné-plastického
pretvaieni se deformace osténi v dusledku vyztuZeni Celby sniZuji
o cca 10 % ve vzddlenosti cca §itky vyrubu tunelu. PouZity vypodet-
ni model v tomto pripadé zatim neprokdzal takovou miru sniZen{

4) In the case of the elastic model with the unreinforced core-face,
the calculation results show higher percentage of total vertical dis-
placements of the tunnel crown which are transferred to the lining
compared with the elastic-plastic model. Under an assumption of
elastic-plastic strain, deformations of the lining are reduced by
approximately 10% at a distance from the face equal roughly to
the tunnel excavation width as a result of reinforcing the face. In
this case, the used calculation model has not proved such a degree
of reduction in the deformations of the lining resulting from the
face anchoring as stated by Lunardi. More thorough examination
of this problem requires other model calculations, which better
simulate technological effects, influences of the density of ancho-
ring on the magnitude of the proportion of the loads acting on the
lining which are induced by vertical displacements transferred to
the lining etc. Nor in this case have the existing results of model-
ling been in complete agreement with Lunardi’s theory.

5) The charts in Figures 16, 19 and 20 illustrate the reach of the zone
of exhausting the shear strength of rock mass, which increases
with the diminishing face anchoring density (the parameter of the
shear strength exhaustion indicates the degree of the Mohr’s circ-
le approaching the Mohr’s envelope). The extent of the failure
region corresponding to the exhausting of strength within the
range of 0.8 — 1 varies between 3.5m (for non-anchored face) and
1.2m (for the density of anchoring of 1 anchor /1 m2). The degree
of the face reinforcement increases with the growing density of
anchoring.

6) Horizontal displacements (extrusion) in the direction of the tunnel
axis are negatively correlated with the density of the face ancho-
ring. They vary from 70mm in the case of a non-anchored face to
31mm in the case of the anchoring density of 1 anchor/1 m2 (see
the charts in Figures 17 and 21). This means that the tunnel face
extrusion got reduced by a half owing to the anchoring. This result
also corresponds to Lunardi’s conclusions, both his calculations
and measurements. This phenomenon subsequently leads to redu-
ced convergences measured in the tunnel, in this model case by
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deformaci osténi v dusledku kotveni &elby, jak uvadi Lunardi. Pro
dukladnéjsi provéfeni tohoto problému je proto nutné provést dalsi
modelové vypocty, lépe simulujici technologické vlivy, vlivy husto-
ty kotveni na velikost té dsti zatiZeni osténi, které plyne z prenosu
svislych posunt na osténi apod. I v tomto piipadé nejsou dosavadni
vysledky modelovdni zatim zcela ve shodé s teorii Lunardiho.

5) Grafy na obr. 16, obr. 19 a 20 ilustruji zvySovani dosahu z6ny Cerpan{
smykové pevnosti hornin se snizujici se hustotou kotveni celby (para-
metr Cerpani smykové pevnosti indikuje stupen priblizeni Mohrovy
kruZnice k Mohrové obdlce). Rozsah oblasti poruseni, odpovidajici
Cerpani pevnosti v rozmezi 0,8—1, se pohybuje v intervalu 3,5 m
(nekotvend Celba) aZ 1,2 m (hustota kotveni 1 kotva/l m?). Vyztuzeni
Celby se se vzrustajici hustotou kotveni zvySuje.

6) Horizontélni posuny (extruze) ve sméru podélné osy dila jsou nepri-
mo umérné hustoté kotveni Celby. Pohybuji se v rozmezi 70 mm
v pripadé nekotvené Celby az po 31 mm v piipadé hustoty kotven{
1 kotva/l m? (graf na obr. 17 a 21). To znamen4, Ze se kotvenim
Celby o polovinu sniZila jeji extruze. To také odpovidd Lunardiho
zévéram, jak vypoctim tak méfenim. Tento fenomén vede ndsledné
ke sniZeni konvergenci méfenych v tunelu, v tomto modelovém pii-
pade o cca 10 % ve vzdélenosti cca §ifky vyrubu tunelu.

7) Z vyhodnoceni axidlnich sil v kotvdch, jejichZ dsti je lokalizovdno
na svislém fezu prochdzejicim stfedem pri¢ného prifezu dila, plyne,
jsou nejvetsi axidlni sily v kotvé umisténé nejblize pocévy
(92 kN/m). Ve stiedni &4sti pri¢ného pritezu Celby jsou axidlni sily
nejniz8i (25 kN/m), k jejich mirnému nérustu pak dochdzi opét ve
stropni ésti. Se vzrustajici hustotou kotev na Celbé se axidlni sily
v kotvdch sniZuji, jejich hodnoty jiz prakticky nezdvisi na vzddle-
nosti kotvy od pocvy (graf na obr. 18).

Zavérecna doporuéeni plynouci z vysledki modelu

¢ 7 hlediska vyhodnoceného rozsahu pretvéreni Celbového jadra by
délka kotev méla byt minimalné 1/2 pruméru D dila, optimélné cca
1 D a vice,

« hustoty kotveni s plochou v&t§f neZ cca 1 kotva/2 m? jiz vyraznéji
neovliviiuji deformacni odezvu horninového prostiedi na vyrub
(pokles dosahu zény ¢erpani smykové pevnosti hornin je pro tyto
hustoty kotveni velmi pozvolny). K vyraznéjsimu poklesu dosahu
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approximately 10% at the distance from the face roughly equal to
the width of the tunnel excavation.

7) It follows from the assessment of axial forces in the anchors which

have their mouths located in the vertical section passing through
the centre of the tunnel cross section that, in the case of the lowest
assumed density of anchoring (2.25m? per anchor), the greatest
axial forces (92 kN/m) take place in the anchor located closest to
the bottom. The smallest axial forces (25kNm) are encountered in
the central part of the cross section of the face, while a modest inc-
rease again takes in the crown area. The axial forces in anchors
diminish with the growing density of anchors in the tunnel face;
their values virtually do not depend on the distance of an anchor
from the tunnel bottom (see the chart in Fig. 18).

Final recommendations following from the resuits of the model

e from the aspect of the result of the assessment of the extent of
deformations of the core-face, the minimum length of anchors
should be equal to 1/2 of the excavated diameter, while the opti-
mum should be about 1 diameter or longer.

the densities of anchoring higher than about 1 anchor per 2m? do
not significantly affect the deformational response of rock mass
to excavation any more (the diminishing of the reach of the zone
of exhausting the shear strength of rock mass is for these densi-
ties very slow). A more significant decrease in the reach of the
zone of exhausting the shear strength takes place only in the case
of higher densities of anchoring. From this point of view, the
recommended density of tunnel face anchoring is up to about 1
anchor per 1.5m? , which agrees with the practice at tunnels car-
ried out using the ADECO-RS,

with respect to the not too high values determined for axial forces
in anchors (maximum 92 kN/m), requirements for the resistance of
anchors in the tunnel face are rather small (see the chart in Fig. 18),
model calculations proved the influence of reinforcing of the
core-face on the reduction in deformations of a tunnel lining (the
elastic-plastic model with the non-reinforced tunnel face in com-
parison with the model with the face reinforced by anchors in the
density of 1 anchor per Im? exhibits about + 10% differences
between the tunnel convergences at a distance from the face app-
roximately equal to the width of the excavated opening.

Horizontalni deformace v okoli nekotvené Celby
Horizontal deformations round about unbolted face

Horizontal deformations in the vicinity of the bolted face (spacing of bolts 1.5x1.5m)

max. hodnota
70 mm

maximum value
of 70mm

Horizontalni deformace v okoli kotvené celby
(hustota kotveni 1 x 1.5 m /1 kotvu)
Horizontal deformations in the vicinity of the bolted face
(spacing of bolts 1x1.5m)

max. hodnota
36 mm

maximum value
36mm

Horizontal deformations in the vicinity of the bolted face

Horizontalni deformace v okoli kotvené ¢elby
(hustota kotveni 1.5 x 1.5 m/ 1 kotvu

max. hodnota
49 mm
maximum value
49mm

Horizontalni deformace v okoli kotvené &elby
(hustota kotveni 1 x 1 m /1 kotvu

(spacing of bolts 1x1m)

max. hodnota
31 mm
maximum value
31mm

Obr. 21 Horizontdlni deformace (extruze)
Fig. 21 Horizontal deformation (extrusion)
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z6ny Cerpani pevnosti dochdzi az pri vyssich hustotiach kotvent,
z tohoto hlediska je tedy doporucend hustota kotveni ¢elby do cca
1 kotva/1,5 m2, coZ je v souladu s praxi provadénou na tunelech
provadénych dle ADECO-RS,

e vzhledem ke stanovenym ne pfili§ vysokym hodnotdm axidlnich
sil v kotvach (maximdlné 92 kN/m) jsou ndroky na tnosnost
samotnych kotev na ¢elbé vcelku malé (viz graf na obr. 18),

* modelové vypoclty prokdzaly vliv vyztuZeni Celbového jddra na
redukei deformaci osténi dila (pruzné-plasticky model pfi nevyz-
tuzené Celbé v porovndni s modelem pri ¢elbé vyztuzené v hustoté
kotev 1 kotva/l m? ukazuje rozdil konvergenci v tunelu cca +10 %
ve vzdélenosti cca §ifky vyrubu tunelu).

Z analyzy vysledka modelu vyplyvd, Ze v této fazi modelovani byl
zaznamendn jen omezeny vliv vyztuZeni ¢elbového jadra na redukci
deformaci osténi dila. Model indikuje velmi dobte vliv kotveni Celby
na komplexni sniZeni deformaci, které probéhly pred elbou. V této
souvislosti je v3ak tfeba uvést, Ze duleZitou roli na skute¢né sniZeni
deformaci ostén{ tunelu bude mit mimo jiné zpisob modelovéni sku-
te¢ného technologického postupu vystavby (délka zdbéru, Cas nezajis-
téného vyrubu — vyvoj napéto-deformacniho chovani v Case apod.).

6. ZAVERY

Utinnost a pifnos vyztuZeni Gelbového jadra vodorovnymi kotvami
nejen pro zvyseni stability Celby ale i pro sniZeni deformaci osténi a jeho
zatiZen{ jsou prokdzany a ovéfeny teoreticky numerickymi vypocty i na
praktickych aplikacich pri razbdch fady tuneld metodou ADECO-RS
v zahrani&i. ZvySeni tuhosti ¢elbového jadra zpuisobuje zmenSeni rozsahu
plastickych z6n v okoli tunelu, a tedy i proporciondlné zmensuje zatiZen{
osténi tunelu. Tento prfiznivy vliv kotveni Celby na vyztuZeni Celbového
jadra je tim vétsi, ¢im je horninové prostredi v okoli tunelu a v predpoli
Celby mékci, tzn. ndchylnéjsi k vetsi deformacéni odezvé na vyrub.
V mékkych hornindch je nutno razit predevsim rychle a plynule. Pokud
zhotovitel dokdZe najit kompromis mezi timto poZadavkem a Casovymi
ndroky na instalaci kotev, které razbu zpomaluji, umozni mu to razit
s mens$i deformac¢ni odezvou horninového masivu na razby, tudiz s mensim
zatizenim osténi, pri vétsi plose vyrubu a v kone¢ném dusledku rychleji.

V naSich zemich je pro akceptaci kotveni ¢elby — ne pouze jako pro-
stredku k zajiSténi stability Celby, ale jako soucdsti primdrniho osténi
zmenS§ujici deformace horninového prostredi v okoli vyrubu a deformace
a zatiZen{ osténi — nutno prekonat standardni odpor k novym metoddm
a pristupum, podobné jako se generace dneSnich zaslouZilych zastdncu
NRTM obtizné vyrovndvala s jejim zalenénim do tunelovacich metod
Ceského tunelového stavitelstvi pred zhruba 20 lety.

Za urcitych okolnosti, jednd-li se o melky tunel v méstské zastavbe
raZeny v poloskalnich hornindch & v zemindch, muZe pak byt vodo-
rovné kotveni Celby velmi vhodnym technologickym doplikem snizu-
jicim deformace vyrubu, osténi i velikost poklesové kotliny.
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It follows from an analysis of the results of the model that only
a limited influence of the tunnel core-face reinforcement on the
reduction of the tunnel lining deformations was registered in this
modelling stage. The model indicates very favourable influence of
the tunnel face anchoring on comprehensive reduction of the strain
which took place ahead of the face. In this context, however, it is
necessary to note that an important role in actual diminishing of tun-
nel lining deformations will be played, among others, by the method
for modelling the actual technological construction procedure (the
round length, duration of unsupported excavation — the development
of the time-strain curve etc.).

6. CONCLUSIONS

The effectiveness and benefits of reinforcing a core-face by hori-
zontal anchors for increasing stability of the tunnel face and dimi-
nishing deformations of the lining have been proved and verified
both theoretically by numerical analyses and practically during the
driving of numerous tunnels abroad using the ADECO-RS method.
The increased rigidness of the core-face causes reduction in the
extent of plastic zones in the tunnel surroundings, thus it also pro-
portionally reduces the loads acting on the tunnel lining. The softer
ground environment in the tunnel surroundings and ahead of the tun-
nel (i.e. more susceptible to greater deformational response to tun-
nelling) the more favourable influence of the face anchoring. In soft
ground conditions the excavation must proceed above all fast and
fluently. If the contractor is able to find a compromise between this
requirement and time demands for the installation of anchors, which
slow down the excavation, it allows them to carry out the excavati-
on with smaller deformational response of rock mass to tunnelling,
thus with smaller loads acting on the lining at a larger excavated
cross sectional area, and eventually to drive the tunnel faster.

To achieve the acceptance of the face anchoring in our countries
not only as a means of stabilising the tunnel face but also as a part of
the primary lining diminishing deformations of the ground environ-
ment around the tunnel and reducing deformations of the lining and
loads acting on it, it is necessary to overcome standard resistance
against new methods and approaches, which is similar to the resi-
stance the generation of today’s meritorious promoters of the NATM
had to cope with, overcoming great difficulties in the incorporation
of the method within the package of tunnelling methods used by the
Czech tunnel engineering about 20 years ago.

In certain conditions, in the case of a shallow-seated tunnel run-
ning under urban development areas through semi-rock or soils, the
horizontal anchoring of the tunnel face may become a very suitable
technological supplement reducing deformations of the excavated
opening and the lining, as well as the magnitude of the settlement
trough.
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VYSTAVBA A MONITORING USEKU LT31 TUNELU LAINZER
CONSTRUCTION AND MONITORING OF LAINZER TUNNEL LT310

ALFRED STAERK

CELKOVY POHLED NA STAVBU

Dnesni Zelezni¢ni doprava prochdzi Vidni po povrchu a jeji hustota je
znalnd. Obzvlasté hluéné ndkladni vlaky rusi lidi v husté zastavéné méstské
oblasti ze spanku. To se zméni, a7 bude vétSina vlakd projizdét tunelem
Lainzer, ktery bude otevien na konci roku 2012 rakouskymi federdlnimi
Zeleznicemi.

Tunel Lainzer je celkem 12,3 km dlouhy. Kvuli jeho délce a proménlivym
geologickym podminkdm byla stavba rozdélena na nékolik &asti. Cast LT31
(= Tunel Lainzer, ¢ast 31) tvori spolu se sousedni ¢dsti LT33 jadro tunelu
Lainzer, kterym je 6,5 km dlouhy pripojovaci tunel. Vyraznd zmeéna geologie
rozdé€lila pripojovaci tunel na dva témér stejné dlouhé dseky: LT31 (zeminy)
a LT33 (skalni horniny). Aby se zajistilo splnéni terminu pro otevieni tunelu
Lainzer koordinovaného v souvislosti s novou Zzeleznicni trati Viden-St.
Polten, byla hranice mezi stavebnimi oddily posunuta ve prospéch LT31 asi
0 590 m. Pavodné 3,05 km dlouhy dsek v zemindch LT31 byl prodlouZen
0 590 m dlouhy tdsek ve skalnich hornindch. V zemindch se razi vyhradné
pomoci vertikdlniho ¢lenéni, coz je pravdépodobné nejdelsi razba s bo¢nimi
Stolami na svété. Zbyvajicich 590 m ve skalnich horninéch se razi konvenéné
s horizontdlnim ¢lenénim, s pouZitim mikropilotového deStniku a trhacich
praci. Tento ¢ldnek se zaméii na stavbu a monitoring tseku s bo¢nimi Stolami.

Cast LT31 je realizovana firmami Hochtief Construction AG, Alpine Bau
GmbH, a Beton- und Monierbau Ges.m.b.H. Cena projektu je 168 000 000 €
(vCetné 550 m ve skalnich horninéch).

Razby byly zahdjeny v fijnu roku 2006 ze dvou 30 m hlubokych t€Znich
a zasobovacich Sachet v ulicich Lainzer Strasse a Klimtgasse v obou smérech,
&imz vznikly 4 Eelby, na kterych se pracovalo soucasné. Usek ,,S* spojuje sta-
vebni oddil LT31 s oddilem LT34 na vychodg, dsek ,,W* a jeho prodlouzeni do
skalnich hornin ,,Wnovy* se napojuje na oddil LT33 na zdpad¢, dseky ,M*
a ,,P* se setkaly uprostred.

Tab. 1 Prehled tiseki

Sachta Usek Délka Metoda Geologie  Smér
razby razby
Lainzer St. Whovy 550 m Horizontalni Skalni LT33
CElenén{ hornina
W 790 m Vertikdlni  Zeminy LT33
Clenén{
P 596 m Vertikdlni  Zeminy Klimtgasse
¢lenen{
Klimtgasse M 593 m Vertikdlni ~ Zeminy Lainzer St.
¢leneni
S 1051 m Vertikdlni  Zeminy LT44
¢leneni

Prordzka mezi dseky P a M se konala v zdri 2008, prorazka do oddi-
lu LT44 byla v prosinci 2008 a razba tseku W,,,¢ byla dokoncena
v kvétnu 2009. Na obr. 1 je oddil LT31 z ptaci perspektivy, pohled je
smérem na zapad.

V tunelu Lainzer jsou navrZzeny tnikové vychody pfiblizné po 500
metrech. Sedm z nich je v ¢asti LT31. Na tnikové vychody jsou pre-
ménény obé stdvajici pristupové Sachty, zbyvajicich pét vychodu bylo
vybudovdno nové. U kazdého unikového vychodu je Sachta, kterd
zajistuje svisly pristup na troveii tratového tunelu. Sachty jsou spoje-
ny chodbami s tratovym tunelem. Sachty maji primér 9.4 m a jejich
hloubka dosahuje 20 az 55 m. Spojovaci chodby maji profil od 25 m2
do 30 m2 a jsou 20 az 258 m dlouhé. Tabulka 2 obsahuje jejich pre-
hled.

Na opalné strané, neZ je uvedenych pét nouzovych vychodu, bylo
nutné vybudovat 8 m dlouhé vyklenky pro transformdtory. Ddle byla
vody zateklé do tratového tunelu béhem provozu. Voda se bude Cerpat
nejbliZz§im nouzovym vychodem v ulici Jagdschlossgasse.

PROJECT OVERVIEW

Today’s rail traffic runs over ground through Vienna, and rail traffic is
quite heavy. Especially the noisy freight trains are likely of disturbing peo-
ple’s night’s sleep in this densely built up urban area. This will change
when most of the trains will run through the Lainzer Tunnel which will be
opened at the end of 2012 by the Federal Austrian Railroad.

The Lainzer Tunnel is altogether 12.3 km long. Due to its length and
changing geological conditions, the project has been divided into different
logs. Log LT31 (= Lainzer Tunnel, log 31) is forming together with neigh-
bored LT33 the core of the Lainzer Tunnel, the 6.5 km long Connection
Tunnel. A significant change from soft ground to hard rock divided the
Connection Tunnel into two sections of nearly the same length, which sepa-
rated also LT31 (soft ground) from LT33 (hard rock). In order to ensure the
coordinated date for the opening of the Lainzer Tunnel in connection with
the new railway line Vienna — St. Polten the lot boundary was moved for the
benefit of LT31 by aprox. 590 m. In addition to the originally 3.05 km soft
ground section L'T31 was extended by a 590 m long hard rock section. The
soft ground is excavated completely by means of side wall drifts, which is
possibly the longest side wall drift worldwide. The remaining 590 m in hard
rock are excavated conventionally with crown/bench/invert using a roof
pipe umbrella and drill and blast, respectively. This report will focus on the
construction and monitoring of the side wall drift section.

LT31 is built by Hochtief Construction AG, Alpine Bau GmbH, and
Beton- und Monierbau GesmbH. The project value is 168.000.000 € (incl.
the 550 m hard rock extension).

Tunnelling started in October 2006 from two 30 m deep mucking and
delivery shafts ‘Lainzer Strale’ and ‘Klimtgasse’ in two directions each
resulting in 4 headings excavated simultaneously. Section ‘S’ connects LT31
to lot LT44 in the East, section ‘W’ and its hard rock extension ‘Wnew’ con-
nects to LT33 in the West, section ‘M’ and ‘P’ met in the middle.

Table 1 Overview headings

Shaft Section  Length Excavation Geology Direction
Method of
Excavation
Lainzer St. Wnew 550 m Crown/ Hard LT33
Bench/Inv.  rock
% 790 m Side wall Soft LT33
drift ground
P 596 m Side wall Soft Klimtgasse
drift ground
Klimtgasse M 593 m Side wall Soft Lainzer St.
drift ground LT44
S 1051 m Side wall Soft
drift ground

The breakthrough between sections P and M was in September 2008,
the breakthrough to LT44 was in December 2008, and excavation of sec-
tion Wpew was completed in May 2009. Fig. 1 depicts a bird’s eye view
of LT31 with direction of sight to the West.

The Lainzer Tunnel is designed for emergency exits approx. every 500
m, seven of which are within LT3 1. Both of the existing mucking and deli-
very shafts are converted into emergency exits, the remaining five had to
be newly constructed. At each emergency exit a shaft provides a vertical
access down to main tunnel level. Galleries connect the shafts with the
main tunnel. The shafts have a diameter of 9.4 m and a depth reaching
from 20 m to 55 m. The connecting galleries have a cross section of 25 m?2
to 30 m2 and they are 20 m to 258 m long. Table 2 gives an overview.

On the opposite site of the five new emergency exits 8 m long trans-
former niches had to be constructed. Furthermore, at the lowest level of
the tunnel an 8 m deep sump was excavated to collect water which will be
brought into the main tunnel during operation. The water will be pumped

out through the nearest emergency exit Jagdschlossgasse.
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Tab. 2 Piehled tinikovych vychodii

Unikovy vychod Usek Hloubka Délka Geologie
Sachty chodby

Veittingergasse Whovy 55m 258 m Skalni

horniny
Jagdschlossgasse W 35m 67 m Zeminy
Lainzer Strae - 30 m Preména

Sachty
Himmelbaurgasse P 30 m 27 m Zeminy
Schonbachstrale M 32 m 32 m Zeminy
Klimtgasse - 30 m Preména Sachty
Schloglgasse S 23 m 50 m Zeminy
5 vyklenku pro jako - 8 m jako
transformator vychod vychod
Jimka w 8 m 11 m Zeminy
Waldvogelstrafie
GEOLOGIE

V zeminéch (dseky W, P, M, S) prevlddaji vystiidané vrstvy siltu/jilu, pisku,
Stérku, rizné zrnitych sedimentu a smési vSech uvedenych zemin. S vyjimkou
vrstev siltu/jilu je zemina propustnd a hladina spodni vody je nad vrcholem
tunelu. Aby se zabrdnilo vzniku problému se stabilitou &elby, je potrebné sni-
Zovat hladinu spodni vody z povrchu, v predstihu pred predni ¢elbou. Vrstvy
spodni vody byly Casto uzavieny mezi vrstvami siltu/jilu, coZ vedlo ke vzniku
zvodni s napjatou spodni vodou. Mezi vrstvami zemin byly uloZeny tuhé sle-
pence a vrstvy tvrdého piskovee az 3 m silné.

Formace skalnich hornin flySového vyvoje (dsek Wnovy) mély ruznou kva-
litu, od extrémné $patné po celkem dobrou. Na prechodu ze zemin do skalnich
hornin se 300 m dlouhy dsek méné kvalitni horniny stabilizoval pomoci mik-
ropilotovych destniku.

Vyska nadlozi dosahovala 6 az 26 m v zeminach a 26 az 57 m ve skal-
nich hornindch.

Obr. 1 Situace édsti LT31; (1) Sachta v ulici Lainzer Strasse, (2) Sachta v ulici
Klimtgasse

Fig. 1 Project overview of LT31; (1) Shaft ‘Lainzer Strafe’, (2) Shaft
‘Klimtgasse’
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Table 2 Overview emergency exits

Emergency Exit Section Shaft Gallery Geology
depth length

Veittingergasse Whew 55 m 258 m Hard rock
Jagdschlossgasse W 35m 67 m Soft ground
Lainzer Strafe - 30 m Conversion

of Shaft
Himmelbaurgasse P 30 m 27 m Soft ground
Schonbachstrafe M 32 m 32m Soft ground
Klimtgasse - 30 m Conversion

of Shaft
Schloglgasse S 23 m 50 m Soft ground
5 transformer like exit - 8 m like exit
niches
Sump W 8 m 11 m Soft ground
Waldvogelstrafie

GEOLOGY

The soft ground (sections W, P, M, S) is dominated by alternating layers of
silt/clay, sand, gravel, and wide graded sediments, a mixture from all of it.
Except the silt/clay layers the ground is permeable with the water table above the
tunnel roof. Ground water treatment by means of wells from above surface in
good time ahead of the leading excavation face was necessary to avoid stability
problems at the face. Ground water layer often were enclosed by silt/clay layers
resulting in confined ground water aquifers. Rigid conglomerates and layers of
hard sandstone, up to 3 m thick, were embedded between the soft ground layers.

The hard rock formations ‘Flysch’ (section Wnew) were of varying quality from
extremely poor to fair. At the transition from soft ground to hard rock a 300 m long
section of lesser ground quality was stabilized by roof pipe umbrellas.

The overburden reached from 6 to 26 m in the soft ground, and from 26 to
57 m in the hard rock formation.

STARTING CONSTRUCTION FROM THE SHAFTS

Both shafts, ‘Lainzer Strafle’ and ‘Klimtgasse’, consisted of an open oval sec-
tion supported by shotcrete and a rectangular section with the live railway on top.
The open oval section was used for mucking and delivery, while the excavation

Obr. 2 Sachta v ulici Klimtgasse; ploSina pro bagr s téméi dokoncenou
drevénou podlahou
Fig. 2 Shaft ‘Klimtgasse’; Excavation platform with planking nearly finished
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Obr. 3 Ploina pro bagr; podpérné véZe na misté, plnosténné nosniky ulozené
na sraz

Fig. 3 Excavation platform; Shoring towers in place, web girders are laid
closed packed

ZAHAJENI STAVBY ZE SACHET

Obé Sachty, v ulicich Lainzer Strasse a Klimtgasse, se sklddaly z otevieného
ovélného profilu vystrojeného stifkanym betonem a obdélnikového profilu
s provozovanou Zeleznici nad nim. Otevieny ovélny profil se pouZival pro
odvoz rubaniny a zdsobovani, zatimco razba za¢inala z obdéInikového profilu.
Obdélnikovy profil byl vystrojen vrtanou pilotovou sténou a rozpérami ve 4
Rozpery se nesmély demontovat najednou, pouze postupné tak, jak postupo-
vala razba. JelikoZ stavba tunelu za¢inala razbou kaloty, predstavovalo to pro-
blém, protoze se presn¢ nevédélo, jak bude moci bagr dosdhnout do kaloty,
kdyZ jsou rozpéry jesté na misté. Bylo rozhodnuto vybudovat nad nejnizsimi
rozpérami plosinu. Tento druh plosiny byl unikétni, jelikoZ pro ploSinu navr-
Zenou na dynamické zatiZeni téZkym bagrem nebylo moZno nalézt Zadné refe-
rence. Podpérné véZe pouzivané pro bednéni stropu vypadaly jako nejpevnéj-
§i dostupné podpory pro tuto plosinu. Podpérné véZe byly pevné pripojeny ke
stenam. Na vrchol podpérnych vezi se polozily plnosténné ocelové nosniky
tésné jeden vedle druhého (obr. 3) a ty byly zakryty dvéma vrstvami kiizem
poloZenych fosen, spojenych hiebiky dohromady (obr. 2). Fosny chrdnily nos-
niky proti poSkozeni (opotiebeni povrchu). Pisobily i staticky jako tuhd deska
a pomdhaly roznaset zatizeni rovnomérné na nosniky a véze.

Z této plosiny se vyrazily vrchni &isti na délku 5 m na obé€ strany obdélniko-
vé Sachty. Plosina potom byla rozebrana (obr. 4). Kdyz bylo ¢astecné rozebrano
irozepreni, mohla byt zahdjena i razba opéii a dna bo¢ni Stoly razené v predstihu
pred druhou §tolou. Na obr. 5 je vidét tunel po dokon&eni razby celého profilu na
délku cca 30 m, ¢imZ vznikl v Sachté prostor pro manévrovéni stroju.

USEK S VERTIKALNIM CLENENIM: POSTUP RAZEB
A PRICNY REZ

Asi 2/3 z délky 3,05 km tseku s vertikdlnim ¢lenénim se razi pod stavajici
Zelezni¢ni trati, na které dosud probihal pravidelny husty Zelezni¢ni provoz.
Zbytek se nachdzi pod budovami a ulicemi. Byla proto evidentni potfeba spo-
lehlivé metody razby zajistujici malé sedani.

Na obr. 6 je pri¢ny rez oblasti
s razbou s vertikdlnim Clenénim.
Pro volbu tohoto fesent existovalo
nékolik duvodu:
1.Zeminy maji omezenou unos-

nost. S ohledem na Zelezni¢n{
trat, budovy a sité nad tunelem
bylo velmi duleZité pro kontro-
lu ztrity objemu zeminy na
Celbé, aby zajisténi vyrubu bylo
pevné, aby nedochdzelo k ne-
stabilit¢ Cela vyrubu nebo
stropu a minimalizovalo se
seddni na povrchu. Toho se dalo
dosdhnout rozdélenim tunelu na
mensi dil¢i Celby a omezenim
velikosti profilu kazdé Celby.

2. Nejvetsi naruseni ptivodni drov-
né napjatosti v zeming se oeka-
valo pfi razbé zbyvajici stredni
Cdsti kaloty. Pro zmirnéni toho-
to dc¢inku byl strop bocnich Stol
umistén tak, aby se zmensilo
rozpéti stropu zbyvajici kaloty.

Obr. 5 30 m uplného profilu
Fig. 5 30 m of total cross section

Obr. 4 Razba pristropi dokonéena, zacalo rozSifovdani v predstihu raZené
bocni Stoly; zbyvajici rozepreni je dosud na misté

Fig. 4 Crowns excavated, enlargement of leading side wall drift started;
Remaining bracing still in place

started from the rectangular section. The rectangular section was supported by
a bored pile wall and a 4-level bracing, the lowest of which ran right through the
tunnel profile (Fig. 2, Fig. 6). The bracing was not allowed to be dismantled at
once, but only bit by bit with advancing excavation. Since a tunnel construction
starts with the top heading this was a problem, because it was not known exact-
ly how the excavator could reach the top heading while the bracing was still in
place. It was decided to set up a platform above the lowermost bracing. This kind
of platform was unique, because there was no reference on a platform designed
for dynamic loads of heavy excavators so far. Shoring towers used for form-
works seemed to be the most robust support for the platform. The shoring towers
were rigidly attached to the walls. On top of the shoring towers solid web gir-
ders were laid closed packed (Fig. 3), which were covered by a two layer crissc-
ross nailed up planking (Fig. 2). The planking protected the girders against
damage (surface wear and tear) and acted statically like a rigid disc, helping to
distribute the load equally onto the girders and towers.

From the platform the crown sections were excavated to a length of 5 m to both
sides of the rectangular shaft, and then the platform was dismantled (Fig. 4). The
excavation of the bench and invert of the leading side wall drift could start after
the bracing was partly dismantled too. Fig. 5 shows the tunnel after total cross
section was constructed over a length of approximately 30 m giving space in the
shaft area to maneuver the plants.

SIDE WALL DRIFT SECTION: EXCAVATION SEQUENCE
AND CROSS SECTION

Approximately 2/3 of the 3.05 km side wall drift section was excavated bene-
ath the existing railroad, which was still subjected to the regular heavy rail traf-
fic; the rest is located under buildings and streets. So the necessity of a robust
excavation method with low subsidence was evident.

Fig. 6 shows the cross section of the area with side wall drift excavation.
There have been a couple of reasons for choosing this design:
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Obr. 6 Pri¢ny rez boéni $tolou; (1) v predstihu raZend boéni §tola; (2) ndsle-
dujici boéni §tola, obé s ¢lenénim vyrubu na pristropi (a), opéri (b)
a dno (c); (3) zbyvajici kalota ¢lenénd na pristropi a opéri; (4) zbyva-
Jici opéri a dno; (5) iiroven rozepreni; (6) dno Sachty

Fig. 6 Cross section of side wall drift; (1) Leading side wall drift; (2) follo-
wing side wall drift, both divided into crown (a), bench (b), and invert
(¢); (3) remaining top heading (Kernl), divided into crown and bench;
(4) remaining benchlinvert (Kern2); (5) bracing level; (6) bottom of shaft

3. Mohutné zdkladové patky v bocnich Stoldch pomohly zabrdnit seddni
a pohybu smérem dovniti pri razbé zbylé ¢asti kaloty.

4.S ohledem na proveditelnost, kvalitu pracovnich spér a bezpecnost stavby
byly vnéjsi stény bo¢nich §tol co nejvice integrovany do trvalého osténi ze
stitkaného betonu, ¢imzZ vznikl vysoky a $tihly tvar Stol.

5. Tvar bocnich $tol poskytl dostatek mista pro stroje, kterymi se razil zbytek
kaloty a opéfi.

6. Vysoké a §tihlé boéni Stoly jsou citlivéjsi na vyssi vodorovné zatiZeni (vice
neZ u kruhovych bo¢nich $tol). To se bralo pii navrhovéni v tvahu a vedlo
k tloustee stifkanych betont na vnitini sténé 30 cm a na obvodu tunelu 35
cm, vzdy s vyztuZenim pifhradovymi rdmy a prutovou vyztuZi.

7. Bo¢ni Stoly o vySce cca 9 m se déli na pristropi, opéfi a dno s uzavirdnim
osténi v kréitké vzddlenosti nejvice 10 m. Zbyvajici ¢ast kaloty se také déli
na pristropi a opefi.

8. Pristropi se muselo otvirat az ve Ctyrech dil¢ich profilech, opéfi se délilo do
dvou dilgich profila.

9. Zajisténi pristropi a opefi zahrnovalo i hnané pazeni a kotveni Cela vyrubu.
Na obr. 7 je postup pii ¢lenéni vyrubu znazornén v pudorysu. Minimaln{

vzdélenost mezi kazdou elbou musela byt 10 dni nebo 20 metri. Prvnim

davodem byla potfeba nechat stifkané betony nabyt dostate¢nou pevnost na to,
aby unesly i dodate¢né zatiZeni od nésledujici ¢elby. Druhym divodem byla
potieba ustdleni deformace jesté pred tim, nez do dané oblasti dorazi nasledu-
jici Celba. To bylo nutné pro to, aby bylo plné kontrolovéno sedéni povrchu

s ohledem na objekty tretich stran. Kromé toho Celba, kterd byla nejvice vpre-

du, zajistila odvedeni zbytkové spodni vody, ¢imZ se razba ndsledujicich Stol

stala bezpe¢néjsi a snadnéjsi.

S pokracujicimi razbami se dalo prokdzat, Ze prerozdéleni napéti v méné
soudrzné anebo nesoudrzné zeminé (Stérkové a piscité vrstvy) zasahovalo
pouze do vzdalenosti 10 m. V kombinaci s dosaZenou vysokou pevnosti beto-
nu v tlaku (pozadované 28denni hodnoty byly dosahovany jiz po 7 dnech) bylo
mozné odstupy mezi Celbami dil¢ich razeb zmensit na 5 dnd nebo 10 m.
Prerozdéleni napéti v soudrznych siltovych nebo jilovych vrstvéch trvalo déle
v disledku dotvarovéni. Bylo tedy nutné zachovat puvodné vyprojektovany
systém Cleneni.

Puvodné se nepripoustélo soucasné razeni bo¢nich §tol a jddra 1 z davodu
bezpecnosti. Hodnoceni rizik zjistilo mozné nebezpeli vzniku prilisného
naméahdn{ vnitfnich stén bo¢nich $tol v prubéhu razby jadra 1. To mohlo vést
k zdvalu bo¢nich $tol a uvéznéni razici na &elbé. Analyzou geotechnického
monitoringu v pribéhu stavby se neprokdzaly Zédné nepriznivé vlivy na stabi-
litu téchto bo¢nich §tol. Po priméfené dobé pozorovani (piiblizné pul roku)
byla soubéznd razba obou bo¢nich Stol a jadra 1 povolena. Jako preventivni
opatfeni byla zvySena intenzita geotechnického monitoringu a ¢elo vyrubu se
muselo otevirat v mensich dil¢ich plochéch. Po zavedeni zminénych opatfeni
byl postup razby vyrazné rychlejsi. Geotechnicky monitoring se obvykle uziva
k identifikovéni nepfiznivého vyvoje deformaci. V daném piipadé pomahal
zlepSovat vykony pfi zachovani bezpenosti na stejné trovni.

Soubéznd razba bocnich Stol a jddra 1 dosud nebyla povolena, ale to nebylo
cilem i z divodu proveditelnosti. DiIE{ vyrub jadra 2 zahrnoval uzavieni osténi
v celém profilu a bourdni vnitinich stén bo¢nich Stol. Béhem tohoto procesu

aivici B
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Obr. 7 Pudorys boéni $toly; (1) v predstihu raZend bocni $tola élenénd na pri-
stropi (a), opéri (b) a dno (c); (2) ndsledujici bocni §tola; (3) zbyvajici
kalota; (4) dokonceny profil

Fig. 7 Plan view of side wall drift; (1) Leading side wall drift divided into
crown (a), bench (b), and invert (c); (2) following side wall drift; (3)
remaining top heading (Kernl); (4) completed cross section

1. The soft ground has limited bearing capacity. With respect to railroad, buil-
dings and service structures above the tunnel a stiff support was a paramount
issue to control ground loss at the face, to avoid face or roof instability, and
finally to minimize settlement at the surface. This could be achieved by divi-
ding the tunnel into smaller headings and limiting the cross section of each
heading.

. Most disturbance of the original stress level in the ground had been expected
by excavating the remaining top heading. To mitigate this effect the roof of the
side wall drifts has been positioned such as to reduce the span of the remai-
ning top heading.

. Big footings of the side wall drifts helped to avoid settlement and an inward
orientated movement during excavation of the remaining top heading.

4. With respect to buildability, quality of construction joints and safety of construc-
tion the external walls of the side wall drifts have been integrated into the perma-
nent shotcrete lining as much as possible resulting in a high and slender shape.

. The shape of the side wall drifts provided enough space for plant to excavate
the remaining top heading and bench.

6. The high and slender side wall drifts are more sensitive to high horizontal load
(rather than more circular side wall drifts). This has been considered in the
design process resulting in a shotcrete thickness of 30 cm for the internal wall
and 35 cm of shotcrete circumferential, all girder supported and rebar reinfor-
ced.

. The side wall drifts, approximately 9 m high, have been divided into crown,
bench and invert with a short ring closure of 10 m at the most. The remaining
top heading has also been divided into crown and bench.

. The crown had to be opened in up to four sub cross sections, the bench in up
to two sub cross sections.

9. Crown and bench support was accompanied by forepoling and face anchors.

Fig. 7 shows a plan view of the excavation sequence. The minimum distan-
ce of each heading had to be 10 days or 20 m, respectively. The first reason was
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Obr. 8 Provddéni dna v celém profilu (razba zbytku opéri a dna a bourdni
vnitinich stén boéni Stoly)

Fig. 8 Construction of the invert at the total cross section (excavation Kern2
and demolition of inner walls of side wall drift)



18. rocnik - €. 2/2009

Obr. 9 (1) Trhlina ve vnitini sténé bocni stoly, uisek W, stani¢eni 52-60
Fig. 9 (1) Crack at the inner wall of the side wall drift, section W, Chainage 52—60

nebyl moZny pifstup do vyrubu jédra 1 a pristup do bo¢nich §tol byl mozny,
pokud viibec, pouze s problémy (viz obr. 8). Tyto razby se proto musely preru-
Sit. Z praktického hlediska se musel nalézt takovy kompromis, aby se na jednu
stranu cyklus razby bo¢nich §tol prili§ neprodlouzil, a na druhou stranu aby se
Casove ndrocnd priprava na razbu jadra 2 drZela na minimdlni trovni. Ukdzalo
se, Ze nejlepsim feSenim bylo prechdzeni na jadro 2 kazdych 30 m az 50 m.

MONITORING OSTENI ZE STRIKANEHO BETONU V USEKU
S VERTIKALNIM CLENENIM

Pri zpracovani projektu se vytvorila koncepce geotechnického fizeni bez-
pegnosti, coZ je Zivy dokument, ktery byl béhem vystavby pribézné revidovén
[Koncepce geotechnického fizeni bezpecnosti OBB (rakouské spolkové Zelez-
nice) 2008 a Heissenberger a kol. 2008]. Podle této koncepce byla obvykld
vzdélenost monitorovacich profilii 10 m po celé délce ¢dsti LT31. Vzdélenost
byla v pripadé potfeby zkrdcena na 5 m. Ctenf se musela provddét denné 20 m
pred a 30 m za Celbou vyrubu. Uvazime-li vzdalenost mezi ¢elbami, jak je
vidét na obr. 7, musela se v kazdém z tseku S, M, P a W monitorovat oblast
dlouhd 100 m az 140 m pomoci méfeni deformaci. Kromé toho se musela
v prubéhu stavby provadét méren{ viech nouzovych Sachet a chodeb a ve viech
oblastech prilehlych k tratovému tunelu. JelikoZ ¢dst LT31 se témér celd naché-
zela pod provozovanou Zelezni¢ni trati a dalsi méstskou infrastrukturou, bylo
nutné monitorovat velké mnoZstvi nivelatnich bodu na povrchu. Nenf tfeba
popisovat viechny detaily monitoringu. Tento ¢ldnek zduraziiuje pouze nékte-
ré hlavni zajimavosti. Dalsi informace o geotechnickém monitoringu se daji
ziskat v ¢lanku Moritz a kol. (2008).

TRHLINY V OSTENI ZE STRIKANEHO BETONU

Trhliny byly poprvé zjistény v dseku W mezi stani¢enimi 50 a 60, na vnitfnich
sténdch obou bo¢nich §tol. Vodorovné trhliny se vyskytovaly na vnitfnim lici asi
0,5 m az 1 m nad hranici mezi opéfim a dnem (obr. 9). Uzavfeni osténi v celém
profilu véetné vybourdni vnitinich stén bo¢nich $tol bylo dokonceno do stanice-
ni 50, to znamend, Ze trhliny probihaly ve zbylych vnitfnich sténdch ve sméru
k Celu vyrubu. Sitka otevien{ trhlin byla v nékterych mistech aZ nékolik mili-
metrtl. Ze zkuSenosti z predchozich staveb (napf. tunel Eggetunnel na Zelezniéni
trati Kassel-Dortmund) se tvorba trhlin predem o¢ekévala, avSak na vnéjsim lici
v oblasti vrcholu klenby. Misto a rozsah trhlin byly proto

Obr. 10 Jddrové vzorky, tisek W, staniceni 52-54; (1) vzorek rozldmany
v dusledku zaseknuti; (2) puvodni trhlina; (3) pracovni spdry

Fig. 10 Cores, section W, Chainage 52-54; (1) Specimen broken due to
Jamming; (2) Original crack; (3) Construction joints

to let the shotcrete gain enough strength to cover the additional load of the follo-
wing headings. Second, the displacements of each heading should have come to
a halt before the following heading would pass the relevant area. This was neces-
sary to fully control the surface settlements with respect to third party structures.
Besides that the leading side wall drift achieved a dewatering of the residual
ground water making excavation safer and easier for the following headings.

With ongoing excavation it could be proven that stress redistribution within
the less cohesive / incohesive (gravel and sandy layers) was only 10 m. In com-
bination with an achieved high compressive strength of the shotcrete (the requi-
red 28-days-values were already reached after 7 days) the distance between hea-
ding faces could be reduced to 5 days or 10 m, respectively. The stress redistri-
bution in the cohesive silt/clay layers took longer due to creeping effects; so they
had to adhere to the original designed sequence.

Originally a simultaneous excavation of the side wall drifts and Kern1 was not
allowed because of safety reasons. The risk assessment identified an overstres-
sing of the inner walls of the side wall drifts during the excavation of Kernl as
a possible hazard. This could result in a collapse of the side wall drifts with the
miners trapped at the face. The analysis of geotechnical monitoring during con-
struction proved no adverse effects on the stability of the side drifts. After
a reasonable observation period (approximately half a year) the simultaneous
excavation of both side wall drifts and Kernl was permitted. As a precaution the
geotechnical monitoring was intensified and the face had to be opened in smal-
ler subareas, respectively. Altogether the excavation was much quicker now.
Geotechnical monitoring usually is used to identify adverse developments. In
this case it helped to improve the performance while keeping the safety to the
same high level.

zpoditku znepokojujici. Vzhledem k citlivé oblasti mésta
bylo provedeno podrobné Setreni [Joint Venture LT31
2007]. 20

Pro zkontrolovén{ stavu osténi ze stifkaného betonu - C T - (] — -
byly odebrdny tfi jadrové vzorky z vnitinich stén 15 i e
v tsecich W, ve staniceni 52 az 54, jak je vidét na obr. P " | !
10. Jddra méla prumér 160 mm a byla 37 cm az 42 cm Pk 3 3
dlouhd. Pouze v pripadé vzorku €. 3 bylo osténi ze stri- 5 Ex i ANE
kaného betonu provrtdno celé, to znamend, Ze celkova ! 1 @ 5
tloustka vnitrnich stén byla bezpecné vétsi nez pozado- a o1y Ay il r -
vanych 30 cm. Vzorky ¢. 1 a&. 2 byly prerusené v misté I '-\ : PR
pracovni spary mezi prvni a druhou vrstvou stifkaného = L *) [1
betonu. Na zdkladé této skutecnosti se okamZité zlepsi- A0 e P— 1
la vyroba druhé vrstvy stifkaného betonu. Vzorek ¢. 3 W\‘ 1 =T T 1 1
uvizl ve vrtu a musel byt znovu vyvrtn. Z toho diivo- -15 ==+10 \
du je nékolikrdt preruseny. Puvodni trhlina v tomto
vzorku se presto jesté dala nalézt. Piimost trhlin a jejich =0
otevieni smérem k vnitfnimu lici naznacuji, Ze nejprav- 00207 93.03.07 02.04.07 02.08.07 01.06.07 01.07.07 | 31.07.07
dépodobn&jsi piitinou vSech trhlin byl tah za ohybu.

Udaje z monitoringu potvrdily vizudlni dojem.
Nejvétsi deformaci v pribéhu razeb bo¢nich $tol byla
konvergence mezi monitorovacimi body 10 a 4 a body
11 a 5 ve vrcholu klenby bo¢nich $tol. V prubéhu razby
jadra 1, kterd nasledovala, se smér posunt zménil
v bodech 10 a 11 ve vrcholu klenby, coZz vedlo

k jasnému vzdjemnému vzdalovani bodl 10 a4 abodli ~ excavation Kernl

Obr. 11 Zmena z konvergence (pribliZovdni) na divergenci (vzdalovdni), tisek W, staniéeni 60;
(a) vodorovnd posunuti, mm; (b) Casovd osa; (c) konvergence v prubéhu raZby boéni Stoly; (d) diver-
gence v prubéhu razZby zbytku kaloty

Fig. 11 Change from convergence to divergence, section W, Chainage 60; (a) Horizontal displace-
ments, mm; (b) time axis; (c) Convergence during excavation side wall drift; (d) Divergence during
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Obr. 12 Deformace boéni $toly pri razbé zbytku kaloty, iisek W, stani¢eni 60
Fig. 12 Displacements of side wall drift during excavation Kernl, section W,
Chainage 60

11 a5 (obr. 11). Vysvétleni je celkem jednoduché: Pri razbé jadra 1 byl odstra-
nén podklad pod vnitfnimi sténami bo¢nich $tol a vnitfni stény se pohnuly ve
sméru Cerstvé vyrazeného otevieného prostoru. Toto chovéni, i kdyZ ne
v takovém rozsahu, bylo dobte zndmé z predchdzejicich vySe uvedenych sta-
veb pouze s tim, Ze ocekdvané trhliny na vnéj$im lici kolem boda 10 a 11 se
nepodafilo nalézt. Misto toho se vytvorily trhliny na vnitinim lici (jak je vidét
na obr. 9). Duvodem bylo to, Ze body 10 a 11 vykdzaly i zdvihnuti. Tyto pohy-
by nahoru zpusobily i neolekdvané zdvihnuti priblizné stejné velikosti
vbodech 12 a 13 v opéfi. Na obr. 12 je ukdzdno kvalitativné, jak se body pohy-
bovaly. Pohyb vyvolal zdporny ohybovy moment kolem boda 10 a 11 (tahové
napéti na vnéj§im lici) a kladny ohybovy moment a prodlouZeni kolem bodi
12 a 13. Tentokrat byl stifkany beton stary nékolik tydnu a jiz zatvrdly.
Pierozdéleni napéti ve stitkaném betonu, napt. z davodu vlivu dotvarovani,
bylo zanedbatelné. Pohyby tedy zptsobily okamZity ndrust napéti ve stifkaném
betonu, ktery se projevil vznikem trhlin.

To se potvrdilo indexem intenzity napéti. Index intenzity napéti m je defi-
novdn jako pomér existujictho napéti a povoleného napéti v ur¢itém ¢asovém
okamziku. Je-li index intenzity napéti 100 %, bylo dosazeno meze pevnosti
materidlu. Index intenzity napéti se pocitd kazdy den na zdkladé méfeni posu-
nd, s prihlédnutim k Casoveé zdvislému deformacnimu chovéni stifkaného
betonu [Rokahr a Zachow 1997]. Pomoci indexu intenzity napéti se dd urcit
skutend napjatost v redlném case, aby neexistovaly Zddné dalsi nejistoty
kolem zbytkové dnosnosti vyvolané zvétSenymi posuny. Na obr. 13 je vyvoj
indexu intenzity napéti na vnitini sténé pravé bo¢ni Stoly ve staniceni 60 (viz
znadenf na obr. 13 mezi body 13-11-15). Pii pruchodu elby vyrubu jadra 1
monitorovacim profilem ve stani¢eni 60 se napéti meni z tlakového (zdporné
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A simultaneous excavation of side wall drifts and Kern2 was still not allowed,
but also for buildability reasons it was not an aim. The excavation of Kern2 inc-
luded the ring closure at the total cross section and the dismantling of the inner
walls of the side wall drifts. During this process access to Kernl was not pos-
sible anyway, and to the side wall drifts only with difficulties, if at all (see Fig.
8). Therefore these excavations had to be suspended. From the practical point of
view, a compromise had to be found in such a way that on the one hand driving
cycles into the side wall drifts would not become too long and on the other hand
that the time consuming preparation for excavation of Kern2 were kept to
a minimum. It turned out that changing to Kern2 every 30 m to 50 m was the
best option.

MONITORING OF SHOTCRETE LINING OF SIDE WALL
DRIFT SECTION

During the design process a geotechnical safety management concept was
established, a live document which was continuously revised during constructi-
on [OBB Geotechnical Safety Management Concept 2008, and Heissenberger et
al. 2008]. According to the concept the regular distance of monitoring cross sec-
tions was 10 m throughout LT31, if necessary this was reduced to 5 m. Readings
had to be taken 20 m ahead and 30 m behind the face on a daily basis. In consi-
deration of the distance between faces as shown in Fig. 7 an area of 100 m to
140 m in each section S, M, P, and W had to be monitored by means of displa-
cement measurements. Additionally measurements had to be taken during con-
struction of all emergency shafts and galleries as well as the adjacent areas of the
main tunnel. Since LT31 lays nearly completely under the live railway and other
intra-urban infrastructure a lot of surface surveying points had to be monitored.
It would go too far to describe all the monitoring in detail. This article highlights
some special features. Further information on geotechnical monitoring can be
taken from Moritz et al. (2008).

CRACKS IN THE SHOTCRETE LINING

Cracks were detected for the first time in section W between Chainage (Ch.)
50 and 60 at the inner walls of both side wall drifts. The horizontal cracks occur-
red at the intrados approximately 0.5 m to 1.0 m above the intersection bench /
invert (Fig. 9). The ring closure of the total cross section including dismantling
of the inner walls of the side wall drifts was completed up to Ch. 50, i.e. the
cracks ran in the remaining inner walls in the direction of the face. The opening
width of the cracks was up to several millimeters in some areas. From the expe-
rience of former projects (e.g. Eggetunnel, railway line Kassel-Dortmund)
a development of cracks had been expected, but at the extrados in the area of the
crown. The location and the extent of the cracks were therefore irritating at first.
With respect to the sensitive urban area a detailed investigation was done [Joint
Venture LT31 2007].

To check the integrity of the shotcrete lining three cores were taken out of the
inner walls of section W, Ch. 52 to 54, shown in Fig. 10. The cores had
a diameter of 160 mm and a length of 37 cm to 42 cm. Only with specimen
No 3 the shotcrete lining was drilled through, i.e. the overall thickness of the
inner walls was comfortingly greater than the required

30 cm. Specimen No 1 and No 2 were broken at the con-
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struction joint between the first and second layer of
shotcrete; upon this fact the manufacturing of the second
layer of shotcrete was improved immediately. Specimen

40% = c

20% - : .

- No 3 got jammed in the bore-barrel and had to be drilled
out. This is why it is broken a couple of times.
Nevertheless, the original crack of this specimen could
still be identified. The straight trace and the opening of
Lo the cracks towards the intrados indicate flexural tension
as the most possible cause of all cracks.
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The monitoring data confirmed the optical impression.
During excavation of the side wall drifts the most signi-
ficant displacement was a convergence between monito-
ring points 10 and 4, and 11 and 5 in the crown of the side
wall drifts. During excavation of the following Kernl1 the
direction of the displacements changed in crown-points
10 and 11 resulting in a clear divergence developing bet-
ween points 10 and 4, and 11 and 5 (Fig. 11). The expla-
nation is quite clear: With the excavation of Kernl the
bedding of the inner walls of the side wall drifts was
taken away; and the inner walls moved in the freshly

Obr. 13 Index intenzity napéti; (a) index intenzity napéti; (b) éasovd osa; (c) tlakové napeéti; (d) tahové

napeti

Fig. 13 Stress intensity index; (a) Stress intensity index; (b) time axis; (c) compressive stress; (d)

tensile stress

excavated open space. This behavior — although not in
this magnitude — was well known from previous projects
as mentioned above, only the expected cracks at the
extrados around points 10 and 11 could not be found.
Instead cracks at the intrados developed (as shown
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Obr. 14 Systém trhlin ve vSech bocénich Stoldch
Fig. 14 Crack pattern, all side wall drifts

znaménko) na tahové (kladné znaménko), coz vede k trhlindam. Index intenzi-
ty napéti po vytvoreni trhlin ukazuje tahové napéti pouze kolem 20 %. Stupen
bezpecnosti proti poruseni (n = 100 %) byl stle kolem 5. To ddvalo jistotu,
Ze tunel je ve velmi stabilnim stavu.

Ze znalosti indexu intenzity napéti bylo mozné uCinit dal§i zaver.
V dsledku trhlin a nizké drovn€ napéti na vnitin{ sténé se vétSina napéti pre-
rozdélila do vnéjsich stén bo¢nich $tol. Tento Gcinek se povazoval za zZadouci
z pohledu budouctho bourdni vnitinich stén. Demolice byly bezpecnéjsi
a snadn&jsi pri odlehCenych vnitrnich sténdch. Z celkového pohledu byla ten-
tokrdt tvorba trhlin v osténi ze stfikaného betonu priznivd skute¢nost.

Béhem dalSich razeb se vytvorilo jednotné schéma trhlin ve vSech Ctyrech
tsecich W, P,M a S, jak je vidét na obr. 14. Pfes jejich poCty se vSechny trhli-
ny vytvorily ve stejné dob¢. VSechny trhliny probihaji smérem k elu vyrubu,
veb, 1 kdyZ se ocekdvaly pouze trhliny na venkovnim lici oznacené jako ,,2.
Ostatni, neocekdvané trhliny na vnitrnim lici oznacené jako ,,1* a ,,3“ byly
logickym dusledkem deformaci podle obr. 11 a 12. Kvuli nerovnému povrchu
stifkanych betont s mnoZstvim nalepené zeminy bylo i pro bystré o¢i velmi
té7ké trhliny ,,2* nalézt, coz vedlo k dfive zminéné iritaci.

ZAVER

Cast tunelu Lainzer LT31 je piikladem toho, Ze pii dokonalém projektu,
vysoké kvalité praci a dukladném geotechnickému monitoringu je mozné
metodou NRTM stavét i velké melce uloZené tunely v zeminach pod citlivou
méstskou zdstavbou.

Rozséhly monitoring potvrdil, Ze maximéln{ zpasobené sedéni na Zeleznici
a na budovich zustalo v ofekdvanych mezich. Také nerovnomérné seddni
budov zustalo pod varovnymi stavy. To, Ze razba tunelu je v souladu s pi-
vodnim rozpoctem a harmonogramem vystavby, pravdépodobné bude znit
otfele. Cést tunelu Lainzer LT31 je piikladem skute¢nosti, Ze je mozné posta-
vit velky mélky tunel v zemindch pod citlivou méstskou oblasti bezpe¢né, eko-
nomicky pomoci NRTM diky peclivému projektu, vysoké kvalité price
a podrobnému geotechnickému monitoringu. Dal${ informace o tunelu Lainzer
mohou byt nalezeny na webovych strankdch rakouskych federdlnich Zeleznic,
odkaz je uveden v referencich.
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in Fig. 9). The reason was that points 10 and 11 showed a heave as well. These
upward movements caused also an unexpected heave of approximately the same
amount in the bench-points 12 and 13. Fig. 12 shows qualitatively how the points
moved. The movement generated a negative bending moment around points 10
and 11 (tensile stress at the extrados), and a positive bending moment / elonga-
tion around points 12 and 13. The shotcrete was at this time some weeks old and
already hardened. Stress redistribution inside the shotcrete e.g. due to creeping
effects was negligible. The movements therefore caused immediately an increa-
se of stress inside the shotcrete which was made visible by the cracks.

This was confirmed by the stress-intensity-index. The stress-intensity-index 1
is defined as the ratio of the existing stress and the permissible stress at a certain
point in time. If the stress-intensity-index is 100 %, the ultimate strength of the
material has been reached. The stress intensity index is calculated daily on the
basis of the displacement measurement with respect to the time-dependent
stress-strain behaviour of the shotcrete [Rokahr and Zachow 1997]. With the
stress intensity index the actual stress state can be determined in real time, so that
no more uncertainties about the residual bearing capacity due to increasing dis-
placements exist.

Fig. 13 shows the development of the stress-intensity-index in the inner wall
of the right hand side wall drift at Chainage 60 (see marking in Fig. 13 between
points 13-11-15). With the face of Kern1 passing the monitoring cross section at
Chainage 60, the stress changes from compressive stress (negative sign) to ten-
sile stress (positive sign) leads to the cracks. The stress intensity index shows
tensile stress of only about 20 % after the development of the cracks. The safe-
ty factor against failure (n = 100 %) was still around 5. This gave the certainty
that the tunnel was in a very stable situation.

With the knowledge of the stress intensity index another conclusion could be
made: Due to the cracks and the low stress level in the inner wall most of the
load had been redistributed into the outer walls of the side wall drifts. This effect
was considered desirable with respect to the later demolition of the inner walls.
Demolition was safer and easier with unloaded inner walls. Altogether the deve-
lopment of cracks in the shotcrete lining was a good thing this time.

During further excavation a uniform crack pattern developed in all four secti-
ons W, P,M, and S as shown in Fig. 14. Despite the numbering all cracks occur-
red at the same time. All cracks ran towards the face over the complete length of
the excavated Kernl. This confirmed the experience from earlier projects, alt-
hough only the cracks at the extrados, marked with ‘2, had been expected. But
the other unexpected cracks at the intrados, marked with ‘1’ and ‘3’ were
a logical consequence of the displacements according to Fig. 11 and 12. Due to
the rough surface of the shotcrete with lots of soil sticking on it the expected
cracks ‘2’ were very hard to detect even for keen eyes, leading to the previous
mentioned irritation.

CONCLUSION

The extensive monitoring proved that the maximum induced settlement at the
railway and at the buildings above stayed within expected limits, also inclinati-
on of buildings remained below any trigger level. It sounds probably well-worn,
but it is a fact that the tunnel excavation is within time and budget. The Lainzer
Tunnel LT31 is an example that it is possible to build big shallow tunnels in soft
ground beneath a sensitive urban area safely and economically using NATM;
thanks to the thorough design, high quality of performance and dense geotech-
nical monitoring.

For further information on the whole Lainzer Tunnel project the reader is
referred to the website of the Federal Austrian Railroad, the link is given in the
references.

DR.-ING. DIPL.-ING. ALFRED STAERK,
alfred.staerk@bemo.co.at,
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INZINIERSKOGEOLOGICKE POMERY V TRASACH PROJEKTOVANYCH
DIALNICNYCH TUNELOV ROJKOV, HAVRAN A CEBRAT

ENGINEERING-GEOLOGICAL CONDITIONS ALONG THE ROUTES
OF NEWLY DESIGNED MOTORWAY TUNNELS: ROJKOV,
HAVRAN AND CEBRAT

MILOSLAV KOPECKY, MARTIN ONDRASIK

1. OvOD

V stcasnosti sa na Slovensku pripravuje vystavba dialnic
a rychlostnych ciest prostrednictvom PPP (Public Private Partnership)
projektov. K najdoleZitejSim z pripravovanych balikov patri trasa
dialnice D1 rozdelend na 5 tsekov s ich celkovou dizkou 75,04 km.
Ekonomicky a technicky najndrocnejSie su tuseky Turany—Hubova

a Hubova-Ivachnova (spolu 28,8 km), kde sa planuji realizovat

3 tunely (tab. 1 a obr. 1).

Tab. 1 Zdkladnd charakteristika tunelov

Tunel Priemerna dizka Maximalna vyska
tunelovych rir nadlozia
Rojkov 1777 m 175 m
Havran 2825 m 400 m
Cebrat’ 2018 m 400 m

Prvym bude tunel Rojkov, ktory je trasovany juzne aZ juhovychod-
ne od obce Rojkov pod kétou Kopa 1187,2 m n. m. a severne od masi-
vu Korbelky (Velkd Fatra). Zo zdpadného portdlu tunela Rojkov sa
dialni¢nym mostom ponad rieku Vah prechddza do vychodného portd-
Iu nasledujiceho tunela Havran. Tunel prekondva predovsetkym mor-
fologicky chrbit ,,Havrana“ medzi obcami Stankovany a SvoSov. Na
tiseku D1 Hubovéd—Ivachnové je naprojektovany tunel Cebrat, ktory
prekondva elevéciu Cebrate (1054 m n. m.), tvoriacu juzny vybezok
Choc¢ského pohoria nad mestom RuzZomberok.

2. GEOLOGICKA - TEKTONICKA STAVBA UZEMIA

Poznatky o geologickej stavbe v predmetnom tzemi vychddzaji
predovsetkym z prac realizovanych v rdmci inZinierskogeologickych
prieskumov (Fussginger a kol., 2006 a 2007, Matejcek, 2007
a Grencikovd a kol., 2008) a im predchddzajuicich $tidif (Ondrasik a kol.,

1. INTRODUCTION

Motorway and fast highway Public Private Partnership (PPP) pro-
jects are currently under preparation in Slovakia. Among the most
important packages being prepared there is the D1 motorway route,
which is divided into 5 sections at a total length of 75.04km. In terms
of economy and technique the most difficult are the Turany—Hubova
and Hubovéd-Ivachnovd sections (together 28.8 km), where 3 tunnels
are planned for construction (Table 1 and Fig. 1).

Table 1 Basic characteristics of the tunnels

Tunnel Average length Maximum

of tunnel tubes overburden height
Rojkov 1777Tm 175m
Havran 2825m 400m
Cebrat’ 2018m 400m

The Rojkov tunnel will be built first. Its alignment runs south-east of
the village of Rojkov, under the Kopa mountain elevation of 1187.2m
a.s.l. and north of the Korbelka massif (the Large Fatra Mountain Range).
Behind the western portal of the Rojkov tunnel, the route crosses the Vah
River on a motorway bridge and passes to the eastern portal of the follo-
wing tunnel, the Havran. The tunnel overcomes above all the Havran
morphological ridge between the villages of Stankovany and Svogov. The
Cebrat tunnel will be built within the Hubova-Ivachnova section of the
DI motorway. The tunnel overcomes Cebrat’ mountain (1054 m a.s.l.),
which forms a southern spur of the Cho¢ mountain range above the city
of RuZomberok.

2. GEOLOGICAL-TECTONIC STRUCTURE OF THE AREA

The knowledge of the geological structure of the given area is based,
above all, on works carried out within the framework of engineering-geo-
logical surveys (Fussginger et al.,

.mr_rn *.}5' ;;ru-n I.ullh “J'
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2006 and 2007, Matejcek, 2007
and Grencikovd et al., 2008) and pre-
ceding studies (Ondrasik et al., 1996,
Malgot-Baliak, 1997). In principle, the
geological structure along the align-
ment of the tunnels being assessed is
uniform. It mainly consists of rock
complexes of Mesozoic fault systems
of Fatricum and Hronicum, which are
overlain by a Quaternary cover:

a) The Fatricum-Krizna fault
system forms mainly lower parts of
the rock massif. It is represented by
rock complexes ranging from the
Upper Jurassic to the Lower
Cretaceous. All of the above-mentio-
ned three tunnels will be driven
through this system. The largest area
of the Fatricum Group (the KriZna
nappe) is occupied by the Cretaceous
Mraznica Member (Neocomian age),
which is represented in the rock mass

Obr. 1 Situovanie jednotlivych tunelov na trase dialhice D1
Fig. 1 Locations of individual tunnels on the D1 motorway route

by marly limestone and marlite.
Upward, toward the cover, they pass
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1 - vapence (kriziansky prikrov), 2 - slienité vapence a sliefiovce (krizfiansky
prikrov), a) prevaha vapencov nad sliefiovcami, b) prevaha sliefiovcov nad

1 - limestone (Krizna nappe), 2 — marly limestone and marlite (Krizna nappe),

s A ) L J 4 F flovc a) prevalence of limestone over marlite, b) prevalence of marlite over limestone,
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Obr. 2 Schematicky inZinierskogeologicky profil tunelom Havran (podla Grencikovd a kol., 2008)
Fig. 2 Schematic engineering geological cross-section through the Havran tunnel (according to Grencikovd et al., 2008)

1996, Malgot-Baliak, 1997). Geologickd stavba v trase hodnotenych
tunelov je v principe rovnakd. Podielajd sa na nej prevazne horninové
komplexy mezozoickych tektonickych jednotiek fatrika, hronika, na kto-
rych su pokryvné ttvary kvartéru:

a) Fatrikum — kriZznanska tektonickd jednotka — tvori prevaZne
spodné Casti horského masivu. Je zastipend komplexmi hornin v rozpiti
vrchnd jura — spodnd krieda a budu v nej razené vSetky tri spominané tune-
ly. Plo$ne najrozsirenej$im sdvrstvim fatrika (kriznanského prikrovu) je
mraznické stvrstvie kriedy (neokémskeho veku), ktoré je v horninovom
masive zastipené slienitymi vdpencami a slienovcami. Smerom do nadlo-
Zia prechddzaju do bridli¢natych slienovcov s vlozkami vapnitych bridlic.
Mocnost’ mraznického stvrstvia je okolo 300 m a ma vyrazni tektonickd
deforméciu (Gross, 1993). Najvyssiu (najmladsiu) Cast’ kriznanského
prikrovu tvoria tzv. porubské vrstvy, kde sa striedaji vépnité flovce, pra-
chovce s jemnozrnnymi vapnitymi pieskovcami (flySovy charakter);

b) Hronikum — choéska tektonicka jednotka, buduje vrcholové
polohy masivov mimo dosahu tunelovych rir (nad nimi). Uvedend jed-
notka je nasunutd na predtym spominand kriznansku tektonickd jednot-
ku. V oblasti tunela Rojkov st sedimenty hronika (cho¢ského prikrovu)
reprezentované predovsetkym dolomitmi, v oblasti tunela Havran (obr. 2)
sii to dolomity, dolomitické vpence aZ vépence a v trase tunela Cebrat
maji prevahu vdpence nad dolomitmi (obr. 3);

¢) Kvartérne sedimenty si na tzemi koridoru tunelov (portly
a useky s nizkym nadlozim) zastipené nasledovnymi, genetickymi typmi
sedimentov:

— deluvidlne sedimenty, ktoré prekryvaji mezozoické komplexy hor-

nin mimo oblasti s rozvinutymi zosuvnymi deldviami,

—zosuvné deldvia, si vyvinuté z deluvidlnych sedimentov

v zosuvnych dzemiach. Zaraduji sa sem aj bloky skalnych
a poloskalnych hornin s charakterom plazenia a zostivania sa po pod-
loznych horninéch flySoidného charakteru,
— proluvidlne sedimenty reprezentuju uloZeniny horskych tokov
v uzkych tdoliach a pri vyusteni horskych tdoli,

— fluvidlne sedimenty sd vyvinuté ako akumula¢né vyplne tdolf riek
a ich vyraznejsich pritokov. Terasové sedimenty sd v dseku tunelov
zastdpené iba eréznymi zvySkami terasovych stupriov,

— organo-chemogénne sedimenty (travertiny) vznikli v oblasti vyverov

mineralizovanych vod, resp. vod s volnym oxidom uhli¢itym (CO,).

to shaly marlite with calcareous shale interbeds. The Mraznica Member
is about 300m thick. It is significantly deformed by faulting (Gross,
1993). The highest (youngest) part of the KriZna nappe consists of the
Poruba Member, where calcareous claystone and siltstone alternate with
fine-grained calcareous sandstone (the flysh character).

b) The Hronicum — Cho¢ fault system forms summit parts of the
mountains, which are beyond the reach of the tunnel tubes (they are
above them). This system is thrust over the previously mentioned Krizna
fault system. In the Rojkov tunnel area, the Hronicum sediments (the
Cho¢ nappe) are represented first of all by dolostones, while dolostones
and dolomitic limestone to limestone are found in the area of the Havran
tunnel (see Fig. 2). Limestone prevails over dolostones in the Cebrat’tun-
nel area (see Fig. 3).

¢) In the area of the corridor containing the tunnels (portals and low
overburden sections), there are Quaternary sediments, which are repre-
sented by the following genetic types of sediments:

—deluvial sediments overlaying Mesozoic rock complexes outside

well developed deluvial slide areas,

— sliding deluvia which developed from deluvial sediments in sliding-
prone areas. Blocks of hard rock and semi-hard rock with the cha-
racter of creeping and sliding on underlying flyschoid rock are also
placed into this category,

— proluvial sediments representing deposits of mountain streams in
narrow valleys and at mouths of mountain valleys,

— fluvial sediments which developed as accumulation fills of valleys of
rivers and more significant tributaries. River terrace sediments wit-
hin the tunnel sections are represented only by erosion remnants of
terrace scarps.

— organic-chemogene sediments (travertine) originated in the area with
mineralised water springs or water containing free carbon dioxide (CO,).

In terms of the faulting, the following features are important for the
development of the area of operations and disturbance of the rock envi-
ronment:

—regional-category faults, which created conditions for the area to
break into separate fault blocks. These faults conditioned the deve-
lopment of a syncline-shaped Mesozoic depression between
Ruzomberok and Krpelany, where the Védh River developed its val-
ley (Ondrasik, 1987),

1 - slienité vapence a sliefiovce (kriziansky prikrov), 2 — ndsunova zéna so

imnmj Supinami gutensteinskych dolomitov, 3 — gutensteinské vapence,

T E ZJZ 4 — ramsauské dolomity, 5, 6, 7 - reiflinské, wettersteinské
a raminské vapence (chocsky prikrov), 8 — svahové sute — kvartér,
9a) skalné zosuvy, 9b) blokové poruchy, 10 — hlavné tektonické
o0 linie, 11 — predpokladané pritoky

podzemnych vdd do tunelovej riry gb_

100 1

O,

1 - anticipated ground water inflows into tunnel tube

1 —marly limestone and marlite (Krizna nappe),

2 - overthrust zone with scales of Gutenstein dolostone,

3 - Gutenstein limestone, 4 - Ramsau dolostone, 5, 6, 7 - Reifling-Wetterstein Y SASf
& and Raming limestone (Cho¢ nappe), 8 — Quaternary slope debris , 9a) rock sli-
des, 9b) block-type deformations, 10 — main fault lines,

Vychodny portal
Eastern portal
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Obr. 3 Schematicky inZinierskogeologicky profil tunelom Cebrat'( pogllil Fusgidnger, 2006)
Fig. 3 Schematic engineering geological cross-section through the Cebrat’tunnel (according to Fusgiinger, 2006)
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1 - UdoIné Strky Vahu, 2 - kamenité, aZ balvanité sute zosuvov,
3 - bloky dolomitov v zosuvoch, 4 — predpokladané mykové plochy, 5 — dolomity

— lower-category faults including
i faults in loosening zones existing

:m nm I‘ . . . § . ~
A — chogsky prikrov, 6 — prevaha sliefiovcov nad vapencami — kriziansky prikrov, | %‘_ﬂ 1 Wlthm root areas of gra\/lty. defor
7 - prevaha vapencov nad sliefiovcami — kriziansky prikrov, f. s ¥ mations, where the bonds in rock
540 8 — tektonické poruchy, 9 — tunelova rira e ‘l. mass were weakened
20 4 1-Vah River valley gravel, 2 — stony to bouldery debris from rock slides, * S ap - - . ’ :
- 3 — dolostone blocks in landslides, 4 - anticipated sliding surfaces, ] @-.. E | - —the Ov?rthr}lﬁ zone Valong which
5 — dolostone — Cho¢ nappe, 6 — prevalence of marlite over limestone — Krizna A ‘. . : the units of the Cho¢ nappe were
500 nappe, 7 — prevalence of limestone over marlite . L : o
e - Krizna nappe, 8 - faults, 9 — tunnel tube “ ; E e 5 1 : shifted over the Krizna nappe.
|
- _ RO, \ 3. ENGINEERING-GEOLOGICAL
520 B i ; EE : AND HYDROGEOLOGICAL
- P Sk 1 \ =k CONDIDTIONS FOR TUNNEL
wy L e e e o il iittaie () firihsteleido EXCAVATION
0] ¥ "'@ P, T RS = 1 " It must be expected that problems
- - w . .
w1 = ‘i i @) Em T 1 will be encountered while construc-
= . . . .
= o '} ; 5 = ting tunnels within the area featuring
400 & L B I so complicated geologically faulted

structure. The problems will be asso-

Obr. 4 Svahové deformdcie na zdpadnom portdli tunela Havran (zostavené podlu geofyzikdlnych merani firmy ciated above all with instability of the

Geopas, Zilina, Grencikovd, 2008)

area at tunnel portals; inside tunnels,

Fig. 4 Slope deformations at the western portal of the Havran tunnel (plotted according to geophysical measurements e can expect significant inhomoge-

by Geopas, Zilina, Grenéikovd, 2008)

Z tektonického hladiska st pre vyvoj zdujmového tzemia a porusenie

horninového prostredia ddleZité:

—zlomy regiondlnej kategdrie, ktoré podmienili rozpad tzemia na
samostatné tektonické bloky. Tieto zlomy podmienili vznik depresie
so synklindlnym priebehom mezozoika medzi RuZomberkom
a Krpelanmi, v ktorom zaloZil svoje tdolie Vah (Ondrasik, 1987),

—zlomy niz8ich kategérii, vratane zlomov v zdénach rozvolhenia
v odlu¢nej oblasti gravitatnych deformdcii, v ktorych doslo
k oslabeniu vizieb v hornindch,

— ndsunovd zéna, pozdlz ktoreJ sa jednotky chocského prikrovu presu-
nuli na horninovy masiv krizianského prikrovu.

3. INZINIERSKOGEOLOGICKE A HYDROGEOLOGICKE
PODMIENKY PRE RAZENIE TUNELOV

V tzemi s tak komplikovanou geologicko-tektonickou stavbou je

nutné oCakavat problémy pri realizacii tunelovych stavieb. Budd sa tykat’

predovsetkym nestability izemia v miestach portdlov, v tunelovej rire
moZeme ocakavat’ znacni nehomogenitu horninového prostredia odra-
Zajicu premenlivi litolégiu a znacné tektonické porusenie a z toho
vyplyvajice komplikované hydrogeologické pomery.
3.1 Stabilita portalov tunelov

Ako bolo konstatované geologicko-tektonicka stavba, kde sa na plas-
tickom suvrstvi kriznanského prikrovu nachddzaji pomerne rigidne hor-
niny cho¢ského prikrovu za spolupdsobenia tektonickych pohybov
a erézie Vahu, vytvorila velmi vhodné podmienky pre rozvoj hlbokych
blokovych svahovych deformacii. Odtrhnuté okrajové bloky védpenco-
vo-dolomitického komplexu cho¢ského prikrovu sa tu zabdraji do pod-
loZnych slienovcov kriznanského prikrovu a sd vytlééané po svahu do
niz$ich poloh. Hribka blokovych deformécii méze dosahovat az do 30
metrov a ich aktivita bola viazand predovietkym na obdobie, ked sa Véh
zarezdval do horninového podloZia (bo¢nd a hlbkova erézia). V predpoli
blokovych deformécii sa hromadia svahové sedimenty, ktoré si nachyl-
né na zosuvanie. Zosuvy, ktorych akumuldcie siahaju az do udolnej nivy,
su stabilizované (drénované) Strkovymi ndplavmi Vahu. Aktivizované
mo7Zu vSak byt predovsetkym vzostupom hladin podzemnych vod pri
extrémnych klimatickych podmienkach, pripadne neuvdZenym antropo-
génnym zdsahom, akym je napr. realizdcia vykopov pre portély tunelov.

Z uvedeného vyplyva, Ze je takmer nemoZné v uvedenom dzemf situ-
ovat’ portdly mimo svahovych deformdcii, ¢o sa napokon podarilo iba
v pripade vychodného portilu tunela Cebrat’.
Tunel Rojkov

Zo vsetkych portdlov najndroCnejSie bude zabezpeCenie stability
zapadného portilu tunela Rojkov, pretoze hlbeny tunel a aj dvodnd
Cast’ razeného tunela prechddzaji pozdlZzne akumuldciami svahovych
deformacii s hribkou cez 20 m (zosuvy kombinované s blokmi sliefiov-
cov). V dseku hibeného tunela (dizka 80-87 m) by mal byt zrealizovany
vykop hlbky cez 25 m, pricom ddjde k podrezaniu rozsiahlej blokovej
deformécie siahajiicej cca 250 m vyssie do svahu od hrany vykopu.
V suicasnosti svahové deformdcie v okoli zdpadného portdlu nepreuka-
zuji vyraznd aktivitu, ¢o pravdepodobne vyplyva aj z toho, Ze najspod-
nejSie bloky svahovych deformadcii, ktoré boli nasunuté az na Strky nivy,
sa nachddzaji pod jej droviou a predstavuji prirodzend oporu vysSie

neity of the ground environment

resulting from variable lithology and
significant faulting and complicated hydrogeological conditions follo-
wing from these conditions.

3.1 Stability of tunnel portals

As mentioned above, the geological-tectonic structure featuring the
relatively rigid Cho¢ Member rocks overlaying the plastic layers of the
Krizna nappe, together with the action of tectonic movements and the
Vih River erosion, created very suitable conditions for the development
of deep block-type slope deformations. Sheared-off boundary blocks of
the calcareous-dolomitic Choc¢ nappe sink in the underlying marlites of
the Krizna nappe and are pushed down the slope to lower elevations. The
thickness of the block-type deformations may reach up to 30 metres.
Their activity was associated above all with the period during which the
Vih River was cutting into the bedrock (sideway erosion and vertical ero-
sion). Slide-prone slope sediments are accumulated in the area, in advan-
ce of the block-type deformations. The slides the accumulations of which
reach down to the flood plain, are stabilised (drained) through the Vdh
River gravel deposits. Although, the slides can be activated first of all by
the increasing level of the water table during extreme climatic conditions
or as a result of ill-considered anthropogenic intervention, such as exca-
vation in front of tunnel portals.

It follows from the above text that it is nearly impossible in the given
area to locate tunnel portals outside slope deformations. The only success
was achieved in the case of the eastern portal of the Cebrat tunnel.

The Rojkov tunnel

Of all the portals the most difficult task will be to secure the stabili-
ty of the western portal of the Rojkov tunnel because the cut-and-
cover tunnel and the initial section of the mined tunnel run longitudi-
nally through over 20m high accumulations of slope deformations (sli-
des combined with blocks of marlite). Over 25m long excavation
should be carried out in the cut-and-cover tunnel section (80m — 87m
long). During this operation an extensive block-type deformation, rea-
ching about 250m up the hill from the excavation edge, will be under-
cut. At the moment slope deformations in the vicinity of the western
portal do not manifest any activity, which is probably owing to the fact
that the lowest blocks of slope deformations, which were thrust on the
gravels filling the flood plain, are found under its level and provide
natural support to the higher located blocks. It is necessary to make
allowance for static excavation support and installation of horizontal
drainage boreholes.

The eastern portal of the Rojkov tunnel is expected to be construc-
ted within a stable slide block. We assume that the construction of the cut-
and-cover section of the tunnel will not significantly affect its stability.
Nevertheless, the excavation pit for the mined portal will have to be sta-
bilised since it extends into potential landslides, which are found above
the slopes of the trench.

The Havran tunnel

Both portals of the Havran tunnel are also located in slope deformati-
ons. Stability problems resulting from the significant slope deformations
which might be activated by an extensive and insensible activity can be
expected above all in the locations designed for the western portal. The
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poloZenym blokom. Je nutné tu pocitat’so statickym zabezpecenim vyko-
pu a s realizdciou horizontdlnych odvodnovacich vrtov.

Vychodny portél tunela Rojkov by mal byt situovany v stabilnom
zosuvnom bloku. Predpokladdme, Ze samotnd realizdcia hlbenej Casti
tunela v nom nebude mat’ podstatny vplyv na jeho stabilitu. Bude vSak
potrebné stabilizovat' vykop pre razeny portdl, pretoze zasahuje do poten-
cidlnych zosuvov nachddzajicich sa nad svahmi vykopu.

Tunel Havran

Aj obidva portdly tunela Havran su situované v svahovych deforméci-
dch. Stabilitné problémy mozno ocakdvat predovsetkym v miestach pro-
jektovaného zapadného portilu v dosledku vyraznych svahovych
deformécii, ktoré by mohli byt pri rozsiahlom a necitlivom zdsahu ¢ias-
tocne aktivizované. Cca 90 m nad tunelovou rirou sa predpokladd vyskyt
ndsunovej zony kriznanského a choského prikrovu. Uvedend zéna
umoznila vyvoj mohutnych blokovych deformécif hribky do 30 m, kde
sa po plastickych slienovcoch pohybovali sute a rozbité bloky dolomitic-
kych hornin. Podla interpreticie geofyzikdlnych merani sa hlavnd bdza
zosuvnych deldvii pohybuje vo vyske okolo 485 m n. m. (obr. 4).
Uvedenad troven zodpoveda bdze terasy, ktord je cca v tseku 150-300 m
pred vychodnym portdlom prekrytd mohutnym skalnym zosuvom.
Z uvedeného vyplyva, Ze na uvedent eréznu bazu Vihu je viazany
vyznamny vyskyt svahovych deformdcii. Na zdpadnom portdli treba
pocitat’s nutnostou ndro¢nych technickych stabilizaénych opatreni (typu
kotvenych stien a zarubnych murov).

Vychodny portal tunela Havran je situovany na okraji rozsiahleho
stabilizovaného skalného zosuvu. Stabilizacné opatrenia budi viazané
predovsetkym na samotny portél, ohrozenie stability celého zosuvného
Uzemia sa tu nepredpokladd.

Tunel Cebrat

Zapadny portil tunela Cebrat’je takisto situovany v blokovej defor-
mécii, kde zosunuté kamenité, balvanité materidly ako aj vécsie bloky
hornin s predpokladanym vyskytom podzemnej vody vytekajicej
z ndsunovej zony, vytvdraji velmi nepriaznivé podmienky pre realizdciu
portdlu tunela. Preto bol zdpadny portdl presunuty o cca 70 m juZnejSie
(obr. 5), kde su vyvinuté zosuvy mensej dlzky a hribky (namiesto 26 m
iba 7 m). Vlastny portdl musi byt osadeny pod zosuvnymi deltiviami
v sliefiovcoch, pricom vystavbe portdlu musi predchddzat’ stabilizdcia
zosuvného tzemia, a to kotevnym Zelezobetéonovym rostom
a odvodnenim pomocou subhorizontdlnych vrtov (Fussgénger, 2007).
Presunutim portdlu oproti pévodnému situovaniu doslo k predlZeniu
oboch tunelovych rir a k zmenSeniu ich pozdlZzneho sklonu.
3.2 InZinierskogeologické pomery masivu v okoli tunelov

Vsetky tri hodnotené tunely sa budu razit’ v prostredi mezozoickych
hornin krizianského prikrovu, a preto mézeme podat’spoloéné hodnote-
nie charakteru masivu. V horninovom masive su z litologického hladiska
zastipené predovSetkym slienité vdpence a slienovce, menej slienité
bridlice, pieskovce a véapnité {lovce. Slienité vapence si prevazne svet-
losivé s odtienmi do hneda, zelena i Zlta, zriedkavo byvaji tmavosivé. Su
vzdy slienité, prevazne doskovité, menej az lavicovité (Ondrésik a kol.,
1996). Slienovee byvaji tmavosivé s odtienimi do hneda, menej Casto
svetlejSie, niekedy Skvrnité, s nerovnymi vrstevnatymi plochami. Casto
byvaju zvrasnené, s mnozstvom nepravidelnych kalcitovych ziliek, zhlu-
kov a tektonickych zrkadiel (obr. 6). Slienité bridlice tvoria polohy, kto-
rych hribka presahuje miestami az 200 cm. Vo vrchnych partidch
a v tektonickych zénach si uvedené horniny silne zvetrané a porusené
a maju charakter az zemin.

Obr. 6 Pomerne zdravé slieriovce (vzorky z tunela Havran) s tektonickymi
zrkadlami a puklinami vyhojenymi kalcitom

Fig. 6 Relatively sound marlite (samples from Havran tunnel) — slickensided,
with fissures filled with calcite
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1 - fluvidine sedimenty, 2 — kamenité, az balvanité sute, 3 — zosuvy stabilizované a potenciélne,

4 — svahové deformacia s portalmi charakteru skalného zosuvu vo vyssich ¢astiach s blokmi
gutensteinskych vépencov, 5 - slienité vépence neokému- kriziiansky prikrov, 6 — gutensteiské vapence
— chocsky prikrov, 7 — ramsauské dolomity — chocsky prikrov, 8 - reiflinské vapence — chocsky prikrov,
9 - nasunova plocha medzi kriziianskym a choéskym prikrovom

1 - fluvial sediments, 2 — stony to bouldery debris, 3 — stabilised and/or potential landslides,

4 - slope deformation with portals of the rock slide-character, with Gutenstein limestone blocks at higher
levels, 5 — Neocomian marly limestone — Krizna nappe, 6 — Gutenstein limestone — Cho¢ nappe,

7 — Ramsau dolostone — Cho¢ nappe, 8 — Reifling limestone — Cho¢ nappe,

9 - overthrust surface between Krizna and Cho¢ nappes

Obr. 5 Svahové deformdcie na zdpadnom portdli tunela Cebrat’(rozhodujiica
md Cerveny obrys — a ndkres jeho presunutia (podla Fusgdnger, 2007)

Fig. 5 Slope deformations at the western portal of the Cebrat’tunnel (crucial
deformation is outlined in red) and diagram of its shifting (according
to Fusgdnger, 2007)

Krizna nappe and Choc nappe are expected to be found about 90m above
the tunnel tube. The above-mentioned zone allowed the development of
vast block-type deformations up to 30m high, where debris and broken
blocks of dolomitic rocks moved on the surface of plastic marlites.
According to the interpretation of geophysical measurements, the main
base of the sliding deluvia fluctuates about the altitude of 485m a.s.l. (see
Fig. 4). This level corresponds to the base of the terrace existing within
the section 150-300m in front of the eastern portal, which is covered by
a vast rock slide. It follows from the above description that significant
occurrence of slope deformations is associated with the above-mentioned
Vih River erosion base. At the western portal, the necessity for compli-
cated technical stabilisation measures (anchored retaining walls and
revetment walls) must be taken into consideration.

The eastern portal of the Havran tunnel is located at the edge of an
extensive stabilised rock slide. The stabilisation measures will be focused
above all on the portal itself; no threat to the stability of the entire slide
area is expected.

The Cebrat tunnel

The western portal of the Cebrat’ tunnel is also located within
a block-type deformation, where stony and bouldery materials and larger
rock blocks forming the slide, together with ground water flowing from
the overhrust zone, create very unfavourable conditions for the tunnel
portal construction. This is why the western portal was moved about 70m
south (see Fig. 5), where shorter and thinner landslides developed (only
7m thick instead of 26m). The portal itself must be founded under the
slide deluvia, in marlites. The portal construction must be preceded by
stabilisation of the slide area by a reinforced concrete anchoring grate and
by installation of drainage using sub-horizontal boreholes (Fussgénger,
2007). As a result of the shifting of the portal from the original location,
the length of both tunnel tubes increased and the longitudinal gradient
decreased.

3.2 Engineering-geological conditions in the rock mass
surrounding the tunnels

All 3 assessed tunnels will be driven through an environment formed
by Mesozoic Krizna overthrust rocks, therefore we can present
a common assessment of the rock mass character. From the lithological
point of view, the rock mass is composed above all of marly limestone
and marlites, while the proportion of marly shales, sandstone and calca-
reous claystone is smaller. Marly limestone is mostly light-grey with
shades of brown, green or yellow; dark-grey colour is rare. It is always
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Z uvedeného vyplyva, Ze v celom dotknutom horninovom prostreds je marly, mostly tabular and less frequently platy (Ondrasik et al., 1996).
zasttipenie litologickych typov velmi nerovnomerné, ¢o predstavuje hor- Marlites are usually dark-grey with shades of brown, less frequently
ninovy masiv s vysokym Stupﬁﬂm nerovnorodosti (obr. 7), ktory okrem lighter, sometimes flecked, with undulated bedding planes. They are
premenlive;j litolégie ovplyviiuje eSte rozna citlivost'na tektonické poru- often folded, with a multitude of irregular calcite veins, clusters and slic-
Senie, zvetranie a pritomnost’ podzemnej vody. kensiding (see Fig. 6). Marly shales form layers locally up to 200cm
Pevnost hornin — skusky PLT thick. In upper parts and faulted zones, the above-mentioned rocks are

Katedra geotechniky STU Bratislava (Kopecky et al., 2008) realizova- heavily weathered and disturbed, having even the character of soils.
la na vzorkéch odobratych zo stvrstvia neokému (tunel Havran — obr. 6) It follows from the above text that lithological types are represented in
skiisky na rychle stanovenie pevnosti hornin v bodovom zatazeni (Point the entire rock environment surrounding the tunnels very irregularly,
load test — PLT). V tab. 2 si uvedené hodnoty pevnosti hornin (o), ktord which means that the degree of the rock mass heterogeneity is very
bola ur¢end vypoctom z upraveného indexu pevnosti Iss. high. (see Fig. 7). The degree is, in addition, affected by varying sensi-

tivity of the rock mass to tectonic faulting, weathering and presence of
Tab. 2 Ht{z{noty pevnosti v prostom tlaku hornin neokomskeho stivrstvia o, (zo ground water.
skitsok PLT) Rock strength — PLT tests
Vzorky hornin minimum maximum priemer The Department of Geotechnics of the STU Bratislava (Kopecky et al.,
2008) conducted point load tests (PLT) on samples taken from the
Vsetky 9,50 MPa 8530 MPa 39,30 MPa Neocomian Member (the Havran tunnel — Fig. 6). PLTs are used for quick
Z oblasti tunelovych rir 1130MPa  8320MPa 4181 MPa determination of rock strength. Table 2 presents the values of rock
Mimo oblasti tunelovych rir 950 MPa 8530 MPa 37,09 MPa strength (0¢) which were determined by a calculation from a modified
Skidsané v smere vrstevnatosti 10,90 MPa 11,30 MPa 11,10 MPa index of strength Iss,.

Z tabulky Jef Zrejmé., ze Y masive skutocne p(A)jde. 0 p?mel}le Vyso!(vﬁ Table 2 Values of unconfined compressive strength of the Neocomian Member

n.erovnorodost pevnosti, priom v smere vrstevnatosti je tito vyrazne niz- rocks o, (PLT tests)
Sia (prevaZne smer razenia).
Vplyv nasunovej plochy Rock samples Minimum Maximum  Average

Okrem zlomovych portich md na porusenie horninového masivu
vyrazny vplyv predovsetkym ndsun chocského prikrovu na horninovy All 9.50 MPa 8530 MPa  39.30 MPa
masiv kriznanského prikrovu. Ndsun je reprezentovany niekolko desia- From tunnel tubes area 1130 MPa 8320 MPa 41.81 MPa
tok metrov mocnou zénou vyrazného porusenia hornin, najmé podloz- Outside tunnel tubes area 950 MPa 8530 MPa 37.09 MPa
nych slieflovcovych komplexov kriedy kriziianského prikrovu. Testing in the direction of bedding 1090 MPa  11.30 MPa  11.10 MPa
V désledku ndsunu niektorf autori popisuji aj opakovanie vrstevnatosti,
zvrésnenie, ale najmd vyrazné mechanické porusenie v prilahlej z6ne It is obvious from the table that the heterogeneity of the rock mass

masivu. Najmé vysSie vrstvy kriznanského prikrovu v podloZi presunu-
tého choc¢ského prikrovu su Casto intenzivne zbridli¢natené a rozlozené
az na zeminy. Hribka takto porusenych hornin dosahuje v masive
Havrana aZ 50 m. Ndsunova linia sa v oblasti tunela Rojkov predpokladd
na tirovni 625-650 m n. m. (Matejéek, 2007), o je pomerne vysoko nad Influence of the overthrust surface

strength will really be high. The strength in the direction of bedding
(which is mostly identical with the direction of excavation) is signifi-
cantly lower.

tunelovou rirou. Najblizsie k tunelovej rire je nasunova linia na zapad- In addition to faulting, the disturbance of the rock mass is signifi-
nych portdloch tunelov Havran a Cebrat' — cca 100, resp. 50 m nad fiou cantly affected above all by the shifting of the Cho¢ nappe on top of the
(obr. 2 a 3). Ndsunovd linia v trase tunela Cebrat' md podla geofyzikal- Krizna nappe. The overthrust is represented by a several metres high
nych merani mierne antiklindlny charakter (Fussginger, 2007) — nachad- zone of seriously disturbed rock, most of all the underlying Cretaceous
za sa vo vySke cca od 660 m n. m. na zdpade, v strednej vrcholovej Casti KriZna nappe marlite complexes. Some authors even describe repetiti-
od 755 mn.m.ana VyChOde od cca 705 m n.m. (obr. 3). Naopak u tunela on of beds, folding and, above all, significant mechanical disturbance
Havran je to skor synklindlny tvar nisunovej plochy. within the adjacent rock mass zone, which result from the overthrust.
Triedy razenia The higher located members of the Krizna nappe lying under the Cho¢

Z uvedenych tdajov mozno konStatovat, Ze najhorSie podmienky pre nappe are most of all intensely affected by cleavage and decomposed
razenie treba oCakdvat'v portalovych a priportdlovych oblastiach vsetkych even to soil. The thickness of the ground disturbed in such the way rea-
tunelov, kde treba zabezpecit’ stabilitu tunelovej riry pocas jej razenia ches up to 50m in the Havran massif. The overthrust line in the Rojkov
a sticasne %j stabilitu zosuvnych svahov. Na zdpadnych portéloch tunelov tunnel area is anticipated in the altitude of 625-650m a.s.l. (Matejcek,
Havran a Cebrat’je porusenost’ masivu zvyraznend blizkostou ndsunovej 2007), which is relatively high above the tunnel tubes. The overthrust
plochy. V tychto dsekoch mdZeme masiv z hladiska razenia zatriedit’ do line is closest to the tunnel tubes at the western portals of the Havran

technologickej triedy NRTM — 5a. Hodnota QTS je vyjadrend parametrom
< 30 bodov, zatriedenie masivu podla ONORM — C3. S ohladom na prav-
depodobni nestabilitu celého vyrubu bude potrebné realizovat mikropil6-
tovy daZdnik a Cleneny vyrub s okamzitym zabezpecovanim celby.
Podobné, alebo o nie¢o lepSie podmienky modzeme ocCakavat
v usekoch, kde bude trasa tunela prechddzat’ poruchovymi zénam a tu . . . . ;
predpokladdme technologickd triedu razenia 4-5a podfa NRTM. a..s.l. in the middle (summit) section to about 705m a.s.l. in the east (see
V najpriaznivejsich tsekoch sa predpokladd razenie v technologickej Fig. 3).. On the contra.ry, the shape of the overthrust plane at the Havran
triede NRTM 34 a iba ojedinele v triede 2. Podla Fussginger 2006 sa tunnel is rather syncline.
cca 12 % dlzky severnej riiry tunela Cebrat’ bude razit' v triede NRTM Excavation support classes

and Cebrat tunnels, approximately 100m and 50m above, respectively
(see Figures 2 and 3). According to the results of geophysical measure-
ments, the overthrust line encountered within the Cebrat’ tunnel route
has a slightly anticline character (Fussgénger, 2007). It is found at the
altitude ranging from about 660m a.s.l. in the west, through about 755m

S5a-5b,39 % v triede 5a-4,45 % v triede 3 a 4 % v triede 2. The above-mentioned data suggest that the worst excavation conditi-
3.3 Hydrogeologické pomery masivu ons must be expected in portal and pre-portal areas of all tunnels where
Hydrogeologické struktiry the stability of tunnel tubes and stability of sliding slopes has to be secu-

red during the excavation. The disturbance of the rock mass at the wes-
tern portals of the Havran and Cebrat’tunnels is emphasized by the near-
ness of the overthrust plane. In these sections, we can categorise the rock

Ako vyplyva z geologicko-tektonickej stavby v zdujmovom tzemi sa
vyskytuji dve absolitne odliné hydrogeologické Struktiiry:
a) hydrogeologicka Struktira choc¢ského prikrovu — je tvorend

vépencovo-dolomitickym komplexom hornin (puklinovo-krasové prie- mass as NATM excavation support class 5a. The QTS value is expres-
pustnost), kde si priaznivé podmienky pre obeh i akumuldciu podzemnych | sed by a parameter < 30 points; class C3 was determined according to
vod. Podzemnd voda z tohto komplexu bud volne vytekd po obvode ONORM. With respect to the likelihood of instability of the entire exca-
chotskych prikrovovych trosiek vo forme vrstevnych a vrstevno-sutovych vated opening, it will be necessary to apply canopy tube pre-support and
vyvieraiek s vydatnostou aZ niekolko l.s-1, alebo v bazdlnej Casti (nad the excavation face will have to be divided into partial headings with
ndsunovou liniou) dotuje porusené uzavreté (poklesnuté alebo synklindlne) immediate installation of the face support.
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Obr. 7 Horninovd nerqvnorodost’odrdiajtica premenlivii litologiu (vrt TR-4P
— tunel Rojkov). V hlbke 113-116 m previddajii slienité bridlice miestami
tektonicky poruSené (charakter zeminy) a od 117 do 118 m p. t. slienité vapence
(pouZitd fotodokumentdcia zo sprdvy Grencikovd a kol., 2008)

Fig. 7 Heterogeneity of ground types reflecting the variable lithology (bore-
hole TR-4P — Rojkov tunnel). Locally faulted marly shales (character of soil)
prevail at the depth of 113—116m; marly limestone prevails from the depth of
117 to 118m under surface (using photodocumentation from the report by
Grencikovd et al., 2008)

subhorizontdlne presunové i subvertikdlne zlomové tektonické zony, resp.
aj vrchné viac zvetrané z6ny podloZzného komplexu kriznanského prikro-
vu. PredovSetkym v synklindlnych Struktiirach na baze cho¢skych dolomi-
tov sa mozu vytvarat' lokalne nadrze podzemnych vod;

b) hydrogeologicka Struktira kriznanského prikrovu — podlozny
kriedovy komplex slienitych hornin neokémskeho sdvrstvia kriznanskej
jednotky, v ktorom budu razené vsetky tri tunely, sa okrem tektonickych
z6n javi ako prevazne nepriepustny. Oproti nadloZznému, zjavne prie-
pustnému vadpencovo-dolomitickému komplexu chocskej jednotky, tak
plni funkciu izoldtora. VyraznejSie zvodnenie v masive kriznanskej jed-
notky mdze byt'vSak zaznamenané na vyraznejsich tektonickych zénach,
ktoré su priebezné z nadloZnej chocskej tektonickej jednotky.

Odhadované pritoky do tunelov

Pritoky do tunela teda predpokladdme v portalovych usekoch,
z bazdlnych poléh kvartérnych sedimentov (vrstevné pramene)
a v komplexe neokému najméd v zénach priebeznych, strmych a hlbokych
zlomov, ktoré s geneticky viazané na tektonicky vyvoj uzemia (zlomy
Z-V az SZ-JV, S-J). Na takéto zlomy je viazand aj napr. podzemnd minera-
lizovand voda, ktord vystupuje na zlome v okoli Rojkova a Stankovian, kde
vytvdra pramenité sintre, travertinové kopy (rojkovskd travertinovd kopa —
prirodnd rezervécia). Takto vznikla aj kopa SV od Stankovian a mélo vyraz-
né kopy na tpiti pravostrannych svahov, severne od portédlu tunela Havran
(Matejcek, 2007). Vysoka pravdepodobnost’ pritoku podzemnej vody do
tunela je napr. v tuneli Havran, kde cca 600 m od zdpadného portélu pre-
chédza tunelom malofatransky zlom (tektonickd porucha I. rddu). Pritok do
tunelovej riry je mozné ocakdvat'aj pod idolim SvoSovského potoka (nizke
nadlozie), pripadne cca 200 m pred vychodnym portdlom tunela Havran,
kde v nadloZi tunelovych rir bola identifikovand Strkova terasa Védhu, na
ktorej spoc¢iva akumuldcia zosuvu velkého rozsahu.

Vseobecne by tieto pritoky do tunelovych rir v priemere nemali pre-
siahnut’hodnotu 1-5 1.s! (v pripade narazenia na statické zdsoby to moze
byt'kratkodobo 2-3ndsobok uvedeného mnozstva).

Pri stavbe tunelov ddjde k ovplyvneniu niektorych sicasnych zdrojov
podzemnych vod, preto je nutné realizovat’ich monitoring.

4. ZHODNOTENIE VYTAZENYCH HORNIN Z TUNELA
A ICH VYUZITELNOST

Vzhladom k nepravidelnému a mensiemu vyskytu slienovcov oproti
dominantnym slienitym vdpencom v neokémskom sdvrstvi ako aj
k technoldgii razenia tunelovych rir s delenou Celbou, sa nepocita so
selektivnym od¢lenenim sliefiovcov od slienitych vapencov. Preto vyta-
Zend ribanina bude mat’ prevladajici charakter slienitych vdpencov iba
strednej pevnosti, pricom v zmysle STN 73 3035 bude vyhovovat krité-
ridm pre kamenitd sypaninu z mékkych skalnych hornin (o¢ > 20 MPa).
Je treba vSak pocitat’s tym, Ze pri dlh§om vystaven{ atmosférickym vply-
vom dochddza k ich rychlemu zvetrdvaniu a strate pevnosti.

V zmysle STN 72 1002 riibanina po jej Gprave drvenim do poZadova-
nej granulometrie bude podmiene¢ne vhodnym materidlom pre pouZitie

Tuel

Similar or slightly better conditions can be expected in the sections
where the tunnel alignment will pass through fault zones. We assume that
the NATM excavation support classes 4-5a will be encountered. NATM
excavation support classes 3-4, exceptionally class 2 are anticipated for the
most unfavourable sections. According to Fussgidnger 2006, about 12% of
the Cebrat'tunnel length will be driven through NATM classes 5a-5b, 39%
through classes 5a-4, 45% through class 3 and 4% through class 2.

3.3 Hydrogeological conditions in the massif

Hydrogeological structures

It follows from the geological tectonic pattern that two absolutely dif-
ferent hydrogeological structures exist in the area of operations:

a) The hydrogeological structure of the Choc nappe is composed of
a calcareous-dolomitic rock complex (fissure/karstic permeability), crea-
ting favourable conditions for circulation and accumulation of ground
water. Within this area, ground water either flows out on the circumfe-
rence of the Cho¢ nappe debris in the form of contact springs or slope
debris springs, yielding up to several 1.s™! , or it flows in the basal part
(above the overthrust line) and supplies with water the disturbed closed
(down-dip or syncline) sub-horizontal thrust fault zones and sub-vertical
fault zones or even upper, more weathered zones of the underlying com-
plex of the Krizna nappe. Local ground water aquifers may develop
above all in syncline structures on the base of the Cho¢ dolostones.

b) The hydrogeological structure of the KriZna nappe — this underly-
ing Cretaceous complex comprising marly rocks of the Neocomian
Member of the Krizna unit, through which all 3 tunnels will be driven,
appears to be mostly impermeable, with the exception of tectonic zones.
On the contrary to the overlying calcareous-dolomitic complex of the Cho¢
unit, which is obviously permeable, it fulfils the function of an isolator.
Nevertheless, more significant saturation with water may be encountered
in the Krizilany unit, within more significant tectonic zones running conti-
nuously from the overlaying Cho¢ dolostones.

Estimation of inflows into tunnels

We expect that ground water will flow into the tunnels in portal sec-
tions, from basal layers of Quaternary sediments (contact springs) and
within the Neocomian complex, mainly in continuous, steep and deep
fault zones, which are genetically bound to the tectonic history of the
area (W-E to NW-SE faults). Ground water, even mineralised water, is
bound to such faults. It rises along the fault in the vicinity of the villa-
ges of Rojkov and Stankoviany, where it creates flowstone sinters and
travertine mounds (the Nature Reserve of Rojkov Travertine Mound).
The mound which is found north-east of Stankoviany and several
minor mounds on the base of right-side slopes north of the Havran tun-
nel portal also originated in this way (Matejcek, 2007). High probabi-
lity of ground water inflows into the tunnel exists, for example, in the
Havran tunnel, where the Small Fatra Fault (a first-order tectonic dis-
turbance) passes across the tunnel about 600m from the western por-
tal. Inflows into the tunnel tube can also be expected under the Svosov
Brook valley (low overburden) or about 200m before the eastern por-
tal of the Havran tunnel, where a gravel terrace formed by the Véih
River was identified, with extensive landslide accumulation lying on
its surface.

In general, those inflows into tunnel tubes should not exceed a value of
1-5 1.s! on average (in the case of tapping a static aquifer it may tempo-
rarily increase to 2-3 times the above-mentioned amount).

Monitoring of current ground water sources must be performed consi-
dering the fact that some of them will be affected during the construction
of the tunnels.

4. ASSESSMENT OF THE MUCK OBTAINED FROM
THE TUNNEL AND POSSIBILITY TO USE IT

Because of the irregular, rather small occurrence of marlites in contrast
to dominating marlite limestone in the Neocomian Member, and with res-
pect the sequential tunnel excavation technique, it is not expected that the
marlites would be separated from the marly limestone. Therefore the
muck will mostly have the character of medium strong marly limestone,
while it will satisfy criteria for the riprap from weak rock defined by STN
73 3035 (o¢ > 20 MPa). Although, it is necessary to take into account the
fact that fast weathering and loss of strength takes place in case of expo-
sing this material to atmospheric effects for a longer time.

In compliance with the STN 72 1002, after achieving required granu-
lometry by means of crushing, the muck will become a conditionally sui-
table material for road embankments and partially even for road base lay-
ers. The muck will also be usable for various terrain finishing operations
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do cestnych ndsypov, ¢iastocne i do podkladnych vrstiev cestnych komu- of the character of reclamation of worked-out borrow pits, quarries, wor-
nikdcii. Rovnako bude riibanina vyuzitelnd aj pre rozne terénne tpravy ked out mineral deposits and stockpiles (as an inert material) and filling
technicko-rekultivacného charakteru vytazenych zemnikov, lomov, various terrain irregularities and depressions, or for replacing unsuitable
vydobytych priestorov nerastnych lozisk i skladok (ako inertny materidl) soils. It is necessary to allow for the fact that about 20-30% of the muck
ako aj na zaplnenie roznych terénnych nerovnosti a depresii, resp. na will not be reusable and will have to be deposited on a stockpile.

vymenu nevhodnych zemin. Je nutné pocitat’s tym, Ze cca 20-30 % vyta-
Zeného materidlu sa nebude dat’ vyuZzit' a bude musiet’ byt uloZeny na 5. CONCLUSION

depéniu. The tubes of the Rojkov, Havran a Cebrat’tunnels are located under the
5. ZAVER overthrust surface, beyond the reach of the overthrust. All tunnels will be
) . driven through similar geology, which means through the relatively
Tunelové riry tunelov Rojkov, Havran a Cebrat’si situované pod ndsu- “plastic” and heterogeneous environment formed by the KriZzna nappe,
novou plochou prikrovov, mimo jej dosahu. Vsetky tunely budi razené which is composed of layers of marlite and marly limestone or marly sha-
v podobnych geologickych pomeroch, teda v pomerne ,,plastickom‘ les.
a heterogénnom prostredi krizfianského prikrovu, ktoré je zastdpené Despite the similarity of geological conditions, certain differences in

stivrstvim slieriovcov a slienitych vdpencov, pripadne slienitych bridlic.

Aj napriek podobnym geologickym pomerom urcité rozdiely
v charaktere horninového prostredia vsetkych tunelov budu vyplyvat pre-
dovsetkym z rozdielneho stupna jeho tektonického porusenia. Pritoky do
tunelovych rir sa predpokladajui predovSetkym v portdlovych Castiach
z deluvidlnych sedimentov a v komplexe slienitych hornin prevaZne na
vyznamnej§ich tektonickych linidch. Na priebeZzné tektonické zlomy su
viazané napr. vyvery pramenov nad Rojkovom, takisto aj v travertinovej
kope (prirodna pamiatka). Pritoky do tunelovej riry mdzu nésledne
vyvolat’ zmeny hydrogeologickych pomerov v okoli zlomu a teda aj
ovplyvnit' rezim pramenov. Z toho doévodu je nutné pocitat
s monitorovanim pramenov a podzemnych vod pred vystavbou a pocas
nej. Takisto je potrebné monitorovathladiny podzemnych vdd vo vrtoch
zabudovanych pre urcenie mozného ovplyvnenia Rojkovského raselinis-
ka (prirodnd rezervacia). Tunely sa odportcaji razit' vzostupnym sme-
rom, teda Rojkov a Havran od zépadu a Cebrat’ od vychodu za ti¢elom
plynulého odvadzania drénovanej vody.

NajproblematickejSie sa z hladiska stability portdlov javia predovset-
kym zépadné portaly vsetkych troch tunelov, pricom rozhodujicim bude
zabezpecenie stability zdpadného portalu tunela Rojkov.

Realizovanym podrobnym inZinierskogeologickym prieskumom bolo
zhotovenych mnoZstvo zabudovanych vrtov pre monitoring horninového
prostredia a podzemnych vdd. Je nutné pocitat’s pokracujicimi merania-
mi pred vystavbou a poCas nej, aby sa mohlo monitorovat spravanie hor-
ninového prostredia, a tak pouZit'¢o najefektivnejSie postupy pre zabez-

the character of the rock environment along all of the tunnels will follow
from the different degree of tectonic disturbance. The occurrence of
inflows into tunnel tubes is predicted above all for portal sections (from
deluvial sediments) and for the complex of marly rocks (mostly found
along more significant fault lines. There are springs above Rojkov bound
to continuous faults and springs in the travertine mound (a nature preser-
ve). Inflows into tunnel tubes may subsequently induce changes in hyd-
rogeological conditions in the vicinity of the fault, thus affect the regime
of the springs. It is therefore necessary to take into consideration the
necessity for monitoring of springs and ground water before the con-
struction and during the works. In addition, it is necessary to monitor
water table levels in the boreholes which will be installed for the purpo-
se of determining the possible effects on the Rojkov Peatbog (a nature
preserve). It is recommended that the tunnels should be driven uphill,
which means from the west in the case of the Rojkov and Havran tunne-
1s and from the east for the Cebrat'tunnel, so that the drained water is flu-
ently evacuated.

The western portals of all 3 tunnels appear to be the most problematic
in terms of stability of portals. The stabilisation of the western portal of
the Rojkov tunnel will be crucial.

There are lots of boreholes which were carried out during a detailed
engineering geological survey with the aim of monitoring the ground envi-
ronment and ground water. It is necessary to allow for continuing measu-
rements before and during the construction so that the behaviour of the

pedenie stability objektov a horninového prostredia. ground environment can be monitored and thus the most effective methods
Zaverom doddvame, Ze velkym prinosom pre poznanie horninového for stabilising the structures and ground environment can be applied.
masivu v takychto geologickych pomeroch by bolo dobre, keby sa To conclude, we add that it would be a great contribution towards obtai-
podrobny inZinierskogeologicky prieskum realizoval formou prieskum- ning good kngwledge of the _TOCk mass in such t.he geologicz_l] .conditions if
nej §tolne aspon na jednom z 3 hodnotenych tunelov. Komplexné poznat- a detailed engineering geological Survey was carm 1eq out by dF 1ving an explo-
ky z nej by sa dali pomerne dobre aplikovat na ostatné 2 tunely, pretoZe ratory gallery along at least one of the 3 tunnels. Since the lithological con-
litologické pomery st pomerne podobné. ditions are relatively similar, the comprehensive pieces of knowledge obtai-
Inak preukdZe a7 samotnd realizdcia tunelov nakolko sic¢asné poznat- ned from the survey could be well approximated to the other 2 tunnels.
ky a predpoklady o horninovom prostredi, v akom sa eSte na Slovensku Without it, only the construction of the tunnels itself will show how
tunel nerazil, zodpovedaju realite. much the current knowledge and assumptions regarding the ground envi-

ronment, through which no tunnel has been driven in Slovakia yet, agre-
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AUTOMATIZOVANE SPRACOVAVANIE MIMORIADNYCH UDALOSTI
V CESTNYCH TUNELOCH SR

COMPUTER PROCESSING OF DATA ON ROAD TUNNEL INCIDENTS
IN THE SLOVAK REPUBLIC

RASTISLAV PIRNIK, JOZEF STEFANAK, JURAJ SPALEK

uvob

Dopravny systém je tvoreny pozemnymi aj podzemnymi komunika-
ciami. RieSenie mimoriadnych udalosti na pozemnych komunikécidch
je do istej miery ulahéené charakterom tychto stavieb s moznostou
tniku 0sdb, ktoré poskytuji. Mimoriadne situdcie v tuneloch st vzhla-
dom ku svojmu charakteru omnoho zévaznejsie. Statisticky sa vysky-
tuji menej ¢asto, no napriek tomu s omnoho vacs$imi ndsledkami na
zdravi a Zivotoch 0sob, na majetku, i na tuneli samotnom. Vzhladom
na desiatky tunelov, ktoré budi na Slovensku vybudované, z ktorych
st niektoré uvedené v tab. 1 a zobrazené na obr. 1 a povinnost ¢len-
skych Statov zaznamendvat a vyhodnocovat” mimoriadne udalosti
v cestnych tuneloch, robi tému velmi aktudlnou.

Clanok sa zaoberd problematikou elektronickej evidencie mimo-
riadnych udalosti vznikajtcich v cestnych tuneloch a uvéddza ndvrh
Struktirovaného dotaznika, ktorého elektronickd Cast'musi spliiat'ndle-
zitosti smernice Eurépskeho parlamentu a Rady Eurépy 2004/54/ES
z 29. aprila 2004 o minimdlnych bezpecnostnych poZiadavkich na
tunely v transeurdpskej cestnej sieti a v zmysle Nariadenia vlady
344/2006 o minimdlnych bezpecnostnych poziadavkach na tunely
v cestnej sieti.

BEZPECNOST CESTNYCH TUNELOV

Bezpecénost' v tuneloch je jednym z najddlezitejSich faktorov zohlad-
nenych pri ich projektovani a vystavbe. KedZe ide o uzavrety priestor

Tab. 1 Siicasny stav vystavby tunelov na Slovensku. (Zdroj NDS, a. s.)

INTRODUCTION

The traffic system consists of both at grade and underground roads.
Solving road incidents is to some extent easier owing to the character of these
structures, which allow escape of persons. Incidents in tunnels are, with respect
to their character, much more serious. Statistically, they occur less frequently.
On the other hand, their consequences for health and lives of people, property
and even the tunnel itself are much worse. Taking into consideration the tens of
tunnels which will be constructed in the Slovak Republic (some of them are pre-
sented in Table 1 and shown in Fig. 1) and an obligation of member nations to
register and assess incidents in road tunnels, this issue has become very topical.

This paper deals with the problems of electronic filing of data on incidents
which happen in road tunnels, and discusses a draft of a structured questionna-
ire. The electronic section of the questionnaire has to meet requirements of the
Directive of the European Parliament and of the Council No. 2004/54/ES of 29
April 2004 on minimum safety requirements for tunnels in the Trans —
European road network, in the meaning of the Decree No. 344/2006 of the
Government of the Slovak Republic on minimum safety requirements for tun-
nels in the road network.

SAFETY IN ROAD TUNNELS

Safety in tunnels is one of the most important factors which are dealt with
during the design and construction stages. As a tunnel is a closed space with limi-
ted possibility of escaping from dangers, it is necessary to carry out a safety ana-
lysis allowing for all potential incidents associated with the tunnel operation. The
methodology is prescribed by the Directive No. 2004/54/ES. During real opera-
tion, an incident report is filled in the case of an incident. The report describes

Table 1 Current road tunnels construction status in Slovak republic (Source National Highway Company — NDS)

Dialhica Nazov tunela Nazov useku dialhice Stav projektu Realizacia Dizka [m]
Highway Tunnel title Highway section title Project condition Realisation Length [m]
D2 Sitina BA Lamac — Staré Grunty odovzdané / commissioned 2003 — 2007 1440
Ov¢iarsko 2367
> — Hricovské Podhradie — Lietavska Liicka v priprave / under preparation 2006 — 2011
Zilina 651
Visnové Visnové — Dubnd Skala v priprave / under preparation 2007 — 2012 7460
Havran 2702
Sutovo Turany — Hubové v priprave / under preparation 2007 - 2010 200
D1 Mala Fatra 280
Rojkov 1550
Cebrat Hubova — Ivachnova v priprave / under preparation 2007 — 2012 2080
Luacivnd Vazec — Mengusovce odovzdané / commissioned 1998 — 2006 250
Borik Mengusovce — Jdnovce v priprave / under preparation 2005 — 2009 999
Sibenik Janovce — Jablonov v priprave / under preparation 600
Branisko Behdrovce — Branisko odovzdané / commissioned 1997 — 2003 4975
Presov Presov zdpad — Presov juh v priprave / under preparation 2010 — 2013 2520
Dargov Bidovce — Dragov v priprave / under preparation 1050
Povazsky Hricovské Podhradie — Kysucké N. Mesto . .
Chlmec * I &ast Hricovské Podhracyiie _ Zilina (Strdzoy) | ¥ PriPrave/under preparation 2010 2014 2218
Kysuca II. %ast:, I. ﬁ,sek Zilina (Strazov) — 1/3r0dn0 v priprave / under preparation 2008 — 584
D3 II. ¢ast’, I tsek Brodno — Kysucké N. Mesto
Horelica Obchvat Cadca — 1. etapa odovzdané / commissioned 1998 — 2005 605
Svrtinovec Svréinovec — Skalité v priprave / under preparation Cafs;
Polana 2006 — 2008 975
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the incident in detail, and contains the contingent conclusi-
ons which can contribute to preventing the particular event
from repeating in the future.

SELECTED TRAFFIC EXCESSES IN TUNNELS

Tunnel congestions

Congestions usually do not originate suddenly. It is the-
refore necessary to identify and predict traffic instability,
which manifests itself in the form of stop-and-go waves.
Traffic must be regulated within a wider vicinity of the tun-
nel earlier than the instabilities manifest themselves inside
the tunnel, where they are a source of a great risk.

Tunnel fires

The frequency of tunnel fires is relatively low, but their
consequences are fatal. Therefore the response of tunnel
equipment must be as fast as possible. Perfect organisation
of actions according to requirements of operating instructi-
ons and accident cards is necessary.

Vehicle stopping; an accident; a loss of cargo

Situations causing accidents should be identified in
advance, during the tunnel operation, by the traffic control-

Obr. 1 Mapa umiestnenia tunelov na cestnej sieti v Slovenskej republiky (Zdroj NDS, a. s.)
Fig. 1 Locations of tunnels in the road network in the Slovak Republic (Source NDS a.s.)

s obmedzenou moznostou tniku pred nebezpecenstvom, je nutné pre
kazdy tunel vypracovat tzv. bezpe¢nostnu analyzu, ktord pocita so vset-
kymi moznymi mimoriadnymi udalostami spojenymi s prevadzkou
tunela. Metodika je ur¢end smernicou 2004/54/ES. V redlnej prevadzke
sa po vyskyte mimoriadnej udalosti vypractiiva protokol, ktory ju
podrobne opisuje a s v iom zapisané pripadné zdvery, ktoré mozu pris-
piet’k prevencii vzniku podobnej mimoriadnej udalosti v budticnosti.

VYBRANE DOPRAVNE EXCESY V TUNELOCH

Kongescie v tuneloch

Kongescie vicSinou nevznikajd ndhle, a preto je nutné v ¢asovom
predstihu identifikovat'a predvidat’ nestability dopravy, prejavujice sa
ako tzv. Stop & Go viny. Je nutné regulovat’ dopravu v SirSom okoli
tunelu skor, neZ sa nestability prejavia vo vlastnom tuneli, kde st zdro-
jom velkého rizika.

Poziare v tuneloch

Maju relativne nizku pocetnost’, ale fatdlne nasledky, preto musi byt’
reakcia technolégif tunela o najrychlejsia. PoZzaduje sa dokonald orga-
nizdcia ¢innosti podla prevddzkového poriadku a havarijnych kariet.

Zastavenie vozidla, nehoda, strata nakladu

Situécie zapri¢inujice nehodu by mali byt pri prevadzke tunela dis-
pecerom vcas identifikované. Ide o:

e prekrocend rychlost (nedodrziavanie povolenej rychlosti),

* vodi¢mi nedodrziavané bezpecnostné odstupy,

e nebezpecny spdsob jazdy (neCakané brzdné manévre, zmeny

smeru),

e poruchy a zastavovanie vozidiel na odstavnych plochdch,

e jazda v protismere (pri obojsmernej premavke),

* koléna vozidiel v rdmci urcitého podujatia,

e prejazd nadrozmerného vozidla,

e chodci v tuneli (po nehode alebo nedovoleny prechod tunelom),

e zviera v tuneli (napr. po tniku z prepravujiceho vozidla).

Zastavenie vozidla a strata ndkladu si potencidlnym nebezpecen-
stvom pre dcastnikov premavky. Ihned po tejto udalosti je nutné pre-
viest' dopravné opatrenia, ako je obmedzenie rychlosti, aktivédcia
varovnych népisov atd. Extrémne vysoké riziko vzniké pri likviddcii
uniku nebezpecnych latok (pohonné hmoty) alebo straty nebezpecné-
ho nakladu, ked sa poZaduje okam?Zité zastavenie dopravy na vstupoch
tunela.

IMPLEMENTACIA STRUKTUROVANEHO DOTAZNIKA
Povinnostou kazdého ¢lenského $titu EU vyplyvajiicej z Direktivy
52/2004/ES je zaznamendvat a analyzovat vSetky mimoriadne udalos-
ti, ktoré sa v tuneli vyskytnd. V rdmci SR plati nariadenie vlady
Slovenskej republiky z 24. mdja 2006 o minimdlnych bezpe¢nostnych
poziadavkdch na tunely v cestnej sieti. Nariadenie definuje povinnost’
spravcovi tunela o kazdom incidente alebo nehode, ktoré maju vplyv
na bezpenost uzivatelov ciest v tuneloch, vyhotovit' pisomny
zaznam. Na zdklade zdznamov Ministerstvo dopravy, post

ler. They comprise the following events:

* speeding (exceeding speed limits),

e drivers failing to maintain safe separation distances,

* dangerous driving (unexpected breaking, changes in the
driving direction),

* vehicle defects and stopping at lay-bys

* running against the current of traffic (in case of bi-directional traffic),

* columns of vehicles originating during a certain event,

* passage of a an oversize vehicle,

e pedestrians in the tunnel (after an accident or unauthorised passage),

e an animal in the tunnel (for example after escaping from a transporting

vehicle).

The vehicle stopping and loss of cargo are a potential threat for tunnel users. It is
necessary immediately after this event to introduce traffic measures, such as limi-
ting the speed, activating warning signs, etc.). An extremely high risk develops
when spilling or leakage of a dangerous substance (fuels) is being removed. In such
the case traffic must be immediately stopped at tunnel entrances.

IMPLEMENTATION OF THE STRUCTURED QUESTIONNAIRE

An obligation of each EU member state following from the Directive
52/2004/ES 1is to register and analyse all incidents which occur in a tunnel. In
Slovakia there applies the Decree No. 344/2006 of the Government of the Slovak
Republic dated 24 May 2006 on minimum safety requirements for tunnels in the
road network. The Decree defines tunnel operator’s obligation to prepare
a written record of any incident or accident that has an impact on the safety of
road tunnel users. The Ministry of Transport uses the records as a basis for
a summary report on the incidents, accidents and fires in tunnels which affected
safety of road tunnel users, and on frequency and causes of the events. They ana-
lyse them and provide information on the actual role and effectiveness of safety
equipment and measures.

For this purpose, we have proposed that all existing and/or newly built tunnel
control centres be equipped with an electronic system for unified recording of
emergencies. The data contained in such electronic forms will be stored in
a central depository. See Fig. 2.

The electronic questionnaire itself, which will become the core of the infor-
mation system (IS), can be implemented in various ways. The following factors
were considered important when the implementation method was being selected:

e the IS application in network environment

* system variability and flexibility

o IS accessibility.

The preliminary solution to such an IS was trial-implemented as a web appli-
cation within the framework of a diploma thesis [R. Murco]. Such the solution
meets the requirement for the use within a network environment and the IS
accessibility. It works on the client-server basis. Its advantage consists in the pos-
sibility of using it locally on a single computer within a local network or using
the Internet connection (today accessible virtually from any location). It is owing
the use of the Internet that the accessibility of the IS can be very high.

The database is administered by a database management system (DBMS), for
which the MS SQL database server is designed, with the aim of achieving uni-
versality of the use. This replacement of the usually used MySQL carries with it
a necessity to modify the PHT scripts which have already been introduced. By
contrast, the possibility of locating the database in various places, without the
necessity for interventions into the application (it is a commercially most frequ-
ently used DBMS) is guaranteed.

The database of incidents itself will be located in a storage which will be com-
mon for all monitored tunnels. The storage will be administered by NDS, a.s. or



18. rocnik - €. 2/2009

a telekomunikacii (MDPT SR) vypraciva kazdé dva
roky sdhrnnd sprdvu o incidentoch, nehoddch [T — -
a poziaroch v tuneloch, ktoré maji vplyv na bezpec- i |
nost’ uzivatelov ciest v tuneloch, o ich frekvencii - =~
a pri¢indch tychto udalosti, vyhodnoti ich a poskytne -
m}formac.le o s}(utocne] u}ohe a ucinnosti bezpecnost- e
nych zariadeni a opatreni. Covtns corn ma Linned bretes

Pre tieto tcely navrhujeme vybavit' vietky existiju- - M—
ce ako aj novo budované tunelové dispecingy uz elek- : e
tronickym systémom pre unifikovany zdznam mimo- A T S D
riadnych udalosti. Déta z takychto elektronickych for- LTt e s
muldrov budi ukladané v centrdlnej tschovni obr. 2. M_
. SamoEn}’i elektro,mck}'/ fiotgznﬂ<, ktqry buvde, Jgdrom — _—
informacéného systému (dalej len IS), je moZné imple- il
mentovat’ ré6znymi spdsobmi. Pri vybere spdsobu f""" Vaneind datovi sief
. - S Ao Pusiic data Petwork
implementdcie boli dolezité tieto faktory: —

* pouzitie IS v sietovom prostredi, e oy

» Skdlovatelhost'a flexibilita systému, Mo v fewls N-1

) b o 1o sl W - 1

e dostupnost’IS. i

Ideové rieSenie takéhoto IS bolo pokusne imple-
mentované ako webova aplikdcia v rdmci rieSenia e

diplomovej price [R. Murco]. Takéto rieSenie splna
podmienku pouZzitia v sietovom prostredi a dos-
tupnosti IS. Funguje na baze klient—server. Jeho vyho-
dou je moznost’pouzitia ¢i uz lokdlne na jednom podci-
taci, na lokdlnej sieti alebo vyuZitie internetového spojenia (dnes moz-
nost’pripojenia prakticky z akéhokolvek miesta). Prave vyuZitim inter-
netu moze byt dostupnost’IS velmi vysoka.

Spravu pre databazu obstardva systém riadenia bazy dat (SRBD),
ktory je v rdmci univerzdlnosti pouzitia navrhnuty pomocou databdzo-
vého serveru MS SQL. Tédto zmena oproti pouzivanému MySQL so
sebou nesie nutnost’ dpravy uz pouzivanych PHP skript. Naproti tomu
je zaru¢end moZnost umiestnenia databazy na rdznych miestach bez
nutnosti zdsahov do aplikdcie (ide o komer¢ne najpouZivanejsi pro-
dukt SRBD).

Samotnd databdza mimoriadnych udalosti (MU) bude umiestnend
na spolo¢nom ulozisku pre vSetky sledované tunely, ktorého spravcom
bude NDS, a. s., pripadne organizdcia poverend MDPT SR. Oproti
terajSiemu rieSeniu, kde su jednotlivé databazy prevadzkované separo-
vane pre kazdy tunel, sa zjednodusi zdlohovanie dat a kone¢nu analy-
zu MU bude mozZno vykonat efektivnejsie ako pre jednotlivy tunel, tak
pre lubovolnd skupinu tunelov v systéme. V rdmci vytvorenia novej
databdazy budd importované doposial' ziskané data zo sledovanych
tunelov.

Webovy server, na ktorom bude umiestnena aplikécia, je navrhnuty
ako stcast’ vnitornej siete organizacie, ktord bude cely systém spravo-
vat. Tymto spésobom bude zarucend ,,neviditelnost* zo siete internetu
a zéroven dostupnost’ z miestnej siete (VPN kandl - Virtual Private
Network na obr. 2).

Pre uchovanie dat zapisanych v databdze bude opatrenie proti strate
dét rieSené pravidelnym automatickym zalohovanim na oddeleny dis-
kovy priestor. Interval automatického zdlohovania je predbezZne navrh-
nuty 1x mesacne. Tuto funkciu v sebe obsahuje MS SQL server a je tu
tymto zachovana moznost’ individudlneho nastavenia ¢asového inter-
valu podla vzniknutych poZiadaviek pocas prevadzkovania aplikacie.

Datova Cast’ celého systému musi byt umiestend na inom diskovom
priestore, neZ je systémova Cast. Zaroven je nepripustné ddtovi Cast’
umiestnit’spolo¢ne so zalohovanymi datami na rovnaky diskovy pries-
tor. Z tejto poziadavky plynie potreba minimélne troch oddelenych
diskovych priestorov pre prevadzku aplikacie (systémova Cast, datova
Cast,, zdloha — obr. 2).

Samotny pristup k databdze riesi PHP aplikdcia, ktord pomocou
HTML formularov ukladd dispederom vyplnené data do databazy.
Stavajica aplikdcia bude musiet’ byt prepracovand pre komunikaciu
s MS SQL databdzovym serverom. V ramci tychto tprav budu do apli-
kdcie zapracované pripomienky od dispecerov, ktorf aplikdciu pouzi-
vali v predchddzajicej verzii.

Prepojenie z dispecingov jednotlivych tunelov bude realizované
najméd pomocou zabezpecenych kandlov VPN. Hlavnou myslienkou
zabezpecenia pomocou VPN kandlov je, Ze pokial sa uzivatelovi poda-
ri naviazat’ spojenie na domdci VPN koncentritor, musi byt v sieti
zndmy a mat pravo ju vyuzivat. VPN je obecny koncept, ktory mozno
realizovat' roznymi spésobmi.

Obr. 2 Novd koncepcia automatizovaného spracovdvania mimoriadnych udalosti
Fig. 2 New concept for computer processing of incidents

an organisation authorised by the Ministry of Transport of the Slovak Republic.
In contrast to the current solution, where individual databases have operated
separately for each tunnel, the data backing up will be simpler and it will be pos-
sible to carry out the final analysis of an incident more effectively both for
a single tunnel and/or any group of tunnels within the system. While developing
the new database, the data which have been gained from the tunnels being moni-
tored will be imported.

The web server on which the application will be installed is designed to be part
of internal network of the organisation which will administer the entire system.
This system will guarantee “invisibility” from the Internet network and, at the
same time, accessibility from a local network (see the VPN channel in Fig. 2).

There will be a precaution against loses of the data stored in the database
through regular automatic backing up to a separate disk space. The automatic bac-
king up interval is preliminarily proposed to be once in a month. This function is
contained in the MS SQL server. It retains the possibility of setting the interval
individually, according to the needs which originate during the application running.

The data part of the system must be located on another disk space than the ser-
vice part itself. At the same time, locating the data jointly with backed up data on
the same disk space is inadmissible. This requirement results in a need for
a minimum of three separated disk spaces for running the application (the servi-
ce part, data part, back up part — see Fig. 2).

The access to the database itself is solved by the PHP application, which stores
the data filed by the tunnel operator in the database using HTML forms. The exis-
ting application will have to be reworked for communication with the MS SQL
database server. Comments of the tunnel operators who used the previous version
of the application will also be incorporated into the new version.

Connections from control centres in individual tunnels will be provided main-
ly using secure channels VPN. The main idea of the securing by means of VPN
channels is that if the user manages to establish communication with the Virtual
Private Network (VPN) concentrator, he or she must be known within the net-
work and must be authorised to using it. The VPN is a general concept which
may be implemented in various ways.

The most frequent way is the implementation by means of the IPSec protocol
between the locations being interconnected. This protocol is capable of providing
all services required for secure communication:

* confidentiality of transmission (an invader is not able to read data being

transmitted)

* protection against interference in the data content (an invader cannot slip his
own data into an intercepted packet)

* protection against attempts repeatedly to send a data flow captured by an
invader (e.g. repeated sending a record captured by the invader to the
database).

The IPSec protocol works on layer 3 of the OSI model. It is therefore capable
of providing the above-mentioned services for complete data communication
among locations, no matter to which application the transition pertains.

This solution appears to be sufficient in terms of the communication safety
and, at the same time, it is the simplest owing to the use of the public network
Internet (without necessity for developing a new net, which would be very
expensive and hard to solve in such an extent).

The resulting application - TUNNEL INFOSYS (see Fig. 3) can be divided
into interconnected functional units. Among the first ones, there is the
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NajcastejSim spdsobom je realizdcia pomocou protokolu IPSec
medzi prepojovanymi lokalitami. Tento protokol je schopny zaistit’
vsetky sluzby potrebné pre bezpe¢ni komunikaciu:

e dovernost’ prenosu (Gtocnik nie je schopny precitat’ prendsané

data),

e ochranu pred zasahom do obsahu dat (dto¢nik nemozZe podstréit'do
zachyteného paketu svoje ddta),

e ochranu pred pokusom zaslat'opakovane nejaky tto¢nikom zachy-
teny ddtovy tok (napr. opakované zaslanie ito¢nikom zachyteného
zdpisu do databdzy).

Protokol IPSec pracuje na 3. vrstve OSI modelu, je teda schopny
poskytnit'uvedené sluzby pre tplni ddtovou komunikdciu medzi loka-
litami bez ohladu na to, ktorej aplikdcii prenos prislicha.

Toto rieSenie sa javi ako dostacujice z hladiska bezpecnosti komu-
nikdcie a zdroven najjednoduchsie vdaka vyuZitiu verejnej siete inter-
netu (bez nutnosti vytvdrania novej siete, ¢o by bolo velimi ndkladné
a v takomto rozsahu tazko rieSitelné).

Vyslednu aplikdciu — TUNNEL INFOSYS (obr. 3) je mozné rozde-
lit do funkénych celkov, ktoré spolu stvisia. Medzi prvymi,
a z bezpecnostného hladiska ddlezitym, je subsystém pouzivatelov
a ich pristupovych prav. Ten ma na starosti spravu a obsluhu systému
na zdklade pouZzivatelskych prav.

Druhym celkom je samotny elektronicky dotaznik, ktory sliZi na
zaznamenanie vSetkych potrebnych tdajov pri vyskyte mimoriadnej
udalosti.

Tretim subsystémom je vyhladdvanie v zozname mimoriadnych
udalosti, urychlujici nédjdenie podobnych mimoriadnych udalost
z minulého obdobia alebo vypis vSetkych mimoriadnych udalosti,
vyhovujicich zvolenym kritéridm.

Stvrtym a poslednym subsystémom je Statisticky vystup, ktory pre-
hladne a stihrnne informuje o mimoriadnych udalostiach, zapisanych
v systéme.

ZHRNUTIE

Predpokladdme, Ze takto koncipované rieSenie automatizovaného
zberu dat o MU v tuneloch SR prinesie okrem splnenia pravneho
zévizku voci EU aj nemdlo vyhod pre prevddzkovatelov a spravcov
cestnych tunelov. V tejto oblasti by bolo potrebné nadviazat na dote-
rajSiu spoluprdcu v rdmci projektu ARICET-2 a zdroven implemento-
vat’niektoré zdvery dosiahnuté v projekte SAFETUN 2007.

Na porovnanie uvddzame niekolko vyhod, ktoré budi sprevadzat’
zavedenie elektronického systému do praxe:

* zjednodusenie zaznamendvania MU,

e unifikovanie zaznamendvania MU,

e prehladnost’ a kompaktnost’zaznamenanych MU,

e centralne zaznamenavanie MU,

e efektivne spravovanie obsiahlych zdznamov o MU,

* nendro¢nost’ na technicku realizaciu a moznost' dodato¢nych rozsi-

rujicich moznosti v aplikdcii.
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Obr. 3 Struktiirovany dotaznik ( ast’l.) pre zaznamenanie MU
Fig. 3 Structured incident registration questionnaire (Part 1)

sub-system of users and their access rights. This system provides the system
administration and operation on the basis of user rights.

The other unit is the electronic questionnaire itself, which is used for recording
of all required data in case of an incident.

The third sub-system is an engine which searches the list of incidents; it acce-
lerates the searching for similar incidents from the past or provides a summary
of all incidents which satisfy the selected criteria.

The fourth and last sub-system is the statistical output, which informs about
incidents recorded in the system in a lucid and comprehensive way.

SUMMARY

We expect that the solution to the automatic acquisition of data on incidents in
tunnels in the Slovak Republic, conceived in this way, will bring, apart from ful-
filling the particular legal obligation to the EU, lots of benefits for road tunnel
operators and administrators. In this area, it would be reasonable to follow up the
past collaboration within the framework of the ARICET-2 project and, at the
same time, implement some of the conclusions which have been reached within
the SAFETUN 2007 project.

For comparison, we present several benefits which will accompany the intro-
duction of the electronic system into practice:

* simplification of incident recording

¢ unification of incident recording

e lucidity and compactness of recorded incidents

* centralised incident recording

« effective management of vast records on incidents

* non-exactingness in terms of technical implementation and possibility of

implementing additional expansion options in the application.
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METRO BUDAPEST, TRASA 4, ETAPA | - KONTRAKT 02
TRATOVE TUNELY A SOUVISEJICI OBJEKTY

BUDAPEST METRO 4 LINE STAGE |1 - CONTRACT 02
RUNNING TUNNELS AND ASSOCIATED STRUCTURES

JULIUS HIRSCHER

uvoD

Na zacdtku roku 2005 probéhla prekvalifikace viech sdruzeni dodava-
telt na uzavieni Kontraktu 02 pro komplexni doddvku stavby véetné rea-
lizatnich projektd (Design & Build) na I. etapu trasy 4 budapestského
metra. Do vlastni soutéZe bylo vybrdno pét sdruzeni a v lednu 2006 byla
uzaviena smlouva se sdruzenim BAMCO.

Kontrakt Design & Build na provedeni dila je uzavien na pevnou cenu
a 1idi se podminkami Yellow Book for Plant and Design-Build FIDIC.

Sdruzeni BAMCO - Tunnel and Metro Construction Unlimited
Partnership je slozeno z firem VINCI Construction Grand Projects,
Strabag AG, Strabag International GmbH, Strabag Kft a Hidepito Rt.

VSEOBECNY POPIS STAVBY

Prace na I. etapé trasy 4 metra zahrnuji projekt a stavbu startovaci jamy
pro tit, dvou tratovych tuneld o délkdch 7,3 km se 14 tunelovymi propoj-
kami, odboCky do depa véetné tunelu s vytaznou koleji, déle stanice, kole-
jové spojky a souvisejicich tunelt ve stanici na ndmésti Gellert a projekt
a stavbu vzduchotechnickych tuneld.

Préce budou probthat mezi hlavnim nddraZzim Kelenfold na jihozdpadé
Budy a hlavnim nddrazim Keleti na severovychodé Pesti. Reka Dunaj
bude podchdzena mezi ndméstimi St. Gellert a Fovam, v t€sné blizkosti
mostu Szabadsag po jeho jiZnf strang.

Nez mechanizované §tity (TBM) dorazi do nddrazi Keleti, je potreba
beéhem razby projit stanicemi Tetenyi, Bocskai, Moricz Zsigmond, Gellert,
Fovam, Kalvin, Rakoczi a Nepszinhaz.

Trasa 4 metra md v systému budapestské vefejné dopravy daleZitou
tlohu, a to odleh¢it provozu na povrchu a propojit novou trasu se stavaji-
cimi linkami metra.

Ve II. etapé bude trasa prodlouzena z ndmésti Baross o dvakrat 3,5 km
na ndmésti Bosnyak (neni soucdsti kontraktu Co-02). ProdlouZeni je pld-
novéno tak, Ze plynule navdze na I. etapu.

GEOLOGICKE PODMINKY

Geologické podlozi Budapesti tvori prevdzné triasové dolomity. Diky
diskordanci vrstev jsou nad touto formaci uloZeny tretihorni sedimenty.
Obsahuji hlavné mekké piskovce, prachovce, jilovce a slinovce. Jejich
povrch je prekryt nezpevnénymi kvartérnimi usazeninami byvalé tddolni
nivy Dunaje.

Obr. 1 Drapdkové zarizeni
Fig. 1 Clamshell equipment

INTRODUCTION

At the beginning of 2005, there was a prequalification for all consortiums for
the Budapest Metro 4 Line Stage I - Design and Build Contract 02. Five con-
sortiums were selected for the tendering and BAMCO was awarded the Contract
in January 2006.

The Design-Build Contract for implementation of the works is a Lump-sum
Contract and based upon FIDIC’s Yellow Book for Plant and Design-Build.

BAMCO - Tunnel and Metro Construction Unlimited Partnership is
a consortium with: VINCI Construction Grand Projects, Strabag AG, Strabag
International GmbH, Strabag Kft. and Hidepito Rt.

GENERAL DESCRIPTION OF THE PROJECT

The scope of work for stage I of the Metro 4 Line comprises the design and con-
struction of the shield start box (launching shaft), two running tunnels each 7.3 km
in length, with 14 cross passages, branching to depot structure inclusive headshunt
tunnel and the station structure, cross-over and associated tunnels at Gellert ter sta-
tion as well as the design and construction of the ventilation tunnels.

The work will take place between Kelenf6ld main railway station in south
west Buda to Keleti main railway station in north east Pest, crossing the river
Danube between St. Gellert ter and Fovam ter immediately south of Szabadsag
bridge.

During the TBM drive the crossing of the stations Tetenyi, Bocskai, Moricz
Zsigmond, Gellert, Fovam, Kalvin, Rakoczi, Nepszinhaz is needed before final-
ly stopping in Keleti.

The Metro 4 Line has an important role in the Budapest Public Transport
System to relieve the traffic on the surface and to connect the new Metro Line
to already existing Lines.

Stage II will extend the line from Baross ter for two times 3,5km to Bosnyak
ter (not part of Contract Co-O2) and is planned to be continuous with Stage I.

Obr. 2 Hydrofréza
Fig. 2 Hydro cutter




Obr. 3 Udriba TBM ve stanici Bocskai
Fig. 3 TBM maintenance at Bocskai

Celd trasa 4 metra je navrZena tak, aby se nachdzela pod hladinou spod-
ni vody s prumérnym hydrostatickym tlakem kolem 1,5-2,5 baru v tirovni
dna tunelu a maximdlnim hydrostatickym tlakem kolem 3 bart v blizkosti
stanice Gellert pfed podchodem Dunaje. Pfi podchodu feky bude hydro-
staticky tlak v drovni dna tunelu odpovidat priblizné 2,5 baru pfi pramér-
né vysce hladiny spodni vody a 3 barQ pfi maximdlni vy3ce hladiny.

TECHNOLOGIE VYSTAVBY

Pri provadéni stavby byly pouzity tii rizné technologie:

* metoda hlouben{ pro startovaci jadmu (hloubka cca 25 m) a objekty
souvisejici s povrchem na ndmeésti Etele a konstrukci stanice na
nameésti Gellert (hloubka cca 40 m);

e zeminovy §tit (EPB) pro razbu tratovych tuneld z ndmésti Etele do
nadrazi Keleti;

* NRTM pro propojky mezi tratovymi tunely, vzduchotechnické objek-
ty, raZzeny tsek stanice Gellert a kolejovou spojku.

TECHNOLOGIE HLOUBENI

Pro provadéni podzemnich stén na ndmestich Etele a Gellert se pfedpo-
kladalo pouziti drapdkovych bagru.

Béhem zpracovavén{ podrobnych studii zacalo byt jasné, 7e v pripadé
stanice Gellert muZe byt poZadovand presnost podzemni stény, hloubka
cca 40 m a maximalni odchylka od svislice 1 %, pfi pevnosti ,, Tardi* jila
zaruCena pouze pii pouZiti hydrofrézy.

Konstrukce ve stanici Etele se stavély shora doli béhem hloubent,
s doCasnymi ocelovymi a ndsledné provadénymi trvalymi betonovymi
rozpérami, aby se zkrdtila doba uzdvery pri dokonCovén{ stavby a aby se
nerusil provoz vlaku, obsluhujicich oba stroje TBM.

Konstrukce stanice Gellert se také stavéla shora dolii béhem hloubent,
avSak po kazdé fazi odt€zovéni se muselo dokoncit trvalé vnitini ostén{
tvorené sténami a deskami, aby nedoslo k vét§im deformacim, resp. sedd-
ni budovy univerzity, kterd je vzdalend asi 5 m od jdmy, a aby bylo mozZno
dokon¢it architektonické feSenti. Trvalé vodorovné betonové rozpéry byly
navrZeny v ,,ndhodné rozhdzeném* situovéni prutovych prvka.

Podzemni stény jsou v mistech, kde jimi budou prorazet stroje TBM,
vyztuzeny vyztuZi ze skelnych vldken (ve startovaci jamé). V mistech, kde
jsou v podzemnich sténdch predem piipravené otvory pro pruchod stroju
TBM, jsou podzemni stény vyztuzZeny ocelovou vyztuzi (ve stavebni jame
stanice Gellert).

Ve stanici Gellert je podzemni sténa 1,2 m silnd, chrdnénd ndstfikovou
vodotésnou membranou, vnitini osténi je 0,8 m silné. Aby byla umoznéna
doprava nad stanici, bylo nutné vybetonovat stropni desku pred vlastnim
hloubenim jémy. Dva dopravni pruhy byly v prubéhu stavebnich prac{ vra-
ceny méstskému obvodu XI.
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Obr. 4 Prepravni ramy pro cely prstenec
Fig. 4 Transport frames for complete ring

GEOLOGY

The Triassic main-dolomite forms the geological basement of Budapest.
On top of this formation follows by geological unconformity the Tertiary
sediments. It consists mainly of soft sandstone, siltstone, clay stone and
marls. The top is covered by loose quaternary deposits, the former floodpla-
in of the Danube.

The entire Metro 4 Line is designed to be situated below the groundwater
table with an average water pressure of approximately 1.5-2.5 bar at the tun-
nel invert and a maximum groundwater pressure of approximately 3 bar next
to Gellert station before crossing the Danube. For the river crossing, the water
pressure at the tunnel invert would correspond to approximately 2.5 bar and
3.0 bar hydrostatic pressure at average and maximum groundwater level res-
pectively.

CONSTRUCTION TECHNOLOGIES

For the execution of the project, three different technologies were applied:

e Cut and cover for the launching shaft (~25m deep) and related structu-
res to the surface at Etele and station box at Gellert (~40m deep)

* EPB - shield for the running tunnels from Etele ter till Keleti pu

* NATM for the cross passages between the running tunnels, ventilation
structures, mined section for the Gellert station and the cross over

CUT AND COVER TECHNOLOGIES

For the execution of the diaphragm wall excavators with clamshell equ-
ipment were expected for Etele ter and Gellert ter.

During the detail studies it become clear that for the Gellert station
through the exactness of the diaphragm wall, the depth of ~40m, the maxi-
mum deviation of 1% of the height and the strength of the “Tardi Clay” only
a hydro cutter can guaranty these requirements.

The structures at Etele were constructed top down with temporary steel
and permanent concrete struts to reduce the closing time at the construction
end and not to hinder the train activities to serve both the TBM’s (Tunnel
Boring Machine).

The structure at Gellert was also constructed top down but after each
excavation phase the permanent inner lining of the walls and slabs must be
finished to avoid bigger deformations/settlement on the CH building ~5m
next to the shaft and to be able to finalize the architectural design. Permanent
horizontal concrete struts were required in an arrangement like a random
scattering of sticks (like spillikins).

The diaphragm walls are reinforced with glass fiber reinforcement in
areas where the TBM shall break through (launching shaft) or with steel
reinforcement in areas where the DW is opened before TBM passage
(Gellert station box).

At Gellert the DW is 1,2m thick, protected with a sprayed waterproofing
membrane and the inner lining has a thickness of 0,.8m. To allow the traffic

Hﬁl—'ﬁ—.-——n .-”

Obr. 5 Zeminovy §tit EPB se zdvésem
Fig. 5 EPB-shield with back-up system
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to move above the station box the closing of the roof slab was
needed before shaft sinking and two traffic lanes were handed
back to the District XI during the construction works.
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EPB-SHIELD

For the construction of the running tunnels between Etele ter
and Keleti pu and as a result of the evaluation of the different
ground conditions on Buda and Pest side, two identical shield
machines for hydraulic thrust operations in Earth-Pressure
Balance mode were selected and ordered. One TBM has
a length of ~115m inclusive of back-up system. The TBM’s are
delivered from the manufacturer to the site by barge via
Rhine-Main-Danube to the harbor at Budapest and trucked in
the night to the site.

Due to a modified launching shaft (length ~95m) it was
necessary to drive and assemble the TBM in two parts for the

% =<3\ (‘ Qi start-up phase. The cutter head has a diameter of 6,Im and is
T~ Ig AN %%b equipped with disc cutters for the break in/out of the diaphragm
M-802 - , i é‘lo garxbrown wall and cutting knives for the TBM heading.
DM-A o5, A‘ \J‘ Y e The lining consists of a precast universal tapered concrete
et AT R © Ziome ring with an average width of 1500mm, thickness of 300mm and
Maristone ? /e {/ - g g
9&9@5 ARy oNe an inner diameter of 5200mm. The ring is assembled by 6 rein-
z@%’ N Cla forced concrete segments (3 ordinary segments, 2 counter keys
— 2 N 81y  prow dark brown and 1 keystone) and the rotational position of the ring determi-
- - Ny \ yston . POSTHON | g deferi
, Clay dark grey o ?’QQ/ W\ e nes the direction of drive. Eleven possibilities of ring orientati-
0 B fragmented ! -‘2»@1" *%”” on are given. For special structures such as cross passage, ven-
by N\ Claydaxcarey tilation tunnels or bad ground conditions, special segments with
- 1 - gk brown Zdark brown (conesioriessontop) | shear cones were used to allow connecting the segments toget-

Clay dark brown

Re—
SE il fragmented

Clay
dark grey
fragmented

her in longitudinal section. After every cycle of advancing,
anew segmental ring must be erected under the protection of the
tail skin of the TBM. The segmental ring acts as a counter bea-
ring for the machine advance process and serves as an extensi-
on of the tunnels resistance to pressure and water. The segment
joints must be staggered to avoid cross joints and the risk of lea-
king. The segmental lining is the final tunnel lining.

In order to guaranty water-tightness of the joints of the seg-
ments, an elastomeric sealing gasket complying with the clien-

( méfitko / scale 50 meters

) t’s requirements is fixed to the segments. Due to the fact that the

segment has only a thickness of 300mm, a very small profile is
used with a width of 29,2mm. This situation requires a highly

Obr. 6 Celkovd souhrnnd situace podchodu Dunaje
Fig. 6 Danube under-crossing general synthesis map

ZEMINOVY STIT EPB

Pro stavbu tratovych tunelt mezi ndméstim Etele a nddrazim Keleti
byly na zdkladé vyhodnoceni rozdilnych horninovych pomért na stranach
Budy a Pesti vybrdny a objedndny dva identické Stity s hydraulickym
systémem posunu, pracujici v reZimu zeminového $titu (EPB). Jeden stroj
TBM méd délku cca 115 m v&etné zdvésu. Stroje TBM se dopravuji od
vyrobce na stavenisté nejprve na ¢lunech do pristavu v Budapesti po trase
Ryn-Mohan-Dunaj, a ddle v noci na ndkladnich vozech na stavbu.

Vzhledem k rozmérim startovaci jamy (délka cca 95 m) bylo nutné
TBM zarazit a demontovat pred zahdjenim razby ve dvou &dstech. Reznd
hlava mé primér 6,1 m a je vybavena feznymi disky pro prordZku pod-
zemni stény v obou smérech a fezacimi noZi pro vlastn{ razbu.

Osténi je z prefabrikovanych univerzédlnich sbihavych (tj. s ne-
rovnobéZnymi styénymi spdrami) betonovych prstencl s pramérnou §if-
kou 1500 mm, tlouStkou 300 mm a vnitfnim prumérem 5200 mm.
Prstenec je sloZen ze 6 Zelezobetonovych dilcu (3 zdkladni dilce, 2 sou-
sednf a 1 zdmkovy dilec) a smér razby je urCen rotatni polohou prstence.
Prstenec je mozno natocit do jedenécti poloh. Pro specidlni konstrukce,
jako jsou tunelové propojky, vzduchotechnické tunely, nebo ve Spatnych
horninovych podminkdch byly pouzity upravené dilce s konickymi trny,
které umoziiovaly vzdjemné spojovéni segmentt v podélném sméru. Po
kazdém postupovém cyklu se musi postavit novy prstenec pod ochranou
obélky TBM. Prstenec osténi pusobi jako opéra pii postupu stroje vpied
a zajiStje stabilitu vyrubu tunelu proti d¢inkim horninového tlaku a vody.
Styky dilct musi byt vystiidané, aby nedochdzelo ke kiiZen{ spar a riziku
prusakd. Sklddané osténi je pouZito jakoZto definitivni osténi tunelu.

Aby byla zajisténa vodotésnost spar mezi dilci, pripeviiuje se k dilcim
elastomerové tésnéni odpovidajici pozadavkim investora. JelikoZ tloustka
dilce je pouze 300 mm, pouZivd se velmi maly profil o $ifce 29,2 mm. Tato
skute¢nost vyZaduje velmi presné osazovéni dilcu.

Zasobovani stroje TBM a odvoz rubaniny se provadi vlakem. Jednim
z hlavnich prvka Gspé$né razby pomoci TBM je logistika na stavenisti.
K zajisténi optimalizované doby cyklu jsou na stavbé dva portédlové jerdby

precise installation of the segments.

The supply of the TBM and the evacuation of the mucking material takes
place by train. One of the key elements of a successful TBM drive is the
logistics with the site installation. To guaranty an optimised cycle time there
are two high capacity gantries and one tower crane supporting the loa-
ding/unloading of the trains. Also, the mortar plant close to the site helps to
reduce downtime.

Obr. 7 Lepeny styk
Fig. 7 Glued connection

Obr. 8 Stavebni faze tunelové propojky
Fig. 8 Construction phases cross passage
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The steering of the TBM is done by VMT and by CAP.
The VMT system is responsible for the main steering and
CAP provides the aid to visualise permanently the TBM
direction compared to the planned one. The navigation pro-
gram defines a ring sequence and guidance order and con-
trols the thrusting jack pressure too.

47 | DANUBE UNDER-CROSSING

The biggest challenge in this project is the under-crossing
of the River Danube. Through the fact that the alignment has
changed related to the existing boreholes and soil data
a campaign was done with 13 boreholes including Standard
Penetration-, Dilatometer-, Lugeon-, Swelling Tests, Grain
Size Analysis, Methane Measurements, Shear Tests,
Atterberg Limits and Water Content Analysis. To compare
the data and the levels of soil layers an additional
Spontaneous Polarization Measurement and Electrical

Obr. 9 PFicny Fez raZenou stanici
Fig. 9 Design mined station

Obr. 10 RaZend stanice Gellert
Fig. 10 Gellert mined section

s vysokou nosnosti a jeden véZovy jerdb pro nakldddni a vyklddén{ vlaku.
Kromé toho napoméhd zkracovani prostoju také zafizeni na vyrobu injek-
tdzn{ smési, které je blizko pracovisté.

Rizeni stroje TBM se provddi systtmy VMT a CAP. Syst¢ém VMT
odpovida za hlavni fizeni a CAP poskytuje pomoc pfi nepretrzité vizuali-
zaci porovnéani skute¢ného a pldnovaného sméru razby TBM. Navigalni
program urCuje usporadani prstence, dava navadéci piikazy a také fid{ pri-
tlak pohonnych hydraulickych vélcu.

PODCHOD DUNAJE

Nejvetsi vyzvou této stavby je podchod Dunaje. Vzhledem k tomu, Ze se
trasa zménila ve vztahu ke stdvajicim vrtim a jiz ziskanym udajom
0 zemnim prostiedi, byl prizkum doplnén o 13 vrtu, pfi¢emZ byly prove-
deny standardni penetra¢ni, dilatometrické a Lugeonovy zkousky, zkousky
bobtnavosti, kfivky zrnitosti, méfeni metanu, smykové zkousky a byly sta-
noveny Atterbergovy meze a vlhkosti. Pro porovnéni zji§ténych dat a ddaju
o trovnich vrstev zemin byla provedena dal$i méfeni metodami spontdnni
polarizace a elektrického odporového profilovéni. Cilem téchto pruzkumi
bylo ziskat vice informaci o mocnosti fi¢nich naplavenin na podloZnich
vrstvéch a identifikovani anomdlii v podloZi, jako jsou poruchy, pfiznaky
pritomnosti krasovych jevu, vody, apod. Vysledky prizkumt potvrdily
mnohem hor$i horninové poméry, nez se ocekdvalo ve stadiu soutéZe.
Minimélni celkové nadloZi je 6,1 m (2,34 m jilu a 3,76 m ndplavu), mini-
malni jilové nadloZi je 2,2 m. Pro kazdy tunel byl v osmi tsecich stanoven
minimdlni opérny tlak potrebny pro zajisténi vyrubu podle normy DIN
4085. Kromé toho byly vypocteny i maximaln{ pripustné opérné tlaky, pri
kterych nedojde k provaleni Eelby vzhiru do dna Dunaje. Vypodty nakonec
ukdzaly, Ze razba TBM s pracovni komorou naplnénou z 80-90 %
a s 10-20 % objemu v horn{ ¢asti pracovni komory vyplnéného stlacenym
vzduchem nebo bentonitem dovoli bezpe¢ny podchod. Pouze pii nejhorsim
scéndri zastaveni razby pod Dunajem v misté s nejniZ§im nadloZim a préace
pred feznou hlavou, v pripadé neoCekdvanych deformaci, pruvalech
a poskozeni fezné hlavy je nevyhnutelné provedeni ndsypu (umélého zesi-
leni nadloZi na dné feky) v Dunaji. Prukaz nadlehovani tunelu vztlakem
nepredstavuje Zddny problém. Dalii prazkumy zemin byly provddény na
strané Peti, aby se vyjasnily nejisté geologické pomery zv1asté v blizkosti
nddrazi Keleti, kde ndplavy zasahuji do profilu razby. V soucasné dobé
jeSté nejsou vSechna vyhodnocen{ dokongena.

NRTM (NOVA RAKOUSKA TUNELOVACI METODA)

Pro vybudovéni propojek mezi tratovymi tunely, vzduchotechnickych
objekti a pro vyrazeni stanice a kolejové spojky v tseku Gellert bylo

Resistivity Tomography was carried out. The aim of these
investigations was to get more information about the thick-
ness of the alluvium above the substratum and to identify
anomalies in the subsoil such as fractures, fault indicators
for karstic water, etc. The results confirmed much worse
ground conditions than expected at the tender stage. The
minimum overburden is 6,Im (2,34m clay & 3,76m alluvi-
um) and the minimum clay overburden is 2,2m. For each
tunnel in eight sections the minimum required support pres-
sure were evaluated according to DIN 4085. Moreover the
maximum allowed support pressures to check the blow out
were also calculated. Finally the calculation has proved that
the TBM drive with a filled working chamber 80-90 % and
compressed air or bentonite 10-20 % on the top of the chamber allows
a safe under-crossing. Only for the worst case scenario stoppage under the
Danube with the lowest overburden and works in front of the cutter head in
case of unexpected settlements, blow out, damage on the cutter head a fill-
up (artificial overburden on the bottom of the river) in the Danube is una-
voidable. The evidence of buoyancy of the tunnel creates no problems.
Further soil investigations were done on the Pest side to clarify uncertain
geological conditions especially close to Keleti pu were the alluvium
comes into the face of the cutter head. At this time the evaluations are not
yet completed.

NATM (NEW AUSTRIAN TUNNELING METHOD)

In order to fulfill the requirement to construct the cross passages in bet-
ween the running tunnels and the ventilation structures and to excavate the
mined station and cross over at Gellert, a conventional heading was needed.
A heading with different types of excavators was selected to be able to con-
struct the cross section varying between 12 m? and 135 m2.

According to the client’s requirements, the tunnels are constructed with
a two shell lining. The inner lining for the NATM section will be cast in situ
concrete C35/45 or C45/55. In the ventilation structures 1kg/m? PP fibers is
added to the concrete for better fire resistance. To guaranty water tightness,
a 3mm water-proofing membrane with water stops is used. The connection
to TBM tunnels will be carried out with hot melt synthetic caoutchouc and
hot melt polyurethane. For the ventilation structure east and west at Gellert
the same water-proofing membrane is designed for the invert but for the
vault a sprayed water-proofing membrane will be applied. The reason is to
get a good adhesion with the sprayed shotcrete inner lining applied here.

strané nameésti Gellert
Fig. 11 TBM break through at Gellert Ventilation Structure West
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potreba pouzit konvenéni metodu razby. Aby bylo mozné provddét razbu
prufezi o velikostech pohybujicich se od 12 m2 do 135 m2, byly zvoleny
ruzné typy bagru.

Podle pozadavku investora se tunely buduji s dvoupldstovym osténim.
Vnitin{ osténi v iseku NRTM bude z monolitického betonu C35/45 nebo
C45/55. U vzduchotechnickych objektu se do betonu pridava 1 kg/m3
polypropylénovych (PP) vldken pro zvySeni poZarni odolnosti. Pro zajis-
téni vodoteésnosti se pouziva 3 mm silnd félie s tésnicimi pasy. Napojen{
na tunely raZzené stroji TBM bude provedeno pomoci termoplastického
syntetického kaucuku a termoplastického polyuretanu. Pro vzduchotech-
nické objekty na vychodn{ a zdpadni strané¢ namésti Gellert je navrZena
stejnd vodotésnd folie pro izolaci dna, ale pro klenbu bude aplikovdna
ndstiikové vodotésnd membrana. Divodem je snaha o dosaZeni dobré pril-
navosti k vnitinimu osténi ze stifkaného betonu, které zde je pouZito.

TUNELOVE PROPOJKY

Pro budovani tunelovych propojek byl vyvinut specidlni vlak, ktery
umoznil vytvorit pracovni plosinu ve vysce vstupu do tunelu a instalovat
v téchto mistech veskeré vybaveni. Pro zdsobovini razby NRTM suchou
betonovou smés{ a vystroji a pro odvoz rubaniny byl potfebny pouze jeden
vlak. Prostup ve segmentovém osténi byl zajistén provizornimi ocelovymi
rémy a kénickymi trny v prstencich. Prostup se vytvaii fetézovou pilou na
beton. ProtoZe paralelné s vystavbou propojek mezi tratovymi tunely pro-
bihala i razba obéma stroji TBM, bylo nutné jeden tunel uzaviit, aby nedo-
chdzelo ke stietim s jizdnim fddem vlaku. Aby bylo moZno upravovat
sledy vlakt obsluhujicich razby obou TBM, byla v kazdé stanici zfizena
docasnd kolejova spojka s odstavnou koleji.

RAZENY USEK STANICE GELLERT

Nejvetsi vyzvou v ramci razeb NRTM byla stavba razené stanice na
namesti Gellert o délce asi 55 m, probihajici pod budovou Technické uni-
verzity — obor chemie. Z hlediska podminek prostredi jsou zde $patné hor-
ninové poméry, stav historické budovy a tésnd blizkost Dunaje, z hlediska
vlastniho provadéni stavby pak omezeny prostor zafizeni staveni$té na
povrchu a ve stavebn{ jamé stanice (30 m x 27 m) a hloubka jamy (35 m).
RaZend stanice je navrzena ze dvou pilotnich tunelt, dvou krajnich ndstu-
piStnich tunelt a stfedniho néstupistniho tunelu, aby se omezilo seddn{
a vliv na budovu univerzity. Aby byly splnény poZadavky, bylo nutné
v dobé mezi dokonéenim razby pilotniho tunelu a zahdjenim razby vSech
ndstupistnich tunel provést betondz mohutnych Zelezobetonovych piliiu.
Béhem razeb byla pouZita typickd opatieni pri zajiStovani vyrubu, jako
jsou stifkané betony, ptihradové nosniky, dvé vrstvy svarovanych siti,
kotvy, aj. Soubézné se stavbou stanice nebo v predstihu pred ni probihd
vystavba vzduchotechnickych objekti na zdpadni (ve vzdélenosti
cca 6,5 m od ndstupistniho tunelu) a na vychodnf stran¢ se dvéma velky-
mi roz§ifenimi pro prevedeni proudu vzduchu do tratovych tunelu.
Z duvodu seddni povrchu, kterd byla vétsi neZ o¢ekdvand, byly vypraco-
vany dalsi studie a plan opatreni pro budovu univerzity, za G¢elem povin-
ného uchovdvéni dukazu, vyhodnocovani tif varovnych stavi a piipadné
mozné tpravy téchto hodnot, a omezeni poskozeni na tak nizkou droven,
jak byla predpoklddédna ve smlouve.

ZAVER

Vybér zafizeni a vybaveni tykajici se vystavby objekta byl spravny
a doposud zaruCoval vykony, kvalitu a bezpe¢nostni standardy, potfebné
pro dokoncen{ popsanych stavebnich praci. V soucasné dobé oba stroje
TBM tspésné dorazily do stanice Gellert na strané Budy a mus{ ¢ekat na
dokongeni stanice Fovam na strané Pesti predtim, nez zahdji razbu pod
Dunajem.

Déle jsou vyrazeny vSechny propojky mezi tratovymi tunely
a vzduchotechnické objekty na strané Budy, definitivn{ ostén{ je témér
dokonéeno. Definitivni ostén{ ve stanici Gellert se v souasné dob¢ pro-
vadi a maZe byt dokonceno poté, kdy oba stroje TBM doraz{ do stanice
Fovam, z divodu rozdilnych prijezdnych profild v definitivnim stavu
s ohledem na vybaveni stavby a z divodu délky TBM ve stanici.

Nejvetsimi vyzvami budou podchod Dunaje a razby pomoci TBM
a NRTM na strané Pesti, které budou ve srovnéni se stranou Budy probi-

voew,

hat ve zcela odlisnych a nepriznivéjsich horninovych podminkdach.

DIPL.-ING. JULIUS HIRSCHER,
Jjulius.hirscher@bamco.hu, BAMCO MANAGEMENT, Budapest’

Recenzoval: Ing. Libor Maiik

Obr. 12 Druhotnd injektdz v severnim tratbovém tunelu
Fig. 12 Second injection running tunnel north

CROSS PASSAGES

In order to construct the cross passages a special train was developed to
create a working platform at the same height as the tunnel access and to
install the full equipment in this location. Only one train was needed to serve
the NATM heading with dry shotcrete, support measures and to evacuate the
muck also by train. The opening of the segmental lining was supported by
temporary steel frames and the shear cones in the rings. The opening takes
place with a concrete chain saw. Through the fact that parallel with the con-
struction of the cross passages in between the running tunnels the TBM hea-
ding with both TBMs was ongoing, the closing of one tunnel was necessa-
ry to avoid conflicts with the train scheduling. In order to allow an adjusted
train sequence for serving the TBM’s, a temporary rail cross-over with a lay-
by was installed in each station.

GELLERT MINED SECTION

The biggest challenge for the NATM work was the construction of the
mined station at Gellert with a length of ~ 55m under the University’s
department of chemistry. From the environmental point of view there are the
bad ground conditions, the condition of the historic building, the close vici-
nity of the River Danube and from the construction point of view there are
the limited site installation areas on the surface and in the station box (30m
x 27m) and the depth of the shaft (35m). The design of the mined station
comprises of two pilot tunnels, two platform tunnels and the concourse tun-
nel to limit the settlement and impact on the CH building. To meet the requ-
irements, after excavation of the pilot tunnel, the concreting of the heavy
reinforced concrete pillars was mandatory before starting excavation of the
platform/concourse tunnels. For the excavation typical support measures
were applied such as shotcrete, lattice girder, two layers of wire mesh,
anchor etc. Parallel with or in advance of the construction of the station, the
construction of the ventilation structure west (~6,5m distance from the plat-
form tunnel) and east takes place with two big enlargements for the air flow
diversion to the running tunnels. Due to bigger settlements than expected on
the surface, additional studies and action plan for the CH building were
made to the mandatory preservation of evidences to evaluate the three alert
levels and to allow an adjustment on these values and to limit the damages
to slight as foreseen in the contract.

CONCLUSION

The selection of the equipment related to the structures was appropriate
and has guarantied the performance, quality and safety standard till now,
necessary to finish the construction work as described. At the moment both
TBMs have successful reached Gellert station on the Buda side and have to
wait for the completion of Fovam station on the Pest side before under-cros-
sing the River Danube.

Furthermore, all cross passages between the running tunnels and ventila-
tion structures on the Buda side are excavated and also the final lining
almost completed. The final lining of Gellert station is ongoing and can only
be completed when both TBM reach Févam due to different clearance pro-
files in the final stage related to construction equipment and the length of the
TBM itself in the station.

The biggest challenges will be the under-crossing of the River Danube
and the TBM and NATM heading on the Pest side in totally new and more
unfavorable ground conditions as compared to the Buda side.

DIPL.-ING. JULIUS HIRSCHER,
Julius.hirscher@bamco.hu, BAMCO MANAGEMENT, Budapest
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£2 ARCADIS GEOTECHNIKA

Mejvétsi ceska geotechnicka konzultacni spoleénost Stavebni geologie - Geotechnika, a.s. zménila své
obchodni jméno. Od dubna 2009 vystupuje pod jménem ARCADIS Geotechnika a.s.

Ddvodem zmény jména je uii a stale
provazanéjii spoluprace s mezinarodni
skupinou ARCADIS, jejimz clenem jsme
jiz od roku 2002. Naii klienti hledaji
partnery, ktefi jim budou schopni
poskytnout kvalitu sluzeb odpovidajici
mezindrodnim standardim a nadi
zaméstnanci mohou nyni pfi své praci
cerpat z rozsahlé mezindrodni databaze
védomosti a zkuienosti, kterou se
skupiné ARCADIS podafilo wvybudovat
béhem vice ne: jednoho stoleti.
S tymem vysoce kvalifikovanych inZzenyri
a spickovych pracovnik( z mnoha jinych
obord skupiny ARCADIS jsme schopni
pokryt wviechny faze projektu: od
pfipravy pfes projektovani a realizaci aZ
po pfevzeti objektu a jeho daldi provoz.

O skupiné ARCADIS

Mezinarodni sit expertd ARCADIS je
klicem k realizaci téméf libovolného
investicniho zaméru kdekoliv ve svété,
Skupina ARCADIS ma pres 200 pobodek
ve vice neZ 100 zemich svéta. Umi
pruiné reagovat, je-li tfeba, kterakoliv
mistni pobotka miZe éerpat z rozsahlé
databaze védomostia povolat nékterého
z mnoistvi wvysoce kvalifikovanych
odbornikd. Projekty skupiny ARCADIS
jsou rdznorodé, lidi se wve welikosti,
typu i umisténi. Pfesto, at uZ poskytuje
poradenské sluzby, fidi projekt, nebo
projektuje, vidy se soustfeduje na tfi
zakladni pole plsobnosti: infrastruktura,
Zivotni prostfedi a stavby.

V pfedmétu svého podnikani je
skupina ARCADIS treti nejvétii v Evropé
a v celosvétovém mefitku patii mezi 10
nejvétiich firem podobného zaméfeni.
Skupina ARCADIS pdsobi v Evropeé,
Asii, Severni i Jizni Americe a dohlizi
nezavisle a nestranné na maximalni
efektivitu investic svych klientd. Ke konci
roku 2008 mél ARCADIS vice nez 14 000
zaméstnanch a celkovy objem wykond

v roce 2008 byl pfes 1 700 miliond EUR.
Skupina ARCADIS je v Ceské republice
zastoupena prostrednictvim holdingoveé
spoleénosti ARCADIS CZ as., do které
kromé ARCADIS Geotechnika as. patii
také ARCADIS Project Management
5.1.0.

Oblasti pisobnosti skupiny ARCADIS

Infrastruktura

smérem k mobilité; cilem je vytvaret
projekty, které berou ohled na Zivotni
prostiedi a zaroven jsou Zivotaschopné
a realizovatelné

Promyslové a obéanské stavby

pro zajiiténi bezpedi a kvality Zivota;
diraz na bezpefnost staveb a jejich
dopad na zdravi a Zivotni prostfedi

Zivotni prostiedi

trvald udrZitelnost zdrojd a kvality
prostiedi; diraz na Zivotni prostiedi je
kladen minimélné na stejnou urover
jako na ostatni aspekty

ARCADIS Geotechnika

Jedinednost, Uspéinost asila deské spole-
fnosti ARCADIS Geotechnika a.s.
spodiva v kombinaci védomosti a zkuse-
nosti ziskanych na zakladé vice nez
BO-leté tradice na cdeském trhu.
ARCADIS Geotechnika a.s. se zaméfuje
na poradenstvi, supervize, pruzkum
a zkusebnictvi v inzenyrskych stavbach,
predeviim v geotechnice, zakladani
staveb, podzemnich stavbach a v Zivot-
nim prostiedi.

sila

DaleZita pro nas wvidy byla

spoluprice. Vazime si moZnosti spolu-
pracovat s nejvyznamnéjiimi statnimi
investorskymi organizacemi z oblasti
dopravni infrastruktury, velkymi staveb-
nimi firmami a daldimi subjekty vefej-
ného i soukromého sektoru a pomahat
jim pfi dosahovani jejich cild.

Specializace akciové spolednosti
ARCADIS Geotechnika

= Geotechnika

* InZenyrskd geologie

= Hydrogeologie

* Mechanika zemin

= Mechanika hormin

* Inzenyrska seizmologie
* Geofyzika

= Stavebni dynamika

* Inzenyrska geodézie

* Dulni inZenyrstvi

MNazev a lego skupiny

Nazev ARCADIS je odvozen z feckého
slova ARCADIA a znamena harmonickou
spoleénost, mytologicky .raj”. Byl
zvolen do nazvu skupiny, nebot nejlépe
vystihuje jeji zavazek vytvaret kvalitngjsi
podminky pro Zivot viech lidi na zemi.

Salamandr v logu diky své vyjimeéné
schopnosti 2it ve wvodé | na soudi
symbolizuje trvalou ekologickou rovno-
vahu, ke které chceme svym plsobenim
pfispivat.

| pod novym nazvem ARCADIS Geotechnika
cheeme zlstat vadéi spolednosti na des-
kém trhu v geotechnickém a environ-
mentdlnim inZenyrstvi.

Kontakt

ARCADIS Geotechnika ass.
Geologicka 4, 152 00 Praha 5
Tel.: +420 234 654 111

Fax: +420 234 654 112
E-mail: info@arcadisgt.cz
www.arcadisgt.cz
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FOTOREPORTAZ Z VYSTAVBY TUNELOVEHO KOMPLEXU BLANKA
V PRAZE (KVETEN 2009)

PICTURE REPORT ON CONSTRUCTION OF BLANKA COMPLEX
OF TUNNELS IN PRAGUE (MAY, 2009)

Obr. 1 Stavenisté Myslbekova, severni a vychodni sténa jamy
Fig. 1 Myslbekova site — northern and eastern walls of the excavation box

Obr. 3 Stavenisté Letnd, vystavba dilataci D8 a D7 tzv. mildnskou metodou
Fig. 3 Letnd site — construction of expansion blocks D8 and D7 by the Milan Method

"

Obr. 5 RaZeny tunel, montdZ vyztuze klenby definitivniho osténi
Fig. 5 Mined tunnel - installation of the final lining vault reinforcement

Obr. 6 RaZeny tunel, klenba definitivniho osténi s poZdarnimi kandlky
Fig. 6 Mined tunnel - final lining vault with exhaust ducts

'y o | e :
Obr. 4 Stavenisté Letnd, vystavba dilataci D16, D17, D18, D19 a R2
Fig. 4 Letnd site — construction of expansion blocks D16, D17,D18, D19 and R2

Obr. 7 Stavenisté Trdja, vystavba klenbového tunelu v jamé 6
Fig. 7 Troja site — construction of a vaulted tunnel in construction trench
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FOTOREPORTAZ Z PRORAZKY TUNELU NA ISLANDU
(METROSTAV A. S.)
PICTURE REPORT OF TUNNEL BREAKTHROUGH IN ICELAND
(METROSTAV A. S.)

Obr. 1 Slavnostni setkdni pred poslednim zdbérem Obr. 2 Posledni zdber
Fig. 1 Celebratory meeting before the last excavation round Fig. 2 Last excavation round

Obr. 3 Posledni odpal Obr. 4 A uZ jsme tady ...
Fig. 3 Last firing Fig. 4 Here we are ...

Obr. 5 Blahoprejeme! Obr. 6 Na zdravi!
Fig. 5 Congratulations! Fig. 6 Cheers!

Obr. 7 Dokdzali jsme to ... Obr. 8 V této krajiné jsme pracovali
Fig. 7 We have made it ... Fig. 8 This is the country side we worked in
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ODESEL PROFESOR ZDENEK EISENSTEIN, Ph.D., Dr.Sc., P.Eng., EMERITNI PROFESOR FAKULTY
INZENYRSKEHO STAVITELSTVI TECHNICKE UNIVERZITY V EDMONTONU, ALBERTA, KANADA

PROFESSOR ZDENEK EISENSTEIN, Ph.D., Dr.Sc., P.Eng., PROFESSOR EMERITUS OF CIVIL
ENGINEERING AT THE UNIVERSITY OF ALBERTA, EDMONTON, CANADA, HAS DIED

Smutné a ndhld zprdva zastihla tuneldrskou verejnost celého
sveéta v prvnich dnech ervna 2009. V pondéli 1. ervna 2009
v dopolednich hodindch po krétké a tézké nemoci zemrel jeden
z prednich svétovych tuneldiskych odborniki, roddk z Ceské
republiky, profesor Zdenek Eisenstein, Ph.D., Dr.Sc., P.Eng.

Profesor Zdenek Eisenstein se narodil 2. dubna 1936
v Potdtkéch. Studium na Ceském vysokém uleni technickém
v Praze ukoncil a titul stavebntho inzenyra ziskal v roce 1959.
Tam také jako védecky pracovnik pusobil do roku 1969.
Mezitim zde v roce 1965 obhdjil doktorskou praci a ziskal titul
kandidat ved (CSc.) a vice nez rok (1966 az 1967) pracoval
u firmy Soil Mechanics Ltd v Londyné.

The sad and sudden news spread among tunnellers throughout the
world at the very beginning of June 2009: Professor Zdenek
Eisenstein, Ph.D., Dr.Sc., P.Eng., one of the world’s prominent tunnel
construction experts and a native of the Czech Republic, died on
Monday morning st June 2009, following a brief and severe illness.

Professor Zdenek Eisenstein was born in Pocdtky on 2nd April
1936. He graduated from the Czech Technical University in Prague
with a degree in civil engineering in 1959. He worked for the univer-
sity as a fellow until 1969. In the meantime, in 1965, he defended his
doctoral thesis at the university and received a candidate of sciences
(CSc.) degree. Then he worked one year (1966 to 1967) with Soil
Mechanics Ltd in London.

V roce 1969, jako mnoho dalSich Cechﬁ, odesel do zahranici In 1969, as did many other Czechs, he emigrated to Canada, the state
a usidlil se v Kanadé ve stité Alberta. Zde prednasel v Edmontonu na of Alberta. He lectured at the University of Alberta, Edmonton, Faculty of Civil
University of Alberta na fakulté inZenyrského stavitelstvi. Jako fddny pro- Engineering and worked as a full-time professor until 2001, when he became
fesor pusobil do roku 2001, kdy byl jmenovéni emeritnim profesorem. Professor Emeritus.

Odbornd a védecké Cinnost profesora Eisensteina se oviem zdaleka ne- Of course, the professional and scientific activities of Professor Eisenstein exten-
omezovala jen na akademickou oblast. Je nesmirné obtizné $ifi jeho puso- ded far beyond the academic sphere, and it is extremely difficult to cover the breadth
beni stru¢né obsdhnout. Z pocatku se jeho odborné pusobeni tykalo prevaz- of his work in brief. In the beginning, his technical activities were associated prima-
né zakladan{ staveb a sypanych prehrad, posléze se vSak jeho doménou rily with foundation engineering and rock-fill dams; subsequently underground
staly podzemni stavby. Jako expert a konzultant se podilel na vice neZ sto structures became his domain. He participated as an expert and consultant in more
projektech v radé zemi svéta. Za vSechny jmenujme jen nésledujici: than 100 projects in many countries throughout the world, including the following:

— Sanegran projekt v Sao Paulu v Brazilii — tunel pro odvedeni povodiio- — the Sanegran project in Sao Paulo, Brazil — an interceptor sewer;

vych prutoku; — light rail transit lines in Edmonton and Calgary;

— Lehké metro v Edmontonu a v Calgary; — the Cairo metro;

— Kaéhirské metro; — Metro Rail in Los Angeles;

— Metro v Los Angeles; — the Vancouver metro;

- Metro ve Vancouveru; — an interceptor sewer in Singapore.

— Kmenovy kanalizaén{ sbéra¢ v Singapuru. After 1989, he began very soon to work in his native country, the Czech

Po roce 1989 zalal velmi brzy piisobit i ve své vlasti, Ceské republice. Republic, as well. He passed on the wealth of his professional experience, lectured
Preddval své bohaté odborné zkuSenosti, predndsel mladym geotechnikum for young geotechnicians and, as an expert, participated in major tunnelling projects
a jako expert se podilel na vyznamnych tuneldfskych projektech v Ceské in the Czech and Slovak Republics (for example, the Mrdzovka tunnel and Prague
i Slovenské republice (napf. tunel Mrdzovka a metro v Praze nebo délniéni metro, and the Visnové motorway tunnel in Slovakia).
tunel Visnové na Slovensku). Since underground engineering was really more than merely his profession, he

Protoze podzemni stavby byly skute¢né vic nez jen jeho profese, velmi participated intensively in the activities of the ITA-AITES International Tunnelling
intenzivné se podilel na aktivitich Mezindrodni tuneldrské asociace ITA- Association. He was a member of its executive for many years. From 1992 to 1995,
AITES. Radu let byl Elenem jeji exekutivy a predsedou ITA-AITES byl he was the chairman of the ITA-AITES.

v letech 1992 az 1995. His contribution to underground engineering was appreciated by many internati-

Jeho pfinos podzemnimu stavitelstvi ocenilo mnoho mezindrodnich insti- onal institutions and universities. He was named Professor Emeritus of Technical
tuci a vysokych 3kol. Cestny doktorit technickych véd mu udélilo také Sciences also by the Czech Technical University, in 1991. He was an honorary
Ceské vysoké uceni technické v roce 1991. Byl i Gestnym ¢lenem Ceské member of the ITA-AITES Czech Tunnelling Association, and was among the first
tuneldrské asociace ITA-AITES, kterd ho letos zaradila mezi prvni nositele awardees of its commemorative medal. However, illness prevented him from accep-
své pamétni medaile. Pfevzit ji mu v§ak jiZ nemoc nedovolila. ting it.

Jeho odchod je pro vSechny spolupracovniky a pratele velkou ztritou, He will be missed among his colleagues and friends because they have been
nebot’ je opustil nejen vynikajici odbornik, ale také vérny a obétavy kama- abandoned by not only an excellent professional but also a true and unselfish friend,
rad, na kterého nelze zapomenout. who can never be forgotten.

ING. IVAN HRDINA PROF. ING. JIRI BARTAK ING. IVAN HRDINA PROF. ING. JIRI BARTAK

predseda mistopredseda CzTA ITA-AITES, Chairman of Vice-Chairman of CzTA ITA-AITES,

CzTA ITA-AITES Fddny profesor Fakulty stavebni CVUT v Praze CzTA ITA-AITES Full professor at the Czech Technical

University in Prague

ZA DOC. ING. IVANOM KUBIKOM, CSc.
REMEMBERING DOC. ING. IVAN KUBIK, CSc.

Dna 20. 2. 2009 nds po tazkej a dlhej chorobe navzdy
opustil doc. Ing. Ivan Kubik, CSc.

Narodil sa 25. 4. 1938 v Cadci. Po maturite na tunajSom
gymndaziu vyStudoval Stavebnd fakultu SVST Bratislave.
V roku 1961 nastipil do n. p. Doprastav Bratislava.

Na vtedajsSiu VSD v Ziline nastipil 1. 1. 1966 na katedru
geomechaniky a zakladania stavieb. Po jej zluceni
s katedrou geodézie a geoldgie tito katedru do roku 1990 aj
viedol. Po opidtovnom deleni katedier sa stal ¢clenom nasej
novej katedry geotechniky. Poznali sme ho ako optimistic-
kého a energického kolegu, ochotného ndm pomdct
a poradit’ pri kazdodennych problémoch. Osobne som obdi-

Doc. Ing. Ivan Kubik, CSc. died on 20t February 2009, after a long
and severe illness.

He was born in Cadca on 25t April 1938. When he had received higher
certification at a local grammar school, he graduated from the Faculty of
Civil Engineering at the Slovak Technical University in Bratislava. In
1961, he took up employment in Doprastav Bratislava, national enterprise.

He entered the Traffic Engineering University in Zilina of that time on
Ist January 1966, working at the Department of Geomechanics and
Foundation Engineering. From the affiliation of the department with the
Department of Geodesy and Geology till 1990, he was the head of the
new department. When the two departments had been re-separated, he

voval jeho pracovné nasadenie a jeho riadiace schopnosti, became a member of our new Department of Geotechnics. We knew him
ako aj schopnost’aplikovat poznatky svojej vedeckej ¢innosti priamo do as an optimistic and energetic colleague, willing to help and advise us when daily pro-
praktického Zivota. Titul kandidata technickych vied ziskal v roku 1978 blems were dealt with. Personally, I used to admire his drive and management abiliti-
a v roku 1981 habilitoval na docenta. es, as well as his capability of applying results of his scientific activities directly to
Odborna ako aj pedagogicka ¢innost' nasho kolegu sa zameriavala na practical life. He got a CSc in 1978 and habilitated as assistant professor in 1981.
problematiku zakladania stavieb, ale najmi na otdzky spojené so stav- The technical and teaching activities of our colleague were focused on problems of
bou a rekonstrukciou tunelov. To bola hlavnd ndpli jeho odborného foundation engineering, but most of all on issues associated with construction and
Zivota, ktorej sa so zanietenim sebe vlastnym venoval nielen na naSej reconstruction of tunnels. These activities filled major part of his professional life. He

katedre, ale neskorSie aj v niekolkych stavebnych firmach. Pocas svo- devoted himself to them with great enthusiasm not only at our department but also later,




jej pedagogickej a vedecko-vyskumnej praxe vychoval nespocetné
mnoZstvo Studentov a diplomantov. Okrem denného Stiddia organizoval
a prednasal v postgradudlnych kurzoch, domacich a vedeckych konfe-
rencidch. O jeho bohatej odbornej praxi svedc¢ia dodnes pouZivané
vysokoskolské ucebnice.

S uréitymi prestavkami ostal ¢lenom nasej katedry az do svojho
odchodu do déchodku v roku 2002. Vtedy sa uz bohuzial zacali u naSho
kolegu prejavovat’ prvé priznaky tazkej a zdkernej choroby, ktord ho
prenasledovala po celé dalSie obdobie jeho Zivota.

Jeho pdsobenie na naSej katedre zanechalo nezmazatelnd stopu
v naSich srdciach a utvorilo zdklad, na ktorom mdZeme dalej rozvijat
jeho myslienky v jeho nosnom odbore.

Cest jeho pamiatke.

PROF. ING. KAREL KOVARIK, CSc.
vediici katedry geotechniky, Zilinskd univerzita, Zilina
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at several construction companies. He prepared a countless number of students and
diplomates during his teaching and scientific-research practice. In addition to daily
study, he organised postgraduate courses and domestic and foreign scientific conferen-
ces and gave lectures in those events. University textbooks, which are used till now, give
evidence of his broad technical practice.

With the exception of several breaks, he remained a member of our department till
his retirement in 2002. Unfortunately, it was already at that time that the initial symp-
toms of the serious and insidious disease started to appear. It haunted him during the
rest of his life.

His work with our department has left an indelible trace in our hearts and created a
base on which we can further develop his ideas within the main specialisation of his.
All of us will remember him with the greatest respect.

PROF. ING. KAREL KOVARIK, CSc.
Head of Department of Geotechnics at the University of Zilina

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

SVETOVY TUNELARSKY KONGRES ITA-AITES 2009

ITA-AITES WORLD TUNNEL CONGRES 2009

Budapest, the capital of Hungary, hosted the World Tunnel Congress, combi-
ned with the 35th ITA-AITES General Assembly, from 23td to 28th May. It was
attended by about 1100 guests. The technical exhibition, which was part of the
Congress, attracted good numbers of exhibitors. From the Czech Republic, 5 con-
tributions were selected for oral presentations.

V Budapesti, hlavnim mésté Madarska, se od 23. do 28. kvétna konal Svétovy
tuneldisky kongres spojeny s 35. valnym shromazdénim ITA-AITES. Zi¢astnilo se
kolem 1100 tcastnikii a jeho souldsti byla i poSetné obesland technickd vystava.

Z Ceské republiky bylo vybrano k ordlni prezentaci 5 piispévki nédsledujicich
autoru:

e Ing. Jan Korejcik (Metroprojekt Praha a. s.): ProdlouZeni trasy A prazského

metra — projekt. prvniho tseku (obr. 1);

¢ Ing. Jan RoZek (Amberg Enginners Brno a. s.): Observaéni metoda razby

mélkého méstského tunelu v zeminéch — predpoklady a skute¢nost;

* Doc. Ing. Matous Hilar, Ph.D. (D2 Consult Prague s. r. 0.): Dlouhé Zeleznic-

nich tunely — srovnani velkych projekti;

¢ Ing. Miroslav Novik (Metroprojekt Praha a. s.): Vétrani prazského metra;

* Ing. Martin Srb (D2 Consult Prague s. 1. 0.): Koordinace pripravy a realizace

tunelu Slivenec na praZském silni¢nim okruhu.

ITA Open Session

Podle obvyklého ¢asového schématu se v ttery dopoledne konalo jedndni
sekce, kterou organizuje ITA pod nazvem ITA Open Session. Tématem bylo pla-
novéni modernich tunelt s dirazem na zastavéné oblasti. Pfedstaveno bylo néko-
lik velmi zajimavych ruznorodych staveb.

V prvnim prispévku Amandy Elioff z USA byla zdtraznéna duleZitost spolu-
price a informovén{ verejnosti pfi planovéani podzemnich staveb.

Mimoi4dné zajimavy byl pifspévek madarského autora Gustdva Kladose
o vicet¢elovém tunelu SMART v Kuala Lumpuru v Malajsii. Toto mésto je suZo-
véno zdplavami, které jsou dusledkem Castych piivalovych desth. Bézné zdplavy
se opakuji 7 x aZ 10 x za rok, s trochu mensi periodicitou prichédzeji ale zdplavy
s vétSimi pratoky. Proto bylo rozhodnuto postavit tunel, ktery by vy3§i prutoky
bezpeéné prevedl za mésto. ProtoZe ale by tunel byl vétSinu Casu nevyuZity,
zvolila se takova trasa tunelu, aby mohl soucasné slouzit pro automobilovou

Obr. 1 O prodlouZeni trasy A praiského metra hovoril Ing. Jan Korejéik
(Metroprojekt Praha a. s.)

Fig. 1 The extension of the Prague metro line A was the topic of the paper
presented by Ing. Jan Korejcik (Metroprojekt Praha a. s.)

dopravu. V podstaté se jednd o tfipatrovy tunel kruhového profilu, v hornich dvou
patrech jezdi automobily, spodni &ast je uréena pro prevedeni nizsich povodio-
vych pratoka. Pfi vyssich prutocich je tunel pro automobily zcela uzavien a voda
muZe protékat celym profilem.

Problémem stavby byly obtizné geotechnické podminky — kolisajici droven
skalntho podloZi a krasové jevy.

Manuel Armdiz Ronda hovoril o méstském tunelu délky 12 km, ktery vznikd
pri premisténi mestského automobilového okruhu v Madridu pod zem.

O plénovani vyuziti podzemi v Helsinkdch hovoril Ilkka Vihiaho. Mésto vyty-
povalo fadu oblasti s vhodnymi geotechnickymi podminkami pro budouci vyuZi-
ti podzemi. V jedné z nich vzdalené asi 10 km od centra bude vybudovdna cent-
rdln{ Cistira odpadnich vod, kterd nahradi 18 lokalnich Cistiren. Na povrchu nad
Cistimou vyroste novd obytnd Ctvrt.

Xin Gu z Cmy hovorila o pldnovani podzemmch staveb ve mésté Shenzhen.
Zduraznila, Ze stdtni a méstskd sprava, kterd je investorem vétSiny podzemni
infrastruktury véetné tunelt, Celi obrovskému tlaku vyplyvajicimu z boutlivého
rozvoje mésta. V takové situaci by se méla hledat nezbytné nutnd rovnovaha mezi
individualistickymi zdjmy soukromych investort a potfebami spole¢nosti, kterou
zastupuje mesto a stat.

Posluchai si znovu mohli uvédomit, jak obrovskym rozvojem prosla Cina za
posledmch 20, ale spise 10 let. Potvrzovaly to prormtane starsi a nové fotografie ¢in-
skych mést a dokl4da to i fakt, ze v Cing je nyni vice nez 10 000 tuneld riiznych typt
a Ze do roku 2020 majf byt vybudovény tunely o celkové délce asi 10 000 km.

Mimoréddnou stavbu hloubkového kanalizaéniho sbérade délky 20 km
v Hongkongu prezentoval Keith Tsang. Zvlastnosti pri provadéni prizkumu pro
tuto stavbu bylo fizené vrtani. Sikmé vrtani provadéné z povichu po dosazeni
hloubky budouciho sbérace pokratovalo rovnobézné s jeho niveletou.

Valné shromazdéni ITA-AITES rozhodlo, Ze pofadatelem WTC 2012 bude
Thajsko, které zviteézilo v napinavém souboji nad Cinou.

Z informacf o ¢innosti pracovnich skupin ITA (ITA WGs) je vhodné upozor-
nit na jejich publikaéni aktivitu, napi. WG 19 Conventional Tunnelling. Je dobré
také pripomenout, ze pracuji tfi vybory ITA — pro bezpelnost provozu
v podzemnich stavbach (ITA-COSUF), pro vzdélavani (ITA-CET) a pro vyuZiti
podzemniho prostoru (ITA-CUS).

Piislusné dokumenty i dalf informace o prubéhu kongresu i jednanich orgdnu
ITA-AITES lze nalézt na www.ita-aites.org.

Obr. 2 Zasedaci porddek valného shromdzdeni ITA-AITES
Fig. 2 The seating arrangement of the ITA-AITES General Assembly
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TUNELARSKE ODPOLEDNE 2/2009
TUNNELLERS’ AFTERNOON 2/2009

On Wednesday the 13th June 2009, the ITA-AITES Czech Tunnelling
Association held another of its regular half-day seminars entitled the
Tunnellers’ Afternoon. This seminar was dedicated to the Kralovo Pole tunne-
Is, which are being driven on the Brno ring road, in difficult geotechnical con-
ditions (clays), with shallow overburden and under existing buildings.

The Tunnellers’ Afternoon discussions were preceded by a morning
excursion to the Kralovo Pole tunnels construction site.

V brnénském Bobycentru se konalo ve stfedu 13. Cervna 2009 Tuneldrské
odpoledne 2/09, které bylo vénovano Kralovopolskym tunelim na brnénském
méstském okruhu.

Jednani tuneldrského odpoledne predchézela dopoledni exkurze na stavbu
Krélovopolskych tunelu.
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Na tuneldiském odpoledni byly predneseny nésledujici predndsky:
Statické vypolty, progndzy, realita — Ing. Jiff Pechman (Amberg Engineering
Brno, a. s.)
Realizace razenych ¢ésti tunelu z pohledu projektanta — Ing. Jan Rozek
(Amberg Engineering Brno, a. s.)
Hloubené tunely — Ing. Lubomir Kosik (Amberg Engineering Brno, a. s.)
Razba Kralovopolského tunelu II — shrnuti praktickych zkuSenosti
— Ing. Josef Baca (Subterra a. s.)
Krdlovopolské tunely — pruzkum a monitoring — Ing. David Rupp, GEOtest
Brmo, a. s., Ing. Vdclav Vesely, Ph.D., (ARCADIS Geotechnika, a. s.)
Pilotovaci prace na portdlu Zaboviesky v&etné prilehlych objektu a na objektu
technologického centra — Richard Dvorédk (Zaklddént staveb, a. s.)
Zdafilé akce CzTA ITA-AITES se ziicastnilo kolem 85 tcastniku. .
ING. MILOSLAV NOVOTNY,
ita-aites @metrostav.cz, sekretdr CzTA ITA-AITES

3. ZASEDANI VYBORU C4 PIARC ,ROAD TUNNEL OPERATION"
3RP MEETING OF THE C4 PIARC COMMITTEE ,ROAD TUNNEL OPERATION*

The C4 PIARC committee, which unambiguously determines tunnel equip-
ment and operation trends, held the third meeting within the 2008-2011 four-
year cycle. The meeting took place from 25th to 27th March 2009 at the his-
toric building of the Public Works Ministry in Madrid. It was accompanied by
interesting excursions to tunnel construction sites. It was conducted by Mr.
Pierre Schmitz, Belgium, the chairman of the committee. The initial discussi-
on blocks dealt with the relationship and coordination of activities with the
European Commission, the COSUF partnership, the ITA-AITES and other
organisations. However, the most important part was the preparation of docu-
ments in individual working groups.

Organizace PIARC, kterd jednoznacéné urCuje trendy ve vybavovan{
a provozovani tuneli (na zékladé dohody se oproti tomu ITA-AITES vénuje
prevdzné vystavbé tunell, geotechnice, geologii atd.), pracuje ve Ctyfletych
cyklech, které kon¢i vydanim fady dokumentu. Posledni cyklus byl ukoncen
podzimnim svétovym kongresem PIARC v PaiiZi v roce 2007. Zasedani vybo-
ru C4 bylo jiz tfeti v novém Ctyfletém cyklu (2008-2011).

Zasedéni se konalo ve dnech 25.-27. biezna v historické budové minister-
stva vefejnych praci v Madridu a bylo doprovazeno zajimavymi exkurzemi na
tunelové stavby. Celé jedndni fidil predseda vyboru Pierre Schmitz z Belgie.
V tvodnich blocich se projedndval vztah a koordinace aktivit s Evropskou
komisi, znalostn{ sitit COSUF, ITA/AITES a dal$imi organizacemi. Pro Ctena-
fe Casopisu Tunel vSak mohou byt nejvice zajimavé informace o pripravé
dokumentu v jednotlivych pracovnich skupindch. VétSina dokumentt je jiz ve
vySS§im stupni stadia zpracovani a mohou jiz dnes slouzit jako vyznamny stu-
dijni materidl. Proto jsou v dal$im textu jednotlivé dokumenty v ¢lenéni pra-
covnich skupin (WG) krétce popsdny (z divodi autenti¢nosti jsou ponechdny
jejich ndzvy v origindle):

WG1: Operation and safety

Recommendation for strategic tunnel safety management

Analyza ukézala, Ze existuje fada dokumenti podobného zaméfent, ale ani
jeden z nich neméd komplexni zdbér. Dokument je zaméfen na instituce, které
pozaduje direktiva 54/2004/ES, tj. na administrativni a inspek¢ni autority, bez-
pecnostniho manazera tunelu, bezpecnostniho technika a celé organizacni
schéma. Dile definuje role, povinnosti a systém dalsiho vzdélavani (netykd se
operatorl tunelt).

Guidelines on tunnel staff and emergency teams training, exercises and
feedback from operation and incident

Prirucka pro trénovéni vech slozek souvisejicich s bezpe¢nosti (operdtori,
bezpecnostni tymy, tymy ddrZzby a externi intervencni slozky). Definuje se celd
Skdla cviceni (interni, externi, specializované ...) a souvisejici organiza¢n{

Fizeni tunelu
Fig. 1 A fascinating plastic model of Madrid with tunnels marked in it, at the
tunnel control centre

schéma. Ddle se navrhuje hodnoceni zpétné vazby ze cvifeni v systematické,
taktické a strategické roviné.

Recommendation on management of maintenance and safety inspections of
tunnels

Cilem tvorby dokumentu je, 7e by se kvalita idrzby méla obecné zlepsit
améla by byt dokonce na evropské trovni harmonizovana, aby se docilila stej-
nd troven bezpecnosti i za provozu tunelu. Prvni ¢dst Udrzba popisuje politi-
ku ddrzby, duleZité parametry, ale i poZadavky na subdodavatele. Druhd 4st
fesi inspekce (zodpovédnosti, obsah, zpétnou vazbu ...).

Life-cycle-aspect of tunnel equipment

Cyklus Zivota a cena za nutnou obménu zafizeni vyznamné ovliviiuji pro-
vozni ndklady. Dokument obsahuje analyzu Zivotnosti entit tunelu, vliv ddrz-
by na dobu Zivota, vliv teploty, kiivky Zivota, ddle uvadi typické doby Zivota
(osvétleni, SCADA ...) a piiklady z jednotlivych zemi (z dotazniku napf.
vyplyvd, Ze fidici systém SCADA se ,,dozivd* v pruméru 10 let, ale kabely jiZ
30 let).

WG2: Road tunnel safety

Tato skupina patfi mezi nejatraktivnéjsi a aktivné v nf pracuje 19 ¢lenu.

Current Practice for Risk Evaluation in Road Tunnels

Hlavnim cilem je revidovat dokument Risk Analysis for Road Tunnels, déle
analyza vSech soucasnych pouzivanych metod pro analyzu rizik a navrh na
klasifikaci tuneli dle ADR. Bude vytvorena metodologickd bdze pro sjedno-
cenf hodnoceni individudlniho a socidlniho rizika.

Improving safety in existing tunnels

Hlavni cile projektu jsou teprve diskutovany. Prvnim tématem ma byt oce-
fiovani stdvajicich tuneli z hlediska bezpe¢nosti a druhym popis a definice
programu na renovaci tunelt s cilem zajistit o¢ekdvanou droven bezpecnosti.

WGS3: Influence user behaviour in tunnel

Recommendations regarding road tunnel drivers’ education

Dokument se zabyvd znalostmi, které maji mit fidi¢i ve vztahu k tunelu.
Principidlni otdzky ohledné bezpe¢nosti pri vjezdu do tunelu, pfi jizdé v tunelu
a v kritickych situacich se maji fesit jiz v zdkladni $kole a pak v kurzech pro
fidi¢e. ZvIasti pé¢i vyzaduji profesiondlni fidi¢i. Dokument bude definovat
i faktory, kterych se to tyka.

Improvement of safety in road tunnels through “real time” communication
with the users

Prvni &dst dokumentu soustieduje znalosti o prostiedcich, které mohou
ovliviiovat chovdni fidi¢e v tunelu v normdlni i mimoradné situaci, a to
v redlném Case. V tivahu bude bréna i psychologie stresu uZivatele tunelu. Kazdé
zafizeni bude popsédno a analyzovano prave z hlediska pusobeni na fidice.

Obr. 2 Ridici centrum tunelii v Madridu
Fig. 2 Tunnel control centre in Madrid
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WG4: Air quality, fire and ventilation

Vehicle emission factors for fresh air demand calculations

Dokument se zabyva vypoctem Cerstvého vzduchu s novymi emisnimi fak-
tory. Cilem je i stanoveni emisnich faktoru pro rizné zemé a stanoven{ koreké-
nich faktoru pro budoucnost.

Basis for Design Fires in Road Tunnels

Velmi aktudlni téma velikosti poZdru, jejich dynamiky a modelovéni. Budou
zkoumény ovliviujici parametry, napr. vliv ventilace. Vysledkem budou revi-
dované modely pozdru.

Guidelines on the applicability, cost effectiveness and operation of fixed fire
suppression systems

Diskuse a rozbor hasicich systému: moZnosti aplikace sprinklert, vodnich
dél a clon, apod. Zhodnoceni vyhod a nevyhod. Zkusenosti z provozu.

WG5: Knowledge management

Skupina je novd a jejim hlavnim cilem je integrovat vSechny znalosti
o tunelech s vyuZitim PIARC dokumentt. Ten jich v oblasti tunelt dosud pub-
likoval 35. Bude vytvoren PIARC Road Tunnel Manual ureny pro spravce,
provozovatele, operdtory a ndvrhdre. V principu je to elektronickd encyklope-
die ve formé kapitol:

Kap. 1: Strategie — tunelovy systém, obecny ndvrh tunelu, fdze Zivota tune-
lu, cenové aspekty ohledné vystavby a provozu, plamné predpisy a doporucent.

Kap. 2: Bezpecnost — obecné principy, elementy bezpecnosti a integrovany
pristup, zkuSenosti z nehod, ocenént rizik, principy bezpecnosti, fyzika poZdru,
nebezpecné zboZi, bezpecnostni procedury — hlavné organizace, zlepSeni bez-
pecnosti ve stavajicich tunelech.

Kap. 3: Lidsky faktor — chovdni lidi z hlediska bezpecnosti, chovdni uZiva-
teli, dispecerii, vzdéldni a informovadni.

Kap. 4: Provoz a idriba — organizace, provozni ndklady, zpémd vazba
k nehoddm, provddeni udrzby, ocenovdni kvality tunelu a vztah na vdrzbu.

Kap. 5: Ekologie spojend s provozem — kvalita vzduchu v tunelu, imise, vib-
race a hluk, vliv vody na provoz (tunely pod vodou).

Kap. 6: Geometrie — budou vyuZity stdvajici dokumenty PIARC.

Kap. 7: Strukturdlni zdleZitosti — iinikové vychody, zdlivy, drendZ pro vodu
a PHM, atd.

Kap. 8: Zarizeni a systémy — ventilace, svétlo, komunikace, PBZ, doprava,
napdjent.

Kap. 9: Tunel a ohen.

Obr. 3 Rychlovlak AVE propojujici Madrid s horskym mésteckem Segovia
tunelem délky 28 km

Fig. 3 High-speed AVE train connecting Madrid with the mountain town of
Segovia through a 28km long tunnel

V ramci jednéni byly navstiveny méstské tunely v Madridu (v¢. M30), coz
je patrné nejveétsi méstsky komplex tunelt v Evropé o celkové délce 56 km.
Z exkurze je rozsdhld dokumentace, zajimavosti je, Ze se v téchto tunelech
vyuzivd filtrace vzduchu. Celodenni exkurze umoZnila detailni sezndmeni
s tiitrubnim tunelem v hordch na délnici AP-6. Zde je zajimavosti to, Ze se tieti
tubus, ktery byl razen dodate¢né za provozu, stiidavé vyuzivd pro dopravu do
a z Madridu. Dale byl navstiven 28 km dlouhy Zelezni¢ni tunel Guadarrama
spojujici Madrid a historické mésto Segovia.

Zavery

Jednani PIARC je vrcholné odborné a je cennym zdrojem poznatku.
Obvykle se zpracované dokumenty vyuZivaji pro tvorbu ndrodnich standardu.
Diky aktivni Gcasti v tomto vyboru jsou vSechny dokumenty k dispozici nasi
odborné vefejnosti ve znatném predstihu.

PROF. ING. PAVEL PRIBYL, CSc. pribylp@eltodo.cz,
ELTODO EG,a.s.

VYROCI / ANNIVERSARIES

80. NAROZENINY ING. PAVLA MARIKA

80TH BIRTHDAY OF ING. PAVEL MARIK

Dne 15. 5. 2009 oslavil 80. narozeniny Ing. Pavel
Marik, kterého mnozi kolegové znaji nejen jako odbor-
nika v oboru podzemnich staveb, ale i jako dlouholeté-
ho ¢lena redakéni rady Casopisu Tunel, dobrého spo-
le¢nika, ktery nezkazi Zddnou legraci nebo dodnes
aktivniho hrace bridge.

Vyznamné Zivotni jubileum je dobrym davodem
k ohlédnuti a rekapitulaci dosavadni zivotni drahy.
Pavel Maiik se narodil v rodiné stavitele Jaroslava
Maiika v roce 1929 a stejné jako mnoho vrstevniku
poznamenala i jeho détstvi druhd svétova vilka, kdy se
po uvéznéni obou rodi¢u nacisty a totdlnim nasazen{
star§iho bratra Jififho musel sdm protloukat ttrapami
protektoratniho statu. Po vélce se s rodici i bratrem vra-
til do Némci vysidleného Neveklova a studoval na
redlném gymndziu v BeneSove.

Po jeho absolvovani v roce 1948 nastoupil na vysokou
Skolu inzenyrského stavitelstvi CVUT v Praze.

Ing. Pavel Maiik celebrated the 80th birthday on 15 May 2009.
He has been known by many people not only as an expert in the
field of underground engineering, but also as a long-time mem-
ber of the editorial board of TUNEL, a good companion who
never spoils any fun, or a bridge player active till now. This
important occasion is a good reason for looking back and reca-
pitulating his life and career till now. Pavel Maiik was born into
the family of Jaroslav Mafik, a master builder, in 1929. World
War II marked his childhood in a similar way as it did to his age
mates. When both his parents had been imprisoned by the Nazis
and his older brother Jifi had been forcedly deployed as labour
in Germany, he had to struggle on through the hardships of the
Protectorate of Bohemia and Moravia on his own. After the war,
he returned with his parents to the town of Neveklov, the popu-
lation of which had been displaced by Germans, and attended the
high school in BeneSov. Once he had received the certification,
he entered the Department of Civil Engineering at the Czech
Technical University in Prague. He experienced the first, invo-

K prvnimu nedobrovolnému kontaktu s podzemim doslo

jiz v roce 1951, kdy po tiech letech studia komunisticky rezim usoudil, Ze
jako syn podnikatele a nepfitele reZimu musi nastoupit vojenskou sluzbu
v ostravskych dolech. Po roce price v podzemi byl prevelen ke stavebnimu
pomocnému technickému praporu na Moravu a po ukonceni vojenské sluzby
15. 3. 1954 nastoupil jako fadny pracovnik do firmy Energoprojekt. Pracoval
jako projektant stavebni ¢asti elektrorozvoden a prfi zaméstndni se mu poda-
filo v roce 1956 dokonc¢it nedobrovolné prerusené studium vysoké skoly.

V roce 1966 nastoupil do firmy PUDIS, kde pusobil nejprve ve funkci
vedouciho skupiny a postupné se jako bezpartijni vypracoval az na funkci
feditele stfediska. V tomto obdobi se nejprve podilel na projektech pod-
zemni tramvaje v Praze a po zmén¢ koncepce méstské hromadné dopravy
pusobil jako hlavni inZenyr projektu stavebni ¢dsti stanice Muzeum trasy
IC metra. K dal$im vyznamnym podzemnim dilim tohoto obdobi patri
projekt TéSnovského tunelu na vltavském nébreZi, projektovy tkol hlou-
bené varianty tuneli Dobrovského v Brné a zejména projekt Strahovkého
tunelu od féze studii v roce 1975 az po provadéci projekty. Pfi zpracovani

luntary, contact with the underground in 1951, after three years
of studies. The communist regime concluded then that he, as a son of an entreprene-
ur and enemy of the regime, had to enlist in the army and work in Ostrava mines.
After a year of the work in the underground, he was transferred to an unarmed buil-
ding labour battalion in Moravia and, on 15/3/1954, when his compulsory military
service ended, he was hired as a regular employee by Energoprojekt. He worked in
the position of designer for civils works for distribution substations and, in 1956,
managed to complete his involuntarily suspended university studies (extramural). In
1966, he entered the PUDIS company, where he worked at the beginning in the posi-
tion of a head of a team and, gradually, he worked his way up to the position of
a director of department, despite the fact that he was a non-Party man. In this period
of time, he first participated in designs for the subsurface tram in Prague and, when
the urban mass transit concept was changed, he worked in the position of a chief
designer for the civils works for Muzeum Station on the metro Line I C. Among other
significant underground structures of this period are the design for the Té$nov tunnel
on the Vltava River embankment, the feasibility study for the cut-and-cover variant
of the Dobrovského tunnel in Brno and, above all, the design for the Strahov tunnel,
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projektové dokumentace Strahovského tunelu jiz doslo ve vyssich stupnich from studies (1975) to the detailed design. During the work on the design for the
projektové dokumentace k prvnim kontakttim se zdpadnimi zahrani¢nimi Strahov tunnel, initial contacts were made with foreign (western) contractors, which
firmami a snaze o zménu technologie razby na NRTM. Doba vsak jesté tried to change the excavation technique to the NATM. However, the time did not
podobnym zméndm neprila a tunel byl raZzen modifikovanou prstencovou favour similar changes, thus the tunnel was driven using a modified ring method, by
metodou pomoci polostitu posouvaného na predem vyraZenych means of a semi-shield moving on abutments, which had been cast in pre-excavated
a betonovanych opérach. Kromé podzemnich staveb se podilel na zajima- drifts. Apart from underground structures, he participated in interesting geotechnical
vych geotechnickych dlohéch, ke kterym napr. patfila v roce 1983 rekon- problems, such as the reconstruction to the Smetana Embankment in 1983. When the
strukce Smetanova nabrezi. regime had changed in the Czech Republic, he took the opportunity for private
Po zméné rezimu v Ceské republice vyuzil moznosti soukromého pod- enterprise and founded his own firm, Pavel Marik IK (inZenyrské konstrukce), in
nikdni a v roce 1993 po 45 letech od zndrodnéni firmy svého otce zaloZil 1993, 45 years after the nationalisation of his father’s firm. In the newly founded firm,
vlastni firmu Pavel Mafik IK (inZenyrské konstrukce). V nové zaloZené he continued to work on the detailed design for the Strahov tunnel, up to the deve-
firmé pokracoval na realizaéni dokumentaci Strahovského tunelu az po lopment of operating instructions and digital as-built design. He was in charge of the
vypracovani provozniho fddu a digitdlni dokumentace skute¢ného prove- work on designs for the stabilisation of the Smichov portal of the Mrazovka tunnel,
deni, vedl projekty zajisténi smichovského portdlu tunelu Mrdzovka, the Tésnov tunnel reconstruction, the reconstruction to the Rasin Embankment wit-
rekonstrukce TéSnovského tunelu, rekonstrukce Rasinova ndbrezi v dseku hin the section between the VySehrad tunnel and Manes, the Edvard Benes§
od Vysehradského tunelu az po Madnes, rekonstrukce ndbiezi Edvarda Embankment reconstruction between the Presidium of the Government and the Letna
Benese v tseku od predsednictva vlddy aZz po Letensky tunel. Jeho firma tunnel. His firm carried out a condition survey on buildings above tunnels on the outer
zpracovdvala pasportizaci objekti v nadloZi tunel silni¢niho okruhu Prague City Ring Road, construction lots 513 and 514. He terminated his active work
kolem Prahy na stavbach 513 a 514. Aktivn{ préci ve firmé ukonéil v 76 in the firm in 2005, at the age of 76. Nevertheless, the end of the work for the firm
letech v roce 2005. Ukoncenim Cinnosti ve firmé vSak neskoncil jeho has not meant the end of his interest in underground construction projects and the life
zajem o podzemni stavby a zivot kolem nich. Do soucasnosti sleduje pro- around them. Till the present time he has kept himself informed about topical domes-
strednictvim Casopisu Tunel i internetu aktudlni informace z domova i ze tic and worldwide issues through TUNEL and Internet. As an individual member of
svéta a jako individudlni ¢len se v rémci moZnosti G¢astni akcf pofddanych the Czech Tunnelling Association he takes part, if possible, in events organised by the
Ceskou tuneldiskou asociaci. Tunelim a geotechnice vénoval bezmala 40 association. He dedicated nearly 40 years of his life to tunnels and geotechnics; he
let Zivota a za celoZivotni praci v oboru obdrzel od Ceské tuneldrské aso- was awarded a commemorative medal for the whole-life’s work in the industry by the
ciace pamétni medaili. Do dalSich let prejeme predev§im pevné zdravi, Czech Tunnelling Association. We wish him for upcoming years all the best for good
pohodu a neutuchajici Zivotni eldn. . health, wellness and vitality. )
ING. MILOSLAV NOVOTNY, ING. MILOSLAV NOVOTNY,

ita-aites @metrostav.cz, sekretdr CzTA ITA-AITES ita-aites @metrostav.cz, sekretdr CzTA ITA-AITES

K SEDMDESATINAM PROFESORA BARTAKA
SEVENTIETH BIRTHDAY OF PROFESSOR BARTAK

V &ervnu tohoto roku se ve zdravi a plné tvurdf sile dozivd ™ In June 2009, our long-time colleague, friend and one of the
sedmdesati let ndS dlouholety kolega, kamardd a jeden ze g founders of the modern Czech tunnelling and underground engi-
zakladateld moderni Skoly Ceského tuneldrstvi a podzemniho neering school, Prof. Ing. Ji{ Bartdk, DrSc., professor of geotech-
stavitelstvi prof. ing. Jiff Bartdk, DrSc., profesor geotechniky nics at the Czech Technical University in Prague, will live to see
na CVUT v Praze. Toto jeho vyznamné Zivotni jubileum nés, seventy, boasting sound health and full creative strength. This
kteff jej a jeho préci zndme desitky let, opraviiuje pripome- important occasion entitles us, his friends who have_kppwn his
nout jeho zasluhy a aktivity od jeho odbornych a védeckych wprk for tens of years, to rem@mber his credits and activities from
zatatki, kdy jako zdk prof. Straky se svym kolegou, pozd&j- his professional and sqentlflc start-ups, wher} hf:, as a pupil of
$im prof. Buckem, zacali ovliviiovat tento v§znamny obor Prof. Straka, together with professor Bucek, his future colleague,
a svymi pracemi determinovat jeho budouci v§voj a rozvoj. began to influence this important industry and determine its futu-

Prof. Bartdk se narodil 13. Cervna 1939 v Praze. Obecnou re development through their works.

a méStanskou $kolu navstévoval v letech 1945-1953 v Praze- Prof. Bartdk was born in Prague on 13th June 1939. He attended
Kréi, v roce 1956 maturoval na gymnéziu v Praze-Brantku. a genera} schoql and secqqdar_)/ school in Prague-Kr¢ in 1_945-1953.
Fakultu inZenyrského stavitelstvi CVUT, obor konstruktivné- He rece;lved higher Cemﬁc"mm Ell ) (R school in Prague-
dopravni, absolvoval s vyznamendnim v roce 1961. et 0 BRI sl e b e e el
Po ne(ilouhém piisobent na stavbé Kaucuku Kralupy byl University with a degree in civil engineering from the Department

& " 5 Lo of Civil Engineering and Traffic Structures in 1961.
prijat v roce 1962 jako asistent na katedru silni¢nich staveb In 1962, after a not long period during which he was employed at

Stave? nt faku.l Ly, v roce 1963 pll.SObll JacoResiytent na ., the construction of the Kaucuk Kralupy rubber plant, he was hired by the Department of Road
ka.tedre Zeleznlcmqh staveb a po vzniku katedry geotechniky se stal odbornym Structures of the Faculty of Civil Engineering as a lecturer. In 1963, he was a lecturer at the
asistentem u prof. ing. J. Straky, DrSc. . . . Department of Railway Structures and, after the origination of the Department of
V2. polovmq 60/. let /absolvovval dlouhgdobpu Staz v lat,)oratorlch Enec?am- Geotechnics, he became a fellow working for Prof. Ing. J. Straka, DrSc.
ky hornin Hornického tstavu CS,AY a PUS(fblvl U stavczbmch Pf’dmku Kémen In the mid-1960s, he went on long-term secondment in rock-mechanics laboratories
Praha a Instav I/’re}hav pri nz,wrll,ovam a pr(zy'adem trhacich RIaCL . of the Institute of Mining of the Czechoslovak Academy of Sciences and collaborated
Po absolvovini védecké pripravy obhdjil v roce 1972 kandidatskou dizer- with construction companies Kdamen Praha and Instav Praha in the field of design and
taéni prici s ndzvem Statické feSeni kotveného paZeni hlubokych stavebnich execution of blasting.
jam a v roce 1976 habilitacni prdci na téma Metoda kone¢nych prvki In 1972, after scientific preparation, he defended his candidate thesis entitled
v geotechnice. V roce 1977 byl jmenovan docentem pro obor zaklddén{ sta- Structural Analysis of Anchored Support of Deep Construction Trenches and, in 1976,
veb a podzemni stavby na katedre geotechniky FSv. defended his inaugural dissertation on the topic Finite Element Method in Geotechnics.
Védeckou hodnost doktora technickych véd ziskal v roce 1987 po obhdje- In 1977, he was appointed assistant professor at the Department of Geotechnics of the
ni dizertatni prace Progresivni postupy navrhovani hloubenych podzemnich Faculty of Civil Engineering.
staveb a v roce 1988 byl jmenovan profesorem pro obor podzemni stavby na He gained the academic degree doctor of technical sciences in 1987, once he had
Stavebni fakulté CVUT v Praze. V tomto oboru tispéiné pedagogicky piisobil defended the dissertation thesis entitled Progressive Procedures in Designing Cut-and-
a pusobi na stavebnich fakultdch v Praze, Brné i Bratislavé, stejné tak Siroky Cover Structures; in 1988 he was appointed professor in the subject of underground
okruh zabird i jeho podil na vychové novych védeckych a védecko-pedago- engineering at the Faculty of Civil Engineering of the Czech Technical Un@versity in
gickych pracovnikli. K jeho pedagogickému piisobeni se viZze autorstvi Prague. He has taught students.in t.his field at facu!ties of civil engineering n Pragu;,
a spoluautorstvi (vesmés s prof. Buckem) velkého poétu vysokoskolskych B”}O and Bra'tlsla_va. Equal_ly wide is the scope Of'hls shz_m? i“ the ec!ucatlon 9f new sci-
skript s tematikou podzemnich staveb a geotechniky. entific and scientific-teaching workers. His teaching activities are tied up with the aut-
Prof. Bartk projevoval vdy mimof4dné zaujeti pro fefen obtizngch ikolit |  horship and co-authorship (mostly together with Prof. Bucek) of a great number of uni-
vyskytujicich se ve stavebni praxi a vzhledem ke svym bohatym zkusenostem versity duplicated textbooks on underground construction and geotechnics.
je vyhleddvanym expertem pro oblast podzemnich staveb. Zpracoval stovky Prof. Bangk has always sho_wn keen interest in solvmg_ difficult tasks occurring in
studif, odbornych posudkl a statickych vypoéti pro investorské, projekéni th? construction practice. Owing to the wealth of cxperience he has gained, hff 15
i dodavatelské organizace v CR, v poslednich letech plisobil a plisobi jako a'squghaften expert in therfiel diof undsreround simicuries, Le carried out hundireds of
expert na velkych podzemnich stavbach (stoka ,,F* v Praze-Troji, rekonstrukce studlf:s, expert opinions and structural analyses for project owners, designing offices
PVE Stéchovice, tunel Hiebe&, podzemni zdsobnik plynu Pibram-Haje, tune- and contractors in the Czech Republic. In recent years, Ee_ has worked as an expgn gL
. N . . i large underground construction projects (trunk sewer “F” in Prague-Troja, reconstruc-
1 tanice prazského metra, tunely Mrdzovka, Valik, Nové spojeni B Sround proj : 5 ot gue- o) p
y a st p » unety i 2 pojent, tion of the Stéchovice pumped storage station, the Hrebe¢ tunnel, the Piibram-Hdje gas
Prackovice, Dobrovského, Blanka a fada dalsich podzemnich d&). pump 8 e L oL Je &
’ ’ P storage cavern, Prague metro tunnels and stations, the Mrdzovka, Valik, New
Connection, Prackovice, Dobrovského and Blanka tunnels and many other underg-
round works).
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K Jeho nejvyznamnéj$im pracim vyzkumného charakteru patri prede-
vSim prace:

Vyhodnoceni novych metod a teorif statického feseni kruhovych obezdivek
podzemnich staveb (1966), Nové metody v podzemnim stavitelstvi (1971),
Kotvené paZeni stavebnich jam (1973), Stanoveni prub&hu napjatosti horni-
nového masivu v oblasti kolem vyrubu matematickym modelovanim metodou
kone&nych prvku (1975), Vyzkum problému paZenych stavebnich jam (1977),
Dimenzovéni vystroje dulnich dél novych profilii (1980), Problémy interakce
staveb a jejich prvku se zemnim prostiedim (1983), Tlaky vysypek na Zele-
zobetonové duté objekty (1985), Adaptace stavajicich podzemnich prostor pro
ucely CO (1990), Uziti observacni metody pro navrhovani podzemnich staveb
(1993), Progresivni postupy navrhovdni a rozvoj novych technologii
v podzemmm stavitelstvi (1998)

K nejvyznamnéjsim pracim pro stavebni praxi patii zejména:

Posouzeni obezdivek vodovodniho privadéce Zelivka (1965), Regen{
Etyrkloubové obezdivky metra typu VKD Kladno (1969), Regent stavebni | jamy
a trafostanice na trase IC praZského metra — Hlavn{ nddraz{ (1970), Nahrazen{
tunelu otevrenym zédfezem u Ceske Tiebové (1970), Resent zakladkovych uza-
vér v Hamru na jezere (1972), Resenf rozvétveni tunelovych tras metra (1973),
Meéfenf deformaci pilotové stény ve stanici Kosmonautu na trase IIC praZského
metra (1975), Statické feSeni osténi pro tunelovaci stroj Priestley (1976),
Meéfeni tenkosténné prefabrikované Zelezobetonové obezdivky dvoukolejného
Zelezni¢niho tunelu na preloZce trati Sokolov—Chodov (1980), ReSeni stavebni
jamy rozpletu dostavby III. Vinohradského tunelu v Anglické ulici (1980),
Navrh tuneld stfedniho dopravniho okruhu v dseku Spejchar—Argentmska
(1981), Resenf bievnovského portélu Strahovského tunelu (1984), Névrh smer-
nic pro projektovani a provéadéni hydroizola¢nich plasth podzemnich objekt
(1986), Stabilita_opér Strahovského tunelu (1985), Stabilitni problémy hrdzi
odkalist’(1987), Reseni problematiky vystavby kolektorové sité v Praze (1989),
Reseni problematiky kolektorové sit¢ v Brné (1990-1997), Alternativni feSent
vystavby Stoly pro stoku ,,F* — aplikace NATM (1991), VyuZiti drdtkobetonu
v podzemnim stavitelstvi (1993), Posouzeni stability stavebni jamy PVE Sté-
chovice (1995), Sanace suterénnich prostor presunutého dékanského kostela
v Mosté (1996), Posouzen{ haviérie vychodniho portdlu tunelu Hiebe¢ (1996),
Statické feSeni severntho portélu tunelu Mrazovka (1997), Pruzkum a sanace
t¢Zce havarované kanalizacni stoky v Praze-Troji (1997), Provedeni a analyza
observacnich méfeni na presypavaném dopravnim tunelu v lomu Hvizdalka
(1998), Statické feseni obtokové Stoly vodniho dila Mordvka (1998) a rada
novéjsich znaleckych posudki, studii a vyjadfeni k projektim a vybérovym
fizenim v Ceské i Slovenské republice.

K uvedenému vyctu se vdZe pres 250 publikovanych Casopiseckych ¢lanku
a prispévku ve sbornicich védeckych konferenci. Jako spoluautor a vedouci
redak¢niho kolektivu se podilel na pripravé uzndvanych odbornych publikaci
Tunel Mrazovka (SATRA 2004) a Podzemni stavitelstvi v Ceské republice
(SATRA 2007). Prof. Bartdk je autorizovanym inZenyrem pro obor geotech-
nika, predsedou zkugebni komise CKAIT pro tento obor a soudnim znalcem
pro obor zakladani staveb a podzemni stavby.

Jeho zdsluhou je realizace jiz nékolika védeckych konferenci Podzemni
stavby Praha, jejichz zaméfeni i obsah vyrazné ovlivnil ve prospéch moder-
nich pristupu k projektovani a provddéni podzemnich staveb. Vyznamné se
zaslouZil o tispéch svétového tuneldfského kongresu v Praze v roce 2007. Je
dlouhodobym ¢lenem predsednictva a mistopredsedou Ceské tuneldiské aso-
ciace a mnohaletym ¢lenem a predsedou redakéni rady ¢asopisu Tunel, stejné
tak i Clenem pripravnych a védeckych vyboru &eskych i mezindrodnich
konferenci.

Rozsdhld pedagogickd, védeckd, odbornd a organizaéni Cinnost
prof. Bartdka svéd¢i o jeho vysokém pracovnim nasazeni ve prospéch geo-
techniky. Ve volném Case se dosud stdle vénuje sportovnim aktivitdm, zejmé-
na tenisu, cyklistice a lyZovéni.

Do dalSich let prejeme prof. Bartdkovi predevsim stdlé zdravi, neutuchaji-
ci elédn a jesté mnoho tspéchtl v jeho védecké a odborné Einnosti ve prospéch
a slavu ceského podzemniho stavitelstvi.

PROF. ING. JOSEF ALDOREF, DrSc., ¢len redakéni rady

Tuel

Among the most important works in the field of research, we can name above
all the following ones:

Assessment of new methods and theories for structural analyses of circular liners of
underground structures (1966), New methods in underground engineering (1971), Anchored
support of construction trenches (1973), Determination of stress distribution in rock mass
surrounding an excavated opening by means of mathematical modelling using the finite ele-
ment method (1975), Investigation into problems of supported construction trenches.
(1977), Design of new profile means of support for mining works (1980), Problems of inter-
action between structures and their elements and ground environment (1983), Pressures on
hollow reinforced concrete structures exerted by spoil heaps (1985), Adaptation of existing
underground spaces for civil defence purposes (1990), The use of the observational method
in designing underground structures (1993), Progressive design procedures and development
of new technologies in underground engineering (1998).

Among the most important works for construction practice are, above all:

Assessment of the Zelivka water tunnel lining (1965), Design for the VKD Kladno
type of a four-hinged metro lining (]969) Design for the construction trench and trans-
former station for Hlavni Nédra# Station on the Prague Metro Line C (1970),
Replacement of a tunnel by an open cut near Ceskd Tiebova (1970), Design for sealing
of stowed spaces at Hamr na Jezere (1972), Design for bifurcation of tunnelled metro
lines (1973), Measurement of deformations of a pile wall at Kosmonautu Station on the
Line II C of Prague Metro (1975), Structural analysis of a lining for a Pristley tunnel
boring machine (1976), Measurement on a thin-shell precast reinforced concrete lining of
a double-track tunnel on a diversion of the Sokolow-Chodov rail line (1980), Design for
a construction trench for the bifurcation of the Vinohrady III tunnel in Anglickd Street
(1980), Design draft for tunnels on the intermediate circle road within the Spej-
char—Argentinskd section (1981), Design for the Brevnov portal of the Strahov tunnel
(1984), Draft of directives on designing and application of waterproofing jackets to
underground structures (1986), Stability of abutments in the Strahov tunnel (1985),
Stability problems of mine tailings dams (1987), Solution to problems of developing the
utility tunnel network in Prague (1989), Solution to problems of developing the utility
tunnel network in Brno (1990-1997), Alternative design for the construction of a gallery
for trunk sewer “F” — the NATM application (1991), The use of steel wire reinforced
concrete in underground engineering (1993), Assessment of stability of a construction
trench for the Stéchovice pumped storage scheme (1995), Stabilisation of basement spa-
ces in the relocated decanal church in Most (1996), Assessment of the collapse of the eas-
tern portal of the Hrebe¢ tunnel (1996), Structural design for the northern portal of the
Mrézovka tunnel. (1997), Survey and rehabilitation of a heavily damaged trunk sewer in
Prague-Troja (1997), Execution and analysis of observation measurements on a false
transport tunnel in the Hvizdalka quarry (1998), Structural analysis of a diversion tunnel
for the Moravka dam project (1998) and lots of newer expert’s reports, studies and opi-
nions on designs and tender proceedings in both the Czech and Slovak Republics.

Over 250 articles published in magazines and contributions contained in volumes of
papers that were presented at scientific conferences must be added to the above sum-
mary. As a co-author and head of the editorial team, he participated in the preparation
of generally appreciated technical publications: Mrdzovka Tunnel (SATRA 2004) and
Underground Construction in the Czech Republic (SATRA 2007). Prof. Bartdk is
a certified geotechnical engineer, the chairman of the CKAIT (Czech Chamber of
Certified Engineers and Technicians) for this specialisation, and a forensic specialist in
the field of foundation engineering and underground engineering.

He deserves credit for organising several scientific conferences Underground
Constructions Prague. He significantly affected the focus and content of the conferen-
ces in behalf of modern approaches toward designing and construction of underground
structures. Significant part of the success of the World Tunnel Congress 2007 in Prague
can be attributed to his credit. He is a long-time member of the Board and vice-chair-
man of the Czech Tunnelling Association, and a long-standing member and chairman
of the Editorial board of TUNEL, as well as a member of steering committees and sci-
entific councils at Czech and international conferences.

The extensive teaching, scientific, technical and organising activities give evidence
of the active engagement of Prof. Bartdk in behalf of geotechnics. During his free time,
he gives himself up to sports activities, first of all tennis, cycling and skiing.

For the years to come, we wish Prof. Bartdk good health, unflagging energy and lots
of success in his scientific and technical activities in behalf of the fame and glory of
Czech underground engineering.

PROF. ING. JOSEF ALDORF, DrSc., Member of Editorial Board

PRAZSKE METRO 2009: 40 LET OD ZAHAJENI RAZEB TUNELU - 35 LET V PROVOZU
PRAGUE METRO 2009: 40 YEARS SINCE THE COMMENCEMENT OF DRIVING THE TUNNELS

— 35 YEARS IN OPERATION

The contribution commemorates two anniversaries of the Prague Metro.
The driving of tunnels started on the first line (Line C) in 1969. The operati-
on of the first section from Florenc station to Kacerov station successfully
started five years later, in 1974.

Neékteré inZenyrské stavby maji specifickou vlastnost: po zahdjeni stavby
je jeji dokonceni v nedohlednu. Dalni¢ni, silni¢ni a Zelezni¢ni stavby, stavby
inZenyrskych siti — a linek metra pod velkomésty jsou trvale Zivym a neustéle
se rozpinajicim organismem. Postupné vznikaji a jsou ukonCovany jejich
vétve, etapy nebo provozni tseky. Tak neustdle pribyvaji terminy, které si
muZeme pfipominat.

Pred dvéma lety j jsme na strdnkdch Tunelu vzpominali na dvé takové stav-
by, z Vét§i nebo mensi &4sti podzemni, Vodni dilo Zelivka a Prazské metro.
To se nam pripomind i dnes, a hned dvéma jubilei.

Vratine se nejdfive do roku 1969.

Obdobi pocitkt normalizace se projevilo i na stavbé metra premr§ténym
zdurazfiovanim ,,nezi§tné sovétské pomoci* a vyuZzivani nasich dspécha pri
jeho vystavbé k politickym Géelim stranické vladni garnitury.

Prazské metro je ale z mnoha hledisek pozoruhodnd stavba. Pro stavbare
napiiklad tim, Ze se stavi uprostfed zivého velkomésta s tisiciletou historif,
slozitou morfologii terénu i rozmanitou geologii podloZi. Ze zasahu;e do
mnoha stavebnich oborti. Ze prechdzi z desetileti do desetileti a Ze z toho
divodu vyZaduje dlouhodobé sledovat, ovéfovat a aplikovat pokroky
v podzemnim stavitelstvi ve svete.

Dnes muZeme s odstupem ¢asu hodnotit, jak obtiZzné bylo v tehdejsi dobé
vybudovat potfebnou tuneldfskou kapacitu, v dobé dlouholeté recese pod-
zemniho stavitelstvi v Ceskoslovensku, kdy byvali barabici byli vétsinou
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ndm. (Muzeum)

Station) excavation box

rozptyleni v jinych sta-
vebnich oborech. Po-
darilo se to ve spolu-
praci vyssiho dodava-
tele stavby, ndrodniho
podniku Vodni stavby,
pozdéji k tomu dlelu
vy¢lenénému podniku
Metrostav s podniky

Vojenské stavby a VKD

Obr. 1 MontdZ nemechanizovaného Stitu - V}’/,stavbae kameno-
Fig. 1 Assembly of a non-mechanised shield uhelnych 40111 Klfldno.

Podobny problém pak

vznikl i pozdéji v souvislosti s nezbytnou koncentraci femeslnych praci PSV
v krétkych a nekontinualnich obdobich dokoncovéni jednotlivych tisekt metra véet-
né viech vyvolanych investic, staveb a objektu nejruznéjsiho charakteru.

Rok 1969 znamenal na stavbé metra ukoncéeni pripravy razeb mezistanic-
nich dseku. Zavadély se nésledujici technologie budovani tratovych tunelu:
prstencovd metoda razeni prevdzné s pouZitim trhavin a vystrojeni tunelu
pomoci erektoru — ukladade litinovych tybinku, raZeni pod ochranou neme-
chanizovaného Stitu, raZeni technologii VKD s osazovdnim Zelezobetono-
vych prstencii pomoci ukladace pojizdéjiciho po konzolich v osténi.

V rychlém sledu pokrac¢ovalo zahdjeni jednotlivych razeb. Z jamy ve Stét-
kove ulici za dnesni stanici VySehrad zacali 20. ledna tuneldri Vodnich staveb
razit PTT (pravy tratovy tunel) a skonili jiz 30. zafi téhoZ roku prvni proraz-
kou do jamy budouci stanice Prazského povstani. Nasledovaly Vojenské stav-
by 30. dubna se zahdjenim razby LTT mezi stanici Muzeum a I. P. Pavlovo.
A konecné 1. srpna zacal podnik VKD razit tunely mezi stanicemi Pankrdc
a Prazského povstani. Jdma ve Stétkove ulici zaznamenala pak 10. listopadu
jesté zahdjeni dal$i razby — LTT do stanice Prazského povstani. Leto3ni rok je
tedy rokem razi¢skych jubilei.

Uplynulo dalsich pét let — a my se pfenesme do roku 1974.

Obr. 4 Tratovy tunel v Sachté pod pankrdckym kostelikem
Fig. 4 Running tunnel in a shaft under a little church in Pankrdc

Obr. 2 Stavebni jama Mezibranskd — Vdclavské

Fig. 2 Mezibranskd — Wenceslas Square. (Mueum

Obr. 3 Noéni snimek rozestavené stanice Muzeum
Fig. 3 Night photo of Muzeum Station, under
construction

Pripomenme si, Ze stavbou metra byl tehdy prvni provozni tsek trasy C, tj.
od stanice Florenc po stanici Kacerov o provozni délce 6,6 km (tj. mezi stredy
nastupist’koncovych stanic), s 9 stanicemi a depem Kacerov. Stavba byla zaha-
jena jesté v ramci projektu podpovrchové tramvaje 7. ledna 1966 vykopem pro
prelozky inZenyrskych siti v Opletalové ulici. Po rozhodnuti viddy z 9. 8. 1967
o0 prechodu na vystavbu metra pokracovaly prace podle operativné upravenych
projektu s respektovanim jiz mélce zaloZené stanice Hlavni nddrazi s bo&nimi
néstupisti a prilehlymi tunely smérem k Muzeu. Po 4 letech vystavby metra pre-
vzal od 1. 1. 1971 funkci vyssiho dodavatele stavby n. p. Metrostav.

Celkova délka tratovych tunelt trasy oznafované jako 1C je 9,390 km.
Razené tunely maji v délce 4,469 km osténi z litinovych a v délce 2,753 km
osténi z Zelezobetonovych tybinku. Hloubené tunely maji monolitické beto-
nové osténi v délcel,361 km a 0,806 km je v podzemnich sténdch. Maximalni
dosazené vykony v razb¢: pod ochranou $titu — 100 m Metrostav), erektorem
—51 m (Vojenské stavby) a uklada¢em VKD — 84 m.

Pro tplnost jesté mozno doplnit objem vykopku ze stanic a depa Kacerov —
1,750 mil. m3, objem uloZeného betonu pies 200000 m3 a 4000 t ocelovych kon-
strukef stanic Florenc a I. P. Pavlova. Stény stavebnich jam stanic a hloubenych
tunelu byly zabezpeceny 30 000 m2 podzemnich stén, 5000 m? zdporového paZe-
ni, 11 000 m? Zelezobetonovymi pilotami a bylo osazeno nékolik desitek kilo-
metrt zemnich kotev. Celkové ndklady prvniho provozniho tiseku metra Cinily
v tehdejsich cendch 3759,6 mil. K¢s, z toho stavebni ¢ast 2801,1mil. K¢s.

Na prelomu let 1973/1974 bylo na stavbé metra zvlast' ru$no. K predani
stavby 1C pripravené do zkusebniho provozu doslo jiz 22. prosince. Tyden
nato, 29. prosince, se uskutecnila ovérovaci jizda po celé délce tiseku za ticas-
ti pracovniku ze staveb, vedeni podnikt i neoficialnich hostu.

V prvni pracovni den nového roku, tj. 2. ledna 1974, se pak konala oficidlni
slavnostni zkuSebni jizda. Soucasné padlo odhodldni a rozhodnuti uvést trasu do
provozu s cestujicimi o sedm tydnu pied terminem —k 9. kvétnu 1974.

Mnohé z toho, co jeste zbyvalo vykonat, se zddlo nemozné. VétSina pracovniku na
stavbé citila, Ze jde o jejich vlastni prestiz. Prace na metru prestala byt praci jako na
kterékoli jiné stavbe. Zkréceny termin provokoval, byla tu spole¢nd vule jej splnit.

Obr. 5 Rozestavéné depo Kacerov
Fig. 5 Kacerov depot — under construction
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Na atmosféru napéti konce roku 1973 a prvnich étyf mésicu 1974 nikdo
z téch, kdo stavéli metro v Praze, nikdy nezapomene. VZdyt'slo o prvni stav-
bu toho druhu u nds, o stavbu pro Prahu, a 1idé se ochotné dali vtdhnout do
toho viru spole¢ného usili.

Zatimco do konce roku 1973 muselo byt dokonceno vse v tzv. placeném
prostoru, tj. od koleji po turnikety, koncentrovaly se v prvnim Ctvrtletf 1974
stavebni a montdZni prace do prostoru neplaceného, do vestibulti, podchodu,
vystupl a okolf stanic. Situace byla kvalitativné rozdilnd v tom, Ze ke zku-
Sebnimu provozu bylo tieba dilo dokoncit predev§sim funkéné, kdezto
k zahdjeni provozu s cestujicimi i esteticky vCetné vazby na povrchovou
dopravu. Mimo to bylo nutno dokonéit verejnopravni kolaudace, které zna-
menaly nejen mnozstvi administrativy, ale i mnoho dodate¢nych vicepraci,
které kolauda¢ni komise naridily jako podminku pro bezpe¢ny provoz. Tim
se objem dokon&ovacich praci na posledni chvili zvétSoval. Kolaudace muse-
ly skon¢it do 12. dubna, dfive neZz zacaly jizdy vlaki podle grafikonu
a komplexni zkusebni provoz vSech zarizeni. Prakticky to znamenalo, Ze vét-
Sina praci kromé povrchovych tprav v okoli stanic musela byt dokoncena
o mésic drive, neZ za¢ne provoz s cestujicimi. Postup vystavby bylo nutno
fidit a sledovat ze dne na den, na stavbé depa se pfi kompletaci provoznich
mistnosti mluvilo o hodinach.

Velky tlak se v zdvérecné fazi presouval na dodavatele femeslnych praci.
Pracovnici ZUKOV, dodavatele zdme&nickych vyrobku se specidlni povr-
chovou tdpravou, montovali posledni prvky z nerezu, eloxovaného hliniku,

sklenéné stény a uméleckd osvétlovact télesa. Pracovnici PRAGONEON roz-
svitili informacni tabule a znaky. Kamenici Ceskomoravského a Prazského
prumyslu kamene méli snad price nejvice. Mramorové obklady a Zulové
dlazby zdobi nejen podzemni prostory, ale po schodech a sténédch vystupt
plynule musi navézat i na vnéjsi tipravu stanic ¢i okolnich objekti. U mnoha
vystupu se zfizovala ¢i adaptovala loubi v prilehlych domech (Florenc,
Muzeum, I. P. Pavlova). Soucasné se dokon¢ovalo mnoho dalél’gh femesel, na
nichZ se podilelo na 40 ruznych specializovanych dodavatelu. Cas se netipro-
sné kratil a termin, kdy prazskd verejnost zhodnoti a — jako obvykle — tvrdé
zkritizuje dilo mnoha let usilovné préce, byl za dvermi.

Avsak prvni vlak toho 9. 5. 1974 skutecn€ vyjel, stavba byla pripravena
v&as! Proto si dnes muZeme pfipomenout — po Styficdtém jubileu zahdjeni
razi¢skych praci — také 35. vyro¢i dne, kdy jsme poprvé uslyseli upozornéni:
Ukoncete ndstup, dvere se zaviraji!

Prvni provozni tsek trasy C z Florence na Kacerov byl prubitskym kame-
nem pro projektanty, investory, dodavatele, ale i pro obyvatele Prahy.
Zejména pro ty, kterym jsme metro staveli po radu let pod okny. Byli jsme
z mnoha oboru a profesi, jedno jsme vSak méli spole¢né: nikdo z nds nesta-
vél metro. Proto byl dspéch prvni trasy tak duleZity. Pro ziskani sebedaveéry
na jedné a davéry na druhé strané.

ING. KAREL MATZNER,
tehdejsi vedouct odboru realizace metra

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

CESKA REPUBLIKA
MESTSKY OKRUH MYSLBEKOVA-PELC-TYROLKA
TUNEL SPEJCHAR-PELC-TYROLKA (SPELC)

Dne 30. bfezna 2009 byla téméf po 6 mesicich opét obnovena razba JTT
a o tyden pozdéji i razba STT. RaZba obou tunelovych trub probihd
v technologické tiidé 5a se svislym &lenénim kaloty a zajisténim vyrubu
ochrannymi destniky tvorenymi mikropilotami ze samozavrtnych svorni-
ki nebo z ocelovych ty&i (systém Symetrix).

Pritom kvalita nadloZi a predem provedenych sanacnich opatreni se
ovéfuje kazdych 20 m, ¢emuZ odpovidd i dil¢i povolovani razeb po
danych tsecich. Pro ovéreni vlastni kvality injektovaného nadloZi je
navrzeno 5 velkoprofilovych vrtu, které se provadéji z povrchu
Stromovky do sanovaného nadloZi tunelu. Soucasné s t€mito kontrolnimi
vrty z povrchu se provddéji dva ovéfovaci vrty z pruzkumné Stoly
v pruméru 70-100 mm.

Jako opatfeni pro zamezeni nekontrolovaného pohybu nepovolanych
osob v dotyku stavby bylo na zdkladé rozhodnuti stitni banské spravy
v parku Stromovka zfizeno nad pracovisti raZeb nepruhledné oploceni.

Do poloviny kvétna tak bylo od znovuzahdjeni razeb vyrazeno cca 45 m
kaloty STT a cca 35 m kaloty JTT, celkem tedy od zacdtku raZeb jiz cca
1315 m kaloty STT a cca 1245 m kaloty JTT. Déle probihaji i price na
razbé op€ri a uzavirani dna STT i JTT.

Osddky razic¢u firmy Metrostav a. s. tak stejné jako vedeni stavby vérd,
Ze dalsf nejblizsi zastdvka potom bude uZ jenom na konci tunelu.

TUNELY MYPRA

Zahdjeni raZeb obou tfipruhovych tuneld ze stavebni jamy Myslbekova
stdle ¢ekd na svoji prilezitost. Z pohledu celkového HMG stavby je jisté,
Ze takova skutecnost by byla vitanou pomoci z pohledu celkového vedeni
stavby, a tak se muZe Metrostav a. s. i naddle t€Sit na to, Ze takové pod-
minky v budoucnu prece jenom nékdy nastanou.

TUNEL STAVBY 514 SILNICNIHO OKRUHU KOLEM PRAHY

BetondZe definitivniho osténi tifpruhového tunelu jsou jiz zcela dokon-
Ceny, a to vetné venkovnich koncovych portdlovych kleneb. Z osténi
dvoupruhového tunelu jesté chybi v razené ¢dsti dobetonovat cca 150 m,
tj. je asi 10 % délky této roury. Pripravuje se bednéni pro betonaz obou
atypickych portdlovych bloku. Dafi se i razenym propojkdm, které jsou
vybetonovany z poloviny.

V obou rourdch pokrauji préce na zfizovani kabelovodu, chodniku,
kanalizace a pozarniho vodovodu.

V hloubené jamé u Lochkova jsou dokoneny vnéjsi hydroizolace
s mechanickou ochranou a probihaji zdsypy stavebni jamy. Z provozné-
technického objektu u Sliveneckého portdlu je dokoncena hrubd stavba,
objekt u Radotinského portdlu ma zatim dokoncenu spodni stavbu.

TUNEL STAVBY 513 SILNICNIHO OKRUHU KOLEM PRAHY

Stavba pomalu ale jisté smétuje ke svému dokon&eni. Jako dukaz muZe
poslouZit i to, Ze v poloviné kvétna je jiz dokonCena definitiva dvoupru-

THE CZECH REPUBLIC

MYSLBEKOVA — PELC-TYROLKA SECTION
OF THE CITY CIRCLE ROAD
THE SPEJCHAR - PELC-TYROLKA (SPELC) TUNNEL

The excavation of the STT resumed on 30th March 2009, after nearly 6-month
suspension; the NTT excavation recommenced a week later. Both tunnel tubes are
being driven through excavation support class 5a, with a vertical excavation sequ-
ence applied to the top heading, using canopy pre-support consisting of self-drilling
rock bolts or steel rods (the Symetrix system).

The quality of the bedrock and the stabilisation measures performed ahead of the
face have been verified every 20m; the excavation advance lengths within specified
sections have been approved on this basis. Quality of the grouted overburden itself is
verified by means of 5 large-diameter boreholes, which were designed to be drilled
from the Stromovka Park surface to the tunnel overburden being stabilised. Two 70 —
100mm diameter checking boreholes are carried out from within the exploration gal-
lery, concurrently with the verification boreholes being drilled from the surface.

Based on a decision of the State Bureau of Mines, a non-transparent fence was
installed over the headings as a measure designed to prevent uncontrollable move-
ment of persons at the contact with the construction site.

About 45m and 35m of the NTT and STT top heading excavation, respectively,
was completed from the resumption till the half of May, which means that about
1315m and 1245m of the NTT and STT top heading excavation respectively have
been completed since the beginning of the excavation. The bench excavation and
closing of the bottom is underway in both the NTT and STT.

Metrostav a.s. mining crews as well as the project management believe that the
next stopping which will take place will be only at the end of the tunnel.

MYPRA TUNNELS

The excavation of both triple-lane tunnels from the Myslbekova construction
trench is still waiting for the opportunity to commence. In terms of the general sche-
dule of the project, it is certain that the commencement would mean a welcome help
for the overall project management. Therefore, Metrostav a.s. may further look for-
ward to such conditions which will possibly appear sometime in the future.

THE TUNNEL IN CONSTRUCTION LOT 514 ON THE PRAGUE
CITY RING ROAD

The casting of the final lining of the triple-lane tunnel has been completely finis-
hed, including external end-portal vaults. Regarding the double-lane tunnel lining,
about 150m, roughly 10% of the tunnel tube length, remain to be cast. Formwork for
both atypical portal blocks is being prepared. The mined cross passages also proce-
ed successfully — a half of the casting has been completed.

The work on cableways, walkways, sewerage and a hydrant line continues in both
tunnel tubes.

As far as the construction trench near Lochkov is concerned, outer waterproofing
with mechanical protection has been completed and the backfilling of the trench is
underway. The tunnel operation-service building at the Slivenec portal has been struc-
turally completed; the structure at the Radotin portal has only the substructure finished.
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hového tunelu v raZené Cdsti a provadi se betondZ nouzového zdlivu. THE TUNNEL IN CONSTRUCTION LOT 513 ON THE PRAGUE
V hloubené ¢ésti potom probihd betondZ definitivniho osténi, a to jak na CITY RING ROAD
dvoupruhové, tak i na tifpruhové ¢dsti tunelu. Je predpoklad, Ze definitiv-

nf osténi bude celkové dokon&eno k 30. 6. 2009. The construction is slowly but surely heading towards completion. A proof can be
Soucasné jiz i zapocaly prdce, které budou urCovat definitivni podobu seen in the fact that the fmal‘lining in the mined part of the dou_ble»lane tunnel was
v budoucnu provozovangch tuneld, jako jsou betonze obrubnikil, chodni- completed as .early as the middle of May and the concrete casting along“the emer-
kit a poklddka kanalizace. gency lay-by is underway. In the cut-and-cover section, the casting of the final lining
has progressed in both the double-lane and triple-lane parts of the tunnel. It is expec-
ted that the whole final lining will be finished on 30th June 2009.
TUNE!'Y VMO DOBR(V),VSKEII,IO 3 . At the same time, the wo%k operations which will determine the definite appea-
Zde 1 pro}dale uplynuvsi Obdf)bl Pk}tls Ze razby pokracuji na obou tune- rance of the tunnels to be operated in the future, such as the casting of curbs and
lovych rourdch, kde bylo v dob¢ uzédvérky tohoto &isla vyraZeno cca 600 m walkways or laying of sewerage, have started.

(T I — Subterra, a. s), resp. 500 m (T I — OHL ZS). Soucasn¢ byly
v pracovnim proudu za pravé probihajici razbou zahdjeny prace i na defi- DOBROVSKEHO TUNNELS ON THE LARGE CITY CIRCLE

nitivnim osténi, a to betondZi protiklenby. Kompenzaéni injektdze ani trys-
kové injektaZe se momentédlné neaplikuji. Z pohledu zastizené geologie je ROAD IN BRNO

i dobrou zpravou, Ze neni nutné ani provadéni mikropilotovych destnikd. The excavation has continued in both tunnel tubes. About 600m and 500m of the
Pozornost pracovniku provddéciho sdruzeni (OHL ZS, Subterra, a. s., excavation had been completed in the T II (Subterra a.s.) and T I (OHL 7S), respec-
a Metrostav a. s.) a odbornikt z Rady monitoringu se tedy zejména sou- tively, till this magazine issue copy deadline. At the same time, the work flow furt-
streduje na vysledky méfeni konvergenci v tunelovych rourdch a na vyvoj her continued behind the advancing excavation by starting the work on the final
poklesové kotliny. Zatim se stav jevi jako uspokojive stabilizovany. lining, namely the casting of the invert. Neither compensation grouting nor jet grou-

ting is being applied at the moment. Other good news in terms of the encountered
ZELEZNICNI TUNEL JABLUNKOV €. 2 geology is the fact that canopy tube pre-support is not necessary. The attention of

employees of the contractor (a consortium consisting of OHL ZS, Subterra a.s. and
Metrostav a.s.) and the Monitoring Board experts is therefore focused on results of
convergence measurements in the tunnel tubes and the development of the settle-
ment trough. For the time being, the condition appears to be satisfactorily stabilised.

FiniSuji razi¢ské prace na prestrojovéni jednokolejového tunelu €. 2 na
bezmadla 600 m dlouhy dvoukolejny tunel. V zdvére¢né priportdlové Casti
jsou opét velmi nepfiznivé geologické podminky, takZe se razba provadi
pod ochranou mikropilotovych destniku. Kromé toho se dusledné uplatiiu-
je montdz provizorni protiklenby na dné kaloty. Nicméné projektantem

predpoklddany rozsah téchto mikropilotovych destniki (100 m) by nemdl JABLUNKOV NO.2 RAILWAY TUNNEL

b}”t pfevlf.rocv:en. Pr(zréika j? v ki{IPté pfepokl.édéna v pili é?rvna. Pak lglvlde The excavation work consisting of replacing the excavation support and converting

az do s pok}racovat vylom jddra a protiklenby J© SiE Od, prorazkx the single-track tunnel No. 2 to a nearly 600m long double-lane tunnel is finishing.

zpét k vychodnimu portilu. V prubéhu téchto praci bude v letnim obdobi The geological conditions in the final portal section are again very unfavourable. The

TRIASIED tak/e BROIoNac! Stola k tu{lelu G 1; k,tery bude po ukonCeni praci excavation is therefore carried out using canopy tube pre-support. In addition, a tem-

slouZit jako umkova} sf(gla. Tyto prace,p.royadl Subterra, a.s. = porary invert is consistently installed at the top heading bottom. Nevertheless, the
Vedle téchto praci jiz také pracovnici firmy Firesta zahdjili pripravu na extent of the micropile umbrellas anticipated by the designer (100m) should not be

montdz formy pro definitivni osténi a betondz protiklenby. exceeded. The top heading is expected to break through in the middle of June. The
L . core and invert excavation in the direction back from the breakthrough toward the eas-

DALNICE D8 - 805 LOVOSICE-REHLOVICE tern portal will follow, lasting till October. The connection adit to tunnel No. 1 will
Na ostfe sledovaném poslednim realizovaném tseku dalnice D 8, also be driven during the course of this work, in the summer season. Once completed,

z pohledu sportovni terminologie, zatim dlouhodobé a stéle vedou mosty it will be used as an escape gallery. This work is carried out by Subterra a.s.

nad tunely 2 : 1. Pro¢? ProtoZe tunel Radej¢in stdle nemd stavebni povole- In addition to the above-mentioned work, Firesta employees have started prepa-

nia mosty Opémo a Dobkov]éky zase naopak majf Nicméné a]espoﬁ pffz. rations for assembling formwork for the casting of the final llﬂll’lg and invert.

nivei mostniho stavitelstvi si jisté prijdou v tuto chvili na své, jelikoz vét-

Sina budovanych mostnich konstrukc{ je rozvinuta ve své plné krése. THE D8 MOTORWAY — CONSTRUCTION LOT 805

Pro fandy podzemniho stavitelstvi tak zustdvd k obdivu stdle jen tunel LOVOSICE - REHLOVICE
Prackovice, kde se na obou tunelovych rourdch razi posledni metry,
a slavnostni prordzka je proto pldnovédna na Cerven 2009. Tunely jsou raze-
ny v plném profilu pod ochranou mikropilotovych destnika. Soucasné je
pripravovdn i start betondze definitivniho osténi. Price na tunelu provadi

Regarding the closely monitored stretch of the D8 motorway which is the last to be
constructed, in terms of sports terminology, the score has still been bridges 2, tunnels 1.
Why is it so? Because the building permit for the Radej¢in tunnel has not been issued

spole¢né firmy Metrostav a Subterra. yet, while Lhe Opdmo and Dobkov'iéky bridges already have their permits. Nevertheless,
bridge-engineering fans will certainly come into their own now because they can alrea-

KANALIZACE KARVINA A MIKROTUNELOVANI( dy admire the beauty pf th; maj‘orl‘ty‘ qf the bridge structures bemg constructed.
B . . o i Underground engineering fans still have only the Prackovice tunnel, where the
A tomto Case muzeme E(gr}statovatv, Ze vétsina raziCskych praci .byla’na final metres of both tunnel tubes are being excavated, as a subject of admiration; the
stavbé Kanah}zvace, Karvina jiz dgkoncenq. Jednalo se/Z(/ie o aphk?CI celého breakthrough ceremony is planned for June 2009. The tunnels have been driven full-
spektra tunelarskychvt,echnolczgll, ato mlkrgtur}eloy%}mm v profllevch 300, face, under the protection of micropile umbrellas. At the same time, the start of the
1000 a 1400 mm pocinaje, pres razbu otevienym Stitem aZ po razbu kla- casting of the final lining is being prepared. The work on the tunnel is performed

sickou. V soucasné dobé se dokoncujf jiz jenom posledni protlaky v ¢asti jointly by Metrostav and Subterra.

Darkov, které provadf firma Tchas spole¢né s OHL ZS. Na souboru viech

raZléSk?Ch praci se podﬂely Je§té flrmy VOKD a Subterra. Pf'ejl’mka stav- SEWERAGE NETWORK IN KARVINA - MICROTUNNELLING

by je planovéna na zari roku 2009.
Today we can state that the majority of mining operations for the Karvina sewe-

KOLEKTOR VACLAVSKE NAMESTI — OPRAVA TRASY C rage project have been completed. The construction saw the application of a wide
range of tunnelling technologies, from the microtunnelling which was used for dri-
ving 300mm, 1000mm and 1400mm profiles, through the driving by an open-face
shield, to classical mining methods. Today only the last pipejacks in the Darkov part
are being completed jointly by Tchas and OHL ZS. The complex of mining operati-
ons was performed even with the participation of other companies, namely VOKD
and Subterra. The final acceptance is planned for September 2009.

V téchto dnech na projektu, ktery je situovan v centru naseho hlavniho
meésta Praha, probihd razba treti 1avky kolektoru, hlouben{ tinikového vylezu
a v nékterych tsecich se i betonuje definitivni osténi. Ddle pokrauje montaz
ocelovych konstrukei a celkové vystroje kolektoru. Pldnovand prejimka by se
méla uskuteénit v srpnu tohoto roku. Pfipomindme, Ze stavbu realizuje sdru-
zeni MENASU ( Metrostav, Navatyp, Subterra).

ING. KAREL FRANCZYK, k franczyk@subterra.cz, THE WENCESLAS SQUARE UTILITY TUNNEL - REPAIR TO

SUBTERRA a.s., | THE C ROUTE

ING. BORIS SEBESTA, sebesta@metrostav.cz, At present, the work on the utility tunnel, which is located in the centre of Prague,

METROSTAV a. s the Czech capital, consists of the excavation of the third bench, sinking of an escape
shaft and, in some sections, casting of the final lining. In addition, the assembly of
steel structures and the overall support of the utility tunnel is continuing. The plan-

SLOVENSKA REPUBLIKA ned final acceptance of the works should take place in August 2009. We are bringing
TUNEL BORIK back to readers’ minds the fact that the contractor for the project is MENASU (a con-
e .. . . . e sortium consisting of Metrostav, Navatyp and Subterra).
Dialni¢ny tunel Borik s dlzkou tunelovych rir 985 a 979 m je stcastou ING. KAREL FRANCZYK, k franczyk@subterra.cz,
prvej etapy useku dialnice D1 Mengusovce-Janovce na severe Slovenska. SUBTERRA a.ss.,
Préice na vystavbe tunela pokracovali na jar 2009 budovanim technologic- ING. BORIS SEBESTA, scbesta@metrostav.cz,

kych centrdl pred tunelovymi portdlmi a montdZou potrubia poZiarneho METROSTAYV a. s.
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vodovodu v tuneli. V nasledovnom obdobi by mala byt dplne ukonéena
a odovzdand stavebnd pripravenost’ zhotovitelovi technologickej Casti.
Kym druhy a treti dsek dialnice D1 Mengusovce—Janovce boli uvedené do
prevadzky v decembri 2008, prvy udsek by mal byt ukonceny
a sprevadzkovany do konca roku 2009.

PPP PROJEKTY NA VYSTAVBU DIALNIC A RYCHLOSTNYCH
KOMUNIKACII

Vldda SR na svojom zasadnuti v aprili vyslovila stdhlas s uzavretim
30ro¢nej koncesnej zmluvy na projektovanie, vystavbu, financovanie, pre-
vadzku a udrzbu piatich tsekov dialhice D1 medzi Zilinou a PreSovom
tvoriacich tzv. prvy balik PPP projektov. Balik je tvoreny usekmi D1
Dubnd Skala-Turany, Turany—Hubovd, Hubovi-Ivachnovd, Janov-
ce-Jablonov a FriCovce-Svinia v celkovej dlzke okolo 75 kilometrov
s tunelmi Rojkov (1,8 km), Havran (2,8 km), Cebrat’(2 km) a Sibenik (0,6
km). Minister dopravy by mal podpisat’koncesnd zmluvu do 15. jina 2009
s uspeSnym uchddzacom, medzindrodnym konzorciom vedenym franciz-
skou spolo¢nostou Bouygues Travaux Publics SA, ktorého dalsimi ¢lenmi
st firmy Doprastav, Vahostav-SK, Colas, Intertoll a Mota Engil. Celkova
dlzka trvania projektu je 32 rokov vratane predpokladanej doby vystavby
dva az tri a Stvrt'roka.

Ministerstvo dopravy tieZ ukoncilo koncesny dialdg pre treti balik PPP
s dvomi uchadza¢mi, konzorciami Skanska—Vinci a Hochtief—Alpine.
Konzorcia by mali predlozit’ svoje ponuky do polovice mdja. Treti balik
PPP zahtnia vystavbu a prevddzku technicky velmi ndro¢nych dsekov dia-
Inice D1, Hricovské Podhradie-Lietavskd Licka, Lietavskd Luc-
ka-Vistiové, Lietavskd Licka—Zilina a Visiové-Dubnd Skala v dlzke
zhruba 29 kilometrov, vratane tunelov Vidiiové (7,5 km), Zilina (0,6 km)
a Ovciarsko (2,3 km).

REKONSTRUKCIA ELEKTRICKOVEHO TUNELA
V BRATISLAVE

V siitaZi na rekonstrukciu elektrickového tunela v Bratislave vyhralo
Zdruzenie pre elektricku pod hradom, tvorené firmami OHL ZS, a. s.,
Skanska BS, a. s., a Trnavska stavebna spolo¢nost’, a. s. Prace v tuneli sa
zaénd v mdji 2009 a ukoncené by mali byt do 12 mesiacov. Elektrickovy
tunel dlzky 792 m bol vybudovany v rokoch 1943-1949 ako cestny tunel
a az v roku 1983 bol po celkovej rekonStrukcii zmeneny na elektrickovy.
V rdmci rekonsStrukcie budd vykonané dpravy ostenia tunela, vybuduje sa
novy kolajovy spodok i zvrSok a tieZ bude zvySeny bezpecnostny Standard
tunela.

ING. MILOSLAV FRANKOVSKY, frankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s.

THE SLOVAK REPUBLIC
THE BORIK TUNNEL

The Borik motorway tunnel, with the tunnel tubes 985m and 979m long, respecti-
vely, is part of the first stage of the D1 motorway section between Mengusovce and
Jdnovce, in the north of Slovakia. The tunnel construction work continued in spring
2009 by erecting equipment centres in front of the tunnel portals and installing hydrant
lines in the tunnel. The forthcoming period of time should see the civil works com-
pleted to the extent required by the M+E contractor for the installation of tunnel equ-
ipment, and handed over to them. While the second and third stretches of the
Mengusovce-Jdnovcee section of the D1 motorway were opened to traffic in December
2008, the first stretch should by completed and operable by the end of 2009.

MOTORWAY AND EXPRESSWAY PPP PROJECTS

During its April session, the government of the Slovak Republic expressed its con-
sent with a 30-year concession agreement to be concluded for the design, construction,
funding, operation and maintenance of five sections of the D1 motorway between the
towns of Zilina and Presov, forming the so-called First Package of PPP projects. The
package comprises the Dubnd Skala-Turany, Turany—Hubova, Hubova-Ivachnova,
Janovce-Jablonov and FriCovee-Svinia sections of the D1 at the total length of about 75
kilometres, containing the Rojkov (1.8km long), Havran (2.8km), Cebrat’ (2km) and
Sibenik (0.6km) tunnels. By 15th June 2009, the minister of transport is expected to
award the concession contract to the winning bidder, an international consortium con-
sisting of Bouygues Travaux Publics SA (the leader), Doprastav, Vahostav-SK, Colas,
Intertoll and Mota Engil. The total length of the project period is 32 years (including the
anticipated duration of the construction period of two to three and a quarter of years).

In addition, the Ministry of Transport concluded the concession dialogue for the
third PPP package, which involved two bidders: Skanska-Vinci and Hochtief-Alpine
consortia. The consortia should submit their bids by the middle of May. The third
PPP package comprises the construction and operation of technically very compli-
cated sections of the D1 motorway: HriCovské Podhradie-Lietavskd Lucka,
Lietavskd Licka—Visnové, Lietavskd Liicka—Zilina and Viﬁﬁové—ngné Skala, at
the total length of about 29km, including the Visnové (7.5 km long), Zilina (0.6 km)
and Ovciarsko (2.3 km) tunnels.

RECONSTRUCTION OF A TRAM TUNNEL IN BRATISLAVA

The winner of the competition for the reconstruction of the tram tunnel in
Bratislava is a consortium ZdruZenie pre elektricku pod hradom, consisting of OHL
78, a.s., Skanska BS, a. s. and Trnavskd stavebnd spolocnost; a. s. The work on the
tunnel will start in May 2009 and the completion should not take more than 12
months. The 792m long tram tunnel was constructed in 1943-1949 as a road tunnel;
in 1983, after overall reconstruction, was converted into a tram tunnel. The planned
reconstruction will comprise the modification of the tunnel lining and construction
of new substructure and trackwork; the tunnel safety standard will be improved.

ING. MILOSLAV FRANKOVSKY, frankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s.

ZPRAVODAIJSTVi CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS
wwWw.ita-aites.cz

PRIPRAVA MEZINARODNI KONFERENCE ,PODZEMNI STAVBY PRAHA 2010"
PREPARATION OF THE INTERNATIONAL CONFERENCE “UNDERGROUND CONSTRUCTIONS PRAGUE 2010*

The most important news of the proceeding preparation of the 11th inter-
national conference Underground Constructions Prague 2010 is the informa-
tion about the issuance of the Ist bulletin, containing, first of all, a call for
abstracts of papers.

Therefore, do not forget that abstracts must be submitted not later
than 30th June 2009, using the conference web page www.ita-aites.cz!

In addition, the bulletin contains information about conference fees and regist-
ration deadlines. In June 2009, an offer for the conference sponsorship will be
sent to companies, together with information about the Technical Exhibition.

Other information is available at www.ita-aites.cz.

NejduleZitéj§i zpréavou z pokracujici pripravy 11. mezindrodni konference
Podzemni stavby Praha 2010 je informace o vydani 1. bulletinu, ktery obsa-
huje predevsim vyzvu k zasldn{ abstraktu prispévku.

Nezapomente tedy, abstrakty prostrednictvim webovych stranek kon-
ference na www.ita-aites.cz odeslat do 30. ¢ervna 2009!

Bulletin déle obsahuje informace o konferencnich poplatcich a terminech
pro registraci.

V mésici Cervenci 2009 bude rozesldna firmam nabidka podpory konferen-
ce (sponzoring) a informace o technické vystave.

Organizdtofi nesmirné ocenuji, Ze zahrani¢nimi ¢leny védecké rady konfe-
rence se stali:

Felix Amberg (Sv;’/carsko), Jean-Gilles Arnaudet (Francie), Jean-Luc
Audureau (Francie), Miloslav Frankovsky (Slovensko), Prof. Robert Galler
(Rakousko ), Gustav Klados (Madarsko), Prof. Marek Kwasniewski (Polsko),
Prof. Bernhard Maidl (Némecko), Prof. Wulf Schubert (Rakousko), Wolfgang
Stipek (Rakousko), Dr. Peter Stefko (Slovensko), Prof. Markus Thewes
(Némecko), Dr. Alun Thomas (Velkd Britdnie), Dr. Harald Wagner
(Rakousko).

Vsechny informace 1ze nalézt na www.ita-aites.cz.

OZNAMENI
14. konference CzSTT, 23. a 24. zari 2009

Hotel Bezru¢, Beskydy, Malenovice

Motto: ,,Vse, co jste chtéli védet o bezvykopovych technologiich
a bdli jste se zeptat*

Poradatel: Ceskd spolecnost pro bezvykopové technologie
(Www.czstt.cz)
Spoluporadatel: Severomoravské vodovody a kanalizace Ostrava, a. s.
Generdlni sponzor : Ingstav Brno, o. z., ¢len skupiny TCHAS




TufHel

VALNE SHROMAZDENI CzTA
CZTA GENERAL ASSEMBLY

The regular General Assembly of the ITA-AITES Czech Tunnelling
Association was held in the Bfevnov Monastery on Wednesday the 6th June
2009. At the beginning, the General Assembly remembered Ing. Georgij
Romancov, who died in January 2009.

One of the topics was the award of first ITA-AITES Czech Tunnelling
Association’s commemorative medals (see the picture). The medal is 40mm
in diameter; it is coined in 999/1000 pure silver. Its author is Mr. Petr Sousek,
a Brno-based medal maker.

The first holders of the commemorative medal, according to the decision of
the CzTA Board, are:

CzTA honorary members - Prof. Zdenek D. Eisenstein, Ph.D., and
Ing. Jindfich Hess;

Ing. Georgij Romancov CSc. — in memoriam;

Ing. Karel Matzner and Ing. Pavel Marik (this year’s octogenarians);

Prof. Ing. Josef Aldorf, DrSc.;

Prof. Ing. Jifi Bartdk, DrSc.;

Ing. Jozef Frankovsky (for long-term work in the TUNEL Editorial Board
and development of collaboration of the CzTA and the STA).

Pravidelné valné shromazdéni Ceské tuneldiské asociace ITA-AITES se
konalo v Bfevnovském kléstere ve stiedu 6. Cervna 2009. V dvodu valné shro-
maézdéni uctilo pamatku Ing. Georgie Romancova, ktery zemiel v lednu letos-
niho roku.

Valné shromazdéni schvililo zpravu predsedy asociace o jeji Cinnosti od
valného shromdzdéni v roce 2008. Ddle schvdlilo hospodareni asociace
v roce 2008 (planovana ztrata byla 210 tis. K¢, skutecna ]7,06 tis. K¢) a roz-
pocet na rok 2009, ktery poéitd se ztratou 295 tis. K¢&. Cést této ztraty tvorii
dotace na akce CzTA (odborny zdjezd do Svycarska dotuje CzTA &astkou 100
tis. K¢&) a vydaje na pripravu konference PS Praha 2010. Ty by se v pripadé
vyrovnaného ekonomického vysledku konference mély na dcet asociace vré-
tit v pristim roce.

Jednim z daliich bodi bylo udéleni prvnich pamétnich medaili Ceské
tuneldiské asociace ITA-AITES (viz obr.). Medaile ma primér 40 mm a je
vyrazena ze stifbra 999/1000 (obr. 1). Jejim autorem je brnénsky medailér pan
Petr Sousek.

Prvnimi nositeli pamétni medaile podle rozhodnuti predsednictva CzTA jsou:

Cestnf ¢lenové CzTA — Prof. Zdenek D. Eisenstein, Ph.D., a Ing. Jindfich Hess;

Ing. Georgij Romancov, CSc. — in memoriam;

Ing. Karel Matzner a Ing. Pavel Mafik (leto$ni osmdesétnici);

Prof. Ing. Josef Aldorf, DrSc.;

Prof. Ing. Jifi Bartdk, DrSc.;

Ing. Jozef Frankovsky (za dlouholetou prici v redakéni radé Casopisu
Tunel a rozvoj spoluprdce mezi CzTA a STA).

Medaile na valném shromdzdéni prevzali z rukou predsedy CzTA pani
Anna Romancovd, manZelka zemfelého Ing. Romancova, Ing. Jindfich Hess,
Ing. Karel Matzner a Ing. Pavel Marik.

Dalsim ocenénym budou medaile predény pozdé&ji.

Valné shromédzdéni pak schvililo ndvrh na sloZeni redakéni rady ¢asopi-
su Tunel pro funkéni obdobi 2009 az 2012 (bude uvedeno v tirdzi Cisla
3/2009 casopisu Tunel).

Obr. 3 Nositelé medalili — zleva: Ing. Karel Matzner, Ing. Pavel Marik a pani
Anna Romancovd, kterd se svym synem Markem prevzala medaili udélenou
in memoriam Ing. Georgii Romancovi, CSc.

Fig. 3 Medal holders — from the left: Ing. Karel Matzner, Ing. Pavel Marik
and Mrs. Anna Romancov, who, together with her son, Mark, took over the
medal awarded in memoriam to Ing. Georgii Romancov, CSc.

18. rocnik - €. 2/2009

Obr. 1 Lic a rub pamétni medaile CzTA ITA-AITES
Fig. 1 Obverse and verso of the ITA-AITES CzTA commemorative medal

Obr. 2 Predseda CzTA preddvd pamétni medaili Ing. Jindfichovi Hessovi
Fig. 2 The chairman of the CzTA handing the commemorative medal over
to Ing. Jindrich Hess

Ing. Alexandr Butovi¢, Ph.D., pfedseda pfipravného vyboru konference
Podzemni stavby Praha 2010, informoval pfitomné o stavu jeji pripravy.

V diskusi upozornil na sloZity problém Ing. Véclav Soukup, ¢len predsed-
nictva CzTA a feditel divize 05 Metrostav a. s. Novy stavebni zikon
¢. 183/2006 Sb. jiz neobsahuje specidlni ustanoveni pro velmi specifické stav-
by, kterym tunely jisté jsou. Tim se dastniky fizeni stdvaji vSichni majitelé
pozemkil a nemovitosti nad tunelem, kteif mohou odmitnout se stavbou tune-
lu souhlasit dokonce bez uddni davodu. Rizen{ se navic nesmirné kompliku-
je, napr. u pfipravovaného Zelezni¢niho tunelu Praha—Beroun by bylo nutné
dolozit souhlasné stanovisko od cca 40 000 vlastniku.

Ing. Soukup ozndmil, Ze Metrostav a. s. a on osobn¢ se snazi najit feseni
této situace a vyzval pritomné zastupce firem ke spolupréci.

V zdvéru oficidln{ ¢asti valného shromdzdéni pfijali jeho tcastnici nésle-
dujici usnesent:

Usneseni z valného shromazdéni CzTA,
které se konalo 6. kvétna 2009

v Bifevhovském klastefe v Praze 6

Valné shromdzdéni schvaluje zprdvu predsedy o ¢innosti komitétu a jeho
predsednictva v obdobi od minulého valného shromazdéni, které se konalo
15. kvétna 2008.

Valné shromazdéni schvaluje hospodareni komitétu za rok 2008 a ndvrh
rozpoctu na rok 2009.

Valné shromédzdeéni projednalo slozeni redakéni rady Casopisu Tunel pro
funkéni obdobi 2009 az 2012 podle ndvrhu predsednictva.

Valné shromdzdéni vzalo kladné na védomi hlavni aktivity CzTA
v nasledujicim obdobi:

—edi¢ni zdméry CzTA;

— ustaveni nové PS pro mechanizované tunelovéni (zdjemci o praci v této

PS jsou vyzvini, aby se prihldsili do sekretaridtu CzTA);

— pfipravu mezindrodni konference PS 2010; .

— porddani tuneldfskych odpoledni a tematického zdjezdu do Svycarska.

Ndsledovaly odborné prezentace firem Metrostav a. s. (dokonéeni razeb
tunelt na Islandu) a Angermeier Engineers, s. r. 0. (moZnosti modernich
geodetickych metod v podzemnich stavbach).

Zéaznam z jednani VS je k dispozici na www.ita-aites.cz.

ING. MILOSLAV NOVOTNY,
ita-aites@metrostav.cz, sekretdr CzTA ITA-AITES



