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:Slnce 1954 BeMo Tunnelling, wn:h head tarter in Innsbruck
- [Austria], is a specialist in the design and censtruction of all ktnds
R undergrnundstructures whether new construction,

- ‘refurbishment, reinstatement or: reconstruction as well as ln the
“field of special civil engineering.: .
Our experienced staff and know-how make us a war!d Ieader in
=:our-field, as can be seen from the excellent project record. -
A total of 400 kilometres of tunnel and underground structures of
different sizes and dlmensmns haue been build by BeMo over the

past SEI years. i
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Vazeni pratelé,

dostava se vam do rukou prvni letosni &islo Easopisu Tunel, které ma uZ na prvni pohled vyrazné internacionélni charakter. Cislo je
vénovano dvéma vyznamnym spole¢nostem, které zanechavaji neprehlédnutelnou globdlni stopu v oblasti podzemniho stavitelstvi —
BeMoTunnelling GmbH a Mott MacDonald (resp. jeji ceské pobocce). Diky tomu se mohou Ctendfi sezndmit s feSenim zajimavych
technickych problému i s vlastni realizaci podzemnich staveb v blizkych i vzdélenéjSich zemich.

Stavby Zelezni¢nich tunelt v Némecku, realizované BeMo, predstavuji jednak kontinudlni strojni razbu pod nizkym nadloZim
v zastavéné méstské oblasti, jednak razbu tunelu pomoci NRTM v oblasti s obdvanymi krasovymi strukturami. Piispévky pracovniku
Mott MacDonald CZ, spol. s . 0. se zabyvaji tunelovymi stavbami v Norsku a v AzerbjdZ4nu. Na tunelovych stavbach tramvajové
traté v Bergenu je patrné praktické pouziti informac¢niho modelu stavby (Building Information Modelling — BIM), jemuz je vénovén
jesté samostatny ¢ldnek. Poznatky ze stavby metra v Baku poukazuji mj. na problém nedostate¢ného geotechnického pruzkumu zejmé-
na z hlediska interpretace namérenych dat.

Velmi zajimavy ¢lanek pracovnika Svycarské firmy SIKA SERVICES AG se podrobné zabyva stiikanymi hydroizolaénimi systémy
v tunelech a jejich srovnanim s foliovymi izolacemi. Vyznéni ¢lanku je ke stfikanym izolacim pomérné kritické a uvidime, zda nevy-
vold v nékterém pristim &isle Tunelu diskusni ¢ldnek zastdncu této technologie.

Ceské stavebni firmy jsou zastoupeny pouze &lankem o stavbé tunelu Polana na Slovensku, na niZ se podili METROSTAV a.s.
Je to odraz skutecnosti, Ze pokles investi¢ni vystavby v minulych krizovych letech se pIné projevil a nové tunelové stavby se v nasi
republice témér nerealizuji. Véfime vsak, Ze tato situace se bude ménit. V nejblizsi dobé se miZzeme alespori tésit s nasimi slovensky-
mi kolegy na zahdjeni vystavby nékolika ddlni¢nich tunelti na jejich paterni dopravni komunikaci.

Pékné Cteni Vdm pieje doc. Ing. RICHARD SNUPAREK, CSc.,

¢len redakcni rady

Dear friends,

the first this-year’s issue of Tunel journal arriving in your hand has, at the first sight, a markedly internationalist character. The jour-
nal issue is dedicated to two important companies leaving a highly visible global track behind them in the field of underground con-
struction — BeMoTunnelling GmbH and Mott MacDonald (or its Czech branch). Owing to this fact readers can get acquainted with
solutions to interesting technical problems and the realisation of underground structures in close and more remote countries.

The constructions of railway tunnels in Germany realised by BeMo represent, on the one hand, continual mechanical excavation
under a low overburden in a built-up urban area and, on the other hand, tunnel excavation using the NATM in an area containing dre-
aded karst structures. Papers by Mott MacDonald CZ deal with tunnel construction projects in Norway and Azerbaijan. The practical
use of the building Information Model (BIM) is presented on tunnel structures for the tramway track in Bergen, which is, in addition,
even dedicated a separate paper. Knowledge gained from the Baku metro development project point to problems of insufficient geo-
technical investigation viewed mainly from the aspect of the interpretation of measured data.

A very interesting paper by an employee of Swiss company SIKA SERVICES AG deals in detail with spray-applied waterproofing
systems in tunnels and their comparison with plastic membrane waterproofing systems. The message of the paper is relatively critical
to spray-applied waterproofing systems and we will see whether it will not provoke believers in this technology to submit a discussion
paper for one of the future journal issues.

Czech civil engineering companies are represented only by a paper on the construction of the Polana tunnel in Slovakia, which is
participated in by METROSTAV a.s. This is the reflection of the fact that the decrease in capital investment works experienced during
the past years has fully manifested itself and nearly no new tunnel construction projects are implemented in the Czech Republic.
Nevertheless, we believe that this situation will change. On the near horizon we, together with our Slovak colleagues, can at least look
forward for the commencement of construction works on several motorway tunnels located on their arterial road.

I wish you pleasant reading.

doc. Ing. RICHARD SNUPAREK, CSc.,
member of the Editorial Board
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VAZENI CTENARI CASOPISU TUNEL,
KOLEGOVE,

je pro nés velkou cti sezndmit vas, Ctendre respekto-
vaného ¢eského odborného Casopisu Tunel, s rozsahem
innosti nasi spole¢nosti. Dobrym divodem k podrob-
néjSimu priblizeni naSich aktivit ¢eské odborné verej-
nosti je i ta skute¢nost, Ze od srpna 2013 patfi spolec-
nost BeMo Tunnelling GmbH do skupiny Metrostav.

BeMo Tunnelling GmbH (zkr. BeMo), se sidlem
v Innsbrucku, je specialistou na projektovani a vy-
stavbu vSech druht podzemnich staveb, at’ uz jde
0 novou vystavbu, modernizace, obnovu, nebo rekonstrukce.

Od roku 1964 cinnost spolecnosti prochdzi stdlou expanzi.
BeMo diky svym inovativnim technickym feSenim pri soutéZich ) LB . Lo
na niroéné stavby a technologickym inovacim bylo vidy v Zele expansion. BeMoiwuh its mnoyaﬂye tendgr proposals for difficult con-
rozvoje Nové rakouské tunelovaci metody (NRTM). O nelehkych struction lots and its technolqglcal innovations was alwayslat the foref-
za&dtcich zavadéni NRTM do praxe svédei nékolik informaci 1Ont of the development of the New Austrian Tunnelling Method

DEAR READERS OF THE MAGAZINE TUNEL,
COLLEAGUES,

It is a great honor for us to introduce you, the readers of
the respected Czech professional magazine Tunel, to
a range of activities of our company. A good reason for
a more detailed approach our activities to Czech professi-
onal public is the fact, that since August 2013, the compa-
ny BeMo Tunnelling GmbH ranks in Metrostav Group.

BeMo Tunnelling GmbH (abbr. BeMo), with headquar-
ter in Innsbruck, is a specialist in the design and construc-
tion of all kinds of underground structures, whether new construction,
refurbishment, reinstatement or reconstruction.

Since 1964 the company’s activities have been undergoing constant

7 historie: (NATM). The difficulties of introduction beginnings of the NATM into
., Ve druhé poloviné roku 1960 vysla vyzva k poddvdni nabidek — practice is evidenced by few information from history:
na prvni tsek metra ve Frankfurtu nad Mohanem, ktery mél byt “In the second half of the 1960s a call went out for tenders for the

budovdn pomoci razictho Stitu. Alternativni ndvrh zaloZeny na  first metro lot in Frankfurt/Main to be constructed using shield tunnel-
principech NRTM nebyl investorem vzat v vivahu kviili nedostatku  ling. An alternative proposal based on the principles of the NATM was
zkuSenosti s touto metodou, a to navzdory tomu, Ze tato metoda  not taken into consideration by the owner because of a lack of experi-
byla zretelné méné ndkladnd neZ razby Stitem. Za vicelem prokd-  ence with the method, despite the fact that it was cleary less expensive
zdni, Ze je moZné uplatnit NRTM i ve frankfurtské geologii, se  than shield tunnelling. In order to prove that it was possible to apply
BeMo rozhodlo pro demonstracni iicely provést zkuSebni razby ze  the NATM also in Frankfurt’s soil, BeMo decided to conduct trial dri-
Sachty. O nékolik mésicii pozdéji vydalo mésto Frankfurt vyzvu ving operations from a shaft for demonstration purposes. A few month
k odevzddni nabidek na iisek metra prochdzejict pod frankfurt- jqier the City of Frankfurt issued a call for tenders for a metro lot to
skou historickou radnict Romer. cross under Frankfurt’s historic City Hall, the Romer.

M%? uzent {ir en v;dene’ IIS;e/Mko a V"eleIc)i Ovlull;r dci lf p711’ of¢ esor ehm A joint venture led by BeMo and assisted by Professor Miiller as an

NII;T]el/’IFe’Z’TSiZ 100 II)\?;l?lacdenZl Zrcll i‘ll; uenzc;ai?e b‘rlu'ce}zaraegz)aszjz ! Ola’:Zv’;“u adviser was awarded the contract on the basis of an alternative NATM
Takt(f Zfskaﬁé Velkéyzkuéénosi vedla s oleénozst k zalc)))genf c)l)ivi- proposal. The costs and risk of the trial operations had paid off!”

P The great experience thus acquired led the company to set up

e pro transfery know-how, kterd vyvadzi know-how inZenyru . .
ze p > ery ’ yvaz ZENYTU 4 Division for Know-how Transfer, which exports the know-how of
BeMo do svéta. BeMo’s . . ountries throuehout th 1d
Jako uzndni jeho zdsluh pro rozvoj, propagaci a dal$i vyvoj c¢VIo's engineers to many countries throughout the world.
In recognition of its merits for the advancement, promotion and furt-

NRTM bylo BeMo udéleno v roce 1982 prdavo nosit rakousky .
statnf znak. her development of NATM, BeMo was granted the right to bear the

Aby bylo zajisténo, Ze nase produkty a sluzby budou stdle na ~ Austrian state coat of arms in 1982, ) ) )
technologické 3picce a budou spliiovat pozadavky ve stile se To ensure that our products and services continue to remain on the
ménicim globalnim podnikatelském prostiedi, snazi se BeMo technological leading edge and meet the requirements of an ever-chan-
poskytovat svym zidkaznikim nejmodernéjsi technickd feSeni ging global business environment, BeMo strives to provide their custo-

prostfednictvim neustdlého zlepSovani a dalsiho rozvoje. mers with state-of-the-art engineering solutions through continuous
Dopady na zivotni prostredi, jako je hluk, prach a spotfe- improvement and further development.
bovavéni zdroju, jsou nevyhnutelné pii realizaci naSich projektu. Environmental impacts, such as noise, dust and the consumption of

BeMo si je pIné védomo svoji znaéné odpovédnosti pfi ochrané  resources, are unavoidable in the execution of our projects. BeMo is
Zivotnfho prostfedi a zdroven zabrdnéni poSkozeni majetku  fully aware of its considerable responsibility to protect the environment
a svédomité vyuZivani zdroju. SnaZime se chovat k Zivotnimu pro-  while avoiding damage to property and conscientiously using resour-

stredi OdPOVédfl}”m zplisobem v kazdém projektu. ) . ces. We endeavour to act in an environmentally accountable manner on
BeMo bylo jednou z prvnich spolecnosti v rdmci tuneldiského  cyery project.
oboru Némecka a Rakouska, kterd zavedla a certifikovala systém BeMo was one of the first companies within the tunnelling industry

managementu kvality (QMS) podle fady ISO 9000 v rocf*1995 > of Germany and Austria to introduce and certify a Quality Management
po kterém ndsledovaly certifikace OHSAS 18001 a SCC ** vro-  gygem (QMS) according to the ISO 9000 series in the year 1995, fol-

ce 2004 a ISO 14001 v roce 2007. lowed by certifications of OHSAS 18001 and SCC** in the year 2004
Mezitim jsme zavedli integrovany systém managementu (IMS), and ISO 14001 in 2007

ktery neustdle zlepSujeme a rozvijime. NaSe IMS se skldada . .
2 ochrany zdravi pfi prici a systému fizeni bezpetnosti podle Meanwhlle we have 1n.troduced'an Intggrated Management System
OHSAS 18001 a SCC **, systému managementu kvality podle (IMS), which we are continuously improving and developing. Our IMS

ISO 9001, stejné jako systému environmentdlntho managementu consists of an Occupational Health and Safety Management System
podle ISO 14001. according to OHSAS 18001 and SCC**, a Quality Management System

Tunelové stavby patii v soucasné dobé vedle daliich podzem- accord?ng to ISO 9001 as well as an Environmental Management System
nich aktivit k nejprestizn&j$im a nejndro¢n&j$im projektiim reali-  according to ISO 14001.
zovanych spole¢nosti pro verejné zadavatele. BeMo hraje vedou- Current tunnelling activity is amongst other underground schemes in
ci roli, a to bud jako hlavni dodavatel, nebo partner ve sdruzeni.  prestigious and challenging projects for public clients. BeMo plays
Pro ziskédni bliZSich informaci o spolenosti navstivte prosim a leading role either as Main Contractor or Joint-Venture Partner. To
www.bemo.net. obtain more information about the company, please visit

www.bemo.net.

DIPL. ING. FRIEDRICH NEUREITER

Jjednatel BeMo Tunnelling GmbH
Executive head of BeMo Tunnelling GmbH




24. rocnik - €. 172015

VAZENE KOLEGYNE A KOLEGOVE,
CTENARI CASOPISU TUNEL,

v uvodniku k druhému ¢islu Casopisu tunel v roce
2012 jsem stru¢né predstavil Sirokou Skdlu Cinnosti,
jimiz se Mott MacDonald celosvétoveé zabyva jiz pres
120 let. V tom letoSnim bych se rdd vice rozepsal
o pusobeni a projektech &eské pobocky spoleénosti,
kterd na naSem tzemi pusobi jiz 22. rokem. Od roku
1993, kdy byla dcefind spolecnost Mott MacDonald
CZ v Praze zaloZena, spolupracovala na mnoha
vyznamnych projektech v CR a ve velké mife i na projektech
v zahrani¢i. K dne$nimu dni ve firmé pracuje témer 150 zamest-
nancu v kancelatich v Praze, Brné a nové otevienych pobo¢kach
v Bratislavé na Slovensku a v Baku v Azerb4jdzanu.

Nase spolecnost se zaméfuje predevsim na projekéni a kon-
zultaln{ ¢innost v oblasti tunela, mostu, silnic, dopravniho pldno-
véni, vodohospodérskych staveb, EU fonda, PPP projekta, Zivot-
niho prostredi a od lonského roku nové i v oblasti Zeleznic. Jsme
tudiZ schopni obsdhnout veSkeré typy dopravnich staveb od
prvotnich studii pfes vSechny stupné projektové pripravy
a podporu pti zaddvani zakdzky az po realizaéni fazi at' uZ na stra-
né investora, nebo zhotovitele. Nasi velkou vyhodou je zdzemi
velké nadndrodni spoleCnosti, které ndim umoZznuje vyuzivat jeji
celosvétové zkuSenosti k efektivnimu a ¢asto inovativnimu tech-
nickému feSeni staveb.

Pokud jde o naSe oddé€leni tuneld, zakldddni staveb a geo-
techniky, v poslednich letech se postupné rozsifilo az na bezméla
40 odbornikii, coz ho fadi mezi jedno z nejvétsich v CR. Udrzet
tak pocetné specializované oddéleni ndm v dobé nedostatku
tuzemskych tunelovych staveb umozZnuje predev§im prdce na
zakdzkdch v zahrani¢i. Ty vSak neni vubec jednoduché ziskat.
Kromé jazykovych a formdlnich prekdzek bojujeme Casto
s vyznamnymi mistnimi hraci, ktefi maji silné vazby na investo-
ry a zdroven i vice vstupnich informaci o pripravovanych projek-
tech. Nasi vyhodou muZe byt ve vyspélejsich zemich nizs{ hodi-
nova sazba experti. V méné vyspélych zemich lze uspét zase
nabidnutim nejmodernéjiich trendi a technologii, se kterymi
nemaji mistni firmy zkuSenosti. V kazdém pripadé vSak price
v zahrani¢i znamend Cdste¢né se oprostit od Ceskych zvyklosti
a zacit pracovat podle zvyklosti a pravidel platnych v dané zemi.
Nasi zaméstnanci s tim jiZ maji bohaté zkuSenosti, takZe jsou
schopni projektovat v cizim jazyce, podle mistnich norem
a s pouzitim jakéhokoliv pozZadovaného statického softwaru.

V tomto &isle si muzete predist tfi ¢ldnky, které vds sezndmi
s projekty, na kterych se podilime. Prvni z nich pojedndva
o projektu rozsifeni tramvajové sité v norském Bergenu, ktery
zahrnuje i nékolik tuneld a mostu. Dal3i ldnek informuje
o aktudlnim stavu praci na naSem stéZejnim projektu rozvoje
metra v Baku. Treti ¢ldnek pfind§i premiérove v Casopisu Tunel
zdkladni sezndmeni s procesem BIM (Building Information Mo-
delling), do Cestiny preklddanym jako informaéni modelovéani
budov, s priklady jeho vyuZiti na nékolika naSich zahrani¢nich
projektech. Tento proces je stdle vice vyuZivan a dokonce vyZa-
dovén v mnoha vyspélych zemich po celém svété a zustdva jen
otdzkou &asu, kdy dorazi i do Ceské republiky.

Zavérem mi dovolte poprat vS§em mnoho osobnich i obchod-
nich dspéchi a té8§im se na budouci spolupréci pfi pripravé

a realizaci dalSich projektu.
Radts

TuouHel

DEAR COLLEAGUES,
READERS OF TUNEL JOURNAL,

In the leading article for the second issue of Tunel journal
in 2012 I briefly introduced the wide range of activities
Mott MacDonald has been dealing with worldwide for over
120 years. In this year’s issue I would like to write more
about the activities and projects dealt with by the Czech
branch of the company, which has been active in the Czech
Republic for nearly 22 years. Since 1993, which is the year
in which the Mott MacDonald CZ branch was founded in
Prague, it participated in many significant projects in the CR and, to
a great extent, even in projects abroad. As of this day, nearly 150 emplo-
yees work in our company, in the offices in Prague, Brno and the newly
established branches in Bratislava, Slovakia, and Baku, Azerbaijan.

Our company focuses itself mainly on designing and consultan-
cy activities in the field of tunnels, bridges, roads, transportation plan-
ning, water management projects, EU funds, PPP projects, environment
and, from the past year, newly even the field of railways. We are there-
fore capable of covering all types of transport-related structures, from
initial studies through all stages of design preparation and support
during the procurement process up to the realisation phase, both on the
side of the project owner or the contractor. Our great advantage lies in
the background provided by the big multinational company, which
allows us to use its global experience for effective and frequently inno-
vative technical solutions to structures.

As far as our department of tunnels, foundation of structures and geo-
technics is concerned, its staff was gradually expanded during recent
years to nearly 40 professionals, which fact ranges it among the largest
in the Czech Republic. Maintaining the department with such a large
staff during the period of the lack of domestic contracts for tunnel struc-
tures is possible, first of all, thanks to our foreign contracts. But it is not
at all easy to win them. Apart from language barriers and formal obstac-
les, we often fight important local players, who maintain strong relati-
onships with project owners and have more input information about the
projects being under preparation. Lower hourly rates of our experts can
be our advantage in more developed countries. In less developed count-
ries, we can succeed by offering state-of-the art trends and technologies
the local companies are not experienced in. In any case, working abroad
means the necessity to partially get rid of Czech customs and start to
work following the customs and rules applicable in the particular count-
ry. Our employees have wealth of experience with it and they are there-
fore capable of designing in the particular foreign language, following
local standards and using any prescribed structural design software.

In this journal issue you can read three papers, which will acquaint
you with three projects we are participating in. The first of them deals
with the design for the expansion of tramway network in Bergen,
Norway, which even comprises several tunnels and bridges. The next
paper informs about the current state of the work on our pivotal project
for the development of metro in Baku. The third paper provides (as
a premiere in Tunel journal), basic information about the BIM (building
Information Modelling) and presents examples of its application to
several projects carried out by our company abroad. This process is
more and more used and is even prescribed worldwide in many deve-
loped countries and it remains only a matter of time when it even arri-
ves to the Czech Republic.

To conclude, allow me to wish all of you lots of personal and com-
mercial success and I look forward to future collaboration on the pre-
paration and implementation of new projects.

’BuCe.L,

ING. RADKO BUCEK, PH.D.
Generalni Feditel - Mott MacDonald CZ, spol. s r. o.

Managing Director — Mott MacDonald CZ, spol. s r. o.
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NOVY TUNEL KAISER WILHELM V UDOLI REKY MOSELY:
RAZBA TUNELU POD MESTEM COCHEM HYBRIDNIM
PLNOPROFILOVYM RAZICIM STROJEM

THE NEW KAISER WILHELM TUNNEL IN MOSEL VALLEY:
DUAL MODE TBM TUNNELLING UNDER THE CITY OF COCHEM

HELMUT GOHRINGER, BODO TAUCH

ABSTRAKT

Spolecnost Deutsche Bahn AG vybudovala novy tunel v soubéhu se stdavajicim 150 let starym tunelem Kaiser Wilhelm v udoli reky
Mosely. Razba nového tunelu dlouhého 4200 m byla provddéna plnoprofilovym razicim strojem s castymi zménami reZimu, tj. jak
s otevienym, tak i uzavienym celem. Dokonceni strojni razby nového tunelu Kaiser Wilhelm bylo duleZitym prispévkem k zavedeni bez-
pecnostnich norem v soucasnosti poZadovanych pro Zeleznicni tunely v Némecku. Tento Cldnek se zabyvd komplikovanym priichodem
zeminového stitu v reZimu razby pod okrajovou &dsti mésta Cochem. Obtizné geologické pomery a velmi krdtké vzddlenosti mezi klen-
bou tunelu a zdaklady budov kladly velké ndroky na tuto stavbu. Z toho divodu byla dodavatelem stavby spolecné s objednatelem vytvo-

s v 2

Fena zvldstni koncepce pro zvlddnuti této ndrocné &dsti razby, kterd se lisila od smlouvy.

ABSTRACT

The Deutsche Bahn AG built a new tunnel parallel to the existing 150-year-old Kaiser Wilhelm Tunnel in the Mosel Valley. Excavation
of the 4,200-m-long new tunnel was performed by TBM in open and closed mode with frequent mode changes. Finalization of the mecha-
nized drive for the New Kaiser Wilhelm Tunnel was an important step towards installing the safety standards currently required for rail-
way tunnels in Germany. This paper deals with the difficult EPB mode when tunneling under Cochem's upper town. The demanding geo-
logical conditions and very short distances between tunnel roof and building foundations posed the big challenges on this project.
A special concept — differing from the contract — was thus jointly developed by the contractor and the client to master this very difficult
part of excavation.

POPIS STAVBY

Dvoukolejny tunel Kaiser Wilhelm, ktery byl puvodné otevien
v roce 1879, leZi na zelezni¢ni trati Koblenc — Perl Mosel mezi
mésty Ediger-Eller a Cochem (obr. 1, 2, 3, 4). Toto Zelezni¢ni
spojeni je dulezitou souddsti transevropské sit€¢ (TEN) pro kon-
vencni Zelezni¢ni dopravu. Jeho stavebni stav a nedostatky spo-
jené s bezpecnostnimi normami tykajicimi se pozdru a ochrany
pred neStéstimi vyvolaly nutnost vybudovat druhy tunel. Po
dokonceni by kombinace nového tunelu a renovovaného tunelu
méla zajistit tunelovy systém vyhovujici v§em poZadavkam kla-
denym na moderni dopravnf sit.

Obr. 1 Pohled na portdl nového tunelu Kaiser Wilhelm ve mést¢ Cochem
(Zdroj: BeMo, 2012b)

Fig. 1 View of the portal of the New Kaiser Wilhelm Tunnel in Cochem
(Source: BeMo, 2012b)

PROJECT DESCRIPTION

The double-track Kaiser Wilhelm Tunnel, originally opened
in 1879, is located on the Coblenz-Perl Mosel rail line between
Ediger-Eller and Cochem (Fig. 1, 2, 3, 4). This railway conne-
ction is an important component of the Trans-European
Network (TEN) for conventional rail traffic. Its structural status
and the inadequacies of its safety standards with regard to fire
and disaster protection made it necessary to build a second tun-
nel. On completion the combination of a new tunnel and
a refurbished old tunnel would ensure a tunnel system that
meets all the requirements of a modern traffic network.

Obr. 2 Pohled na smontovany plnoprofilovy tunelovaci stroj na ediger-eller-
ském portdlu (Zdroj: BeMo, 2010)

Fig. 2 View of the assembled TBM at the Ediger-Eller portal (Source: BeMo,
2010)
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| |
Obr. 3 Zarizeni stavenisté u ediger-ellerského portdlu (Zdroj: BeMo, 2011)
Fig. 3 Site installation at the Ediger-Eller portal (Source: BeMo, 2011)

Druhd trouba tunelu Kaiser Wilhelm je pfiblizné 4200 m
dlouhd a vyska nadloZi nad klenbou tunelu se pohybuje od 3 m
do 230 m. Osa druhé tunelové trouby probihd vychodné od té
stavajici. Vzorovy priény fez nového tunelu je zndzornén na
obr. 5.

Modernizace tunelu se provddi ve dvou fazich. V prvni fzi se
soubézn¢ se starym tunelem Kaiser Wilhelm stavi druhd para-
lelni jednokolejné trouba (novy tunel Kaiser Wilhelm). Ve dru-
hé fazi se potom puvodni tunel obnovuje a ménf{ se na jednoko-
lejny.

Po dokoncen{ se bude kazd4 tunelovd trouba provozovat jako
jednokolejny tunel. Obé trouby budou propojeny osmi propoj-
kami v pravidelnych vzdédlenostech priblizné 500 m, takze
budou odpovidat nejnovejSim bezpeCnostnim normam (TSI-
SRT, 2008/2012) a predpisim vydanym Némeckym spolkovym
zelezni¢nim dradem (EBA, 1997/2001).

Uvedeni obou trub jednosmérnych tuneld do provozu se pla-
nuje na prosinec 2015. Strojni razba 4242 m dlouhého nového
tunelu Kaiser Wilelm byla dspé$né zakonéena prorazkou 7. listo-
padu 2011 (obr. 6, 7).

Technicky nejobtiznéjsi ¢asti strojni razby, hlavné co se tyka
tunelovani, byla razba plnoprofilovym strojem pod ¢asti mesta
Cochem v rezimu s otevienym Celem (obr. 8). V nékterych mis-
tech se klenba tunelu dostala do vzddlenosti jen 3,2 m od zdkla-
da budov nachdzejicich se nad nim, pfi¢emz seddni se muselo
minimalizovat. Bylo to poprvé, kdy se ve svété tato tunelovaci
metoda pouZila pro razbu pod obydlenou oblasti s tak nizkym

- e ol F

Obr. 6 PrordzZka §titu, cochemsky portdl (Zdroj: BeMo, 2011)
Fig. 6 TBM breakthrough at the Cochem portal (Source: BeMo, 2011)
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Obr. 4 Schéma stdvajiciho tunelu (prvni trouba) a nového tunelu (druhd
trouba) (Zdroj: BeMo, 2012b na zdkladé map z Google)

Fig. 4 Schematic view of the existing tunnel (first tube) and the new tunnel
(second tube) (Source: BeMo, 2012b based on Google Maps)

The second tunnel tube of the Kaiser Wilhelm Tunnel has a length
of approx. 4,200m and the overburden above the tunnel crown ranges
between 3m and 230m. The axis of the second tube runs 25m east of
the existing tube. The typical cross-section of the new tunnel is shown
in Fig. 5.

Refurbishment of the tunnel is being conducted in two phases. In
the first phase the Old Kaiser Wilhelm Tunnel is given a second paral-
lel single-track tube (New Kaiser Wilhelm Tunnel). In the second
phase the original tunnel is being reinstated and modified as a single-
track tunnel.

When completed, each tube will be operated as a single-track tun-
nel. The two tubes will be connected by eight cross-passages at regu-
lar intervals of approx. 500m and will thus comply with the latest safe-
ty standards (TSI-SRT, 2008/2012), and guidelines issued by the
German Federal Railway Authority (EBA, 1997/2001).

The double-track, twin-tube tunnel is planned to go into operation
in December 2015. Mechanized driving for the 4,242-m-long New
Kaiser Wilhelm Tunnel was successfully concluded with the breakt-
hrough on November 7, 2011 (Fig. 6 and 7).

The technically most difficult part of the mechanized drive,
namely in terms of tunneling, was the closed-mode EPB under-
tunneling of Cochem's upper town (Fig. 8). In some places the
tunnel roof came as close as 3.2m to the foundation of buildings
above it and settlement had to be kept to a minimum. This was the
first time that this tunneling method was applied anywhere in the
world to tunnel under a residential area with so little overburden.
The task was made all the more difficult by the fact that there
were mixed face conditions in this area: on the one hand, the pre-
vailing hard rock face in the invert and, on the other hand, soft
ground at the top of the tunnel face. The structural state of the
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affected buildings was reviewed from the

VZOROVY (TYPICKY) PRICNY REZ / TYPICAL CROSS-SECTION pre-construction building protection pro-
zobrazeny s pfevy$enim 70 mm — displayed with the superelevation of 70mm gram and assessed as critical for under-
pohled ve sméru staniceni — view in the direction of chainage tunneling.

The shield machine was devised to

Vypliova injektaz cope with the relatively stable solid rock

R za osténi
g T ) compaction zones encountered along the bulk of the
of pressure gap route, which were to be tackled in open
1 554%1%%9)/ mode. However it was also possible to
1 e, RN - '
il ﬁtiail;lkeo?/n’e technickj " RC lining apply active face support to overcome
. y prostor ——

M .segments, thick- fault zones and the soft ground under

: \(t ness = 40em Cochem's upper town. Consequently, the

A machine was equipped with a screw con-
: veyor that could be converted at any time
from open mode to pressurized closed
mode and vice versa. Operational advan-
tages called for an EPB shield machine
instead of a shield machine with fluid-
supported face.

As described, by Handke et al. (2011),
changing from one operating mode to the
/ other was possible in a rather short time and
without major modifications. The authors
also give general project descriptions of the
tunnel and the soil conditions, as well as the
mechanical engineering approach, the fin-
dings obtained when excavating in solid
rock and in the transition areas between
stable solid rock and instable, highly fissu-
red rock.

This paper deals with the findings obtai-
ned during the preparation and execution
stages for tunneling under Cochem's upper
town.
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Obr. 5 Vzorovy pri¢ny rez nového tunelu (druhd trouba) (Zdroj: BeMo, 2012a)
Fig. 5 Typical cross-section of the new tunnel (second tube) (Source: BeMo, 2012a)

nadlozim. Ukol byl jeité ztiZen tim, Ze v dané oblasti byly §titem FORECAST FOR GEOLOGY UNDER COCHEM'S
zastizeny smiSené horninové poméry: skalni hornina prevazujici UPPER TOWN

ve spodni ¢asti Celby a mékkd hornina v jeji horni ¢dsti. ZastiZzeny
stav razbou ovliviiovanych budov byl zkouman v pripravné fazi
v rdmci programu ochrany staveb a byl posouzen pro podchéize-
ni razbou jako kriticky.

Stit byl navrzen tak, aby se vyporddal s relativné stabilnimi
oblastmi pevné skalni horniny zastizenymi na vétsiné trasy, které
se mély prochdzet v reZimu otevreného cela. K prekonani poru- tions of solid rock.
chovych pasem a mékkych hornin pod ¢asti mesta Cochem bylo
vsak také nutné pouzivat aktivni zajiSténi Cela vyrubu. Proto byl
stroj vybaven $nekovym dopravnikem, ktery se dal kdykoliv
nastavit z rezimu s otevienym Celem na pretlakovy reZim
s uzavienym Celem a naopak. Tyto provozni vyhody uprednostni-
ly vyuziti zeminového Stitu oproti §titu bentonitovému.

Jak popsali Handke a kol. (2011), zmény z jednoho provozni-
mu rezimu do druhého se daly provddet v kratkém Case a bez
velkych tprav. Autori také uvadéji vSeobecny popis tunelu, hor-
ninovych poméra a popis strojarského pristupu ke zjisténim zis-
kanym pfi razb€é v pevné skalni horniné¢ a v prechodovych
oblastech mezi stabilni pevnou skalni horninou a nestabiln{
velmi rozpukanou skalni horninou.

Tento prispévek se zabyva zjisténimi, které vyplynuly v pribéhu
etap pripravy a provadeéni razeb pod ¢dsti mésta Cochem.

The roughly 450-m-long area under Cochem's upper town is cha-
racterized by layers of soft ground consisting of quaternary slope loam
or slope debris of varying thickness. These soils are highly susceptib-
le to settlement and adopt flow characteristics when affected by water.
The layers are embedded in an extensive depression enclosed by sec-

PREDPOVED GEOLOGICKYCH POMERU POD CASTI : ¥ 3 ¥ A
MESTA COCHEM Obr. 7 Pohled na novy tunel Kaiser Wilhelm, cochemsky portdl (Zdroj:

) . . BeMo, 2011)
Zhruba 450 m dlouhd oblast pod méstem Cochem je charakte- Fig. 7 View of the New Kaiser Wilhelm Tunnel at Cochem portal (Source:

rizovdna vrstvami mékkych hornin sloZenych ze ¢tvrtohornich BeMo, 2011)
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svahovych hlin nebo svahovych suti o ruzné mocnosti. Tyto
zeminy jsou velmi ndchylné k seddni. Jsou-li vystaveny pusobe-
ni vody, nabyvaji vlastnosti tekutych pisku. Tyto vrstvy jsou usa-
zeny v rozsahlé depresi uzavrené tseky pevnych skalnich hornin.

Podle geotechnické prognézy méla razba pod méstem Cochem
postupné klesat z pevnych skalnich hornin do vrstev mékkych
hornin, dokud by nemél byt pri¢ny rez tunelu dplné obklopen
vrstvami mékkych hornin. Obecné podminky smiSené Celby
jeste vice ztézuji fizeni Stitu a zajiStovan{ stability Celby. Pevna
skalni hornina je charakterizovana relativn¢ stabilnimi poméry.
V prechodové z6né se pak pevnd skalni hornina postupné méni
na rozpukanou skalnf horninu. Puklinove systémy a jejich kvad-
rovéd odlu¢nost, stejné jako povlaky jilu nebo siltu na vrstevnich
plochéch, pfipadné vznik tektonickych ohlazu, napomahaji od-
délovéni bloka v prabéhu razby.

PLANOVANA KONCEPCE PRO RAZBU
POD CAST[ MESTA COCHEM

Razba pod horni ¢dsti mésta Cochem se méla provadét
v rezimu s uzavienym Celem, aby se zajistila stabilita Celby a co
nejmensi seddni. Aby se tyto poZadavky splnily, byl stroj navr-
Zen takto:

e feznd hlava z velké ¢asti uzaviend;

e feznd hlava s moZnosti odstupu z duvodu pfistupu k jeji

oprave;

e feznd hlava s limcem;

e integrované systémy pro vdZeni rubaniny (systém vaZeni na
dopravnikovém pdsu) a také mnoZstvi injektdZni hmoty do
obvodové spary mezi vyrub a definitivni osténf;

e moznost ovlivnéni konicity obdlky Stitu a tim i omezen{
vlastniho nadvyrubu;

* hlavni soucdsti stroje se daji kontrolovat, aby dobre fungo-
valy a cely systém je pak zajiStovan optickym a akustickym
poplasnym zafizenim, které umoznuje co nejrychlejsi od-
stranovani zavad;

* vSechna data z pohonu stroje se sbiraji elektronicky a jsou
prendSena on-line;

e budovy se monitoruji prubéZné a data se prendseji on-line
s predem definovanymi spoustécimi mechanismy pro apli-
kaci nouzovych opatfeni.

Pokud by to bylo zapotrebi, planovalo se i ¢asteCné zajiSténi
oblasti nad klenbou tunelu pomoci injektdZni clony provadéné
z vnitiku raziciho stroje. InjektdZz z povrchu by byla obtizna
z duvodu omezené piistupnosti.

KONCEPCE PROVADENI(

S pouzitim dostupnych geologickych informaci byl v do-
state¢ném predstihu pred zahdjenim razeb pod méstem Cochem
navrzen nékolikastupnovy program. Cilem bylo zaji§téni pravi-
delnych stavebnich postupt, bezpe€nost a stabilita razby.

Hlavni souc¢dsti programu byly nésledujici:

e posuzovani stavajicich geologickych informaci a v pripadé
potieby stanovovani{ dal§tho pruzkumu;

e analyzovani schopnosti budov vyrovndvat se se seddnim;

e stanovovani preventivnich opatfeni pro stroj a metody pro
zajisténi bezproblémové razby;

e stanovovani nutnych monitorovacich ¢innostf;

* koncepce geotechnickych méfeni, ktera se maji provadet na
povrchu v rezimu trvalych méfeni jednotlivych budov véetné
prenaseni v redlném Case na fidici panel tunelovaciho stroje;

e provadéni predbéznych zkousek pro zlepSovani vlastnosti
rubaniny s cilem sniZovani ucpdvdni a lepivosti v oblasti
fezné hlavy stroje;
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According to the geotechnical prognosis, driving under Cochem's
upper town would dip from the solid rock into the soft ground layers,
until the tunnel cross-section was completely surrounded by the soft
ground layers. The mixed-face conditions made steering the shield
machine and ensuring face stability all the more demanding. The solid
rock is characterized by relatively stable conditions. In the transition
zone the solid rock gradually changes to fissured rock. Fissure systems
and thick beds as well as accumulations of clay or silt on bedding pla-
nes lead to slicken-side surfaces that favor the detachment of blocks
during driving.

PLANNED CONCEPT FOR DRIVING UNDER COCHEM'S
UPPER TOWN

The drive under Cochem's upper town was to be executed in closed
mode to ensure face stability and as little settlement as possible. To
meet these demands the machine was designed as follows:

e cutting wheel largely closed,;

e cutting wheel can be displaced to permit retrieval of the cutting
wheel;
cutting wheel with rim;
integrated mass balance systems for extraction (belt weighing
system) and annular gap grouting;
conicity and overcut can be limited;
essential machine components are checked for proper functio-
ning, backed up by optical and acoustic alarms to ensure that
errors are remedied as quickly as possible;

e all data from the machine drive are collected electronically and

transmitted online;

e buildings are monitored continuously and data transmitted online

with predefined trigger levels for contingency arrangements.

If necessary, it was also planned to partially support the roof zone
by means of a grout curtain installed from the machine. In this way
support measures could be installed directly from inside the tunnel.
Grouting from the surface was difficult because of the limited acces-
sibility.

EXECUTION CONCEPT

Using the available geological information a multi-stage program
was designed well before starting to drive under Cochem's upper
town. The goal was to ensure regular construction procedures as well
as safe and steady driving.

The program's main elements were to:

* assess the existing geological information and if necessary stipu-
late additional exploration;
analyze the buildings' ability to cope with settlement;

e define machine and method precautions to ensure problem-free

driving;

e define necessary monitoring activities;

e implement a geotechnical measurement concept to be performed
on the surface by permanently surveying the individual buildings,
including real time transmission to the TBM control panel;

e conduct pretests for conditioning of excavated material to reduce
clogging and stickiness;

e conduct in-situ tests of the ground's groutability;

e perform additional examination of the building geometry of the
critical buildings.

Assessment of Geological Information

Analysis of the available geological information showed the neces-
sity to locate the rock horizon more precisely after performing additi-
onal exploratory drilling. The goal was not only to obtain further infor-
mation on the elevation of the rock horizon, but also to have a better
knowledge of the thickness of the rock layer in the tunnel cross-secti-
on. Moreover, the geotechnical investigation performed parallel to
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 provadeni zkousek injektovatelnosti horniny in situ; excavation in agreement with the client served to correct the soil para-
e provadéni dodate¢ného zkoumdni stavebni geometrie kri- meters forecast (¢, ¢, E module, grain-size distribution curves, poro-
ticky ohroZenych budov. sity), the stratification and the soil structure in relation to the tunnel's

cross-section.

The six additional exploratory drillings indicated that mixed-face
conditions prevailed in the cross-section over approx. 230m of the
planned tunnel. These ranged from solid rock (clay slate, quartzitic
fine sandstone) to soft ground (slope loam, silt, slope debris). In the
o vysce skalntho horizontu, ale i ziskdni lepSich znalosti | o aining area to be undertunneled the tunnel cross-section was com-
o tloustce vrstev skalni horniny v pri¢ném fezu tunelu. Navic pletely located in solid rock (Fig. 8b).
geotechnicky prizkum provddény soubéZné s razbou a v sou- As far as grain-size distribution was concerned in comparison with
ladu s pozadavky objednatele slouZil k opravdm piedpovédi | the prognosis, the slope loam emerged as a sandy silt containing sto-
parametri zemin (¢, ¢, modul E, kfivky zrnitosti, pérovitost), nes, whereas in the case of the slope debris the silt merely filled the
jejich zvrstveni a struktury. porous areas between the stony and gravelly grain fractions. Given

Posuzovani geologickych informaci

Analyza dostupnych geologickych informaci ukdzala nutnost
lokalizovat skalni horizont presnéj§im provedenim dodate¢nych
pruzkumnych vrti. Cilem bylo nejen ziskdni dal§ich informac{

a). . . PLAN UZEMi MESTA COCHEM / COCHEM CITY PLAN

- [T skladka/ landil

~ _[I] svahové suti / slope debris

~ [ svahové hliny / slope loam
“svahové hliny, silt

L slope loam, silt

nahrada horniny jilovitou bfid-
‘lici / rock substitute clay slate
‘jemnozrnny piskovec

= fine sandstone

I jiovita bidlice / clay slate

L jilovita bridlice,

B jemnozrmny piskovec

fine sandstone, clay slate

Obr. 8a Situace povrchové zdstavby dotcené raZbou

Fig. 8a Layout of existing buildings affected by tunnelling

Obr. 8b Podélny Fez pro horni &dst mesta Cochem zachycujici vztah geologie k raZenému tunelu a povrchové zdstavbé (Zdroj: BeMo, 2012a)
Fig. 8b Surface situation and geological longitudinal section for Cochem's upper town (Source: BeMo, 2012a)
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Sest dodatednych priizkumnych vrti ukézalo, Ze v pri¢ném fezu
prevladaly podminky smiSeného Cela vyrubu v délce priblizné
230 m planovaného tunelu. Ty se pohybovaly od pevné skalni hor-
niny (jilovita bridlice, jemny kfemenny piskovec) aZ k mékkym
hornindm (svahové hliny, silt, svahové sut¢). Ve zbyvajici oblasti,
pod kterou se mélo razit, se cely pfi¢ny fez nachdzel v pevnych
skalnich hornindch (obr. 8b).

Co se tykalo zrnitosti zastiZenych hornin se ve srovndni
s progndzou svahova hlina objevovala ve formé piséitého siltu
s obsahem kamenu, zatimco v pfipadé svahovych suti silt pouze
zaplnoval pérovité oblasti mezi kameny a Stérkovymi frakcemi.
Pii poméru siltu = 10 % jsou tyto zeminy vysoce nachylné
k nasdkavosti a rychle vlhnou napfiklad po nékolika pojezdech.
Navic od podilu siltu = 20 % by podzemni voda nebo pritok
vody ucinila zeminu ndchylnou k vysoké plasticité.

Tyto informace byly pouZivdny k posuzovéni prijatelnosti
seddn{ kriticky ohroZenych budov pfi nizkém nadlozi a ukdzaly,
Ze pro bezpec¢nou razbu pod nejvice ohroZenymi budovami bude
potrebné dalsi zajisténi. To se tykalo celkem 70 m ze 450 m
dlouhého tseku, ktery se mél razit pod ¢dsti mésta Cochem.
ZkuSebni injektdZ ke zlepSeni zeminy odhalila, Ze injektovéni
vrstev s prevladajicim siltem bylo obtizné, jak bylo predpovida-
no, ale Ze hornina byla presto schopnd pfijimat velké mnozstvi
injektdZnich materidli diky své heterogenité a obsahu péra.
ZlepSovani zeminy

Po rozsdahlém hodnocenti rizik u budov s cilem minimalizova-
ni deformace vyvolané razbou bylo rozhodnuto zlepSit vlast-
nosti zeminy podél zhruba 70 m dlouhého dseku pomoci injek-
tdzni clony. Tato injektdZzni clona se provedla priblizné v po-
loviné mezi nejniZsi &dsti zdkladu a klenbou tunelu, a to prova-
dénim z povrchu pres Sachtu umisténou mezi starym a novym
tunelem Kaiser Wilhelm (obr. 9). Minimalni vzdalenost mezi
klenbou tunelu a nejniz3i Casti zdkladu budov byla v nékterych
mistech pouze 3 m.

InjektdZni Sachta byla zajiSténa s pouZitim vyztuzeného stii-
kaného betonu a zesilovaciho obvodového vénce. Cisty pramér
Sachty byl 6 m a méla hloubku 13 m. Nérustu tlaku vody bylo
zabranéno provedenim odleh&ovacich vrta.

Razba bez predstihového zajisténi nebyla v tomto useku
moznd z duvodu rizik pro stabilitu staveb. Piimé podchycovéni
staveb, napriklad provddénim mikropilotového deStniku ze
zvlastnich Sachet se zajiStovanim budov podpérnymi lisy, bylo
vylouceno jako nevhodné, jelikoZ by znamenalo velky pocet
rozrazek vedoucich k nezddoucimu zvétSeni deformaci. Bez-
pecnd razba pod méstem s pouzitim injektdzich clon vyzadova-
la presné stanovené predstihové vyzdvizeni staveb s vyuZitim
predkompenzace. MoZnost kompenzovani rozdila se musela
predvidat v zdvislosti na stupni seddni. Pouzila se metoda Soil-
frac vyvinutd firmou Keller Grundbau GmbH a povoleny zdvih
vypocteny statickym vypoctem byl presné dodrZzovan.

Pri dalsi razbé pod méstem Cochem pak jiz nebylo provddéni
dal$ich predstihovych a doplinkovych zajiStovani potfebné.
Preventivni opatfeni pro razbu hybridnim
pinoprofilovym razicim strojem pod méstem Cochem

Zakladni koncepce pro bezpecnou razbu pod méstem Cochem
pozadovala nepretrzity provoz 24 hodin po 7 dni v tydnu, bez
pldnovanych prestavek v razbé. V dusledku toho se v dosta-
te¢ném predstihu pred skute¢nou razbou realizovaly ndsledujic{
preventivni kroky:

e VSechny Ccdsti stroje, obzvlasté feznd hlava, Snekovy
dopravnik a pénové trysky pro pridavani piisad, prosly
udrzbou a byla zkontrolovdna jejich spravnd funkce. Vdha
na pasovém dopravniku byla kalibrovédna. Provedla se do-
kumentace a okam?Zité odstranéni zjisténych problému.

* Osadily se dodatecné fezné néstroje, aby bylo mozné vypo-
rddat se s vrstvami svahovych suti a svahovych hlin.
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a silt proportion of = 10%, these soils are highly susceptible to move-
ment and moisten quickly, e.g. when driven over several times.
Moreover, from a silt proportion of = 20% groundwater or water
inflow would make the soil flow-susceptible.

This information was used to assess the settlement compatibility of
the critical buildings with shallow overburden and showed that addi-
tional support would be needed to drive under the most endangered
buildings safely. This concerned a total of some 70m of the 450-m-
long section to be excavated under Cochem's upper town. Test grou-
ting to improve the soil revealed that the silt-dominated layers were
difficult to grout, as had been forecast, but that the ground was nevert-
heless able to take a large amount of grouting material thanks to its
heterogeneity and pore volume.

Improving the Soil

Following an extensive risk evaluation of the buildings with the
goal of minimizing deformation resulting from excavation, it was
decided to improve the ground over the critical length of roughly 70m
by means of a grout curtain. The grout curtain was installed about
mid-way between the lowest part of the foundations and the tunnel
crown, namely working from the surface through a shaft located bet-
ween the Old and the New Kaiser Wilhelm Tunnels (Fig. 9). The mini-
mum distance between the tunnel roof and the lowest part of the buil-
ding foundations was as little as 3m in some places.

The grouting shaft was produced using reinforced shotcrete and
a strengthening ring at the shaft head. The shaft had a clear diameter
of 6m and a depth of 13m. Any build-up of water pressure was pre-
vented by drilling relief holes.

Excavation without any advance support along this section was not
possible because of the risk to the buildings. Direct underpinning of
the buildings, e.g. by installing a pipe umbrella support from special
shafts with the buildings secured by supporting jacks, was ruled out as
unsuitable because it would entail a large number of points of attack,
restrutting and deformation. Safe tunneling under the upper town
using a grout curtain would need a defined amount of pre-compensa-
tion lift. Depending on the degree of settlement, the possibility to
compensate differences had to be foreseen. The Soilfrac method deve-
loped by Keller Grundbau GmbH was applied, and the permissible lift
calculated by structural analysis was precisely adhered to.

No additional supports were needed for the remaining drive under
Cochem's upper town.

Machine and Method Precautions for Tunneling
under Cochem

The basic concept for safely tunneling under Cochem's upper town
called for continuous 24/7 operation without any scheduled breaks in
tunneling operations. As a consequence, the following pre-emptive
steps were taken well ahead of actual driving:

e All machines, particularly the cutting wheel, screw conveyor,
foam lances for adding additives, underwent maintenance and
were checked for proper functioning. The belt weigher was cali-
brated. Documentation and immediate repair of recognized pro-
blems were performed.

¢ Additional cutters were installed to cope with the slope debris and
slope loam layers.

e Grill bars were replaced.

* Cutting discs were replaced with special disc cutters of high-
grade steel and a double seal containing lubricant to prevent bloc-
kage.

Compressed air lock was tested.

In order to ensure that the earth paste and its properties were opti-
mally adapted to the geological conditions and that clogging and stic-
kiness would be reduced, extensive conditioning tests were performed
before driving was commenced. In addition to the lab tests, two test
sections with actual driving conditions were set up to examine appli-
cation to the actual geology and evaluate performance under driving

conditions.
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Grout Shaft Longitudial Section 1-1
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Poznamky / Remarks
vrtani vrtll pro odlehCovani hydrostatického tlaku v zvislosti na hydrogeologickych podminkéch (1 vrt/ 2 m2)
drilling of waster pressure relief holes depending on hydrogeological conditions (1 drill holle / 2m?)

v oblasti dna $achty se musi zfidit jimka
in the area of the shaft collar a sump must be integrated

v oblasti obvodového vénce Sachty se musi zfidit ochrana proti padu
in the area of the shaft collar a fall protection a sump must integrated

Vysvétlivky / Notes:

NKWT - Novy tunel Kaiser Wilhelm / The New Kaiser Wilhelm Tunnel
AKWT - Stary tunel Kaiser Wilhelm / The Old Kaiser Wilhelm Tunnel

GEOLOGIE / GEOLOGY:

skladka / landfill

svahové suti / slope debris

svahové hliny / slope loam

svahové hliny, silt / slope loam, silt

nahrada horniny jilovitou bfidlici / rock substitute clay slate
jemnozrnny piskovec / fine sandstone

jilovita bfidlice / clay slate

jilovita bridlice, jemnozrnny piskovec
fine sandstone, clay slate
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Obr. 9 Vykres injektdzni Sachty umisténé mezi starym a novym tunelem Kaiser Wilhelm (Zdroj: BeMo, 2012b)
Fig. 9 Grout Shaft located between the Old and the New Kaiser Wilhelm Tunnels (Source: BeMo , 2012b)

e Mfizovani v otvorech fezné hlavy bylo obnoveno.

e Valivd dlata se nahradila specidlnimi z uSlechtilé oceli
a pouzilo se dvojité t€snéni obsahujici mazivo k branéni
blokovani.

Aby se zajistilo, Ze z rubaniny vytvorend pasta a jeji vlast-
nosti budou optimélné prizpusobeny geologickym poméram,
aby se sniZilo ucpdvani a lepivost, provadely se pred zahdjenim
razby rozséhlé zkousky pro zlepSovani vlastnosti. Kromé labo-
ratornich zkousSek byly uréeny dva zkuSebni tiseky pro zkouma-
ni pouZziti ve skute¢né geologii a pro vyhodnoceni chovani
v podminkdch razby.

Zkousky ukdzaly, Ze vlastnosti zlepSujici prisada Rheosoil 143
od firmy BASF AG na bézi polymeru splnovala dané pozadavky.
Hornina byla dostate¢né plastifikovana na to, aby se odtéZovaci
komora dala zcela zaplnit a dal se v ni udrzovat tlak. Toho bylo
dosazeno jak u pevnych skalnich hornin, tak u mekkych hornin.
Soucasné se dostate¢né zmenSila prilnavost a soudrznost. Pro
monitorovani vyvoje teploty v zeminové pasté byla v odtéZovaci
komore instalovdna dve tepelnd ¢idla. Vytvorily se otvory pro
vetrdn{ pristropi, aby se umoznilo injektovani pény a branilo se
jejimu hromadéni pod stropem. Timto zpusobem se daly zajistit
podminky pro jasné definovany opérny tlak i v pristropi.

The tests showed that the conditioning agent Rheosoil 143 by
BASF AG (anti-clay polymer) met the demands. The ground was suf-
ficiently plasticized to ensure that the extraction chamber could be
completely filled and the pressure maintained. This was achieved in
both solid rock and soft ground. At the same time adhesion and cohe-
sion were sufficiently reduced. To monitor temperature development
in the earth paste, two temperature sensors were installed in the extrac-
tion chamber. Openings for roof ventilation were made to permit foam
injections and prevent accumulation of foam in the roof. In this way,
clearly defined support pressure conditions could also be achieved in
the roof.

Water, bentonite and foam additive and the effective addition of
compressed air were finely adjusted according to the power consumed
by the cutter head engine. Preliminary tests showed 60% to 80% to be
favorable.

Precautions during Execution
and Construction Operations

To interpret the pre-construction building protection program
a geology and buildings monitoring program (tube water levels, mea-
surement bolts) with the corresponding trigger levels for contingency
arrangements was defined. In addition, the deformation behavior of
the segmental lining including any changes in joint displacement and



24. rocnik - €. 172015

Voda, bentonit a pénova prisada a efektivni priddvani stlace-
ného vzduchu byly jemné upravovény podle energie spotfebo-
vdvané motorem pohanéjicim feznou hlavu. Predbézné zkousky
ukdzaly, Zze dosahované hodnoty 60 % az 80 % byly priznivé.
Preventivni opatieni héhem provadeéni

Pro program ochrany staveb byl ve fazi pripravy zpracovan
program monitoringu geologie a budov (hadicové vodovihy,
mefici trny) s odpovidajicimi spousStécimi hodnotami pro nou-
zové opatieni. Navic se monitorovalo deformaéni chovani seg-
mentového osténi véetne v§ech zmén v posunuti spdr a velikosti
mezer. Data z méfeni byla zaznamendvéna a prendSena elektro-
nicky. Navic byla obsluha S§titu nepretrZit¢ informovdna na
samostatné obrazovce o merenich a jejich vyhodnoceni. Pro
obsluhu $titu byly informace o tlaku redukovédny na holou nut-
nost pomoci integrovanych popla$nych systému.

Opérny tlak a provozni nastaveni stroje (napr. sila pritlaku,
kroutici moment, pocet otacek fezné hlavy za minutu, rychlost
postupu vpred, posun fezné hlavy, nadvylom, vdZzeni rubaniny,
spotfeba energie motoru, tlak pritlaénych vélcu, tlak injektdZze,
nastaveni pénotvorné jednotky) potiebné pro razbu se prubézné
aktualizovaly a byly vedenim stavby prendseny primo k obsluze
Stitu ve forme zvlaStnich instrukci. Aby se zajistila bezpecnd
razba pod méstem Cochem, byla celd posadka raziciho Stitu
opakovan¢ §kolena a instruovana.

Na stavbé se skladovaly materidly a zarizeni (vrtaci naradi,
prisady pro zlepSovdni vlastnosti) podle havarijniho pldnu
a moznych nouzovych opatfeni (mikropilotovy destnik, injek-
tazni material, stiikany beton, silikdtova péna).

Mistni obyvatelé byli obezndmeni s procesem technického
provadéni a realizace dila na nékolika informacnich vecerech
a formou osobnich rozhovort. Odezva byla kladna.

Kdyby se pres vSechna prijatd preventivni opatfeni tyto staly
nedostate¢nymi, hornina by se pred prechodem z rezimu zajis-
téni Celby zeminovou pastou do rezimu zajiSténi stlaCenym
vzduchem nasytila bentonitem.

Ve zvlastnich katalozich byla popsdna nejen preventivni opat-
feni, ale i kroky, které se mély podniknout v pripadé, Ze by do-
§lo k nepredvidané udalosti. Bylo-li by to zapotiebi, planovalo
se také provedeni opakované injektdze pres skladané osténi.

Pro kriticky dsek razby byl vytvofen tym pro rozhodovani na
misté. Sklddal se z vedeni a stavebniho dozoru objednatele,
vedenf stavby ze strany spolecného podniku a z poradcu objed-
natele. Navic se vypracoval poplachovy pldn s definovanym
oznamovacim fetézcem. Projekt podchdzeni razbou se realizo-
val na zdkladé pldnovacich dokumentu a statickych vypoclta
zkontrolovanych zkuSebnim inZenyrem firmy EBA Dipl.
Ing. Reinholdem Maidlem a byl schvdlen firmou DB Pro-
jektBau GmbH, zv1aste co se tykd opérného tlaku a injektdze do
obvodové mezery mezi vyrubem a osténim tunelu.

ZJISTENI V PRUBEHU RAZBY

Opérné tlaky byly optimélné upravovany ménénim tlaku na
zeminovou pastu a tlakem injektdZe do obvodové mezery mezi
Stitem a horninou a v zdvislosti na deforma¢nim chovéani budov.
Razba proto mohla postupovat plynule a bezproblémoveé s tim,
Ze hodnoty seddni byly hluboko pod piedpovédmi.

Upravy a opakovana injektdZ ze Sachty pro kompenzaci sedd-
ni se omezily na nékolik mist, kde bylo nezbytné pouze mini-
mdlni kompenzacni zdvihdni. Prechod ze skalni horniny do
meékké horniny a naopak postupoval bezproblémove okamzitym
a citlivym stfiddnim otevieného a uzavieného provozniho rezi-
mu. Pfechod mezi reZimy zpusoboval pouze malé deformace
nadloZi. Provozni data stroje se prubézné prizpusobovala defor-
macnimu chovéni. Kontroly odbérné komory s potfebnym sni-
Zenim urovné rozpojené rubaniny nebyly potfebné. Scéndre
nebezpe¢nych nehod definované predem na zdkladé komplexni

Obr. 10 Pohled do tunelu na konec zdvésu plnoprofilového tunelovaciho stro-
je (Zdroj: BeMo, 2011)
Fig. 10 View into the tunnel showing the TBM back-up (Source: BeMo, 2011)

gap dimensions was monitored. The measurement data were recor-
ded and transmitted electronically. Moreover, on a separate monitor
the shield operator was continuously informed of the measurements
and their interpretation. For the shield operator the comprehensive
data were reduced to the bare necessity by means of integrated
alarm systems.

The support pressure and machine operating settings (e.g. contact
pressing force, torque and rpm of cutting head, rate of advance, cut-
ting head displacement, overcut, mass balance, engine power con-
sumption, thrust cylinder pressure, grout injection pressure, settings
for foam unit) needed for driving were continuously updated and
transmitted directly to the shield operator by the site management
in the form of special instructions. The entire driving crew received
repeated training and instructions to ensure safe tunneling under
Cochem's upper town.

As a fallback plan equipment and materials (drilling tools, conditi-
oning agents) were kept on site including for possible contingency
measures (pipe umbrella, grouting material, shotcrete, silica foam).

Local residents were integrated in the technical implementation and
realization process at several information evenings and in personal
conversations. Response was positive.

If partial settlement and face inspections were to become necessary
despite all the precautions taken, the ground would be saturated with
bentonite before switching from the earth paste-supported mode to the
compressed air-supported mode.

Special catalogs outlined not only the pre-emptive measures, but
also the steps to be taken in the event that a contingency occurred.

In such a case it was also planned to perform regrouting through the
segmental lining, if needed.

An on-site decision-making team was set up for the critical under-
tunneling section. It consisted of the client's project management and
on-site supervision, the JV’s project management and the client's advi-
sors. In addition, an alarm plan with the defined reporting chain was
drawn up. The undertunneling project was executed on the basis of the
planning documents and structural analysis checked by EBA Test
Engineer Dipl.-Ing. Reinhold Maidl and approved by DB ProjektBau
GmbH, especially for support pressure and annular gap grouting.

FINDINGS MADE DURING EXECUTION

Support pressures were optimally adjusted by altering the pressure
on the earth paste and the annular gap grouting pressure against the
ground and the deformation behavior of the buildings. Driving was
thus able to proceed continuously and problem-free with settlement
far below the forecasts.




analyzy byly bezpecné fizeny diky citlivému monitoringu
a preventivnim opatfenim zahdjenym vcas, dokonce jesteé pred
vlastnimi razbami. Kromé planovanych opatreni k vyporadavani se
s problémy byl jako nouzové feSeni vypracovan katalog kroku,
které se mély realizovat. Pro provoz v reZimu otevieného ela spo-
¢ivalo nouzové feSeni v prechodu na scéndr s uzavienym celem.
Dalekosahlejsi nouzova opatieni, jako je dodate¢né zlepSovani
horniny, které by se dalo provddét i zevnitf stroje, nebyla potrebnd.

SHRNUTI

Razba pod ¢asti mésta Cochem kladla velké naroky na ndvrh
stroje a jeho posddku. Koncepce provadéni byla vypracovdviana
pri intenzivnich diskusich mezi objednatelem, jeho poradci
a zhotovitelem tak, aby bylo zajisténo, Ze bude optimdlné prizpu-
sobena vlastnostem horniny a budov. Klicovymi komponenty us-
pésného provadéni této technicky narocné stavby byla optimdln{
priprava, koordinace a tizka spoluprace vsech zicastnénych stran.
Vysledny tubus tunelu je na obr. 10.

Na zdvér je mozné konstatovat, Ze razba tunelu pod Casti
mésta Cochem s obytnymi budovami vysoce citlivymi na seda-
ni, jejichZ zéklady byly v minimdlni vzdalenosti od klenby tu-
nelu, byla provedena bezpe&né a bez vdZnych problému ovliv-
nujicich stabilitu ¢ela vyrubu. RaZba byla provedena v reZimu
zeminového Stitu. Tato metoda se v danych podminkdch ukdza-
la jako vysoce flexibilni a uZiteCnd. Stavby utrpély v dusledku
seddani pouze malé Skody ve formé trhlin. Segmentové osténi
bylo instalovdno ve vysoké kvalité a zcela vyhovuje pozadav-
kam na vodotésnou konstrukei.

HELMUT GOHRINGER, BeMo Tunnelling GmbH,
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BODO TAUCH, DB Projektbau GmbH,

Frankfurt nad Mohanem, Némecko
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Readjustment and regrouting from the shaft to compensate for settle-
ment was limited to a few places where only minimal compensation lif-
ting was necessary. The transitions from rock to soft ground and vice
versa proceeded problem-free by promptly and sensitively using the
open and closed operating modes. This caused only little deformation.
The machine operating data were continuously adjusted to the ground
deformation behavior. Chamber inspections with a consequent reducti-
on in the earth paste level were not needed. Hazardous incident scena-
rios defined in advance on the basis of a comprehensive analysis were
safely controlled thanks to sensitive monitoring and pre-emptive mea-
sures instituted early, even before driving began. In addition to planned
coping measures, a catalog of steps to be taken was drawn up as
a fallback solution. For regular operation in open mode, the fallback
solution was to switch to closed mode. Further-reaching fallback levels
such as additional ground improvements, which could also be perfor-
med from inside the machine, were not needed.

SUMMARY

Undertunneling Cochem's upper town posed high demands on
machine design and the driving crew. The execution concept was wor-
ked out in intense discussions between the client, its advisors and the
contractor to ensure that it was optimally adapted to the ground and
building properties. Optimal preparation, coordination and close coo-
peration on the part of all parties involved were key components in the
successful execution of this technically challenging project (Fig. 10).

In conclusion, it can be stated that tunneling under Cochem's upper
town with residential buildings that are highly sensitive to settlement
and have minimal distances between their foundations and the roof of
the tunnel was accomplished safely and without any serious problems
affecting the stability of the face. Driving was performed in EPB mode
and proved to be a highly flexible and useful method under the given
circumstances. Buildings incurred only slight settlement damage in the
form of cracks. The segmental lining was installed in very high quality
and fully meets the demands made of a watertight structure.

HELMUT GOHRINGER, BeMo Tunnelling GmbH, Innsbruck,
Rakousko

BODO TAUCH, DB Projektbau GmbH,

Frankfurt nad Mohanem, Némecko
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ZVLADANI KRASOVYCH JEVU NA STAVBE TUNELU BAUMLEITE
RAZENEHO METODOU NRTM V DURINSKU

MASTERING KARST FEATURES AT THE BAUMLEITE NATM
TUNNEL PROJECT IN THURINGIA, GERMANY

HELMUT GOHRINGER

ABSTRAKT

Némecké drdhy v soucasnosti buduji dvoukolejnou vysokorychlostni trat’ mezi Ebensfeldem a Erfurtem ve strednim Némecku. Tunel
Baumleite s délkou 1317 m byl raZen ve vdpencich, v nich? existovala redlnd moznost neocekdvaného vyskytu krasovych jevii. Razba tune-
lu metodou NRTM byla provdzena nepretrzitym priizkumem pomoci predvrii. Skutecné se narazilo na nekolik krasovych struktur, s nejvét-
§i dutinou o objemu 500 krychlovych metri. Tato prekdzka byla zvlddnuta kombinaci priizkumu s vypliiovdnim, kotvenim a injektovdnim
inkriminovaného prostoru. Vsechny cinnosti byly reSeny smluvné s pouZitim takzvaného ,,modelu flexibilnich jednotkovych cen®, ktery je
rovné? v ¢lanku popsdn.

ABSTRACT

Deutsche Bahn is currently building a double-track, high-speed railway between Ebensfeld and Erfurt in Central Germany. The 1,317-
m-long Baumleite Tunnel had to be driven through limestone, where the sudden occurrence of karst phenomena was a definite possibility.
The NATM drive was performed with continuous exploration drills. Several karst structures were in fact encountered, with the largest cavi-
ty having a volume of 500 cubic meters. This obstacle was mastered by combining exploration with backfilling, anchoring and grouting
works. All activities were contractually dealt with using the so-called “flexible unit price model,” which will also be described in the pre-

sentation.

POPIS STAVBY

Vseobecné

Némecké drdhy v souasnosti buduji dvoukolejnou vysoko-
rychlostni trat’ mezi Ebensfeldem a Erfurtem ve stfednim
Némecku jako soucdst stavebniho oddilu ., Verkehrsprojekte
Deutsche Einheit Nr. 8.1°. Vzhledem k tomu, Ze trat’ prochdz{
pohoiim Durynsky les, buduje se vétiina trati bud na mostech,
nebo v tunelech. Soucasti této stavby (celkova délka 107 km) je
tunel Baumleite s délkou 1317 m, ktery se nachdzi pobliZ duryn-
ského mésta Schalkau.

Spole¢nost BeMo Tunnelling GmbH ziskala smlouvu od spo-
le¢nosti DB Netz AG na stavbu tratového tunelu, véetné tif pro-
pojek, nouzovych tnikovych Stol a Sachty (obr. 1).

Geologické poméry

Tunel Baumleite se razil ve vdpencich s nadlozim pohybujicim
se mezi 7 a 30 metry. Vrstvy vdpence jsou proloZeny tenkymi
vrstvami jilovce. Prizkumné vrty narazily na fadu dutin az kave-
ren a mnozstvi nesoudrzného materidlu, obzvlasté v jizni &asti
stavby. Dutiny ukazovaly na krasové jevy, pri¢emZ nesoudrzny
materidl mohl byt do té€chto dutin uloZen dodate¢nou sedimenta-
ci. Nékteré z pruzkumnych vrtd byly pouZity k monitorovéani
vy$ky hladiny podzemni vody. Na jednom misté hladina pod-
zemn{ vody vykazovala kolisdn{ 17 metri béhem nékolika dnu,
coz bylo pravdépodobné zpusobeno silné rozpukanou skalni hor-
ninou (obr. 2).

Metoda razeni — NRTM

Razba a primdrn{ osténi se provadély Novou rakouskou tunelo-
vaci metodou (NRTM). Pri¢ny profil se razil ve tiech fazich: pii-
stropi (74,9-81,5 m?), opéfi (48,4-50,6 m?) a dno (33,3-38.4 m2).
Zhotovitel pouZival rizné tiidy vyrubu, které se lisily délkou
z&b&ru, typem a rozsahem vyztuznych prvku. Pevnd skalni horni-
na vyzadovala hlavné pouziti trhacich praci, strojni rozpojovani

PROJECT DESCRIPTION

General

Deutsche Bahn is building a new double-track, high-speed rail line
between Ebensfeld and Erfurt in Central Germany as part of the
“Verkehrsprojekte Deutsche Einheit Nr. 8.1.” Due to the Thuringian
Forest and its elevations, most of the rail line is built either on brid-
ges or in tunnels. The 1,317-m-long Baumleite Tunnel is part of this
project (total length 107km (66 miles)) and is situated in Thuringia
near the city of Schalkau.

BeMo Tunnelling GmbH was awarded the contract by DB Netz
AG for construction of the running tunnel including three cross-pas-
sages, emergency tunnels and a shaft. (Fig. 1)

Geology

Baumleite Tunnel had to been driven through limestone with a
cover of between 7 and 30 meters above crown. The layers of limes-
tone are separated by thin layers of claystone. The exploratory dril-
lings encountered many voids and much loose material, especially in
the southern part of the project. The voids indicate karst structures,
while the loose material might have been naturally backfilled into the
voids. Some of the exploration drill holes were used to monitor the
groundwater levels. In one place the water level showed fluctuations
of 17 meters within several days, probably caused by the fissured
rock. (Fig. 2)

Excavation method — NATM

The initial excavation and support were performed according to the
New Austrian Tunnelling Method (NATM). The cross-section is
excavated in three phases: the crown (74.9 — 81.5m?2), the bench
(48 4 — 50.6m?) and the invert (33.3 — 38.4m?). The client uses diffe-
rent excavation classes that differ in advance length and support mea-
sures.

The solid rock calls for mainly drilling and blasting, while in small
areas mechanical excavation can be performed (backhoe). After muc-
king, the support is built in and consists of two layers of mesh,
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VDE 8.1 NBS: Ebensfeld - Erfurt

Délka trati / Length of track 107 km
Navrhova rychlost / Design speed 300 km/h
Tunely / Tunnels 22 (41 km)

Mosty / Bridges 29 (12,3 km)

Obr. 1 Situace nové trasy Neubaustrecke VDE 8 (Zdroj: DB, n.d.)
Fig. 1 Overview of Neubaustrecke VDE 8 (Source: DB, n.d.)

tunelbagrem se dalo provadét pouze v malém rozsahu. Po odveze-
ni rubaniny se provadélo zajisténi vyrubu svorniky a stfikanym
betonem s vyztuzi ze dvou vrstev kari siti a prihradovych nosni-
ku. Zajistén{ vyrubu se ménilo podle geologickych poméra, pro
zajisténi kaloty v nésledujicim zdbéru se pouZzivalo predstihové
opatfeni ve formé jehlovani. Piikladem metody NRTM, pouZité
s Uspéchem v obdobné obtiZnych podminkach, byla stavba tune-
lu Egge (Fuegenschuh&Arnold, 2003).

V kazdém zdbéru se lic vyrubu a lic stifkaného betonu osténi
zaznamendval pomoci tunelového scanneru, aby byl zarucen
spravny profil a tloustka osténi. Velmi G¢innym ndstrojem pro

a lattice girder, shotcrete and anchors. Depending on the geology, the
strength of the support varies and additional measures, such as spiles,
are used to secure the top heading in the subsequent advance.

An example of NATM applied successfully in difficult hydro-geo-
logical conditions can be seen from the Egge Tunnel project
(Fuegenschuh & Arnold, 2003)

At each advance the open rock and the finished shotcrete are recor-
ded with a tunnel scanner to ensure correct profile and shotcrete
thickness. A very important tool for ensuring safe working conditions
and the right choice of advance rate and support is the recording
of settlement. Normally measuring cross-sections are placed every 20
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Obr. 2 Geologické poméry tunelu Baumleite (Zdroj: Arcadis, 2006)
Fig. 2 Geology of Baumleite Tunnel (Source: Arcadis, 2006)
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Obr. 3 Deformace vyrubu ve staniceni 367 (Zdroj: BeMo, 2010a)
Fig. 3 Graph of settlement at Station 367 (Source: BeMo, 2010a)

zajisténi spravné rychlosti a bezpecnosti razby byl monitoring
deformaci vyrubu. Normalné byly méfici profily umistovany po
20 metrech, v kritickych udsecich byly intervaly pouze 3 metry.
Méfeni se provadela denné nebo, bylo-li to zapotrebi, jesté Cas-
téji. Data zpracovaval geodet pfitomny na stavbé a ndasledné byla
graficky zobrazovdna. Varovné stavy pro ruzné tiidy vyrubu byly
stanoveny projektantem. Pfi jejich prekroCeni byla v dané oblas-
ti upravena trida vyrubu a instalovdana dodate¢nd vyztuz (obr. 3).

Po ustéleni deformaci priméarniho osténi se instalovalo osténi
sekundérni. Vodot€snost tunelového osténi byla zajistovana 2 mm
silnou hydroizola¢ni f6lif (EPO-PE) s podkladni ochrannou geo-
textilif 1000 g/m?. Sekunddrn{ betonové osténi bylo rozdéleno na
klenbu a spodni klenbu. Obé &asti jsou vyztuZzeny oceli
s pramérnym mnoZstvim 85 kg/m?3. Tloustka klenby byla 45 aZ 60
cm, spodni klenby 60 aZ 75 cm. V oblastech, kde se hladina pod-
zemn{ vody nachdzela vy$e nez 30 m nad vrcholem osténi, bylo
sekunddrni osténi provddéno z betonu odolného proti prusakim
s pouzitim odlisné betonové smesi a s tésnénim spar (obr. 4).

meters, in more critical cases at intervals of only 3 meters, and
measurements are recorded daily, if necessary even more frequ-
ently. The data are processed by the onsite surveyor and then
depicted in graphs. For the different excavation classes trigger
levels are set by the designer. If the trigger levels are exceeded,
additional support is needed in the affected area and the excava-
tion class has to be adapted. (Fig. 3)

After settlement of the outer lining has ceased, the inner lining
can be built. Waterproofing is ensured by a 2-mm plastic mem-
brane (FPO-PE) that on the shotcrete side is accompanied by a
1,000g/m? fleece. The subsequent concrete inner lining is separa-
ted into the invert and the vault. Both parts are reinforced with an
average steel quantity of 85kg/m?. The thickness of the invert
ranges between 60 and 75cm, that of the vault between 45 and
60cm. In areas where the water level exceeds 30 meters the inner
lining is also executed as a waterproof concrete construction by
using a different concrete mix and a sealing joint construction.
(Fig. 4)

Contract

Tab. 1 Zjednodusend nabidkovd tabulka pro raZbu s predpokldadanymi rychlostmi raZeb (Zdroj: DB, 2008)

Table 1 Bidding table for heading, simplified and with presumed performance rates (Source: DB, 2008)

The contract is based on a unit price
model. In the bill of quantities all works are

Trida vyrubu Délka zabéru Rozdéleni Vykon Cas described and subdivided into several posi-
Heading class | Advance length Distribution Performance Time tions and separate cost codes. The price of
[m] [m] [m/den/m/day] [dny/days] each cost code multiplied by the forecast
K43 1,3/1.3 70,00/ 70.0 78178 8,97 / 8.97 quantity gives the volume for the respective
K 4.4 1,0/10 70,00/70.0 6,0/6.0 1167/1167 oSt code. The sum of all cost codes gives
K 6.1 13/13 151,00/ 151.0 65165 23,23/2323 ¢ lotal contract volume, which is the only
criterion for award. The final accounting is
K6.2 1,0/1.0 275,00/ 275.0 5,0/5.0 55,00 / 55.00 drawn up on the basis of the quantities actu-
K6.3 1,0 /1.0 448,00 /448.0 4,0 /4.0 112,00 /112.00 aﬂy measured and performed during the
K6.4 1,0/1.0 200,29 / 200.29 8B/ &5 57,23 / 57.23 project.

K 6.5A 1,0/1.0 50,00/ 50.0 3,0/3.0 16,67 / 16.67 Construction period
St4.5a 2,0/20 200,29/ 200.29 18/18.0 11,13/ 11.13 The bid invitation (call for bids) contains
St 4.5b 2,0/20 50,00/ 50.0 16/16.0 3,13/3.13 tables in which the bidder must enter the
S 4.1 6,0/6.0 262,00 / 262.0 20/20.0 13,10/13.10  construction time he deems necessary to
S42 4,0/4.0 185,29 / 185.29 18/18.0 10,29/ 1029  perform the contract within the time frame
= set by the client. A fixed time rate is used
Soucet / Sum 322,41/ 322.41 when the work is precisely described and
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changes are not expected,
i.e. planning, site equip-
ment, extra time for com-
pletion of tunneling works
after the crown heading is
broken through and the
inner lining works and
site clearance have been
finished. A flexible time
rate is used for the exca-
vation time, karst explora-
tion and, for steps requi-
red to cope with karst
conditions. Table 1 shows
the schedule for the hea-
ding, whereby the bidder
had to complete the grey
shaded areas. A similar
table for the karst explora-
tion and karst measures
also had to be filled in and
handed over to the client
as part of the bid. More-
over, the hours calculated
per unit had to be estima-
ted and entered for each
cost code containing tun-
neling works.

Accounting and fle-
Xible construction
period

For the different exca-
vation classes a ‘“‘meter-
excavation” price is set
that includes the excavati-
on work and a predefined
amount of support, such
as anchors, spiles, mesh,
lattice girders and shotc-

rete. If the amount of sup-

Obr. 4 Schéma postupu praci pii NRTM (Zdroj: BeMo, 2012)
Fig. 4 NATM sequence (Source: BeMo, 2012)

Smiouva

Smlouva byla zalozena na modelu jednotkovych cen. Ve vykazu
vymér byly popsany vSechny prace, které byly dale rozdéleny do néko-
lika pozic a samostatnych ndkladovych polozek. Jednotkovd cena
kazdé nakladové polozky ndsobend predpoklddanym mnozstvim ddva-
la cenovy objem piislusné ndkladové polozky. Soucet viech naklado-
vych polozek ddval celkovou cenu smlouvy, kterd byla jedinym krité-
riem pro udéleni zakdzky. Kone¢né vyidctovani se pripravovalo na
zdkladé skute¢né naméfenych mnozstvi provedenych v prabéhu stavby.

Doba stavby

Vyzva k podani nabidek obsahovala tabulky, ve kterych musel
zhotovitel uvést dobu, kterou povazuje za nezbytnou k provedeni
dila uvnitf ¢asového ramce stanoveného investorem. Tam, kde byly
pracovni &innosti presné popsdny a neoekdvaly se zmény (zafize-
ni stavenisté, ¢as na dokonéeni tunelovacich praci po prordzce
kaloty, provedeni sekunddrniho osténi a vyklizeni staveniSté) se
pouZzily pevné Casové sazby. Flexibilni Casové sazby se pouzily pro
dobu razby kaloty, prazkum krasovych jevi a provedeni jejich

port needed during execu-
tion varies, the accounting
will be adjusted. If less
support is needed, an amount will be subtracted, and if more is nee-
ded the amount will be increased. If the shotcrete thickness of the
lining is changed, e.g. from 25 to 30cm, the additional excavation will
be added according to the model.

Another big influence on the cost is the available project time.
Construction time is normally calculated according to performance in
each class and the actual distribution per class. The particular feature
of this contract is the fact that all changes in driving performance
cause changes in the available project time. As an example, Table 2
shows the result in the column “target time (days)” (23.46 days). In
this contract the time influence of additional or less work is calcula-
ted. The basis is the target hours for the advance work (3,378.3). The
number of available hours is calculated from the variations in perfor-
mance. The “flexible construction time” is calculated as “total target
time (days)” multiplied by “total target hours” divided by “total actu-
al hours”, in our example:

Flexible construction time = 23.46 x 3,621.55/
x 1072 =25.15d

3,378.30 = 23.46
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Tab. 2 Vypocet flexibilni doby (Zdroj: DB, 2008)
Table 2 Calculation flexible time (Source: DB, 2008)

Trida vyrubu/ opatfeni k zajiSténi Jednotka Vykon Hodiny na jednotku| Mnozstvi | Cilova doba Hodiny
Excavation class/ support measure Unit Performance | Hours per unit Quantity | Target time Hours
[jednotka/unit] | [m/den/m/day] | [hod/jednotka] | [jednotka/unit]| [dny/days] [hodiny/hrs]
[hrs/unit]

A B c C/A CxB
K4.3 m 78/7.8 18,46/ 18.46 55 7,05/7.05 | 1015,3/1015.3
K44 m 6,0/6.0 24,00/ 24.00 80 13,33/13.33 1920
K 6.1 m 6,5/6.5 22,15/22.15 20 3,08/3.08 443
Celkova cﬂoya doba a celkové hodiny 2346/23.46| 33783733783
Total target time and hours
Strikany beton 25 ¢cm / Shotcrete 25¢cm m?2 0,23/0.23 -2000 -460
Strikany beton 30 ¢cm / Shotcrete 30cm m?2 0,31/0.31 2000 620
Trida vyrubu K4.4 / Excavation class K4.4 m3 0,22/0.22 100 22
SN jehly 4 m / SN Spiles 4m ks / pcs 0,19/0.19 -125 23,75/ -23.75
IBO jehly 6 m / IBO Spiles 6m ks / pcs 0,3/0.3 150 45
Strikany beton / Shotcrete m3 40/4.0 10 40
Celkové skutecné hodiny = Soucet minus/plus hodin a celkovych cilovych hodin
Total actual hours = Total minus/plus and total target hours 3621,55 / 3621.55

sanace. Tab. 1 ukazuje harmonogram razby, ve kterém zhotovitel
musel vyplnit $edd pole. Podobna tabulka se vypliiovala pro pra-
zkum krasu a opatfeni pro krasové jevy a musela byt preddna
investorovi jako soucdst nabidky. Navic byly odhadnuty hodiny na
jednotku a ty se vyplnily u kazdé ndkladové polozky obsahujici
tunelarské prace.

Uétovani a flexibilni doba stavby

Pro ruzné tfidy vyrubu byla stanovena ,,cena za metr razby,
kterd zahrnovala objem vyrubu, predem definované mnoZstvi

The new construction time gives new costs for staff, machinery,
indirect wages and indirect costs. These costs are thus billed
according to excavation work plus all extra works affecting the
construction time.

The same method is used for the karst structures in an effort to
create a fair billing system for this basically unpredictable work.
The following figure is a schematic illustration of a karst system.
If such a situation is encountered, the main position will be bil-
led and adjusted for all additional works. For bigger events vari-

ous karst features can be mixed.

Typ krasu HF / Karsttyp HF k8

kotvy / anchors "

e ol s sl sl albadie s sl o e sl

+0,00 |

o e -

A

(Fig. 5)
Application of the contract
beton C20/25 model
concrete C20/25

During tunnelling the contractor
stikany beton min. tl. 20 cm / and the client agree on the excavati-
shotcrete min. 20cm

2 vrstvy svafované sité *
2 layers wire mesh

on class with a fixed advance length
and on fixed (e.g. shotcrete thick-
ness) and flexible (e.g. number of
spiles) support measures. The result
is a RESS (Required Excavation and
Support Sheet), which is agreed upon
and signed by both partners.

The RESS will not change as long
as the geological conditions do not
change. At the tunnel face the lead
miner and a representative of the cli-
ent agree on the flexible support
measures needed for the geological

odvzdushovaci trubka
air vent pipe

trubka na vypinéni betonem
concrete fill pipe

structures within the borders given
by the RESS. When karst features are
encountered, the construction mana-
gement and the client must decide

Obr. 5 Schematické zndzornéni typu krasové struktury (Zdroj: ILF, 2008)
Fig. 5 Karsttyp HF (Source: ILF, 2008)

how to deal with the karst using the

karst types given in the contract.
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vyztuze vyrubu, jako jsou svorniky, jehly, sité, pfihradové nosni-
ky a stifkany beton. Jestlize se vyztuZeni potiebné v prubéhu
razby lisilo, G¢tovani se upravilo. Bylo-li zapotiebi méné vyztu-
Ze, prislu§né mnozstvi se odecetlo, jestlize byla spotreba vyztuze
vétsi, mnozstvi se zvysilo. Jestlize se tlouStka osténi zménila,
napriklad z 25 na 30 cm, pridal se dalsi odpovidajici vyrub. Dalsi
velky vliv na cenu méla doba stavby, kterd byla k dispozici.
Doba stavby se normélné poéitd podle vykonu v kazdé tiidé
vyrubu a skuteéného rozdéleni na tfidy. Zvla§tnim rysem této
smlouvy bylo to, Ze v§echny zmény ve vykonech razby pusobily
zmény v dobé stavby, kterd je k dispozici. Napriklad tab. 2 uka-
zuje vysledek ve sloupci ,,cilovd doba (dny)*“. V této smlouve se
vypoditdval Casovy ucinek vicepraci nebo ménépraci. Zdkladem
byly cilové hodiny pro price na jednom zébéru (3378.3). Pocet
hodin, které byly k dispozici, se vypocitaval ze zmén ve vykonu.
»~Pruzna doba stavby* se vypocetla jako ,.celkova cilovd doba
(dny)“ ndsobend ,,celkovymi cilovymi hodinami“ délenymi ,,cel-
kovymi skute¢nymi hodinami®. V na$em prikladu je to:

Pruznd doba stavby = 23,46 x 3621,55 / 3378,30 = 23,46 x
1,072 = 25,15 dnu.

Zménénd doba stavby znamenala nové ndaklady na zaméstnan-
ce, stroje, nepfimé mzdy a nepiimé nédklady. Tyto nové ndklady
se ctovaly podle prdce na razbé a dal§ich praci ovliviujicich
dobu stavby.

Stejnd metoda uctovani se pouZzivala prfi zastiZeni krasovych
struktur pfi razbé ve snaze vytvorit spravedlivy détovaci systém
pro tuto v podstaté nepredvidatelnou ¢innost. Obr. 5 je schema-
tickym zndzornénim jednoho krasového jevu. Jestlize se pri
razbé narazi na podobnou situaci, je providdéno uctovani se zahr-
nutim vSech vicepraci. V komplikovanych pfipadech mohou byt
ruzné krasové jevy kombinovény.

Pouziti smluvniho modelu

V prubéhu razby se investor a zhotovitel dohodli na ti{dé vyru-
bu s fixni délkou zdbéru a na fixnich (napf. tloustce stiikaného
betonu) a flexibilnich (napr. poctu jehel) opatienich k zajisteni
stability vyrubu. Vysledkem byl ,List poZadovanych vylomu
a vyztuze* (RESS — Required Excavation and Support Sheet),
ktery schvdlily a podepsaly obé strany. RESS se neménil, pokud
se neménily geologické poméry. V opa¢ném pripadé se zhotovi-
tel a investor dohodli na flexibilnich opatrenich k zaji§téni vyru-
bu, kterd byla potfebna pro dané geologické struktury uvnitf hra-
nic danych prislusnym listem RESS. Vyskytnou-li se krasové
jevy, musi se zhotovitel a investor rozhodnout, jak se s krasovym
jevem vyporadat s pouZzitim typu sanaci danych ve smlouvé.

REALIZACE STAVBY

Standardni zabéry a prizkum krasu

K listim RESS byl navic duleZitym néstrojem takzvany ,,List
prazkumu krasu“. Prizkum se normdlné sklddal z péti vrta
o pruméru 50 mm, 12 m dlouhych, sklonénych 20° pod vodoro-
vnou rovinu, které prochdzely po¢vou razby. Jejich ti¢elem bylo
zjistit, zda se pod pocvou v dalSich zdbérech nevyskytuji velké
dutiny nebo kaverny. Tyto kroky se opakovaly kazdych 5 metra.
Oblast nad kalotou tunelu se trvale zkoumala pomoci vrti pro
jehly, kterych bylo normélné 35 az 40, a byly 4 m dlouhé. Bo¢n{
oblasti razby tunelu se zkoumaly pomoci vrti pro svorniky, kte-
rych bylo normélné sedm az osm a které byly 4 a7 6 metru dlou-
hé. Pro ziskdnf{ dalSich informaci o krasovych jevech se vyuZiva-
ly téZ vrty pro trhaci prace na Celbe.

Vsechny tyto vrtaci priace se provadély pomoci soupravy
Rocket Boomer bez jakychkoliv tprav zafizeni. Jestlize vrty
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Obr. 6 Stabilizace kaverny ve staniceni 580,01 (Zdroj: BeMo, 2010b)
Fig. 6 Sealing the opening and the void at TM 580.01 (Source: BeMo, 2010b)

PROJECT EXECUTION

Standard advances and karst “exploration”

In addition to the RESS, a second important tool was the so-called
karst exploration sheet. It normally consisted of five to six drill holes,
diameter S0mm, 12m long, inclined 20° down to the horizontal and
drilled through the base level of the respective excavation area to make
sure no major voids were located under the forthcoming work area.
These steps were repeated every 5 meters. The area above the tunnel
excavation was continuously explored using the drill holes for the spi-
les, normally 35 to 40 holes, each 4m long. The lateral areas of the tun-
nel excavation were explored using the drill holes for the anchors, nor-
mally seven to eight holes, each 4 to 6m long. The blasting holes in the
tunnel face were used to get further information on the karst features.

All these drillings were performed with the Rocket Boomer without
making any equipment modifications. If drill holes had shown major
voids, very soft areas or clearly visible karst structures, the exploration
program could have been extended. To provide for this eventuality, the
contract included a variety of additional drillings, such as drill holes up
to diameter 150mm and 15-m-long or rotary drillings.

Encountering a karst structure

Encountering and Exploration

The face at Station 580.01 in the top heading looked very good and
stable, the spiles and the anchors had been drilled into solid ground.
But when drilling the blast holes, voids were encountered on the right
side of the tunnel face. The regular karst exploration system was put
into place to check the area beneath the tunnel invert. The drillings
confirmed a void or soft ground there. Work commenced normally,
but no explosives were put into the drill holes close to the void.
Detonation caused a small opening in the tunnel face, showing a large
void behind it. The client and the construction management were
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ukdzaly velké prazdné prostory, plastické oblasti nebo evidentni
krasové struktury, bylo mozné program pruzkumu rozsifit. Aby
se zajistila tato eventualita, smlouva obsahovala moZnost pouziti
raznych druht dodatednych vrtd, jako jsou vrty do pruméru

150 mm a 15 m dlouhé rotacni vrtani.

ZastiZeni krasové struktury

ZastiZeni a pruzkum

Celo vyrubu v kaloté ve stani¢eni 580,01 m vypadalo velmi
dobre a stabilné, vrty pro jehly a svorniky byly provadény do
pevné horniny. Pfi provddéni vrta pro trhaci prace se vSak nara-
zilo na prazdné prostory na pravé strané¢ od Cela vyrubu.
K ovéreni oblasti pode dnem tunelu se pouZil vySe popsany
systém pruzkumu. Vrty potvrdily, Ze se pred &elbou nachdzi
dutina nebo velmi mékka hornina. Trhaci prace byly zahdjeny
normélnim postupem, ale vrty v blizkosti predpoklddané dutiny
se nenabijely. Vybuch zpusobil maly otvor v ele vyrubu, kte-
rym bylo vidét do velké kaverny v pozadi. Investor a zhotovitel
spole¢né rozhodli o zastaveni razby a nutnosti stabilizace celé-
ho prostoru stfikanym betonem.

Dutina byla prozkoumadna a graficky analyzovana (obr. 6, 7).
Vrchol dutiny vypadal stabilné, nestabilné pusobil prostor pode
dnem. Byla obava, Ze po odstfelu by mohlo dojit ke zficeni roz-
volnéného materidlu z horni &dsti kaverny a zaplnéni vstupu do
niz8i, mozna mnohem vétsi kaverny. Z poc¢vy kaloty se proto
provedlo pét fad prazkumnych vrti. Kazdd fada byla sloZena
z deseti 12 m hlubokych vrti. Na pravé strané se ve stanieni
580,01 narazilo na dutiny a rozvolnény materidl. Poté se ve sta-
ni¢eni 580,01 provedl druhy pruzkum, aby se zkontrolovala celd
oblast kolem vyrubu ve vSech smérech. Vysledek byl alarmuji-
ci, jelikoz mnoho vrtl ukézalo bud dutiny, nebo rozvolnény
materidl az do konce kazdého vrtu. Vzhledem k témto pra-
zkumnym zjisténim se razba omezila pouze na opéfi, ¢imz byl
ziskan ¢as na vyprojektovani vhodného feSeni sanace.

Aby se dutina potvrdila a ziskaly se dals{ informace, bylo roz-
hodnuto, Ze se na Cele vyrubu musi provést tfi rotacni vrty,
kazdy 12 m hluboky, sklonény 30° pod vodorovnou rovinu.
Podle podminek se odebirala jadra nebo rozvolnény materidl,
a pokud se narazilo na dutinu, provadéla se kontrola kamerou.
Tyto prdce byly obtiZné, jelikoZ horninovy materidl byl zcela
nesoudrzny. Dva vrty ukdzaly pevnou horninu v prvnich dvou
metrech, po nich nasledoval rozvolnény materidl a dutiny az do
konce kazdého vrtu. Treti vrt ukdzal rozvolnény materidl v celé
délce. Jelikoz vrt konc¢il v rozvolnéném materidlu, kontrola
kamerou nebyla mozna. Dospélo se k zavéru, Ze je zfejmé, kde
porusend oblast zac¢ind, ale ne, kde konci (obr. 8).

Naklddadni s krasovou strukturou

Aby se zajistila bezpe¢na razba, bylo rozhodnuto, Ze se kaver-
na musi vyplnit a hornina pode dnem tunelu se musi stabilizo-
vat. V otvoru na Celbé vyrubu se provedla konkdvni sténa
z vyztuzeného stfikaného betonu. Do stény se zabudovaly plni-
ci trubky na zaplnovéni betonem a odvétravaci trubky. Kaverna
byla po etapach zcela vyplnéna prostym betonem, kterého bylo
spotfebovédno 304 m? (obr. 9).

Pro zpevnéni rozvolnéného materidlu pode dnem tunelu bylo
nutné celou oblast proinjektovat cementem. Kromé toho se
musely zaplnit i dutiny za osténim. Puvodni feSeni spocivalo
v pouziti samozdvrtnych injektovatelnych svorniku typu IBO.
Vrty pode dnem byly provedeny ve tfech faddch, v kazdé z nich
bylo 120 svorniki IBO s délkou od 4 do 10 metru. Svorniky
byly sklonény 45° az 60° pod vodorovnou rovinu, aby zasdhly
cely rozsah porusené oblasti. Pro bo¢ni a horni tfi fady radidlnich

TuouHel

informed immediately. Jointly they decided that the current advance
had to be terminated and the area around the opening stabilized, mea-
ning all loose material at the tunnel face would be removed and the
whole area sealed with a layer of shotcrete. The void was surveyed
and graphically analyzed. (Fig. 6, 7)

The top of the void looked very stable, but the main concern was the
invert because it looked like the detonation might have caused loose
material to collapse and fill the entrance to a lower, possibly much lar-
ger, void. From the face five rows of ten exploration drillings 12m deep
were made. Voids and loose material were encountered at the right side
of Station 580.01. After that, a second exploration was performed at
Station 580.01 in order to check the whole area around the tunnel exca-
vation in all directions. The result was alarming because many of the
drill holes at the opening showed either voids or loose material all the
way to the end of each drilling. Due to this massive problem excavati-
on was shifted to the bench, thus allowing time to develop a proper
solution involving the designer and the structural engineer.

To confirm the void and obtain further information it was decided
that at the face three rotary drillings, each 12m deep, inclined 30° down
to the horizontal, had to be performed. Depending on the circumstan-
ces, cores or loose material would be collected and, if a void was
encountered, camera inspection would be made. The work was diffi-
cult because the material was very inconsistent. Two drillings showed
solid ground for the first 2 meters, followed by loose material and
voids to the end of each drilling. The third drilling showed loose mate-
rial only in the middle section of the hole. Because the drilling ended

in loose material, camera inspection failed. We concluded that we
knew where the disturbed area began, but not where it ended. (Fig. 8)
Processing the karst structure
To ensure a safe heading it was decided that the void had to be filled
and the ground under the invert stabilized. At the tunnel face a concave

Obr. 7 Zamérovani kaverny ve stani¢eni 580,01 (Zdroj: BeMo, 2010b)
Fig. 7 Surveying the void at TM 580.01 (Source: BeMo, 2010b)
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Obr. 8 Schéma vrtného prizkumu kaverny ve staniceni 580,01 (Zdroj: BeMo, 2012)

Fig. 8 Exploring the void at TM 580.01 (Source: BeMo, 2012)

vrtl, z nichZ kazdd obsahovala osm svornikd IBO, se pouZily
svorniky 6 m dlouhé. Svorniky byly injektovdny cementovou
maltou s vodnim soucinitelem mezi 0,5 a 0,7. Kritérium pro
ukondeni injektdze bylo bud 2000 kg injektdZe na vrt, nebo
dosazenf tlaku 5 baru. Ve druhém a dal3ich krocich byly svorni-
ky, které nedosdhly kritéria pro ukon&eni injektdZe, plnény opa-
kované. Radidlni svorniky vykdzaly maly prijem injektazni
smesi, celkem pouze 4200 kg. Tim bylo potvrzeno, Ze oblast
boku a horni klenby byla porusena pouze malou mérou
a podarilo se ji utésnit. V oblasti pode dnem vykdzalo v prvnim
kroku 17 z 36 svorniku ndrust tlaku prekraCujici 5 baru; kazdy
ze zbyvajicich svorniku byl vyplnén 2000 kg injek&ni smési. Ve
druhém kroku vykézalo Sest dal§ich svorniku ndrust tlaku pies
5 bar(, ostatni nevykazovaly zddny narust. Tyto dva kroky si
vyzadaly celkem 86 700 kg cementu. Vysoké ndklady a znacna
spotreba ¢asu vedly k zastaveni tohoto postupu (obr. 10).

Pro rychlej$i vyplnovani dutin a moznost pouZziti rychleji tuh-
nouciho materidlu bylo nutno pouZit jinou metodu. Novym
feSenim bylo provedeni mikropilotového destnik ALWAG AT
114,3 x 6,3 mm s osmi do véjife rozprostfenymi perforovanymi
trubkami pod pocvou, uklonénymi 45° svisle od vodorovné.
Provadéni prvnich vrta bylo velmi problematické, jelikoZ roz-
volnénd hornina branila tomu, aby vyplachovd voda vynase-
la vyvrtany materidl. V dusledku toho se vrtaci korunka zanesla,
coz velmi ztizilo jeji vytahovani z vrtu. Proto byl postup vrtani
zpomalen a zvySeno mnoZstvi doddvané vyplachové vody, coZ
situaci zlepSilo. Po tspé$ném dokonleni vrtani se trubkami
plnila rozvolnénd oblast maltovou smési (cement — pisek
0/2 mm — voda). Malta se michala na betonarné a dopravovala
se autodomichdvaem k soupravé Meyco Spraying Robojet,
kterd se v daném pripadé pouzivala jako normdlni pumpa na
beton. Rychlost plnéni byla do 9 m/hod. a celkem se pouZilo
140 m? malty (obr. 11).

wall was erected using wire mesh, rebar and shotcrete. Concrete fill
pipes and air vent pipes were set in the wall to ensure a safe fill rate. The
void was filled to the very top in stages with regular concrete, using a
total of 304m?. (Fig. 9)

To consolidate the loose material in the invert it was necessary to fill
the whole area with stabilizing material. In addition, the area behind
the lining at the void had to be checked. The agreed solution was to use
grouted self-drilling anchors (IBO). The setup in the invert consisted of
three rows, each having 12 IBO anchors between 4 and 10m long inc-
lined 45° to 60° down to the horizontal, to reach a wide range of the
disturbed area. For the side and top three rows of 8 IBO anchors, 6m
long, radial spread, were used. The anchors were filled with a cement
water value between 0.5 and 0.7 using an Obermann injection device.
The stop criterion was either 2000kg of grouted material per anchor or
a pressure of 5 bars. In a second and subsequent step all anchors that
did not reach the stop criterion would be filled again. The radial

Obr. 9 Uzavirdni vstupu do kaverny ve staniceni 580,01 (Zdroj: BeMo, 2010b)
Fig. 9 Closing the void at TM 580.01 (Source: BeMo, 2010b)
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Obr. 10 Schéma sanace rozvolnéné horniny injektdzi cementovou smési pomoci svorniki IBO (Zdroj: BeMo, 2012)

Fig. 10 Consolidating material with cement (Source: BeMo, 2012)

Razba

Aby se zajistila stabilita vyrubu pfi dalsi razbé, bylo pred Cel-
bou provedeno jehlovéni osm metra dlouhymi jehlami. RaZba
kaloty probihala se zdbérem 1 m, svorniky byly prodlouZeny na
deset metru. Po tfech zdbérech byla oblast pode dnem stabilizo-
véna mikropilotovymi de$tniky s vyplni 38 m? malty a jednou
fadou svorniku s doinjektovdnim dalSich 11 700 kg cementu
(obr. 12). Nasledujici zdbéry skrze sanovanou kavernu byly
provadény bez potizi.

Ocekdvalo se, Ze dal$i razba kaloty, opéfi i dna bude obtiz-
nd. Od stani¢eni 592,01 vSak pokracovala razba tunelu bez pro-
blému podle puvodniho ndvrhu.

Obr. 11 Provddéni sanaénich praci (Zdroj: BeMo, 2010b)
Fig. 11 Filling the invert with mortar through a pipe umbrella (Source:
BeMo, 2010b)

anchors showed minor grout intake, namely a total of only 4,200kg.
This confirmed that this area was only slightly disturbed and now sea-
led. In the invert 17 of 36 anchors showed a pressure rise exceeding 5
bars in the first step; all the others were filled with 2,000kg each. In the
second step six additional anchors showed a pressure rise of more than
5 bars, the others showed no pressure build-up. These two steps called
for a total of 86,700kg of cement. The intense costs and great time nee-
ded caused us to abort this method. (Fig. 10)

A new method was needed to fill the voids faster and with a faster-
setting material. The solution was a reversed pipe umbrella ALWAG
AT 114.3 x 6.3mm consisting of a fan of perforated pipes inclined 45°
down to the horizontal. The first drilling was very problematic becau-
se the disturbed area prevented the drilling water from flushing out the
drilled material. The bit consequently silted up, which made the retrie-
val of the drilling tool very difficult. Thereafter, drilling progress was
reduced and extra water added through the pipe, which improved the
situation. After the drillings were successfully completed, a mortar mix
(cement — sand 0/2mm — water) was filled into the pipes. The mortar
was batched in the batching plant and transported with a ready-mix
truck to a Meyco Spraying Robojet, which in this case was used as a
regular concrete pump. The fill rate was up to 9m3/h and a total of
140m? mortar was used. (Fig. 11)

Heading

To ensure a stable bedding for the lining, a protective umbrella was
added 3.9 m in front of the face. After that the heading commenced at
an advance of 1.0m/round with extended anchor length of 10m and
8.0-m-long spiles. After three advances the invert was stabilized with
four reversed pipe umbrellas filled with 38m? of mortar and one row
of anchors adding another 11,700kg of cement. The subsequent advan-
ces were performed with no major difficulties, the ensuing stabilizati-
on of the invert showed no intake of grout material. At Station 592.01

tunnel driving continued according to plan. (Fig. 12)
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Obr. 12 Schéma sanace oblasti pode dnem pomoci injektovanych mikropilot a raZba vyplnénou dutinou (Zdroj: BeMo, 2012)
Fig. 12 Consolidating material with grout and heading through the filled void (Source: BeMo, 2012)

ZAVER The advances in the bench and invert were expected to be difficult.
However, due to the extensive filling work performed in the top hea-
ding the excavation progress was performed without noteworthy dis-
turbances.

Operativni kombinace raZby s pouZitim principi NRTM,
s opatfenimi pro prizkum krasu a s ndvrhem na zmédhéni jeho
struktur byla idedlni pro zvlddnuti obtiZznych geologickych
poméru na stavbé tunelu Baumleite. Problémy byly feSeny
profesiondlné a velmi konstruktivné spolupraci mezi investo-
rem a zhotovitelem stavby. Model smlouvy zvoleny investo-
rem se ukdzal jako velmi dobry néstroj pro pruzné feSeni pro-
blému vzniklych v prub&hu razby. Hlavnim faktorem dspéchu
na této stavb€ byla aktivni spolupréce viech tdastnikl vystav-
by a rychlé dosahovdni dohod o krocich, které bylo nutno

CONCLUSION

The flexible combination of NATM drive with provisions for karst
exploration and support was the ideal way to handle the geology at
Baumleite Tunnel. Despite the difficult circumstances involved with the
karst structures, the problems were managed professionally and in a
very constructive manner between the client and the contractor. The
contract model chosen by the owner proved to be a good means of hand-

ucinit.
i ling the actually encountered situations in a flexible way. However,
. HELMUT GOHRINGER, close cooperation between all involved parties and quick agreement on
BeMo Tunnelling GmbH, Innsbruck, Rakousko | .. 6 be taken were the key factors in the success of this project.
Recenzovali: Ing. Viadimir Prajzler, HELMUT GOHRINGER,
Ing. Pavel RuZicka BeMo Tunnelling GmbH, Innsbruck, Austria
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TUNELY TRETI FAZE TRATI BERGEN BYBANEN V NORSKU
TUNNELS ON STAGE THREE OF BERGEN BYBANEN, NORWAY

MICHAL UHRIN, SZILVIA TOTH, VERA SZANTO

ABSTRAKT

Tento cldnek popisuje projekt a poddvd ndhled na probihajici vystavbu Sesti tunelii navrZenych v rdmci tieti faze rozvoje tram-
vajové site v Bergenu v Norsku. Cldnek nejprve predstavuje projekt v obecnosti, popisuje geologické poméry na trase, zminuje
specifické poZadavky projektu jako napriklad 3D CAD modelovdni nebo poZadované normy a potom se zaméruje na tunely samot-
né s cilem poukdzat na malé, avSak zajimavé rozdily od béZné technické praxe ve stredni Evropeé.

ABSTRACT

This article provides description of the design and insight into the ongoing construction of six tunnels on Stage 3 of the light
rail network development in Bergen, Norway. It introduces the project in general, outlines the ground conditions, mentions spe-
cific project requirements such as 3D CAD design or applicable standards and then focuses on the tunnels with the aim to high-
light small but interesting differences from the common Central European tunnelling industry practice.

UvoD

Firma Mott MacDonald byla vybrana, aby vypracovala mul-
tiprofesni provadéci projektovou dokumentaci pro fazi 3 roz-
voje tramvajové sité v Bergenu v Norsku. Pfedmétem projektu
je prodlouZeni stdvajici dvoukolejné trati tramvaje Bybanen.
V dobé psani tohoto ¢lanku byly faze 1 i 2 trati Bybanen uz ve
standardnim provozu (obr. 1), predmétnd faze 3 ve vystavbé

F =

Obr. 1 Ilustracni fotografie trati Bybanen v provozu
Fig. 1 Illustration photo of the Bybanen in operation

Obr. 2 Schematickd situace trasy faze 3
Fig. 2 Layout scheme of the Stage 3 route

INTRODUCTION

Mott MacDonald was appointed to carry out a detailed
multi-disciplinary engineering design for the Stage 3 of the
light rail (Bybanen) development in Bergen, Norway. The
project is an extension to the existing twin track Bybanen
Network. At the time of writing of this article Stages 1 and 2
of the Bybanen were already operational (Fig. 1), Stage 3 was
under construction and Stage 4 in the planning phase. The
Stage 3 “Radal — Flesland” route is approximately 7.1km
long, and is planned from the Lagunen shopping centre in the
northeast (interface with Stage 2) to the Bergen Airport
Flesland in the southwest (Fig. 2). The development is being
organized by the client Bybanenn Utbygging (light rail deve-
lopment office) under the Hordaland Fylkeskommune.

About half length of the Stage 3 will be in tunnels and its
development will also involve 10 bridges (on or over the
route) and numerous retaining walls. There will be 5 drill and
blast tunnels and 1 cut and cover tunnel on the route.
However, all of the mined tunnels have also cut and cover
portal sections. Figure 2 presents a schematic layout of the

:




a faze 4 ve stadiu dzemniho planovéani. Trasa faze 3 ,,Radal —
Flesland* je dlouhd zhruba 7,1 km a je vedena od obchodniho
centra Lagunen na severovychodé (propojeni s fazi 2) aZ po
bergenské letiste Flesland na jihozdpadé (obr. 2). Investorem
projektu je organizace Bybanen Utbygging (rozvoj tramvajové
sité) patfici pod spravu Hordaland Fylkeskommune.

Zhruba polovina délky faze 3 bude vedena v tunelech a jeji
projekt zahrnuje také 10 mostd (bud na trati, nebo pfes ni)
a nespocet opernych stén. Na trase je navrzeno 5 razenych
tuneli metodou drill and blast a jeden tunel ¢isté hloubeny
(cut and cover). VSechny razené tunely obsahuji také hloube-
né dseky pri portdlech. Obrdzek 2 zndzornuje schematickou
situaci trati s tunely vyznacenymi ¢ervenou barvou. Tabulka 1
shrnuje jména tuneld a priblizné délky jejich raZenych a hlou-
benych casti.

Tab. 1 Seznam tunelu
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route with tunnels marked in red colour. Table 1 lists the
tunnel names and their respective cut and cover and drill and
blast lengths.

Table 1 List of tunnels

Tunel Hloubena Razena

délka [m] délka [m]
Folldal 125 585
Steinsvik 145 495
Solhei 150 470
Dyrhovd 40 95
Satamyrikulverten 235
Flesland 80 540

Projektové prace byly rozdéleny mezi ruzné kanceldre
firmy Mott MacDonald, pricemz zdsadni objekty stavebni
¢asti projektu byly doddny z Prahy, Brna a Budapesti. Cilem
tohoto ¢lanku je podat popis projektu tuneld na predmétné
trati a ndhled na jejich probihajici vystavbu. Zduraznény
budou zajimavé rozdily od bézné stredoevropské praxe. Tyto
vychdzeji zejména z odlisné topografie, vyrazné odli$nych
geologickych poméra a drobnych rozdilu napriklad v kli-
matu, technickych norméch nebo legislativnich poZadavcich
na vystavbu.

Hlavni ocekdvani investora pro tento projekt zahrnovala:
bezpecnou vystavbu, provoz a ddrzbu, minimaln{ rusivy do-
pad na mistni komunity, minimdlni dopad na Zivotni pro-
stiedi a estetické zapracovani konstrukci do stdvajici kraji-
ny. Investor ddle o¢ekdval vysokou troven 3D CAD projek-
tovani, predev§im s ohledem na presné stanoveni vymer,
fizeni rizika kolizi mezi ndvrhy raznych technickych profe-
si (a tfm minimalizaci nepldnovanych prostoju pti vystavbé)
a pro splnéni predstav stavebnich firem. Projekt proto zahr-
noval zdkladni prvky tzv. Building Information Modelling
(BIM). Problematika BIM je blize vysvétlena v samostat-
ném ¢lanku (viz str. 34 tohoto cisla).

GEOLOGICKE POMERY

Na zacatku je zajimavé zminit, Ze v norské stavebni praxi
existuje velmi silné rozliSeni mezi terminy ,geologie®
a ,,geotechnika“. Geologie, ve zdejSim chédpdni, se zabyva
Cisté prostfedim skalnich hornin, kdeZto geotechnika se
zabyva Cisté zeminami, které se mohou nachazet v nadlozi
skalnich hornin. Norsko mé prirozené¢ dlouhou tradici
v inZenyrské préci s prostfedim ,,tvrdych hornin“ a je tam
k dispozici velmi dobré porozuméni a praktické zkuSenosti
s chovdnim skalnich hornin. Mnoho prvku zaji$téni hornino-
vého masivu pii vystavbe se proto nevyZaduje explicitné€ pro-
jektovat predem, protoZe jejich stanoveni provede zkusSeny
geolog béhem trhacich praci na stavbé podle mapovani
skute¢ného stavu odhaleného masivu.

Tunnel Cut & cover Drill & blast

length [m] length [m]
Folldal 125 585
Steinsvik 145 425
Solhei 150 470
Dyrhovd 40 95
Satamyrikulverten 235
Flesland 80 540

The design work was spread across various Mott
MacDonald offices and major parts of the civil design pac-
kages were carried out in Prague, Brno and Budapest. The
aim of this paper is to provide a description of the design for
the tunnels on the route and insight into their construction.
Interesting differences from common Central European
practice will be highlighted. These arise primarily from dif-
ferent topography, significantly different ground conditions
and some differences in climate conditions, technical stan-
dards or statutory requirements.

The main Client’s expectations for this project included:
safe construction, operation and maintenance, minimum dis-
ruption to local communities, minimum environment impact
and aesthetic incorporation of structures into the existing
landscape. The Client also expected a high level of 3D CAD
design development in order to allow for precise determina-
tion of quantities, management of clashes between the
designs of the individual technical disciplines (thus avoi-
ding unplanned delays during the construction phase) and to
meet the expectations of the construction industry. The
design therefore included a basic set of Building
Information Modelling (BIM) elements. Details of BIM
approach are discussed in more detail also in a separate
article (see page 34).

GROUND CONDITIONS

At the beginning it is interesting to note that in the
Norwegian construction industry there is a very solid distin-
ction between the terms “geology” and “geotechnics”.
Geology is understood to deal purely with rock conditions
whereas geotechnics would deal purely with soils above the
bedrock level. Norway, by nature, has a long tradition in
hard rock engineering and there is a very good understan-
ding and practical experience with rock behaviour.
Therefore, many rock support elements are often not requi-
red to be explicitly treated beforehand by design because
they are determined by experienced geologists during the
blasting works on site according to the actual mapped con-
ditions.

A site investigation campaign was undertaken for the pro-
ject in order to determine the ground and groundwater con-
ditions. Because competent bedrock is typically found close
below the ground surface the site investigation was primari-
ly aimed to verify the depth to the “good rock surface” along
the extent of the route. The exploratory works were carried
out by means of various drilled probes, penetration probes
and geophysical tests. In terms of relative numbers there
were naturally far more penetrations and geophysics (e.g.
seismic probes) compared to the conventional coring.
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Obr. 3 Priklad vychozu horniny na den
Fig. 3 Example of rock exposure

Pro projekt byly provedeny pruzkumné prace za ucelem
ovéfeni geologickych a hydrogeologickych pomért na trase.
Protoze tnosné skalni podloZi se typicky nachazi mélce pod
povrchem terénu, bylo primdrnim cilem pruzkumu ovéfeni
hloubky ,,po zdravou skdlu® v rdmci rozsahu trasy. Prizkumné
préce byly realizovdany pomoci raznych druha vrtanych sond,
penetracnich sond a geofyzikdlnich zkouSek. Ve smyslu vza-
jemného poméru bylo pouzito mnohem vice penetraci
a geofyziky (napr. seismické sondy) nez konven¢nich jadro-
vych vrtd. Byly odebrdny vzorky hornin, zemin a podzemni
vody ke zkouseni v laboratori.

Po délce trasy byl také nalezen nespocet vychozi horniny
na den (obr. 3). Tyto byly studovdny béhem tvodnich pochu-
zek budoucim staveni$tém a zhruba 50 z nich bylo geologic-
ky zmapovéno za ucelem klasifikace hornin a stanoveni smé-
ru, sklonu a charakteru diskontinuit horninového masivu.

Kde to bylo mozné, byla méfena droven hladiny podzemni
vody. OvSem v mnoha pripadech nebylo mozné ustdlenou hla-
dinu podzemni vody stanovit. To proto, Ze tGroven vody se
velmi pruzné méni s mnozstvim srazek. Se silnym deStém
muZe rychle vystoupat aZ na droven terénu, ale po desti stejné
rychle odtéci pry¢. Obvykld mistni praxe je navrhovat kon-
strukce na hladinu podzemni vody na trovni terénu, pokud
neni navrzen a proveden drendzni systém, ktery vétSinou na-
vrzen byva.

Pokryvné tutvary na trase zahrnovaly rozli¢né typy zemin.
Nejobvyklejsi byla ndsypova télesa, jil nebo jil s piskem, rase-
lina a ledovcové morény. Mocnost zeminového pokryvu se
typicky pohybovala mezi 0 a 5 m. Byly vSak zastiZzeny i pri-
pady s lokdlné hlub§im uloZenim skalniho podloZi (mocnost
pokryvu pres 10 nebo i 15 m), nejéastéji ve spojeni s Sikmym
povrchem skalniho podlozi. Stavebni konstrukce v téchto
oblastech (napf. zdklady mostd nebo opérnych stén) vyZzado-
valy zvla$tni pozornost v projektu.

Skalni podloZi obvykle predstavovaly velmi pevné metamor-
fované celky (rula a amfibolit) nebo vyvieliny (dolerit, anort-
hoit a gabro). V omezeném mnoZstvi piipadu byla velmi tinos-
néa hornina proloZena vrstvami mnohem méné pevnych svort
(Mica Schist), které zvySovaly riziko pohybu blokt horniny po
plochdch puklinového systému béhem vykopovych praci.

Samples of rocks, soils and groundwater were taken and tes-
ted in a laboratory.

There were numerous cases of rock exposure above the
ground surface encountered on the route (Fig. 3). These were
studied during the initial site walk-overs and about 50 of
them were geologically mapped for rock classification and
for orientation and character of discontinuities.

Ground water level was measured where applicable. How-
ever, in many cases it was not possible to define a steady
state ground water table. This is because the water levels fle-
xibly fluctuate with precipitation. They can quickly rise up to
the ground surface with heavy rainfall and equally quickly
drain away. The local engineering practice is to design struc-
tures for ground water at the ground level unless drainage
system is provided, which is mostly the case.

There were various soil types covering the bedrock on the
route. The most typical ones were Engineering Fill, Clay or
Clay with Sand, Peat and Glacial Moraines. The soil cover
thickness typically varies between zero and 5m. Localized
cases with deeper rock (over 10m or 15m of soil cover) were
also encountered, typically in connection with steep gradient
of the rock surface. Structures in these areas (e.g. retaining
walls or bridge foundations) required special design treat-
ment.

The bedrock consisted typically of extremely strong meta-
morphic units (Gneiss and Amphibolite) or igneous ones
(Dolerite, Anorthosite and Gabbro). In a limited number of
cases the strong rock was inter-bedded with a much weaker
Mica Schist unit which increased the risk of movement along
the discontinuity planes during excavation.

For tunnel support design purposes the rock was classified
according to the NGI Q-system. Based on the available cores
and rock exposure data, parameters for wedge stability ana-
lysis were also derived. In terms of design for temporary
retaining structures the typical ground configuration was
“very weak over very strong”, i.e. typically up to about 7m
of potentially very weak ground (e.g. peat) overlying hard
rock. The proposed installation of the retaining wall system
had to take this into account.
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Pro tcely ndvrhu prvku vyztuZe razenych tunelu bylo skal-
ni podlozi klasifikovdno podle NGI Q-systému. Z dat ziska-
nych na jddrech a pfi mapovéni vychozu horniny na den byly
také odvozeny parametry pro strukturni analyzu stability
vyrubu. Ve smyslu ndvrhu docasnych pazicich konstrukci
bylo typické usporadani geologického profilu mozné charak-
terizovat jako ,,velmi mékké nad velmi pevnym*, tedy obvy-
kle az do 7 m mocnosti potencialné velmi malo dnosné zemi-
ny (napr. raselina) pokryvajici velmi tvrdé skalni podloZi. To
muselo byt vzato v uvahu pfi ndvrhu pazici konstrukce
z hlediska proveditelnosti.

V projektu bylo tieba také zvézit seismické dcinky na kon-
strukce. Vrcholové zrychleni podloZi na povrchu terénu pri-
slugné pro oblast Bergenu je mezi 0,8 a 0,9 m/s2. Stavebni
konstrukce byly navrZeny na seismické ti¢inky podle ustano-
veni Eurokdédu 8 s norskymi narodnimi prilohami.

PRVKY BIM PROJEKTOVANI

Bylo vyzadovano, aby projekt obsahoval elementdrni prin-
cipy BIM pfistupu. VSechny inZenyrské profese realizovaly
svij CAD névrh primdrn€ skrze sestaveni 3D geometrickych
modela. Tyto modely byly centrdlné koordinované, sdilené
mezi profesemi po dosaZeni pozadovaného stupné rozpraco-
vanosti a byla na nich provddéna detekce kolizi. Modely jed-
notlivych profesi v dané oblasti stavby se sdruzovaly do
,master modelu“. Data z topografickych méfeni byla triangu-
lovdna do 3D modelu plochy povrchu terénu. Vysledky pru-
zkumu podlozi byly zpracovany na 3D model povrchu skalni
horniny. Zaznamy o stdvajicich podzemnich sitich vcetné
jejich Sachet nebo komor byly také prevedeny do formdtu 3D
CAD modelu. Nadzvoslovnd konvence pro turovné (v
MicroStation) nebo vrstvy (v AutoCAD) v CAD modelech
byla zpracovdna podle tiidniku standardnich specifikaci sta-
vebnich praci a materidla, které vyddvd Statens vegvesen
(Norska statni sprdva silnic), coZ vytvorilo spojeni mezi CAD
modelem, specifikaci pro provddéni a standardizovanym
vykazem vymér. 2D vykresovd dokumentace byla primarné
vytvorena z fezl nebo pohledi generovanych z 3D geome-
trickych modeld. Kde to bylo moZné, byly vyméry odecitiany
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z 3D modelu. Za nejdulezitéjsi v8ak bylo povaZzovano to, Ze
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Impact of seismic action also had to be taken into account.
The peak ground acceleration applicable to the Bergen area is
between 0.8 and 0.9m/s2. Structures were designed to seismic
action according to Eurocode 8 provisions with Norwegian
National Annexes.

BIM DESIGN ELEMENTS

It was required to undertake the design with basic BIM
principles. All engineering disciplines carried out their CAD
work primarily by developing 3D geometrical models. The
models were centrally coordinated, shared between discipli-
nes after reaching a required workflow stage and clash detec-
tion was carried out on them. Individual discipline models in
a given area were merged into master models. Topographical
data were triangulated into a 3D ground surface model.
Ground investigation data were processed into a 3D rock sur-
face model. Information about existing underground services
including their chambers or manholes was also processed
into 3D CAD model format. The naming convention for
levels (MicroStation) or layers (AutoCAD) in the CAD
models was based on numerical process codes from the
Standard Specifications of construction works and materials
issued by the Statens vegvesen (Norwegian Public Road
Administration) which created a link between CAD models,
workmanship specifications and standard bills of quantities.
2D drawing deliverables were primarily developed from sec-
tions or views taken from the 3D geometrical models. Bills of
quantities were taken of the 3D models where applicable.
Most importantly, the 3D modelling allowed interdisciplina-
ry co-ordination sessions to take form of a virtual walk over
the proposed design aimed to visually check and resolve clas-
hes (Fig. 4).

DESIGN STANDARDS

The design was carried out to Bergen Bybanen Technical
Specifications, Statens vegvesen (Norwegian Public Road
Administration) Handbooks, Norwegian Rail Standards and
Eurocodes with Norwegian National Annexes. It is interes-
ting to note in this respect that the Statens vegvesen
Handbooks take precedence over the Eurocodes in case of

)

Obr. 4 Ilustracni snimek pro jedndni o koordinaci profesi
Fig. 4 Illustration slide for interdisciplinary coordination session
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Fig. 5 Folldal West

3D modelovani umozZnilo interaktivni schize meziprofesni
koordinace ve formé virtudlni pochuzky navrZzenych kon-
strukci, zaméfené na odhaleni a vyreSeni kolizi (obr. 4).

NORMY

Projekt byl vypracovan podle technickych specifikaci pro
Bergen Bybanen, priru¢ek vyddvanych Statens vegvesen,
norem norské Zeleznice a Eurokddu s norskymi narodnimi pii-
lohami. V této souvislosti je zajimavé podotknout, Ze tam, kde
je tfeba navrhovat podle pravidel Statens vegvesen, jsou usta-
noveni jejich pfirucek v pripadé odliSnosti nadfazené ustano-
venim platnych Eurokédu. Zhruba od roku 2012 probiha har-
monizace téchto priru¢ek pro navrhovéani se systémem
Eurokdédu a nové prirucky tak jiz prijaly terminologii, znace-
ni a filozofii ndvrhu podle Eurokddu. Avsak splnéni ustanove-
ni platnych Eurokédl automaticky negarantuje splnéni usta-
noveni priru¢ek Statens vegvesen, které mohou byt prisnéjsi
nebo jinak odliSné.

UVOD K TUNELUM NA TRASE

Ucelem tunel bylo prekonat rizné piekdzky trati, jak je
bliZze popsdno v ndsledujicich sekcich ¢ldnku. VSechny tunely
byly navrzeny jako dvoukolejné. Pro splnéni vysokych ndro-
ku na bezpec¢nost byl nouzovy chodnik navrzen vzdy na obou
strandch tunelu a vybaven madlem zdbradli na sténé tunelu,
nouzovym osvétlenim a znaenim.

Tunel Folldal

Tunel Folldal vede trat'od obchodniho centra Lagunen smé-
rem na Rastolen. Jednd se o nejdelsi tunel faze 3 tésné presa-
hujici 700 m délky, coz zahrnuje dva hloubené Zelezobetono-
vé useky portalové a jeden mezilehly (obr. 5).

Razba probihala smérem od Rastolen. Blizko vychodniho
portalu byly zastiZeny nepriznivé geologické poméry. Hor-
ninovy masiv byl proloZzen vrstvami jilu. V reakci na to bylo
ke standardnimu systému vyztuZze ze svorniku a stifkaného
betonu navic vyzadovano jehlovédni a betonovd Zebra (vyztu-
Zend Zebra ze stiikaného betonu podle doporuceni NGI Q-
systému). Tyto dodate¢né prvky zajisténi vyrubu byly také
pouZity v oblastech portdlu.

Priblizné ve vzdalenosti 100 m od vychodniho portdlu se
v tunelu nachdzi ddolnicovy bod. Prosdkld podzemni voda
bude z tohoto bodu odvedena do more pomoci drénu zhotove-
ného smérovym vrtanim. Rozméry jimky v tomto misté byly
stanoveny nejen na zdkladé pozadavku drendZniho systému,
ale také z hlediska prostoru potfebného pro zhotoveni vrtu.

Planovany rozvoj dopravni infrastruktury v této oblasti bude
zahrnovat vystavbu ddlni¢niho tunelu pod tunelem Folldal.
Aby se minimalizoval dopad pri budouci razbé, byla v miste
planovaného kiiZzeni (v blizkosti mezilehlého hloubeného
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discrepancy. The handbooks are being harmonized with the
Eurocodes since approximately 2012. The new handbook
issues therefore use the Eurocode terminology, notation and
design philosophy. However, if a design satisfies the require-
ments of the Eurocodes it does not automatically guarantee
that clauses of the Handbooks will be satisfied as well,
because these can be more onerous or otherwise different.

INTRODUCTION TO TUNNELS ON THE ROUTE

The purpose of the tunnels was to overcome various con-
straints on the route as detailed in the sections below. All of
them were designed as double track type. In order to meet
high safety standard there is an emergency walkway provided
on each side, fitted with handrail on the wall, emergency
lighting and signage.

Folldal Tunnel

Folldal tunnel leads the track from the Lagunen shopping
centre towards Rastolen. It is the longest tunnel of Stage 3
with just over 700m including two reinforced concrete
portals and a 50m long intermediate cut and cover section
(Fig. 5).

The tunnel was excavated from Réstolen. Close to the east
portal, unfavourable rock conditions were encountered. The
bedrock was inter-bedded with clay. Therefore, in addition to
the standard rock bolts and sprayed concrete support, spiling
and concrete arches (reinforced ribs of sprayed concrete as
per NGI Q-charts) were required. These additional support
elements were utilized in the portal areas as well.

At approximately 100m distance from the east portal there
is a low point in the tunnel. Seepage water from the tunnel
will be drained into the sea via a drain constructed with direc-
tional drilling. The size of the sump in this location was dic-
tated not only by the drainage requirements but also by the
plant used for the directional drilling.

Future infrastructure development in the area will include
a construction of a highway tunnel below the Folldal Tunnel.
To reduce mutual impact from the foreseen future tunnelling
works a concrete slab was constructed under the track level
close to the intermediate cut and cover section of the tunnel.

Steinsvik Tunnel

From the Rastolen stop until the Sansdlivegen stop the
alignment runs under residential areas in two tunnels conne-
cted by a post-tensioned reinforced concrete bridge (the
Steinsvik Bridge). The first 570m long Steinsvik Tunnel has
a vertical gradient drop of 6% from Réstolen, which is the
maximum allowable gradient for the line (Fig. 6). After a low
point, the track vertical gradient slightly increases towards
the bridge.

Obr. 6 Tunel Steinsvik
Fig. 6 Steinsvik Tunnel




Obr. 7 Tunel Solhei
Fig. 7 Solhei Tunnel

dseku) pod urovni svrsku navrzena roznaSeci Zelezobetonova
deska.
Tunel Steinsvik

Od zastavky Réstolen po zastivku Sansdlivegen vede trat’
pod rezidencni oblasti ve dvou tunelech propojenych dodatec-
n¢ predepjatym Zelezobetonovym mostem (most Steinsvik).
Prvni z nich, 570 m dlouhy tunel Steinsvik (obr. 6), je navrzen
s podélnym svislym 6% sklonem smérem dolu od zastdvky
Rastolen, coZ je maximdlni dovoleny sklon pro predmétnou
trat. Po dosaZeni tdolnicového bodu se sklon za¢ne drobné
zvedat smérem ke zminénému mostu.

Pro mistni sprdavu je Rdstolen duleZitd oblast pro budouci
rozvoj. V ndvaznosti na to bylo dohodnuto, Ze odvodnéni této
oblasti, které si mistni sprava preje, bude provedeno skrze
ddolnicovy bod tunelu Steinsvik jako soucdst praci Bybanen
faze 3. Zvazovdny byly varianty odvodnéni pomoci smerové-
ho vrtani, odvodnéni podél stavajici silnice a dodate¢ny drén
uvniti tunelu. Nakonec bylo zvoleno feSeni s dodate¢nym
sttedovym drénem v profilu tunelu. V tunelu byla pod tdrovni
svriku osazena betonovd odvodniovaci roura vnitiniho prumé-
ru 1000 mm. Ryha pro uloZeni této roury byla provedena trha-
cimi pracemi po dokonceni tunelu ve standardnim profilu.

NadloZi tohoto tunelu bylo obecné pomérné nizké
s maximem okolo dvou pruméru razby, zatimco pro zhruba
polovinu délky bylo méné neZ jeden pramér. V takovych dse-
cich se redukovala délka zdbéru.

V Norsku se béZné pouzivaji Zelezobetonové (ZB) desky
prikotvené do horniny nad oblastmi extrémné nizkého nadlo-
7i. Robustni ZB deska se betonuje na terénu a preklenuje pro-
fil tunelu. Kotvy, zhotovené drive neZz deska, funguji jako
tdhla stahujici horninu v nadlozi kaloty tunelu k betonové
desce. Razba tunelu probéhne az po dokonceni téchto ochran-
nych opatfeni.

Béhem prace na provadéci dokumentaci Mott MacDonald
zapracoval takovou desku do projektu jako opatfeni pod
budouci ¢tyfpatrovou budovou, jejiZ stavba byla navrzena nad
profilem tunelu s nadloZim pouhych 3 aZ 4 m Gnosné horniny.

Stavba zahdjend od mostu Steinsvik zastihla podruznou tek-
tonicky porusenou zénu nad korunou razené casti tunelu.
Orientace poruchy byly rovnobézné s podélnou osou tunelu,
a tudiZ zména polohy portdlu by nevedla k odstranéni problé-
mu. Proto bylo v této oblasti pristoupeno k pouziti Zelezobe-
tonové desky podobnych parametri jako v pripadé extrémné
nizkého nadlozi.
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For the local municipality Réstolen is an important future
development area. Therefore, drainage of the area via the
local low point, desired by the municipality, was agreed to be
handled as a part of the Bybanen Stage 3 works. Directional
drilling, drainage along an existing road and additional drai-
nage pipe inside the tunnel were considered as design alter-
natives. Eventually, the option with the additional middle
drain inside the tunnel profile was adopted. A concrete pipe
with a maximum internal diameter of 1000mm was installed
inside the tunnel below the track level. The trench for the
pipe was drill and blast excavated after the completion of the
standard tunnel profile.

In general, the cover of the tunnel was rather shallow, the
maximum being only two tunnel diameters while for around
half of the total length of the tunnel the rock cover was less
than one diameter. In these areas reduced advance length was
applied.

It is a common practice in Norway to use reinforced conc-
rete (RC) slabs anchored into the rock above extremely low
cover sections. The robust RC slab is cast on surface and
spans across the tunnel profile. The anchors (completed befo-
re the slab) act as tie-backs connecting the rock above the
proposed tunnel to the slab. The tunnel is excavated after
these protective measures are in place.

During the detailed design stage Mott MacDonald incorpo-
rated a reinforced concrete slab in the scheme to account for
a future four-storey building planned to be built above the
tunnel with only 3 to 4m of rock cover.

Tunnelling works starting from the Steinsvik Bridge
encountered a minor fault zone above the crown of the drill
and blast tunnel. The orientation of the fault was parallel to
the tunnel axis, therefore moving the portal location was not
a viable option. A reinforced concrete slab with similar
details to the slab designed for the other low cover area had
to be used in this location as well.

Solhei Tunnel

After the Steinsvik Bridge the vertical alignment is con-
stantly rising towards Sandslivegen. A major fault zone had
to be crossed with a 120m long intermediate cut and cover
section. After the fault zone the line continued as drill and
blast crossing a road with a minimum cover of only 2.3m. In
the western part of the tunnel the low side cover was the gre-
atest challenge.

In order to speed up the construction, the tunnelling works
were ongoing on several sites simultaneously. For example,
the construction of the Solhei tunnel (Fig. 7) started with the
completion of the first 15m of the tunnel in the east. This ena-
bled the contractor to proceed with the works of the reinfor-
ced concrete portal, while the excavation works for the cut
and cover section were still ongoing. After the completion of
the cut and cover portal areas, tunnelling could have started
in both directions.

Dyrhovd Tunnel

With its total length of slightly less than 100m the Dyrhovd
Tunnel is the shortest tunnel of Stage 3. Apart from the doub-
le track the tunnel also accommodates a cycle path and
a public footpath. With this special cross-section arrange-
ment, the span of the tunnel is 14m and the skew span of the
portal reaches 19m (Fig. 8).

Geophysical site investigations predicted unfavourable
rock quality for this area. However, local conditions were
better than estimated. With the use of systematic rock bolting
(3 to 5m long), shotcrete, sprayed concrete arches and spi-
ling, the Dyrhovd tunnel became the first tunnel to be com-
pleted on Stage 3 in January 2014.
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Tunel Solhei

Od mostu Steinsvik svislé vedeni trasy vytrvale stoupa
smérem k Sandslivegen. Vyznamnd zéna tektonického poru-
Seni krizujici trasu musela byt prekonana 120 m dlouhym
mezilehlym hloubenym dsekem. Po pfekondni poruchy razba
pokracovala metodou drill and blast a prekrizila silnici
s nejmenSim nadloZim pouhych 2,3 m. V zdpadni ¢asti tunelu
bylo prekonani nizkého nadlozi na stran¢ nejvetsi vyzvou.

Aby se zrychlil postup vystavby, probihaly prace na nékoli-
ka staveniStich soucasné. Napriklad stavba tunelu Solhei (obr.
7) zacala razbou prvnich 15 m na vychodé. To umoZznilo zho-
toviteli zahdjit prace na Zelezobetonové konstrukci hloubené-
ho portdlu a zdroven pokracovat v tézbé pro mezilehly hlou-
beny usek. Po dokonceni hloubenych &asti probihala razba
v obou smérech soucasné.

Tunel Dyrhovd

S celkovou délkou tésné pod 100 m je tunel Dyrhovd nej-
krat§im tunelem féze 3. Navic k dvoukolejnému usporadani
musel profil tunelu zahrnout i vefejnou cyklostezku
a chodnik pro pési. Toto zvlastni usporddani pri¢ného rezu
vedlo ke kolmému rozponu tunelu 14 m a Sikmému rozponu
portdlu az 19 m (obr. 8).

Geofyzikdlni metody prizkumu stavenisté predpovidaly
nepfiznivou kvalitu horniny v této oblasti. AvSak skute¢né
zastizené poméry byly pfiznivEjsi neZ predpovéd. Za pouZiti
systematické sité svorniku (délka 3 a7 5 m), stifkaného beto-
nu, Zeber ze stiikaného betonu a jehlovani byla razba tunelu
Dyrhovd prvnif dokon¢enou v rdmci faze 3, a to v lednu 2014.
Tunel Satamyrikulverten

Satamyrikulvert ma slouzit jako podjezd trasy Bybanen pod
stavajici Flyplassvegen (hlavni silnici vedouci na letiste
Flesland). Tunel je zhotoveny &isté metodou cut and cover,
tedy hloubeny po celé délce (obr. 9). Razba metodou drill and
blast byla taky zvdZena, ale nakonec zamitnuta s ohledem na
nizké nadlozi mezi korunou tunelu a stavajici silnici. To bylo
diktovano vySkovym vedenim trasy, nebot’ trat musela rychle
nabrat vysku, aby vedla pfiblizné po stavajicim terénu neda-
leko od zapadniho portélu, tak aby se zamezilo tézZbé pomoci
trhacich praci v mistech, kde by mohly v blizké budové rusit
vyrobni provoz citlivy na vibrace.

Pro omezeni dopadu na silni¢ni provoz na Flyplassvegen
byla vystavba Satamyrikulverten navrZena jako fazovana:

e Zhotoveni svislych prvku (ocelové trouby — RD piloty)
pro docasné pazici stény v poZzadovaném rozsahu na jihu
od Flyplassvegen.

e Vykop, vystavba a zdsyp casti tunelu na jih do Fly-
plassvegen bez omezeni silni¢niho provozu. Docasné paZici
stény byly navrZzeny pro omezeni §itfe vykopu v pokryvech
nad drovni{ skalniho podloZi v blizkosti silnice.

e Realizace docasné silni¢ni prelozky pres dokoncenou
¢dst tunelu a prevedeni dopravy.

e Zhotoveni svislych prvku pro dolasnou paZici sténu
v poZadovaném rozsahu napri¢ Flyplassvegen.

e Vykop, vystavba a zdsyp zbylé ¢asti Satamyrikulvert.

e Obnoveni Flyplassvegen do puvodniho stavu, ndvrat pu-
vodniho rezimu dopravy, odstranéni prelozky a findln{
terénni Upravy.

Tunel Flesland

Poslednim na trase je 620 m dlouhy tunel Flesland, ktery vede
trat’ do nového letiStniho terminalu (obr. 10). Tunel se sklada
z 80 m dlouhého hloubeného Zelezobetonového portdlu na
vychodé, 540 m dlouhé &asti razené trhacimi pracemi a kratké
prechodové konstrukce (jizni portal). Odtud trat’ vstupuje do sta-
vebni jamy spodniho podlazi budovy nového termindlu.

Fig. 8 Dyrhovd Tunnel

satamyrikulverten

The purpose of the Satamyrikulvert is to serve as an under-
pass of the Bybanen below the existing Flyplassvegen (major
road leading to the Flesland airport). The tunnel will be con-
structed only by a cut and cover technique (Fig. 9). Drill and
blast approach was also considered but rejected based on the
very low rock cover between the tunnel crown and the exis-
ting road. This was dictated by the rail alignment because the
track needed to gain height and run approximately on surface
not far from the west portal of the tunnel in order to avoid
excavation by blasting which could disturb movement sensiti-
ve operations in an adjacent building.

To minimize impact on the Flyplassvegen road traffic the
Séatamyrikulvert is being constructed in stages as follows:

¢ Installation of vertical members (steel tubes — RD piles)
for temporary retaining walls where required south of the
Flyplassvegen.

e Section of the tunnel south of the Flyplassvegen excava-
ted, constructed and backfilled with the road remaining in
operation. Temporary retaining walls were required to
minimize the extent of excavation above the rock level in
areas close to the Flyplassvegen.

e Temporary road bypass constructed over the completed
section of tunnel and traffic diverted.

e Installation of vertical members for temporary retaining
wall where required across the non-operational Flyplas-
svegen.

e The remaining section of the Satamyrikulvert excavated,
constructed and backfilled.

e The Flyplassvegen restored into its original position, road
traffic diverted back and bypass removed, final landsca-
ping completed.

Flesland Tunnel

The last tunnel on the line is the 620m long Flesland
Tunnel, which brings the track into the new airport terminal
(Fig. 10). The tunnel includes 80m long reinforced concrete
east portal, 540m long drill and blast section and a short tran-
sition structure (south portal). From there, the line enters the
airport cut and cover shaft leading directly into the lower floor
of the new terminal.

Similarly to the Folldal Tunnel Flesland also features a low
point where the seepage water from the tunnel will be collec-
ted and pumped back into a nearby stream at the east portal.
The sump is located in a roughly 20m long, 12m deep and
5.5m wide rock cavern.

The tunnel was blasted from the east portal to the south por-
tal with a short detour to form the low point cavern using the

same drilling rig.
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Podobné jako Folldal také Flesland tunel ma tddolnicovy
bod, kde bude prusakovd voda z tunelu sbirdna v jimce
a preCerpavdna do potoka nedaleko vychodniho portdlu.
Jimka bude umisténa ve zhruba 20 m dlouhé, 12 m hluboké
a 5,5 m Siroké kaverné vyrubané v horniné.

Razba tunelu probéhla od vychodniho portilu smérem
k jiZznimu portalu s kriatkou odbockou pro vylom kaverny
v misté tidolnicového bodu za pouZiti stejné mechanizace po
celé délce.

Tunel Flesland je jediny v rdmci fdze 3 se systémem nuce-
né ventilace, kterd byla vyZzdddna kvuli napojeni na kon-
strukci letiStniho termindlu.

PROVADECI PROJEKT A VYSTAVBA

Razené tunely

Vyska tuneld podkovového profilu je 7 m, zatimco rozpon je
bud 10 m (Folldal, Steinsvik, Solhei a Flesland) nebo 14 m
(Dyrhovd). Prostorové usporadani pri¢ného fezu bylo navrZeno
podle technickych specifikaci pro Bybanen a norskych Zelez-
nicnich norem. Kvalita horninového masivu umoZznila navrh
a vystavbu vSech tunell se svislymi sténami, tj. nebylo tfeba
vyvinout alternativni pfic¢né rezy (napr. s protiklenbou v po¢vé).

Délka zdbéru nezdleZela pouze na kvalité horninového pro-
stredi, ale také na pozadavcich pro omezeni hluku a vibraci.
ProtoZe vétSina tunelu byla raZzena pod reziden¢nimi oblast-
mi, omezeni dopadu vibraci a hluku mélo zdsadni vyznam.
Bézny zabér byl délky zhruba 5,3 m na plny profil. V méné
unosnych oblastech se délka zabéru redukovala na 2 az 3 m.
V misté portdla se pouZzivala pilotni §tola s omezenim délky
zabéru na cca 1,5 m. Poté bylo provedeno postupné rozsireni
z profilu Stoly na plny profil tunelu.

Tunely byly obecné pri razbé pomérné suché, a tudizZ neby-
lo treba pouZzivat té€snici injektdz. VSechny tunely byly navr-
Zeny jako odvodnéné konstrukce. Po¢va podkovového profi-
lu byla zhotovena s 3% pri¢nym spadem smérem k bo¢nimu
drénu uloZzenému do ryhy. Prosdkld voda je odvddéna skrze
zasyp v po¢vé do tohoto podélného drénu na strané profilu.
Podél drendzniho potrubi byly navrZzeny Sachty pro kontrolu
a Cisténi a komory s lapacem pisku. Vzdélenost mezi jednot-
livymi Sachtami nebo komorami podél drendzniho potrubi
byla maximalné 80 m.

VyztuZeni tuneli pomoci svornika a stifkaného betonu je
povazovdno za trvalé. V lokdlnich méné tnosnych oblastech
byla pouzita vyztuZena Zebra ze strikaného betonu nebo Zele-
zobetonové desky kotvené do horniny. Na rozdil od pristupu
NRTM nemaji navrzené tunely zddné sekundarni osténi.
Vnitini osténi se skladd z hydroizolaéni membrany (zabranu-
jici kapani prosdklé vody na svrSek nebo trakéni vedeni)
podeprené samonosnymi prihradovymi nosniky.

Obr. 10 Tunel Flesland
Fig. 10 Flesland Tunnel
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Obr. 9 Vychodni portdl Satamyrikulverten s technologickou mistnosti
Fig. 9 Satamyrikulverten East with tunnel technical room

Flesland Tunnel is the only Stage 3 tunnel with mechani-
cal ventilation; this is required due to the interfacing airport
terminal structure.

DETAILED DESIGN AND CONSTRUCTION

Drill and blast tunnels

The height of the horse-shoe shaped tunnels is 7m, while
the span being either 10m (Folldal, Steinsvik, Solhei and
Flesland) or 14m (Dyrhovd). Space requirements for the
cross-sections were based on the Bybanen Technical
Specifications and Norwegian national rail standards. The
quality of the rock allowed design and construction of all
tunnels with vertical walls. No alternative cross-sections
(e.g. with rounded invert) had to be developed.

Advance length was governed not only by the rock quali-
ty but also by noise and vibration limitation. As most of the
tunnels were constructed below residential areas, keeping
the impact limited was of paramount importance. The nor-
mal advance length was around 5.3m full face. In weak
zones, reduced advance length of 2 to 3m was applied. In
portal areas a pilot tunnel was constructed with a limited
advance length of around 1.5m. Afterwards, the pilot tunnel
was gradually enlarged to the full profile.

The tunnels were dry in general and thus no pre-grouting
was required. All tunnels were designed as drained structu-
res. The formation plane of the horse-shoe section was con-
structed at a 3% gradient towards a side drain located in
a trench. Seepage water drains through backfill into the
drain. Inspection and cleaning manholes and sandtrap cham-
bers were provided along the drain. The maximum distance
between the drainage manholes was 80m.

The tunnel support by rock bolts and sprayed concrete
is considered permanent. In localized weak areas reinfor-
ced ribs of sprayed concrete or anchored reinforced conc-
rete slabs were provided. Unlike in NATM tunnels there is
no secondary lining. The inner lining consists of a wa-
terproofing membrane (preventing water from dripping
onto the track or the OCS) supported by self-bearing latti-
ce girders.

Fire hydrants were required at every 250m. However, in
case of the Flesland Tunnel the average distance between
fire hydrants was reduced to 60m based on specific fire safe-
ty assessment. The hydrants are connected by filled fire
main. Dry main was rejected at the beginning of the project
due to non-compliance with local practice.
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Pozarnf hydranty byly pozadovany kazdych 250 m. OvSem
v pripad¢ tunelu Flesland byla jejich rozte¢ redukovdna na
60 m na zakladé zvlaStniho posudku pozarni bezpecnosti.
Hydranty jsou spojeny pozarnim vodovodem. Pouziti sucho-
vodu bylo zamitnuto na zacdtku projektu pro nekompatibilitu
s mistni praxi.

Pfi zkoumadni{ ndkladu na vystavbu v Norsku se raZené tune-
ly jevi jako vyrazné levné¢j$i nez hloubené Zelezobetonové.
Proto tam, kde to umoznily mistni horninové poméry, byla
poloha portélu drobné modifikovdna pro zvétSen{ délky raZe-
nych casti. Minimalni pozadavek na horninové nadlozi byl
4 m. Proto, na zdkladé scanu horninového podloZi, byla polo-
ha a geometrie prechodovych bloku a navazujicich Zelezobe-
tonovych konstrukci aktualizovdna v prubéhu vystavby.

Razba tuneli metodou drill and blast v souhrnné délce
2,1 km byla dspéiné dokonena 25. 11. 2014 prordzkou
u zdpadniho portédlu tunelu Steinsvik.

Pfechodové bloky

RaZené dseky tunelt jsou napojené na hloubené Zelezobeto-
nové konstrukce portdli pomoci kratkych (2 m) prechodovych
bloku, které zajistuji rozhrani mezi podkovovym profilem
tunelu a obdélnikovou konstrukei portdlu a zvySuji Gnosnost
podepreni v misté zahdjeni razby, kde byva hornina obvykle
vice zvétrala.

Zelezobetonové portaly

Portdly raZenych tuneld jsou navrzeny jako monolitické
Zelezobetonové ramy zaloZené plo$né na zdkladovych pasech.
Vodorovnd rozte¢ stropni desky je riznd v ruznych mistech
trasy, Cistd vySka nad horni hranou koleje je min. 5,55 m.
Prumérnd délka betondZnich blokia byla cca 20 m. Zdkladové
pasy portdlu jsou uloZeny na 250 mm hutnéném podsypu
drcenym kamenivem. Odvodnéni je zajiSténo vnitfnim dré-
nem napojenym na drén razeného useku.

Mocnost zdsypu nad stropni deskou portalu se vyrazné méni
podél trasy. Dimenze nosné konstrukce proto byly u dlouhych
portdlovych dseku optimalizovany. Pfikladem budiZ vychodni
portdl tunelu Steinsvik, kde se mocnost zdsypu méni od 1 po
9 m, tloustka stén od 600 po 900 mm a stropni desky od 550
po 1000 mm (obr. 11).

Mezilehlé uzaviené hloubené Utseky

Na trase byly navrZeny dvé mezilehlé hloubené konstrukce
z uzavieného celoplo$né izolovaného monolitického Zelezo-
betonového rdmu — v ramci tunelu Folldal a Solhei. Jejich
konstrukce se skldda ze zakladové desky, stén a stropni desky
s ndbéhy na obou strandch.

Tyto konstrukce jsou umistény v lokdlnich depresich povr-
chu skalniho podloZi, kde silné zvétrala vrstva nad povrchem
zdravé horniny musela byt odebrdna a nahrazena hutnénym
zasypem z drceného kameniva. Takto vytvorend ,,idoli* ale
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Looking at the construction costs in Norway, drill and blast
tunnelling is considerably cheaper than cut and cover works.
Where local rock conditions allowed, the position of the tun-
nel portal was slightly modified to allow for longer tunnels.
The minimum requirement for rock cover was 4m. Therefore,
based on rock scans, the position and geometry of transition
units plus the adjoining reinforced concrete structures were
updated during the construction phase.

The blasting of the tunnels, 2.1km length in total, was
successfully completed on 25/11/2014 by breakthrough at the
Steinsvik west portal.

Transition structures

Drill and blast tunnels are connected to the reinforced
concrete portals through a short (2m) transition unit, which
provides interface between the horse-shoe tunnel profile and
the rectangular portal structure as well as additional safety to
the rock support at the tunnel entrance where the rock is usu-
ally more weathered.

Reinforced concrete portals

The portals of the drill and blast tunnels are cast-in-place
reinforced concrete open frames with spread footings. The
horizontal span of the roof slab varies along the line and the
clear headroom above the top of rail is min 5.55m. The ave-
rage length of casting units was roughly 20m. The footings of
the portals are founded on min 250mm compacted crushed
rock fill. Drainage is provided through internal drain conne-
cted to the drill and blast tunnel drain.

The backfill on the top of the roof slab is highly variable
along the line. Therefore, the structural dimensions have been
optimised for longer portals. For example, at Steinsvik east
portal, where the backfill depth changes from 1 to 9m, the wall
thickness varies between 600 and 900mm and the roof thick-
ness varies between 550 and 1000mm respectively (Fig. 11).
Intermediate closed cut and cover sections

There are two cast-in-place reinforced concrete closed-
frame fully tanked structures on the route — in Folldal and
Solhei tunnels. The structures consist of a base slab, walls
and a roof slab with haunches at both sides.

These structures are located at depressions in the rock sur-
face where the highly weathered ground above the rock head
had to be removed and replaced with compacted crushed rock
fill. However, these ‘“valleys” are attracting groundwater
inflow. As it was not advisable to disturb the natural long-
term hydrogeological equilibrium, ground water from the
surrounding areas could not be drained down by the cut and
cover structures. Therefore, water tightness was a main re-
quirement for these structures, which were designed to

Obr. 11 Vychodni portdl Solhei (vizualizovany 3D model a fotografie stavby)
Fig. 11 Solhei East Portal (rendered 3D model and construction photo)
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Fig. 12 Satamyrikulvert normal profile with drainage inspection chamber

k sob¢ stahuji podzemni vodu. ProtoZe nebylo vhodné dlouho-
dobé narusit prirozenou hydrogeologickou rovnovédhu, pod-
zemni voda z okoli nesméla byt drénovéna skrze tyto hloubené
konstrukce. Proto se vodotésnost stala jednim z hlavnich poza-
davku a konstrukce byly navrZeny aZ na tlak 20 m vody. Béhem
vystavby byla zvlastni pozornost vénovana fazovani zpétného
zasypu, aby nemohlo dojit ke zdvihu konstrukce tlakem vody.
Tunel Satamyrikulverten

Satamyrikulvert je jediny Cisté hloubeny tunel na trase. Jeho
konstrukei tvori monoliticky Zelezobetonovy rdam. Sklddd se ze
zékladovych pasu (uloZenych na skalnim podloZi skrze podklad-
nf beton), stén a stropni desky s ndbéhem na kazdé strané. Cistd
vodorovna rozte¢ konstrukce je 10,1 m, Cistd vyska od horni hra-
ny koleje po strop je 5,55 m. Ram zastfeSuje obé koleje a nou-
zovy chodnik na kazdé strané (obr. 12).

Tunel je rozdélen sparami na 12 bloka. Z toho je 10 standard-
nich bloku (kazdy délky 20 m) a 2 bloky portdlové. Zapadni
portdl navazuje na opérnou sténu podepirajici Flyplassvegen na
jizni strané zdrezu pro trat. Vychodni portél obsahuje technolo-
gickou a kontrolni mistnost integrovanou na strané a je zakon-
Cen standardnimi kfidlovymi sténami. VSechny portdly na trase
jsou navrZeny jako obdélnikové pro architektonické rozliseni
tramvajovych tuneld od typicky obloukovych portdlt tunelu sil-
nicnich.

Konstrukéni beton je navrzen pevnostni tridy B45 podle Pri-
rucky 026 (priblizny ekvivalent tiidy C45/55 podle NS 1992-1-1),
trvanlivostni tfidy MF40 podle narodni piilohy k NS-EN 206-1
a specifikace SV-40 podle Prirucky 026. Betondrskd vyztuz je
navrZzena tfidy BSOONC podle NS 3576-3. Obecny poZadavek na
kryti hlavni nosné vyztuZe je 75+15 mm.

Stropni deska tunelu bude chrdnéna vnéjsi vysokogramazni
adhezivni Zivi¢nou hydroizolaci typu A3-2 podle Prirucky 026.
Hydroizolace bude zataZena minimalné 500 mm pod pracovni

withstand up to 20m water pressure. During the construction,
special attention had to be paid to the sequencing of backfil-
ling in order to avoid flotation.

satamyrikulverten

The Satamyrikulvert is the only purely cut and cover tunnel
on the route. Its structure is formed by a cast-in-place rein-
forced concrete frame. The structure consists of spread foo-
tings (bearing on bedrock via blinding concrete), walls and
a roof slab with a haunch at each side. The clear horizontal
span of the structure is 10.1m, the vertical clearance from the
top of rail to roof slab soffit is 5.55m. The frame accommo-
dates both tracks and an emergency walkway at each side
within a single cell (Fig. 12).

The tunnel is divided by joints into 12 casting units. There
are 10 standard units (each 20m long) and 2 portal units. The
west portal interfaces with a retaining wall supporting the
Flyplassvegen on the south. The east portal incorporates
a tunnel control room attached to its side and is ended by
standard wing walls. All portals use rectangular details for
architectural distinction of the light rail tunnels from typical-
ly arched road tunnel portals.

Structural concrete will be strength grade B45 to Handbook
026 (equivalent to C45/55 to NS-EN 1992-1-1), durability
class MF40 to National Annex to NS-EN 206-1 and specifi-
cation SV-40 to Handbook 026. Grade B500NC ribbed steel
reinforcement bars to NS 3576-3 shall be used. General cover
to main reinforcement will be 75+15mm.

The tunnel roof slab shall be protected by external high-
grade bitumen-based adhesive waterproofing membrane type
A3-2 to Handbook 026. The membrane shall extend along the
tunnel walls down to 500mm distance below the construction
joint. The membrane shall be protected by a minimum 50mm
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sparu mezi sténami a stropni deskou. Na vodorovnych povr-
Sich bude izolace chranéna minimdlné 50 mm prostého beto-
nu. Spdry mezi jednotlivymi bloky budou izolovdny pomoci
vnitinich polymerovych water-stop pdsu uloZenych podél
stfednice stén a stropni desky.

Tunel je navrZzeny jako odvodnény, otevieny ve dné. Zak-
ladni drendZzni funkci zajisti vnéj$i zasypovy materidl. Dale
bude pouzita vnéjsi drendZni trubka pfi zdkladovém pdsu na
kazdé strané tunelu a jedna vnitini drendZni trubka pri pasu na
pravé strané tunelu. Dno tunelu je v pri¢ném 3% sklonu k vni-
tinimu drénu. Podél vnitfni drendZze budou osazeny dvé kon-
trolni a Cistici Sachty a jedna komora s lapacem pisku. Dre-
ndzni trubky jsou napojeny na drendZ v §iré trati, respektive za
rubem opérné stény v pripadé jizni strany zdpadniho portalu.

Pozarni vodovod je uloZen pod chodnikem na pravé strané
tunelu. Podél vodovodu jsou umistény 3 pozdrni hydranty na
komorach, jeden pfi kazdém portdlu a jeden zhruba uprostred
délky tunelu.

ZAVER

Na trase faze 3 trati Bergen Bybanen bylo navrZeno 6 tune-
Iu pro prekondni komplikované morfologie terénu a dalSich
prekazek, ¢imz byla zhruba polovina délky této trati umisténa
v podzemi. Z duvodu hospodédrnosti ndvrhu byla maximalizo-
véna délka razenych drill and blast dsekd na dkor ndkladnéj-
Sich cut and cover useku. Hloubené Zelezobetonové tseky
byly navrZeny v oblastech portdld, v mezilehlych zdéndch
velmi nepfiznivého podlozi a ve zvlastnim pripadé tunelu
Satamyrikulvert, ktery podchdzi pod hlavnim silni¢nim tahem
na letisté s velmi nizkym nadloZim. Tunely byly projektovany
s ohledem na bezpe¢nost, ochranu Zivotniho prostredi
a esteticky soulad s krajinou a prace byly fazovany tak, aby
omezily ruSivé vlivy na mistni komunity. Hlavnimi prvky
vyztuZeni drill and blast tunelt byly svorniky a stifkany beton.
Jehlovani, vyztuZend Zebra ze stfikaného betonu nebo 7B des-
ky na terénu prikotvené k horniné byly pouzity pro prekondni
dseku obtiznych pro razbu. Jmenované prvky vyztuZe jsou
povazovany za trvalé. Vnitfni osténi skladajici se z hydro-
izolaéni membrdny podepfené samonosnymi prihradovymi
nosniky je koncipovdno jako ochrana trati proti podzemni
vodé. Vsechny drill and blast tunely byly v dobé psani tohoto
¢lanku jiz dspésné vyrazeny, zatimco vystavba Zelezobetono-
vych konstrukei pokracuje. Vysokd droven 3D CAD modelo-
vani byla v projektu vyuZita zejména pro kontrolu ndkladu
a vyhnuti se kolizim.
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thick plain concrete layer on horizontal surfaces. Contraction
joints and movement joints between the individual casting
units shall be protected by proprietary internal polymer-based
water-stop bars running along the walls and the roof slab.

The tunnel is designed as a drained structure, open at bot-
tom. The primary drainage function will be provided by the
external backfill material. Additionally, external drainage
pipe shall be provided at each side of the tunnel next to the
footing and internal drainage pipe will be provided at the
right-hand side of the tunnel next to the footing. The forma-
tion plane inside the tunnel shall be at 3% gradient towards
the drainage pipe. One sand trap chamber and two inspection
chambers will be provided along the internal drainage pipe
line. The drainage pipes are connected to the open track dra-
inage system, respectively to the back drainage of the retai-
ning wall in case of the south side of the west portal.

Fire main is provided below walkway on the right-hand
side of the tunnel. There are 3 fire hydrants with chambers
provided along the fire main line, one at each portal and one
approximately at mid-length of the tunnel.

CONCLUSION

In order to overcome a challenging topography and other
constraints 6 tunnels have been designed for the Stage 3 of
the Bergen Bybanen, making approximately half of the route
located underground. For economic reasons drill and blast
sections were maximized at the expense of the more costly
cut and cover sections. These were designed at portals, at
intermediate weak areas and in the special case of
Satamyrikulvert passing under the airport road at very shal-
low cover. The tunnels were designed with respect to safety,
environment protection and aesthetic incorporation into the
natural landscape and the works were sequenced to minimize
disruption to local communities. The main drill and blast tun-
nel support elements were rock bolts and sprayed concrete.
Spiling, reinforced ribs of sprayed concrete and RC slabs on
surface anchored to rock were utilized to overcome areas dif-
ficult for tunnel excavation. The support elements are consi-
dered to have permanent function. The inner lining consisting
of waterproofing membrane supported by lattice girders is
provided for protection of the track from groundwater. All
drill and blast works were completed at the time of writing of
this article while construction of reinforced concrete works
continues to progress. High level of 3D CAD design was uti-
lized for the benefit of the project in terms of cost control and
avoidance of clashes.
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METRO V BAKU: FIALOVA LINKA - STARTOVACI SACHTA LS04
BAKU METRO: PURPLE LINE - LAUNCHING SHAFT LS04

PETR MAKASEK, PETR HAVLAN, BARNABAS POLAK

ABSTRAKT

Novd fialovd linka v hlavaim mésté Azerbdjdzdnu Baku propoji nejvétsi autobusové ndadraZi pro meziméstské autobusy ,, Avtovogzal
na zdpadnim okraji mésta s centrem a ddle s vychodnim okrajem mésta. Cldnek pojedndvd o projektu Sachty LS04, kterd je navriena
Jjako prijimaci Sachta pro dojezd stdvajicich zeminovych Stitii. Ty byly v souladu s poZadavkem investora projektovdny pouze pro razbu
v tseku mezi stanicemi BOI a BO3. Zdroveri bude Sachta slouZit pro start novych plnoprofilovych bentonitovych $titi (SPB), které jsou
urceny pro razbu aZ do stanice BI2.

ABSTRACT

The new Purple Line of metro in Baku, the Azerbaijan capital, will link “Avtovogzal”, the largest bus terminal for intercity buses at
the western edge of the city with its centre and further on with the eastern outskirts of the city. The paper deals with the design for shaft
LS04, which is designed as a receiving shaft for the current Earth Pressure Balance TBMs. These machines were designed only for dri-
ving tunnels between BOI and BO3 stations, in compliance with the project owner’s requirement. At the same time, the shaft will be used

for the launching of new Slurry Pressure Balance TBMs (SPBs), which are designed for driving tunnels up to station BI2.

ovoD

Jiz na nékolika konferencich ¢i v ¢lancich [1, 2, 3 ] byla odbor-
na verfejnost seznamena s rozsahlym projektem rozvoje metra
v hlavnim mésté Azerbdjdzanu: Baku. Tento Clanek pojednava
o prijimaci, respektive startovaci Sachté pro tunelovaci stroje
,,L.S04* na fialové lince metra, ktera je praveé ve vystavbe.

Fialova linka propoji nejvétsi autobusové nddrazi pro mezi-
méstské autobusy ,,Avtovogzal“ na zdpadnim okraji mésta
s centrem a ddle s vychodnim okrajem mésta. Celkem projekt
zahrnuje depo, 12 stanic a dvoukolejny tunel pro odstavné kole-
je za stanici B12 s celkovou délkou trasy cca 20 km. Projekt
,,Detail design“ (priblizné ekvivalent ¢eského DSP) a realizacni
dokumentace jsou provadény konsorciem spole¢nosti Systra
(Francie), Mott MacDonald CZ a Saman (Jizni Korea). Mott
MacDonald CZ projektuje tratové tunely, tunelové propojky,
kolejové spojky, ventilacni Sachty, technologické objekty venti-
la¢nich Sachet, startovaci Sachty pro razici §tity a odstavny tunel.

OPERACNI PLAN RAZEB

Zékladni problematikou opera¢niho pldnu pro razbu je neexi-
stence jakékoli koncepce vystavby celé linky na strané klienta.
Béhem realizace projektu stdle neni schvdlena dispozice
a umisténi stanice BO5, coz projektové prace realizaéni doku-
mentace znacné komplikuje. Razba plnoprofilovymi zeminovy-
mi $tity (EPB) firem Herrenknecht a Robbins (netradi¢né jsou
pro jednotlivé tratové tunely pouZity Stity dvou vyrobet) zadala
ve stavebni jame pro stanici BO1 a méla byt ukoncena ve stani-
ci BO3. Oproti pavodnimu pldnu byla v rdmci stanice BO3 otev-
fena stavebni jama nad pozastavenymi stroji umoznujici pokra-
Covdni razby smérem ke stanici BO4, kterd je v soucasné dobé
(leden 2015) ve vystavbé. Do této jamy byla presunuta veskera
logistika, aby mohla byt dokoncena stanice BO1. Za stanici BO4
je navrzena prijimaci Sachta LS04 pro dojezd stdvajicich zemi-
novych §titu, které byly v souladu s pozadavkem investora pro-
jektovany pouze pro razbu v useku mezi stanicemi BO1 a BO3.
Jejich parametry nespliuji naro¢né pozadavky pro dalsi razbu,
které jsou odvislé zejména od vedeni trasy a specifické kompli-
kované geologie v centralni ¢dsti mésta pod hladinou podzemni
vody.

INTRODUCTION

The professional public has already been acquainted with the
extensive project for the development of metro in Baku, the
Azerbaijan capital, at several conferences or in several papers [1,
2,3 ]. This paper deals with the receiving shaft LS04, respective-
ly the launching shaft for TBMs located on the Purple Line of the
metro, which is at the moment under construction.

The Purple Line will link “Avtovogzal”, the largest bus terminal
for intercity buses at the western edge of the city, with its centre
and further on with the eastern outskirts of the city. In total, the
project comprises a depot, 12 stations and a double-track tunnel
for stabling tracks behind station B12, with the total line length
amounting approximately to 20km. The Detailed Design and
Workshop Drawings are carried out by a consortium consisting of
Systra (France), Mott MacDonald CZ and Saman (South Korea).
Mott MacDonald CZ designs new running tunnels, cross passages,
crossovers, ventilation shafts, headhouses of ventilation shafts,
launching shafts for TBMs and the tunnel for stabling tracks.

OPERATIONAL PLAN FOR DRIVING TUNNELS

The fundamental problem of the operational plan for driving
tunnels lies in the non-existence of any concept of development of
the entire line on the project owner’s side. The layout and locati-
on of station BOS5 has not been approved till now, when the project
implementation is already underway, which fact significantly
complicates the work on workshop drawings. Driving tunnels,
using Herrenknecht and Robbins Earth Pressure Balance TBMs
(shields supplied by two manufacturers are non-traditionally used
for driving individual running tunnels), started in the construction
pit for station BO1 and was planned to be finished at station BO3.
In contrast with the original plan, a construction pit was opened
above the temporarily stopped machines within the framework of
station BO3, which allows for the continuation of tunnel driving
toward station BO4, which is currently (January 2015) under con-
struction. All logistics systems will be moved to this pit so that the
completion of Station BO1 is possible. Receiving shaft LS04 for
the arrival of the current EPB TBMs, which were designed in
compliance with project owner’s requirements only for driving
tunnels in the section between stations BO1 and BO3, is proposed
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Obr. 1 Schéma fialové linky
Fig. I Purple line scheme

,.Staré" §tity budou nahrazeny plnoprofilovym bentonitovym Stitem
(SPB) v pripadé Herrenknechtu a konvertibilnim plnoprofilovym ben-
tonitovym / zeminovym Stitem (SPB/EPB) v pripadé Robbinsu.
,»Nové™ §tity odstartuji z Sachty LS04 a soucasnd koncepce pocitd
s jejich kontinudlni razbou do stanice BO7, za niZ bude realizovdna
startovacf Sachta LS07. Z té dojde k novému spustén{ stroju smérem
ke stanici B12, ve které budou oba bentonitové stity demontovény. Do
findlni podoby realizace razby jesté mohou promluvit poZadavky kli-
enta na uvddéni jednotlivych tdseku do provozu s vyuZitim kolejovych
spojek. Ty jsou navrzeny jako jednosmérné za stanici BO6 a B10 a jako
obousmeérné ve stanici B03 a BO8 (obr. 1).

TECHNICKE RESENI SACHTY LS04

Pavodné byla stavebni jdma o rozmérech 90x27,6 m situovana za
stanici BO4 a s hloubkou dna 35 m pod terénem predstavovala vskut-
ku projektovy ofiSek. Na zdkladé vyslovného pozadavku zhotovitele,
jenZ v té dobé disponoval pouze omezenym strojnim vybavenim, byla
stavebni jdma navrZzena z pilotovych rozpiranych stén s pramérem
piloty 1,5 m délky 48 m se ztracenym ocelovym pazenim a s trys-
kovou injektdzi za rubem konstrukce. Rozpéry byly navrzeny v péti
drovnich jak ocelové, tak Zelezobetonové, piloty mély byt kromé ztra-
ceného ocelového pazeni (trubka 1420/14) vyztuZeny dvojitym ocelo-
vym armokoSem 28422 ¢32.

Na posledni chvili byla zménéna celkova koncepce jamy, jeji umis-
téni a technologie vystavby. Z divodu sniZeni investi¢nich ndklada
a omezeného mista na povrchu byla jama zredukovéna na Sachtu navr-
Zenou bezprostredné za stanici B04 tak, Ze maji spole¢nou mezilehlou
stenu. Findlni rozméry Sachty se, v zdvislosti na usporadani stanice
B04 a pozadavcich provozovateld razicich §titt, po sérii jednéni usté-
lily na 20 m délky a 27,6 m $itky. Pozd€ji byla délka revidovana na
22 m, s ohledem na zvazovanou instalaci specidlniho prvku tésniciho
prorazku $titu podzemn{ sténou. Hloubka Sachy po zakladovou sparu
spodni desky je 31,5 m pod trovni terénu.

Pro zhotoveni podzemnich stén byl terén sniZen o cca 3,5 m. Vykop
je na jedné strané paZen pilotovu sténou a na ostatnich stranach vysva-
hovdn 1:1. Vysvahovéni bohuZel zustalo pouze v projektu, protoZe ho
zhotovitel neakceptoval. Budiz zadostiu¢inénim projektanta, Ze doslo
k sesuvu kolmych stén vykopu do priblizného sklonu 1:1.

Podzemi stény jsou navrZeny tlouStky 1,5 m délky 40 m s ma-
ximdlni délkou lamely 6,7 m z betonu tiidy C35/45. Koncepce lamel
byla nékolikrat zménéna v problematickych rohovych mistech, zejmé-
na s ohledem na pozadavky zhotovitele k vylomeni ocelovych paZnic
pro umisténi tésnéni (stopend) (obr. 2). Ocelové armokoSe podzem-
nich stén tfidy B500 B jsou rozdéleny na tfi vyztuzné oblasti s aZ tfemi
vrstvami vyztuZe 2x ¢ 40/150 mm a 1x ¢ 25/150 mm. Svisld vyztuZz je
spojovdna pomoci mechanickych spojek. V oblasti vjezdu a vyjezdu
§titd je ocelovd vyztuz nahrazena vyztuZzi sklolamindtovou.

to be located behind station BO4. Their parameters do not meet
the demanding requirements for the continuing driving, which
depend mainly on the tunnel alignment and the specific and
complicated geology under the water table in the central part of
the city.

The “old” TBMs will be replaced by a slurry shield (SPB
TBM) in the case of the Herrenknecht machine and by
a convertible SPB TBM / EPB TBM in the case of the Robbins
machine. The “new” TBMs will be launched from shaft 1L.S04;
the current concept takes into account continual driving up to sta-
tion BO7, behind which launching shaft LSO7 will be realised.
TBMs will be re-launched from this shaft toward station B12, in
which both SPB TBMs will be disassembled. The final stages of
the execution of the drives may still be affected by the project
owner’s requirements for commissioning individual sections
using crossovers. The crossovers are designed to be uni-directio-
nal behind stations BO6 and B10 and bi-directional at stations
B03 and BO8 (see Fig. 1).

TECHNICAL SOLUTION TO SHAFT LS04

The location of the 90x27.6m construction pit was originally
designed to be behind station BO4. With its bottom depth of 35m
under the terrain surface it represented a significant designing
problem. Based on the explicit requirement of the contractor,
which had only a limited mechanical equipment at disposal, the
construction pit was designed to be lined with braced pile walls
with the piles 1.5m in diameter and 48m long, with sacrificial
steel casing and jet grouting behind the outer surface of the struc-
ture. The struts were designed to be at five levels, both steel and
reinforced concrete ones; the piles were to be reinforced with
double steel reinforcement cages 28+22 ¢ 32 in addition to the
lost steel casings (steel pipes 1420/14).

The overall concept of the pit, its location and construction
technology was at the last moment changed. Taking into conside-
ration the requirement for lowering investment costs and the
restricted space on the surface, the pit was reduced to a shaft loca-
ted immediately behind station BO4, with the intermediate wall
shared with the station. The final dimensions of the shaft, depen-
ding on the layout of station BO4 and requirements of the TBM
operators, got settled after a series of negotiations on the length
and width of 20m and 27.6m, respectively. The length was later
revised to 22m with respect to the installation drive-out seal. The
depth of the shaft up to the formation level of the bottom slab is
31.5m under the terrain surface.

The terrain was lowered by about 3.5m for the purpose of the
execution of diaphragm walls. The excavation was supported by
a pile wall on one side, whilst 1:1 slopes were to be carried out on
the other sides. Unfortunately, the creation of slopes remained
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Obr. 2 Situace Sachty LS04
Fig. 2 General arrangement LS04

Podzemni stény jsou rozepreny ve Ctyrech drovnich ocelovymi
ramy z oceli tfidy S355 (svarované I profily pro prevazky, trubky pro
rozpéry). Ve dn¢ Sachty je navrzena Zelezobetonové deska z betonu
tridy C35/45 tloustky 1,5 m. Pfi ndvrhu rozpér bylo prihliZeno
k pozadavku dodavatele razicich §tit na maximéalni prostor pro mon-
tdZ a demontdz §titd. Podrobnéji v ndsledujici kapitole.

Posledni fazi bude vystavba presypané konstrukce tvorici tunelovy
tubus v prostoru Sachty. Proti nadmémému navyseni deformaci pod-
zemnich stén béhem zasypavani, zpusobenému postupnym odstrafio-
vanim rozpérnych trovni, bude nad hloubenymi tunely zhotovena
mezilehld Zelezobetonova deska.

TECHNICKE POZADAVKY PROVOZOVATELU
RAZIZiCH $TITU

Sachta musf sphnit prostorové pozadavky pro demontdZ stavajicich
§titl, montdz $titd novych a jejich obsluhu v prabéhu raZeb, pri sou-
Casném poZadavku klienta na minimalizaci rozméra Sachty LS04.

Pozadavky provozovatelu $titd pro pifjem stroje:

¢ Pifmd linie razby minimalné 20 metrt pied podzemni sténou
a minimdlné 12 m po prordZce stény uvnitf Sachty, vse
v konstantnim podélném sklonu.

* Vyjezd byl puvodné pldnovén na vyjezdové loZe z betonu
C-/7.5 s hornim povrchem situovanym 2.4 metru pod tunelovou
osou. Pozadavek na vyjezdové loZe byl s ohledem na findlni geo-
metrii rozpérnych rdmu, svétly pracovni prostor v Sachté
a limitovany pristup k Sacht€¢ na povrchu (pouze z jedné Celni
a z jedné podélné strany) revidovan na ocelovou konstrukci. Ta
umoznuje vetsi flexibilitu pri manipulaci se $titem, zejména pak
pri¢ny presun Stitu.

PoZadavky provozovatelu $titt pro start stroje:

e Start z pfimého loZe minimdlni délky 15 m v konstantnim podél-
ném sklonu, po proraZeni stény je poZzadovdno minimdlné 20
metrt beze zmén smérového a vyskového vedent stroje.

¢ Detailni projekt rozjezdového loZe bude doddn vyrobcem Stitu,
poZadovéno bylo zachovani dostate¢ného prostoru mezi osténim

only in the design because the contractor did not accept the work.
Fortunately, to designer’s satisfaction, the vertical ground walls
collapsed, forming roughly 1:1 slopes.

The diagram walls are designed to be 1.5m thick, 40m long,
with the maximum length of panels of 6.7m, of C35/45-grade
concrete. The concept of the panels was several times changed at
the corners, mainly with respect to contractor’s requirements
regarding the removal of the stopends (see Fig. 2). The B500 B-
grade steel reinforcing cages for the diaphragm walls are divided
into three reinforcement areas with up to three layers of reinfor-
cement bars, 2x ¢ 40/150mm and 1x ¢ 25/150mm. The vertical
reinforcement is spliced using couplers. The steel reinforcement is
replaced by glassfibre reinforced plastic reinforcement in the area
of the drive out and drive in of TBMs.

The diaphragm walls are braced at four levels by steel frames of
S355-grade steel (welded I sections for walers, tubes used for bra-
ces). A C35/45-grade, 1.5m thick reinforced concrete slab is
designed for the shaft bottom. When the struts were being desig-
ned, a requirement of the supplier of the TBMs for the maximum
space for the assembly and disassembly of the shields was taken
into consideration. For more details see the chapter below.

The construction of the cut-and-cover structure forming the tun-
nel tube in the space of the shaft will be the last phase. An inter-
mediate reinforced concrete slab will be carried out above the cut-
and-cover tunnels to prevent excessive increases in deformations
of the diaphragm walls during the process of backfilling, which is
caused by gradual removing of the bracing levels.

TECHNICAL REQUIREMENTS OF TBM OPERATORS

The shaft has to meet requirements regarding the dismantling of
existing shields, assembly of new shields and their operation
during the course of driving the tunnels, following the concurrent
requirement of the project owner for the minimisation of the
dimensions shaft LS04.

Requirements of operators for the TBM drive out:
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tunelu a hornim povrchem spodni desky Sachty min. 85 cm,
umoznujici instalaci rozjezdového lozZe.

* Rozjezdové sily cca 11 MN (Robbins) budou zachyceny ocelovy-

mi rdmy kotvenymi do spodni desky.

PoZadavky provozovatelu $titi obecné:

* Zhotoveni tésnictho bloku 10x10x10 m z tryskové injektdze pro

kazdy tunel na vjezdu i vyjezdu stroje.

* Minimédlni svétld vyska pod spodni Grovni rozpér 4 m od osy tunelu.

* Minimdlni bo¢ni vzddlenost od §titu k podzemn{ sténe 2 m.

e Minimdln{ velikost montdZniho otvoru 8x6 m.

* Nejtézsi vertikdlné manipulovand ¢dst $titu 120 tun.

S ohledem na omezené rozméry ve startovaci Sachté budou navésy
§tith sestaveny na povrchu, poté spustény do jdmy a zasunuty do v té
dobg jiz vyraZenych tunelt na strané stanice B04. Startovaci Sachta se
bohuzel nachazi v mist¢ budouciho vertikdlniho oblouku, ktery krétce
za Sachtou prechdzi do maximaélniho povoleného sklonu 4 %. Aby bylo
moZné vyhovét normovym poZadavkim na vertikdlni trasovan{
a zéroven pozadavkim na piimé tseky razby v blizkosti Sachty, je
budouci vertikdlni oblouk pro potfeby pifjmu a startu $titd nahrazen
dvojici teoretickych rovin situovanych tak, aby rozloZzily odchylku do
mezi kompenzovatelnych v rdmci stavebnich toleranci. Nové stity
budou startovat v podélném sklonu 1,7 %, coZ spole¢né s pozadavky
na piimou délku startovaci platformy neumoziuje napojeni startovaci
roviny na rovinu vyjezdu s vyuZitim standardnich operacnich polomé-
ri. Nédvésy $titu proto budou muset béhem startu prekonat prechodo-
vou oblast s vertikdlnim polomérem hluboko pod béznym opera¢nim
limitem stroju.

GEOLOGIE A JEJI INTEPRETACE

Budouci Sachta LS04 lezi ve stratigraficky jednoduchém profilu.
Svrchni cca 3 m jsou tvoreny navazkami, pod kterymi lez{ mocnd
(35 m) vrstva neogennich jili. Od hloubky cca 38 m je predikovéna
vrstva silné zvétralych vapencu, jejichZ kvalita, co do miry poruseni
a vlastnosti, s hloubkou stoupd. Ustdlend hladina podzemni vody se
nachdzi{ v hloubce cca 10 m pod terénem. Z popsaného geologického
profilu je jasné, Ze rozhodujici vrstvou pro ndvrh LS04 je vrstva neo-
gennich jilu.

Pii stanovovéni geotechnickych parametru se vychdzelo z vysledku
inZenyrskogeologického pruzkumu (IGP), ktery byl bohuZel zpraco-
vén nedostatetné. MuZe se zde zminit napiiklad ve vysledcich chybé-
jici jakoukoli zminku o svrchni vrstve geologického profilu, ale i tieba
nedostateCné popsané vlastnosti vépencl (pouze konstatace hodnot
pevnostnich parametra bez odkazu na provedené polni, pfipadné labo-
ratorni zkousky). Pro vrstvu jilu bylo oproti tomu provedeno dostatek
zkousek jak polnich (SPT, presiometrickd zkouska), tak laboratornich
(triaxidlni zk. — UU, CU, oedometrickd zkouska atd.). V piipadé pol-
nich zkousek bylo provedeno v prostoru budouci Sachty a jejim bliz-
kém okoli do 35 m celkem 5 presiometrickych zkousek, 8 SPT zkou-
Sek a celkem 9 jadrovych vrtd pro odbér poruSenych a neporusenych
vzorku. U laboratornich méfent bylo realizovdno celkem 7 triaxidlnich
zkousek a 15 oedometrickych zkousek. I pres dostate¢ny pocet mereni
je nutno konstatovat, Ze kvalita geotechnického pruzkumu zustala na
velmi slabé drovni. Dalo se predpokladat, Ze s ohledem na dostatek
méfeni bude provedena kvalitni analyza vSech parametrd, ale to se
nestalo. Ve vysledcich IGP neexistovala napriklad korelace mezi
namefenymi hodnotami jednotlivych zkouSek, pripadné byly bez
jakychkoli komentédru. Déle chybély podrobnéjsi interpretace zmény
oedometrického modulu s hloubkou, ackoliv jak vysledky presiome-
trické zkousky, tak vysledky oedometrickych zkouSek tuto skutenost
indikovaly. Ve vyctu problematickych ¢asti IGP by bylo moZné pokra-
Covat, ale to by svou rozsdhlosti presahovalo tento ¢lanek.

Z duvodu vyse zminénych bylo pristoupeno k vlastni reinterpretaci
geotechnickych parametri. Parametry pro svrchni vrstvu byly, vzhle-
dem k absenci jakychkoli informact, stanoveny na zdklad¢ zkuSenosti
z jinych projektd. Pro vrstvu vdpencu byly geotechnické parametry
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¢ The tunnel excavation alignment to be straight at the length of
20 metres before the diaphragm wall and 12m after the bre-
akthrough inside the shaft as the minimum, all of that at
a constant longitudinal gradient.

e The drive out was originally planned to be carried out on a C-
/7.5-grade concrete cradle with the upper surface located
2.4m under the tunnel axis. Taking into consideration the final
geometry of the strutting frames, the net working space in the
shaft and the limited access to the shaft on the surface (acces-
sible only from one front side and one lateral side), the requ-
irement for the receiving cradle was revised to a steel structu-
re. It provides more flexibility for the handling of the shield,
mainly the lateral shifting of the shield.

Requirements of operators for the TBM drive in:

e Launching from a straight cradle with the minimum length of
15m, at a constant longitudinal gradient; a minimum length of
20m without changes in the horizontal and vertical alignment
is required after breaking through the wall.

e The detailed design for the launching cradle will be supplied
by the TBM manufacturer; it was required that a sufficient
space between the tunnel lining and the upper surface of the
shaft bottom slab allowing for the installation of the laun-
ching cradle be provided, i.e. 85mm as the minimum.

e Launching forces of about 11MN (Robbins) will be sustained
by steel frames, which will be anchored to the bottom slab.

General requirements of TBM operators:

e The preparation of a jet grouted sealing block 10x10x10m for
each tunnel at the drive out and drive in areas of the TBM.

e The minimum clearance height under the lower level of the
struts to be 4m from the tunnel axis.

* The minimum lateral distance between the shield and the dia-
phragm wall to be 2m.

e The minimum dimensions of the assembly opening to be
8x6m.

* The heaviest part of the shield capable of vertical handling to
be 120 tonnes.

Taking into consideration the limited dimensions of the laun-
ching shaft, the gantries of the shields will be assembled on the
surface to be subsequently lowered down the pit and pushed into
the tunnels on the side of station BO4, the excavation of which will
be at that time already completed. Unfortunately, the launching
shaft is located on the future vertical curve, which passes to the
maximum permitted longitudinal gradient of 4% shortly behind
the shaft. So that the meeting of requirements of standards regar-
ding the vertical alignment and, at the same time, meeting the
requirements for straight sections of the tunnel excavation near the
shaft is possible, the future vertical curve is replaced for the needs
of the reception and launching of TBMs by a pair of theoretical
planes situated in a way allowing the distribution of the deviation
to the limits capable of compensating within the framework of
construction tolerances. The new TBMs will be launched at
a longitudinal gradient of 1.7%, which fact, together with require-
ments for the length of the straight launching platform, does not
allow for connecting the launching plane to the exit plane using
standard operating radii. For that reason the gantries will have to
overcome a transition area with the vertical diameter deep under
the common operational limit of the machines.

GEOLOGY AND ITS INTERPRETATION

The future shaft LS04 is located within a stratigraphically sim-
ple profile. The about 3m thick upper layer is formed by made
ground. A thick (35m) layer of Neogene clays lies under. A layer
of heavily weathered limestone is predicted down from the depth
of about 38m. Its quality regarding the degree of fracturing and the
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Tab. 1 Charakteristické hodnoty parametrii pro viechny vrstvy
Table 1 Characteristic values of parameters for all layers

Vrstva / Layer Y Pey @’ Su c’ Ce Cs Ko
Objemova tiha | Kriticky Uhel | Efektivni thel | Neodvodnéna | Koheze Koeficient Koeficient Souginitel
pfirozené vihké | vnitfniho tfeni | vnitfniho tfeni | smykova komprese rekomprese | zemniho
zeminy pevnost tlaku klidu
Soil bulk Critical angle | Effective Undrained Cohesion | Compres- Recompres- | Coefficient
unit weight of internal angle of shear sionindex | sionindex | of earth

friction internal friction | strength pressure at rest
(kN/m3) () () (kPa) (kPa) ()6) ()

Navéazka

Made ground 20 - 20 10 -- 0,5/05

Jil/ Clay 20 26 - 60-150 - 0,11/0.11 |0,015/0.015| 1,0/1.0

Vapenec 21 : 35 150 - 05/05

Limestone

stanoveny s prihlédnutim k vysledkim presiometrickych zkouSek
a k fotodokumentaci. Je jasné, Ze takto stanovené hodnoty se pohybu-
ji v urcitych mezich, a proto byla v rdmei geotechnickych vypo&tu pro-
vedena citlivostni analyza. Pro vrstvu jilu se vychdzelo jak z vysledka
polnich zkouSek (na zdkladé vysledku penetrainich zkouSek byl sta-
noven prubéh neodvodnéné smykové pevnosti s hloubkou; z vysledku
presiometrickych zkouSek byla stanovena hodnota zemniho tlaku
v klidu KO a hodnota neodvodnéného modulu deformace s hloubkou),
tak z vysledku laboratornich zkousek (triaxidlni zkouska a oedometer
pro stanoveni pevnostnich a deformacnich vlastnosti jilu). Po peclivé
reinterpretaci s vyuzitim vSech dostupnych dat byly hodnoty vzdjemné

Obr. 3 Ukladdni armokose podzemni stény
Fig. 3 D-wall’s steel cage placing

properties increases with the increasing depth. The groundwater
standing level is located at the depth of about 10m under the ter-
rain. It is obvious from the above geological profile that the layer
of Neogene clay is the deciding layer for designing the shaft LS04.

When the geotechnical parameters were being determined, the
results of the geotechnical interpretative report (GIR), which had
been unfortunately carried out insufficiently, provided the basis
for the determination. We can mention, for example, that there
was no mention of the upper layer of the geological profile in the
results, but also the insufficiently described properties of the
limestone (only a statement of values of strength-related parame-
ters without any reference to the field tests or laboratory tests
which had been conducted). In contrast, sufficient number of tests,
both field (SPT, pressuremeter tests) and laboratory ones (triaxial
tests — UU, CU, oedometer tests etc.) were conducted for the clay
layer. Regarding the field tests, the total of 5 pressuremeter tests,
8 SPT tests and 9 cored boreholes for taking disturbed and undis-
turbed samples were carried out in the area of the future shaft and
the close vicinity up to the depth of 35m. Laboratory measure-
ments comprised the total of 7 triaxial tests and 15 oedometer
tests. Despite the sufficient number of measurements, we must
state that the quality of the geotechnical investigation remained at
a very low level. We expected that, taking into consideration the
sufficient number of measurements, the quality of the analyses of
all parameters would be good. Unfortunately, it was not the case.
We missed, for example, a correlation between the measured valu-
es of individual tests; no comments were added to the values in the
GIR results. In addition, the more detailed interpretation of the
oedometer modulus changing with depth was missing, despite the
fact that both the results of pressuremeter tests and the results of
oedometer tests had indicated this reality. It would be possible to
continue to mention the problematic parts of the GIR, but the
volume would exceed the scope of this paper.

For the above-mentioned reason we proceeded to our own re-
interpretation of geotechnical parameters. With respect to the
absence of any information, the parameters for the upper layer
were determined based on experience from other projects. The
geotechnical parameters for the limestone layer were determined
taking into consideration the results of pressuremeter tests and
photo documentation. It is obvious that the values determined in
this way vary within certain limits. For that reason a sensitivity
analysis was conducted within the framework of geotechnical ana-
lyses. Regarding the clay layer, the determination was based on
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porovndny a korelovany. Pi{jemnym prekvapenim byla dobré korelace
mezi deformacnimi parametry stanovenymi pomoci laboratornich
zkousek a pomoci polnich zkousek. Charakteristické hodnoty para-
metra pro viechny vrstvy jsou uvedeny v tabulce 1.

Parametry uvedené v tabulce naznacuji, Ze vrstva jilu byla modelo-
vana pomoci modifikovaného Cam-Clay materidlového modelu. Dany
model byl zvolen z nékolika duvodu:

e Pouziti riznych hodnot tuhosti zeminového prostiedi pro stav

odleh¢eni/pritizeni.

* Schopnost predikce ndrastu neodvodnéné smykové pevnosti

s hloubkou v pfipadé neodvodnéné analyzy (tato predikace byla
ovérena na prabéhu Su, ktery je s hloubkou zndm).

e Tuhost zeminy je zdvisld na hodnot¢ stfedniho efektivniho napéti.

Pro ostatni geologické vrstvy byl pouZit Mohr-Coulombuv materia-
lovy model a chovani vrstev bylo ve vypoctu uvazovano jako odvod-
nené. Pricny geologicky ez je prezentovan na obr. 4.

STATICKE ANALYZY

Kli¢ovymi hledisky pro ndvrh a posouzeni Sachty a vSech jejich
prvki byla stratigrafie podloZi, geotechnické parametry, zatiZenf,
postup vystavby a interakce s budouci stanici BO4. ZatéZovaci stavy
byly uvazovany nasledujici: jerdb pro montdZ §titi, mostni jefdb pro
dopravu ZB segmenti, pritjezd razicich §titli podzemni sténou, sily pii
startovan{ razicich §titd, seismika, atd.

Konstrukce Sachty byla analyzovand ve dvou na sebe kolmych
fezech s respektovanim postupu vystavby v programu Plaxis 2D. Ve

Terén / Surface

Obr. 4 Pri¢ny geologicky rez
Fig. 4 Geological profile

the results of field tests (the results of penetration tests provided
the basis for the determination of the undrained shear strength-
depth curve; the value of earth pressure at rest KO and the undra-
ined modulus of deformation with depth were determined from
the results of pressuremeter tests) and from the results of labora-
tory tests (triaxial tests and oedometer tests for the determination
of strength-related and deformational properties of clay). After
thorough re-interpretation using all data available, the values were
compared against each other and were correlated. Good correlati-
on between the deformational parameters determined by means of
laboratory tests and field tests was a pleasant surprise.
Characteristic values of parameters for all layers are presented in
the Table 1.

The parameters presented in the table suggest that the clay layer
was modelled using the Modified Cam-Clay Model. This particu-
lar model was selected for several reasons:

e The use of various values of the soil stiffness for the swel-

ling/compression states.

e The capability of predicting the increase in undrained shear
strength with depth in the case of the undrained analysis (this
prediction was verified on the course of Su with depth, which
is known).

¢ The stiffness of soil depends on the value of the mean effec-
tive pressure.

The other geological layers were analysed using the Mohr-
Coulomb material model and the behaviour of layers was consi-
dered as drained in the analysis. The geological cross-section is
presented in Fig. 4.

STRUCTURAL ANALYSES

Key aspects for the design and assessment of the shaft and all
its elements comprised the sub-grade stratigraphy, geotechnical
parameters, loading, construction procedure and interaction with
the future BO4 station. The following loading cases were consi-
dered: a crane for the assembly of shields, an gantry crane for
transporting reinforced concrete segments, the passage of TBMs
through the diaphragm wall, forces acting during the launching
of TBMs, seismics, etc.

The shaft structure was analysed in two sections perpendicu-
lar to each other, respecting the construction procedure, using
Plaxis 2D software. In terms of geotechnical structures, it is
a classical analysis using an FEM program. The problem is
modelled as plane strain with the design approach NP2 — EC7;
the analysis steps respect the proposed construction process. The
connections of steel frames to the diaphragm wall are modelled
as hinges and the contact between the foundation slab and diap-
hragm walls is considered as a fully restrained joint.

The construction process has three parts: the construction of
shaft LS04, construction of station BO4 and backfilling of shaft
LS04. The first part, the construction of shaft LS04 itself, and
the last part, the backfilling of the shaft, represent nothing non-
traditional from the designing point of view. The construction
part of station BO4 (built using the Top&Down method) and the
introduction of its interaction with the shaft into the calculation
turned out to be problematic. No generally applicable methodo-
logy exists for giving true picture of the correct composite acti-
on. For that reason the influence of station B04 was analysed in
various variants taking into consideration various types of joints
between the diaphragm wall and the future reinforced concrete
slabs of station B04in the meaning of rotational and axial

strength (see Fig. 5).
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smyslu geotechnickych konstruk-

ci jde o klasickou analyzu s vy- 4000 3200 -24,00
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vuji z pohledu ndvrhu nic netra-
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Pro vystiZeni korektniho spolupu-
sobeni neexistuje obecné platnd
metodika. Proto byl vliv vystavby
B04 do vypoctu analyzovén v ruznych variantdch s uvaZovanim raz-
nych typl spoje mezi podzemni sténou a budoucimi Zelezobetonovymi
deskami stanice B04 ve smyslu rotacni a osové tuhosti (obr. 5).
Ocelové rozpérné ramy byly analyzovany v programu SAP 2000
jako 3D rdm na pruZzinach, kde pruZiny predstavuji zeminové prostie-
di véetné zahrnuté tuhosti podzemnich stén. Ocelové ramy byly posou-
zeny ve smyslu principu klasické mechaniky podle pfislusné normy.

ZAVER

Prijimaci a startovaci Sachta je z hlediska razeb kli¢ovym stavebnim
objektem, ktery je v soucasné chvili (leden 2015) na kritické cesté.
Razba plnoprofilovymi zeminovymi ity od stanice B03, kterd probiha
v dob€ psani ¢lanku, bude muset byt zpomalena, pripadné zastavena,
nebot’objekt Sachty neni dokoncen. V této dobé probihd hloubeni lamel
podzemnich stén. Ndsledovat bude provedeni zétek z tryskové injekté-
ze a vlastni hloubeni a rozpirdni Sachty. Teprve po vyhloubeni
a zhotoveni spodni Zelezobetonové desky bude moznd prordzka
a demontd? starych zeminovych titu.
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Obr. 5 Celkové deformace po vystavbeé stanice B04
Fig. 5 Total displacements after construction of B04 Station

The steel strutting frames were analysed using SAP 2000 soft-
ware as a 3D frame-spring model, where springs represent the
earth environment inclusive of the stiffness of diaphragm walls.
The steel frames were assessed in the meaning of principles of
classical mechanics according to the relevant standard.

CONCLUSION

The receiving and launching shaft is a key structure in terms of
the tunnel excavation. At the moment (January 2015) it is on the
critical path. The advance rate of the driving with tunnel boring
machines from station BO3, which is underway at the time of
writing this paper, will have to be reduced or even suspended
because of the fact that the shaft structure has not been finished.
The excavation for diaphragm wall lamellas is currently under-
way. The work on jet grouted plugs and the excavation and bra-
cing of the shaft will follow. Only after the completion of the
excavation and casting the reinforced concrete bottom slab will it
be possible for the old TBMs to break through into the shaft and
be disassembled.
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BIM A INFRASTRUKTURNI PROJEKTY
BIM AND INFRASTRUCTURAL PROJECTS

PETR TOMAS, RADIM KREJCZY

ABSTRAKT

Cldnek je vénovdn Building Information Modelling (BIM). Building Information Modelling neboli informacni model budovy je digitdini
model, ktery reprezentuje fyzicky a funkcni objekt s jeho charakteristikami. Je to tedy oteviend databdze informaci o objektu, kterd slouzi
v prvotni fdzi pro koordinaci jednotlivych profesi, ddle pak pro jeho realizaci, ale zdroven i pro jeho sprdvu a vidrZbu. Prvni &dst prispévku
Je zamérena na popis, procesy projektovdni, vystavbu a sprdvu majetku. Ve druhé cdsti jsou predstaveny priklady zpracovdni konkrétnich
staveb s vyuZitim vybranych procesii a technologii BIM. Jednd se o zahranicni projekty, kde metodika BIM je hojné vyuZivdna a v nékterych

stdtech je jiZ zdkonem vyZadovdna.

DEFINICE BIM

,, Technologiemi podporované procesy, které spravuji, doplnuji, upravuji a sdili informace o objektu behem celého jeho Zivotniho cyklu.“ [1]
» BIM je organizovany pristup ke sbéru a vyuZiti informaci napric projektem. Ve stredu tohoto usili leZi digitdlni model obsahujici gra-
fické a popisné informace o ndvrhu, vystavbé a spravé objekni.“ [2]

ABSTRACT

The paper is dedicated to the Building Information Modelling (BIM). The Building Information Modelling is a digital model representing
a physical and functional building with its characteristics. It is therefore an open database of information about a building/structure, serving
for the coordination of individual professions during the course of the initial phase and, subsequently, for the building/structure realisation
and the administration and maintenance. The first part of the paper is focused on the description, designing processes, construction and pro-
perty management. Examples of the processing of individual buildings/structures using selected BIM processes and technologies are presen-
ted in the second part. Foreign projects, where the BIM is frequently used and is already required by law in some states, are introduced there.

BIM DEFINITION

A coordinated set of processes, supported by technology, that adds value through creating, managing and sharing the properties of an
asset throughout its lifecycle.” [1]
»The BIM is an organised approach to collecting and using information throughout a project. A digital model containing graphic and

descriptive information on the design, construction and administration of buildings/structures lies in the centre of this effort.” [2]

ovoD

Stavebnictvi je obor, kde jsou informacni technologie zavadény jen
velmi pomalu. Jednou z moZnosti, jak zvysit kvalitu procesu pripravy
projektu, realizace stavby a spravy budovy Ci objektu, je vyuZiti
Building Information Modeling. BIM (Informacni modelovéni budov)
je problematika pomérné nova, kterd rozlisuje BIM jako model, tedy
jako formu informacni databdze a BIM jako proces, ktery vyuZivd
BIM model pro vyménu, shromaZdovani a sdileni informaci. BIM
model si lze predstavit jako informa¢ni databazi, kterd v idedlnim pri-
padé obsahuje kompletni data od prvotniho navrhu, pfes vystavbu,
spravu budovy a piipadné rekonstrukce, aZ po jeji demolici véetné eko-
logické likvidace stavebniho materidlu a uvedent stavenisté do puvod-
niho stavu. Do této informacni databdze by meli prispivat vSichni
tcastnici stavebniho procesu. Pro dosazeni maximalniho efektu by ani
jeden z Gcastniku stavebniho procesu nemél odmitat pouZivat infor-
macni model (tim se pak efektivita informacntho modelovéani omezu-
je, pripadné sniZuje) a zéroven do néj prispivat svymi vysledky.

To ale nemus{ znamenat, Ze do modelu vSichni vkladaji vSechny své
védomosti a data. V kazdém piipadé by vSak méli sdilet informace,
které jsou uziteCné pro ostatni uGcastniky procesu ndvrhu stavby.
Vyhodou tohoto principu spoluprdce je pristup k informacim pro
vSechny tdcastniky, aniz by doslo ke ztraté dat. Zakladnim ndstrojem
pro BIM je 3D model. AvSak je tfeba si uvédomit, 7Ze samotny 3D
model neni informaéni model budovy, ale je pouze jednim z ndstroju,
jak jednotlivé informace zobrazovat. Grafické informace totiz nemusi
zajimat vSechny tcastniky stavebniho procesu. Napiiklad rozpoCtar si
data z informa¢niho modelu budovy radéji nacte do tabulkového pro-
cesoru, investora pak bude zajimat nejen architektonické zobrazeni
projektu, ale i celkové ndklady na vystavbu, harmonogram vystavby,

INTRODUCTION

Civil engineering is an industrial branch where information tech-
nologies are introduced very slowly. One of the options for increasing
the quality of the process of planning the project, realisation of the
construction and administration of the building/structure is to use the
Building Information Modelling. The BIM issue is relatively new. It
distinguishes the BIM as a model, i.e. as a form of an information
database, from the BIM process, which uses the BIM model for the
exchange, collection and sharing of information. It is possible to ima-
gine the BIM model as an information database containing, in an
ideal case, complete data starting from the initial proposal through
the building/structure construction, administration and contingent
reconstruction, up to its demolition, including environmentally fri-
endly disposal of building materials and reinstatement of the site. All
parties to the construction process should contribute to this informa-
tion basis. To achieve maximum effects, not one of the parties should
refuse to use the information model (in such a case the effectiveness
of the information modelling is restricted or reduced) and, at the same
time, contribute to it by their particular results.

Nevertheless, it does not have to mean that all of the parties insert
all their knowledge and data into the model. In any case, they should
share the information that is useful for the other participants of the
process of designing the building/structure. The advantage of this
principle of collaboration lies in the access to information available
for all parties without losing the data. A 3D model is the basic tool for
the BIM. It is however necessary to realise that the 3D model itself is
not the information model of the building/structure. It is only one of
the tools for displaying individual pieces of information. The reason
is that not all of the parties to the construction process have to be



pripadné razné analyzy za Glelem sniZeni spotteby energie, zjisténi
a porovndni ndkladu investi¢nich a provoznich (Zivotnost, ndklady na
vyménu) apod.

Proto l1ze zjednodusené rici, Ze BIM je 3D model rozsiteny o dals{
parametry. Ctvrty parametr (4D) reprezentuje Easové zavislosti, tzn.
harmonogram vystavby, 5D pak predstavuje vykaz vymér, ndklady
a ceny. Analyzy zaméfené na udrZitelny rozvoj lze vyjadrit 6D, 7D
je pak urCen pro spravce a majitele dané stavby a obsahuje kon-
krétni informace o parametrech objektu s ohledem na jejich provoz
a idrzbu. Souborné vyuZiti vyse uvedenych parametrt lze povaZo-
vat za BIM proces. Dals{ duleZitou vyhodou pfi pouziti informaéni-
ho modelovani je koordinace mezi jednotlivymi profesemi tak, aby
pripadné kolize, které se v navrhu mohou objevit, byly odhaleny
a eliminovény jiz v dobé pfiprav a ne az behem samotné vystavby.
Toto je jednim z velkych piinosu pouziti BIM technologie oproti
béZnému zpusobu préce, kde je takova koordinace mnohdy velmi
komplikovana.

Metodika BIM je jiz také zakotvena v ISO norméch. Tento ISO
standart je prejaty i v CSN norméch. O to se zaslouzila zejména spo-
le¢nost buildingSMART International (bSI), kterd zpracovava jednot-
livé podklady a ndvrhy pro vypracovani téchto norem. S tim souvisi
i pojem OpenBIM, coZ je iniciativa organizace bSI a nekolika pred-
nich dodavatelt softwaru podporujicich otevieny buildingSMART
datovy model (IFC), normy ISO a dalsi aktivity buildingSMART .
Hlavnim cilem OpenBIM je tedy univerzdlni pristup zefektiviujici
spolupréci pri projektovani, realizaci a provozu staveb a je zaloZeny na
otevienych standardech a pracovnich postupech.

V Ceské republice se zavadéni BIM do praxe a legislativy vénuje
mj. odbornd rada pro BIM — czBIM, pod jejiz hlavickou vznikl i prvni
dokument seznamujici Sirokou verejnost se zdkladnimi principy BIM
[3] a dvod tohoto ¢lanku z této publikace Cerpa.

V zahrani¢i byly prinosy BIM identifikovany jiz difve a béhem
poslednich let dochédzi k ndrastu pouziti BIM v praxi. V. mnoha
zemich byly principy BIM dokonce zakotveny do poZadavki na
vystavbu stdtnich a vefejnych objektt nejenom budov, ale i infra-
struktury. Prvnim se stalo Finsko v roce 2007, ndsledovaly jej Norsko,
Nizozemsko, Dédnsko. Ve Velké Britdnii bude vyZadovdn BIM pro
vSechny vladni projekty od roku 2016. V nékterych statech USA je
pouziti BIM také vyzadovéno, stejné tak v Singapuru, Hongkongu,
Australii apod.

Jak bylo naznaceno, nespornou vyhodou BIM je vyssi stupen pri-
pravy stavby, ktery se odrazi na prubéhu stavby samotné i na nizsich

Graf 1 Efekt ndkladu v ruznych fazich projektu
Graph 1 The effect of costs in various project phases
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interested in graphic information. For example, an estimator prefers
retrieving data from the information model of the building/structure
and storing it in a spreadsheat, whilst a project owner will be interes-
ted not only in the architectural depiction of the project but also in the
total construction cost, construction schedule or various analyses pre-
pared with the aim of reducing the consumption of power, determi-
ning and comparing investment and operating costs (life length, cost
of replacements), etc.

It is therefore possible to simply say that the BIM is a 3D model
with other parameters added to it. The fourth parameter (4D) repre-
sents time relationships, the so-called project programme, whilst the
5D model represents the bill of quantities, costs and prices. Analyses
focused on sustainable development can be expressed by the 6D and
7D model. It is determined for the administrator and owner of the
particular building/structure and contains concrete information on the
building/structure administrator and owner with respect to the opera-
tion and maintenance of the building/structure. The comprehensive
use of the above-mentioned parameters can be considered to be the
BIM process. Another important advantage when the information
modelling is applied lies in the coordination among individual pro-
fessions allowing for detecting and eliminating the contingent colli-
sions that may appear in the design as early as during the preparation
instead of during the construction itself. This is one of the great bene-
fits of the use of the BMI technology in comparison with a common
way of working, where such the coordination is frequently very com-
plicated.

The BIM methodology has already been confirmed in ISO stan-
dards. The ISO standard has even been taken over in Czech CSN
standards. It is first of all thanks to the buildingSMART Inter-
national (bSI), which processes individual source documents and
proposals for the work on these standards. The OpenBIM term is
also associated with it. It is an initiative of the organisation building
the bSI and several leading software suppliers supporting the open
buildingSMART data model (IFC), ISO standards and other activi-
ties of buildingSMART. The main objective of the OpenBIM is the-
refore universal access increasing the effectiveness of collaboration
in the process of designing, realising and operating structu-
res/projects. It is based on open standards and working procedures.

The CzBIM Council is one of the bodies pursuing the putting of
the BIM into practice and legislation in the Czech Republic. The first
document acquainting the wide public with basic principles of the
BIM [3] originated under the auspices of this council. The introduc-

tion of this paper draws from
this publication.

The BIM benefits have
been identified abroad even

earlier and the use of the
BIM in practice has been
increasing during past years.
The BIM principles were
incorporated into require-
ments for the development
of governmental and public
projects not only for buil-
dings but also for infrastruc-
ture. The first of them was
Finland in 2007; Norway,
the Netherlands and Den-
mark followed. The BIM
will be prescribed for all
governmental projects in
Great Britain from 2016. The
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ndkladech na vystavbu a zejména pak pri nasledné ddrzbé. Béhem pri-
pravy stavby bude mozné kalkulovat s ndklady nejenom investi¢nimi,
ale i dal$imi, vznikajicimi béhem celého Zivota objektu. Graf 1 ukazu-
je efekt nakladu v ruznych fézich projektu. Modra linka (1) vyjadfuje
klesajici schopnost ovlivnit ndklady na stavbu a jeji vykonnost po
viech strankéch. Cervend linka (2) zobrazuje stoupajici naklady na
provadéni jakychkoliv zmén v ndvrhu v pozdéjsich fazich projektu.
Zelend linka (3) pak ukazuje pracovni postup s vyuZziti BIM a cernd
linka (4) vyjadruje ndklady pfi vyuZiti klasického pracovniho postupu
(postup zaméren na kresbu dokumentace).

Z grafu tedy vyplyva, Ze pri vyuzZiti metodiky BIM je provedena vét-
§ina zmén v poldte¢ni fazi ndvrhu, kdy jsou ndklady na tyto zmény
jeste malé, a nenf slozité ovlivnit vyslednou kvalitu ndvrhu stavby.
Zatimco pri klasickém zpusobu projektovani jsou tyto zmény realizo-
vany v pozdéjsi fizi dokumentace, kdy jiz provadéni jakychkoliv zmén
je pomérmné komplikované a ndkladné.

NiZe bude uvedeno nékolik projekti, kde je metodika BIM je zakot-
vena a pouZita.

SHATIN TO CENTRAL LINK, HONGKONG

Shatin to Central Link (SCL) je nove planovana linka metra v délce
17 km spojujici ¢tvrt’ Shatin s centrem Hongkongu. Nova linka bude
slouZit jako kli¢ovy ¢lanek hongkongské kolejové sité, ktery vytvori
v stavajici siti dva strategické koridory (severo-jizni a vychodo-zapad-
ni). Navic vznikne nové spojeni do ¢asti, které dosud nejsou pokryty
kolejovou dopravou. Soucdsti této stavby je 1.4 km dlouhy plaveny
tunel pod zdlivem propojujici pevninu a ostrov Hongkong (obr. 1).

Prave na této Cdsti projektu se podilela spole¢nost Mott MacDonald
— plaveny tunel s propojenim do stavajicich ¢dsti metra na pobreZi.
Prazska pobocka navrhovala konstrukce pazeni Stétovnicovych jimek
a docasnych pracovnich plo$in na severnim brehu v méstské Césti
nazyvajici se Hung Hom (obr. 2). Konstrukce paZeni byly tvoreny oce-
lovymi pilotami spojenymi zdmky beranénymi do mofského dna.
Docasné pracovni ploSiny budou vyuzivany pro obsluhu stavebni jamy
a budou tvoreny rovnéz beranénymi pilotami s ocelovym rostem
pokrytym betonovym povrchem. Stavajici konstrukce postovni budo-
vy a estakdda mestského obchvatu tvorily limitujici prostorové
a logistické podminky. Dalsi komplikace skytaly rozmanité geologic-
ké poméry lokality. Ve viech téchto smérech byl pro optimalizaci fese-
ni vyuZit proces BIM. Se vSemi jeho vyhodami byly feSeny kolize
mezi konstrukcemi, pohodIné byly ovefeny geologické profily lokali-
ty a v neposledni fadé probehla kontrola vykazu vymér.

DOHA METRO, KATAR

Katarské Dohd prochdzi velkym industridlnim rozvojem. Jednim ze
sektorti, kde probihd velky rozvoj, je sit’ metra. V soucasnosti nen{
v provozu zadnd linka metra. AvSak jiz v roce 2026 by mely byt
v provozu linky 4 — Red Line, Gold Line, Green Line a Blue Line.
Celkova délka by méla byt 169,1 km z toho 80,7 km v podzemi. Na
jednotlivych trasach se predpokladé az 73 stanic metra. Centréln{ sta-
nici bude Msheireb Station, kterd bude slouzit jako klicovy uzel zele-
né, Cervené a zlaté linky.

Mott MacDonald praveé tuto stanici projektuje. Stanice je kompletné
zpracovdvana metodikou BIM. Znamend to komplexni 3D model,
kontrolu detekci v rdmci profesi (mezi konstrukéni casti, TZB
a architekty), vykazy vymér ¢i harmonogramy vystavby. Zajimavosti
je, Ze probihd koordinace nejen v rdmci stanice, ale i se soucasné pro-
jektovanymi objekty. Jednak je to Msheireb Downtown Area, komerc-
ni ale i reziden¢ni zdstavba, a Ashghal Road Tunnel (obr. 3), tyfpru-
hovy silni¢ni tunel. Oba tyto objekty jsou situovany nad objektem kii-
Zeni kolejf (cross-over), ktery je soucdsti stanice. DalS{ stanici je stani-
ce Education City na zelené lince (obr. 4). Tato stanice bude spojena se
stanici Zelezni¢ni. Pro obé tyto stanice je zhotovitelem sdruZeni sta-
vebnich firem Samsung, OHL a Qatar Building Company. Hlavnim
investorem je Qatar Railways Company, ten i predal jednoznacné
pozadavky na informace, které bude BIM model obsahovat (7D). Tyto

Obr. 1 Celkovy pohled na tunel — BIM model
Fig. 1 Overall view of the tunnel — the BIM model

As hinted above, an undisputable advantage of the BIM lies in
a higher degree of construction planning, which reflects itself in the
course of the construction itself and in lower costs of construction, in
particular during the subsequent maintenance. It will be possible
during the project planning to take into account not only investment
costs but also other costs originating during the whole project life.
The Graph 1 shows the effect of costs in various project phases. The
blue line (1) expresses the decreasing ability to influence the costs of
the project and its efficiency in all aspects. The red line (2) depicts the
increasing cost of the execution of any project change during subse-
quent project phases. The green line (3) shows the working procedu-
re using the BIM, whilst the black line (4) expresses the costs incur-
red when the classical working process is used (the process of focu-
sing on the drawing of documents).

It follows from the graph that when the BIM methodology is app-
lied the majority of changes is carried out in the initial designing
phase, in which the costs of these changes are still small and it is not
difficult to influence the resultant quality of the construction design.
When a classical designing system is used, these changes are realised
in the later phase of documentation, when the execution of any chan-
ge is relatively complicated and expensive.

Several projects which the BIM methodology is incorporated into
and is applied will be presented below.

SHATIN TO CENTRAL LINK, HONGKONG

Shatin to Central Link (SCL) is a new 17km long metro line con-
necting the Shatin district with Hong Kong downtown. The new line
will become a key element of the Hong Kong rail network, which
will create two strategic corridors (north-south bound and east-west
bound) on the existing network. In addition, a new link to parts which
have not been covered by rail-bound transport till now will originate.
A 1.4km long immersed tunnel under the bay, connecting the conti-
nent and Hong Kong Island, is part of the project.

It is this part of the project that Mott MacDonald participated
in — the immersed tunnel with a connection to existing parts of
the metro system on the coast. The Prague branch designed the
bracing structures of sheetpile cofferdams and temporary wor-
king platforms on the northern coast in the Hung Hom city
district. The bracing structures consisted of interlocked steel
piles driven into the sea bottom. The temporary working plat-
forms will be used for servicing the construction pit and will also
be formed by piles driven into the bottom, with steel grating
covered with concrete surface on their tops. The existing structu-
re of a post building and a city bypass road viaduct created limi-
ting conditions in terms of logistics. Other complications were
posed by variable geological conditions in the locality. The BIM
process was applied to all of the above aspects for the optimisa-
tion of the solutions. Collisions between structures were solved,
geological profiles in the locality were comfortably verified and,
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at last but not least, the bill of quantities was checked deriving all
its benefits (see Figures 1 and 2).

DOHA METRO, QUATAR

Doha, the Qatar capital, passes through great industrial develop-
ment. One of the sectors where the great development is underway is
the metro network. No metro line is in service at the moment.
However, the following 4 lines should be in operation: the Red Line,
Gold Line, Green Line and Blue Line. The total length should
amount to 169.1km, with 80.7km of that length in the underground.
Up to 73 metro stations are assumed to be on individual lines.
Obr. 2 BIM model diléi édsti konstrukce paZeni Msheireb Station will be the central station serving as a key node on
Fig. 2 The BIM model of a part of the bracing structure the Green, Red and Golden Lines.

The above-mentioned station is being
designed by Mott MacDonald. The station is
completely worked on using the BIM metho-
dology. It means a comprehensive 3D model,
checking on detections within the framework
of professions (between the structural part,
building equipment and architects), bills of
quantities or construction programmes. An
interesting fact is that coordination exists not
only within the framework of the station but,
even regarding structures being currently
under design, namely the Msheireb Down-
town Area, commercial and residential deve-
lopment projects and the Ashghal Road Tun-
nel (see Fig 3) and a four-lane road tunnel.
Both these tunnel structures are located above
a rail cross-over which is part of the station.
Education City on the Green Line is another
station (see Fig. 4). This station will be linked
to a railway station. The contractor for the two
stations is the consortium consisting of
Samsung, OHL and Qatar Building Company.
The main client is Qatar Railways Company.
The client handed over unambiguous require-
ments for information which the BIM model
will contain (7D). This information will sub-
sequently allow for simpler administration
and maintenance of individual stations.

BERGEN LIGHT RAIL, NORWAY

Mott MacDonald is at the moment finishing
the work on the design for a tramway track in
the city of Bergen, Norway. The double-track
line running from the downtown to the airport
is about 7km long. The part under design
covers a wide range of professions associated
with a project with such the extent. Among
them there are in particular the signalling,
traction, track bed and trackwork, geotechni-
cal structures, drainage, sewerage, heavy cur-
rent and weak current networks and fire safe-
ty elements. There are 8 stops, 11 bridges, 5
tunnels (both mined and cut-and-cover),
a depot for rail-bound vehicles, a multi-storey
car parking facility, etc. on the line.

The entire design has been carried out using
the BIM methodology and, owing to this fact,
several offices could participate in the work
on it all over Europe. It means that individual

Obr. 3 Stanice Msheireb — BIM model designers for particular parts are allowed
Fig. 3 Msheireb station — the BIM model access to one central digital model, which they
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informace budou pak slouZit k jed-
nodussi spravé a udrzbé jednotli-
vych stanic.

BERGEN LIGHT RAIL, NORSKO

Mott MacDonald aktudlné dokon-
Cuje prace na projektu tramvajové
trat¢ ve mést¢ Bergen v Norsku.
Dvoukolejnd trat’ je vedena z centra
mésta na letisté a dlouhd je asi 7 km.
Projektovand cdst zahrnuje Siroké
spektrum profesi tykajicich se pro-
jektu tohoto rozsahu. Jednd se
zejména o signalizaci, trakci, Zelez-
ni¢ni spodek a svrsek, geotechnické
objekty, drendze, kanalizaci, silno-
proudé i slaboproudé elektrické sité
a pozdrni bezpecnostni prvky. Na
trase je t€Z 8 zastdvek, 11 mostu, 5
tunelt (raZenych i hloubenych),
depo kolejovych vozidel, vicepatro-
vé parkovisté apod.

Cely projekt je zpracovdn meto-
dikou BIM a diky tomu se také na
projektu mohlo podilet nekolik kan-
celdri po celé Evropé. Znamena to,
Ze jednotlivi projektanti danych
Casti maji pristup do centrdlniho
digitdlntho modelu, do kterého také
prispivaji svymi &dstmi. Spravece
modelu pak jednotlivé ¢dsti kontro-
luje a provadi pripadné detekce
kolizi. Po vyhodnoceni jsou dotcené
osoby informovény. Aby nedochd-
zelo k neopravnénym zméndm, jsou
jednotlivym uZivatelim v rdmci
datového tloZisté upravena uZiva-
telskd prava. Model je také vyuzi-

véan pro ocenéni stavby na zdkla-
de jasné stanovenych specifikaci
ak tvorbé harmonogramu v rdmci
jednotlivych Casti stavby.

Jednim ze zajimavych objektt na trase je architektonicky pojaty
tramvajovy most s chodnikem pro pési. Most je betonovy (predpjaty)
zavéSeny na ocelovém oblouku, ktery diagondlné prekracuje jak silnici,

Obr. 5 Most K75 — BIM model
Fig. 5 K75 bridge — the BIM model

Obr. 4 Stanice Education City — BIM model
Fig. 4 Education City station — the BIM model

also contribute their parts to. The model administrator checks on the
individual parts and carries out contingent corrections of collisions.
After the assessment, affected persons are informed. User rights of
individual users are modified within the data repository so that unaut-
horised changes are prevented. The model is in addition used for the
project evaluation on the basis of unambiguously set specifications and
for the development of programmes within the framework of indivi-
dual parts of the project.

The architecturally conceived tramway bridge with a pedestrian
walkway belongs among interesting structures. It is a pre-stressed
concrete structure suspended from a steel arch, which diagonally
crosses over a road and the tramway track, thus always forming an
entrance gate for passengers travelling on the road or by tram from
the airport (see Fig. 5).

Another interesting structure on the route is the Satamyrikulverten
cut-and-cover tunnel (see Fig. 6).

BAKU METRO, AZERBAIJAN

The Prague-based branch of Mott MacDonald, jointly with French
Systra and South Korean Saman, are designing a metro in Baku, the
capital of Azerbaijan. The Purple Line, which is currently under con-
struction, will link “Avtovogzal”, the largest bus terminal for intercity
buses at the north-western edge of the city with its centre and further
with the eastern outskirts of the city. In total, the project comprises




Obr. 6 Portdl tunelu Satamyrikulverten — BIM model
Fig. 6 Satamyrikulverten tunnel portal — the BIM model

tak tramvajovou trat’a tvori tak pro cestujicitho po silnici nebo tramvaji
od leti§t€ vzdy vstupni branu (obr. 5).

Dal§$im zajimavym objektem na trase je hloubeny tunel
Séatamyrikulverten (obr. 6).

BAKU METRO, AZERBAJDZAN

Prazskd pobocka spolenosti Mott MacDonald spole¢né
s francouzskou Systrou a jihokorejskym Samanem projektuji
v hlavnim mésté Azerbdjdzanu v Baku metro. Aktudlné je ve vystav-
be fialovd linka, kterd propoji nejvetsi autobusové nadrazi pro mezi-
méstské autobusy ,,Aftovogzal“ na severozdpadnim okraji mésta,
s centrem a ddle pokraCuje na vychodni okraj. Celkem se jednd o depo,
12 stanic a dvoukolejny tunel pro odstavné koleje s celkovou délkou
trasy asi 20 km. Modrd linka je v projektové fazi. Soucasti projekto-
vych praci prazské pobocky jsou tratové tunely, propojky, ventilaéni
Sachty, technologické objekty ventilacnich Sachet, startovaci Sachty
TBM a odstavny tunel.

Pravé na technologické objekty ventilatnich Sachet byl aplikovan
BIM v rozsahu kontroly kolizi jednotlivych vedeni v Sachté, vykazt
vymér a celkové koordinace mezi vlastnim objektem a Sachtou (obr. 7).

ZAVER

Za zkratkou BIM lze tedy najit komplexni proces vymény a sdileni
informac{ a koordinaci profesi. VyuZitim informa¢niho modelovéni 1ze
dosdhnout vys§i trovné piipravy objektu pred zahdjenim vystavby, diky
Cemuz je mozné odhalit pripadna rizika a sniZit naklady pfi vystavbé
a predevsim v provozu, kdy je mozné dosdhnout jeste vétsich dspor.

Vyuziti procesu BIM se do budoucna jevi jako nezbytné nutné pro
stavby vetsiho charakteru. Proto, aby se BIM stal sou¢asti pripravy sta-
veb, je duleZité pripravit pravni prostiedi a zavést jednotlivé metodiky.
Tyto metodiky by mély jednozna¢né urdit pravidla pro BIM.

Lze predpoklddat, Ze investice do projektu (dokumentace) se ¢ds-
teCné zvysi. Zaroven ale bude dosaZeno niZ$ich ndkladu pri vystavbé

a sprave staveb. Vyslednd tspora tedy bude mnohondsobné vyssi nez
pocatecni naklady na projekt.

Ing. PETR TOMAS, petr.tomas@mottmac.com,
Ing. RADIM KREJCZY, radim.krejczy@mottmac.com,
Mott MacDonald CZ, spol. s r. o.
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Obr. 7 Ventilacni Sachta mezistanicniho tiseku metra - BIM model
Fig. 7 Ventilation shaft of running tunnel of metro - the BIM model

a depot, 12 stations and a double-track tunnel for stabling tracks, with
the total line length amounting approximately to 20km. The Blue Line
is in the designing phase. The designing work of the Prague branch
comprises running tunnels, cross passages, ventilation shafts, techno-
logical structures of ventilation shafts, TBM launching shafts and
a tunnel for stabling tracks.

The BIM was applied to the technological structures of ventilation
shafts, within the scope covering checking on collisions of individu-
al lines in the shafts, bills of quantities and overall coordination bet-
ween the structure itself and the shaft (see Fig. 7).

CONCLUSION

It is therefore possible to find behind the BIM abbreviation
a comprehensive process of exchanging and sharing information and
coordinating professions. By applying the information modelling it is
possible to achieve a higher level of the project planning before the
construction starts. Owing to this fact it is possible to detect contin-
gent risks and reduce the costs to be incurred during construction
works and, in particular, during the operation, where it is possible to
achieve even higher savings.

The application of the BIM process appears to be absolutely neces-
sary for future larger scope projects. It is important for the BIM to
become part of the project planning process to prepare legal environ-
ment and introduce individual methodologies. These methodologies
should unambiguously define rules for the BIM.

It is possible to assume that investments into the project (docu-
mentation) will be partially increased. However, lower costs will be
achieved during the construction and administration of structures.
The resultant saving will therefore be many times higher than the ini-
tial cost of the project.

Ing. PETR TOMASV, petr.tomas @mottmac.com,
Ing. RADIM KREJCZY, radim.krejczy @mottmac.com,
Mott MacDonald CZ, spol. s r. o.
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TUNEL POLANA - RAZBA A PRIMARNI OSTENI
POLANA TUNNEL - EXCAVATION AND PRIMARY LINING

JAN PAPCUN

ABSTRAKT

Tunel Polana je budovdn v rdmci vystavby slovenské ddlnice D3 Svréinovec — Skalité. Stavba je realizovdna na polovicni profil, coZ
znamend, Ze v pravém jizdnim pdsu ddlnice se vybuduje tunel kategorie 2T — 8,0 dle STN 73 7507 s docasnym obousmérnym provozem.
Ndvrhovd rychlost je 80 km/h. V levém jizdnim pdsu ddlnice se vybuduje vinikovd §tola (v minulosti jiZ bylo cca 300 m §toly vyraZeno
Jako priizkumnd $tola). Ta se v budoucnu prebuduje na levou tunelovou troubu. Soucdsti tunelu budou t¥i propojky mezi pravou tunelo-
vou troubou a vinikovou Stolou, které slouZi jako tinikové cesty. Tento prispevek se zaméruje zejména na popis razby pravé tunelové trou-
by. PFiblizi, v jakych geologickych podminkdch a jakou metodou je tunel raZen, jaké je Clenéni profilu, délky zdbéri, postup budovdni
primdrniho osténi, jaké materidly a stroje se pri raZbé pouZivaji, jak probihala vystavba a zajisténi zapadniho i vychodniho portdlu tune-
lu a popisSe dosavadni prubéh razby.

ABSTRACT

The Polana tunnel is being built within the framework of the development of the Svrcinovec — Skalité section of the Slovak D3 motor-
way. The half-profile construction is being realised, which means that a 2T - 8.0 category tunnel to STN 73 7507 standard with tempora-
ry traffic in it will be built for the right-hand part of the dual carriageway. The design speed is 80km/h. An escape gallery will be built
along the left-hand part of the dual carriageway (the excavation of about 300m of the gallery was completed in the past as an explorato-
ry gallery). The gallery will be converted into the left-hand tunnel tube in the future. Three cross passages between the right-hand tunnel
tube and the escape gallery, which will serve as escape routes, will be parts of the tunnel. This paper is mainly focused on the descripti-
on of the excavation for the right-hand tunnel tube. It will give readers an idea of the geological conditions in which the tunnel is being
driven, the tunnel excavation method, the excavation sequence, the lengths of excavation rounds, the procedure applied to the constructi-
on of the primary lining, the materials and machines used during the construction work, the past progressing of the construction and sta-

bilisation of the western tunnel portal and the eastern tunnel portal and will describe the excavation progress finished till now.

uvoD

Stavba dalnice D3 Svr¢inovec — Skalité (obr. 1) md celkovou
délku useku 12,282 km (méfeno v ose dédlnice) a je umisténa
v Zilinském kraji, v okrese Cadca. Na jeho tizemi prochdzi katast-
ralnfmi tdzemfmi obci Svr&inovec, Cierne a Skalité.

Budovany dsek ddlnice zalind tésné pred krizovatkou
Svréinovec, kde se napoji na tsek D3 Cadca (Bukov) —
Svréinovec. V kfizovatce Svr¢inovec bude napojen na existujici
silni¢ni sit’ — silnici I/11 mimourovnovou krizovatkou, ve které
bude feSeno prepojeni kiizujicich se komunikaci ve vSech smé-
rech. Za krizovatkou vstupuje do tunelu Svréinovec délky cca
435 m. Usek k nédsledujicimu tunelu Polana je veden na svazich
tidoli feky Cieranky na okraji zastavby obci Svréinovec, Cierne
a Skalité, pficem? v katastru Cierne je dalnice &dstetné vytlatena
az na hreben masivu Valy. V celém tseku ddlnice kfiZzuje hluboka
tdoli mistnich toku — z vyznamnéj§ich jsou to Markov potok,
Cierny a Gorilov potok, Cade¢ka a Rieka. V obci Skalité do masi-
vu Polana vstupuje dédlnice tunelem Polana délky cca 895 m a na
konci se napojuje na rozestavény tsek D3 Skalité — hranice
Slovenska s Polskem.

Dilnice je vedena na svazich tidoli Ciernanky, ve kterém jsou
umistény vyznamné dopravni stavby — silnice 1/12 a Zelezni¢ni

trat Cadca — Zwardoti, v pocate¢nim useku i elektrifikovana trat’

Cadca — Bohumin a silnice 1/11. Celé tdoli je zastavéno téméf
souvislou obytnou zistavbou, vybihajici az do prilehlych tdoli
pritoki feky Cierfianky. Kromé silnic I. tfidy jsou obce vybaveny
hustou sit{ mistnich déelovych komunikaci, z nichZ hlavni tvor{
osu zdstavby obci a jsou rozveétvované do bocénich ddoli
k rozptylené zdstavbé umisténé na svazich. Zemédélska a lesni
puda, vétSinou patifci soukromym vlastnikim, je zpfistupnéna siti
polnich a lesnich cest.

INTRODUCTION

The total length of the project for the Svr¢inovec — Skalité sec-
tion of the D3 motorway (see Fig. 1) (measured on the motorway
centre line) amounts to 12.282km. The project is located in the
region of Zilina, the district of Cadca. Within its area, it Crosses
cadastral districts of the municipalities of Svré¢inovec, Cierne and
Skalité.

The motorway section being under construction begins imme-
diately before the Svr¢inovec intersection, where it will connect
the Cadca (Bukov) — Svréinovec section of the D3 motorway. At
the Svréinovec intersection it will be connected to the existing
road network, the I/11, through a grade-separated intersection, at
which the connection of the roads intersecting the motorway in
all directions will be solved. Behind the intersection, the motor-
way enters the about 435m long Svréinovec tunnel. The section
leading to the subsequent Polana tunnel is designed to run on the
slopes of the Cierfianka River, on the outskirts of the built-up
areas of the municipalities of Svrcinovec, Cierne and Skalité,
with the alignment in the cadastral district of Cierne partly pus-
hed up to the Valy massif crest. The motorway alignment crosses
deep valleys of local streams within the whole section length —
among the most important there are the Markov brook, Cierny
brook, Gorilov brook, Cadecka brook and Rieka brook. In the vil-
lage of Skalité, the motorway enters the Polana massif through
the 895m long Polana tunnel. At its end, it is connected to the D3
motorway section under construction, running between the villa-
ge of Skalité and the border between Slovakia and Poland.

The motorway alignment runs on the slopes of the valley of the
little river Ciernanka, in which important transport-related struc-
tures are located, namely the 1/12 road and the Cadca — Zwardon
railway track and, in the initial section, even the Cadca —
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Obr. 1 Situacéni schéma ddlnice D3 Svréinovec — Skalité (www.ndsas.sk)
Fig. 1 D3 Svrcinovec — Skalité motorway map (www.ndsas.sk)

Stavbu délnice realizuje ,,ZdruZenie D3 Svrcinovec — Skalité®,
které je tvoreno spoleCnostmi Metrostav a.s., Vdhostav-SK a.s,
Doprastav, a.s. a Strabag s.r.o. Zhotovitelem tunelu Polana je tzv.
,,malé*“ sdruzeni spolecnosti Metrostav a.s. a Doprastav, a.s.

Investorem a budoucim provozovatelem délnice D3 je NDS,
a.s. (Ndrodna dialni¢nd spolo¢nost). Projektantem tunelu je spo-
le¢nost Basler&Hofmann Slovakia s.r.o.

Stavba se zhotovuje ve smyslu smluvnich podminek FIDIC —
Smluvni podminky pro technologické zafizeni a projektovani —
realizaci pro elektrotechnicka a strojné-technologicka dila a pro
stavebni a inZenyrskd dila projektovand zhotovitelem (ddle jen
»zluty FIDIC* nebo ,,Zlutd kniha®).

VYSKOVE A SMEROVE POMERY TUNELU POLANA

Vv,

Prava tunelova trouba (PTT) méri 898 m, z toho délka razené
¢asti tunelu je 860,60 m. Zbytek tvori hloubené tunely na vychod-
nim a zdpadnim portdlu.

Smérem od zdpadniho portdlu k vychodnimu tunel stoupd ve
sklonu 2 %. Do portéla zasahuje tdolnicovy a vrcholovy oblouk.
Smérové je trasa tvofena dvéma protismérnymi oblouky
o0 polomérech R=59425 m a R=705,75 m, které jsou spojeny pre-
chodnici. Pri¢ny sklon jizdniho pésu se preklapi z 3,5 % na 3,0 %.
Budouci leva tunelova trouba (LTT) je tvofena smérovymi oblou-
ky o polomérech R=650 m a R=675 m spojenymi prechodnici a ma
stejné jako PTT 2 % stoupéni od zdpadniho k vychodnimu portalu.

Osa tinikové §toly je smérove i vyskove soubéznd s osou budou-
ci levé tunelové trouby a je odsazend o 2,4 m smérem k PTT.
Vyskove je v celé délce snizend 0 0,15 m.

Geometrie propojek je ddna pruchodnym prafezem ve smyslu
STN 73 7507. Podélny sklon propojky P1 je 1,42 a2 % (od PTT
k dnikové Stole), propojky P2 2,69 % a propojky P3 2,64 %.
Pri¢ny sklon vSech propojek je 2%.

V tunelu budou vybudovany dva nouzové zélivy délky 50 m (1x
na levé a 1x na pravé stran€). Na pravé stran¢ ve sméru stani¢eni
(tj. od zdpadu k vychodu) budou umistény pozarni hydranty, SOS

Bohumin electrified railway track and the I/11 road. The entire
valley is covered by nearly continuous residential development,
which extends even to adjacent valleys of the tributaries of the
Ciernanka River. With the exception of primary roads, the villa-
ges are equipped with dense networks of local tertiary roads, the
main of which form the axes of the development of the munici-
palities and branch to side valleys, to houses scattered on the slo-
pes. The access to farmland and forestland, mostly belonging to
private owners, is provided by a network of field and forest roads.

The motorway construction is realised by the ,,Zdruzenie D3
Svréinovec — Skalité* consortium consisting of Metrostav a. s.,
Viahostav-SK a. s, Doprastav, a. s. and Strabag s. r. 0. The con-
tractor for the Polana tunnel construction is the so-called “small”
consortium consisting of Metrostav a. s. and Doprastav, a. s.

The project owner and the future operator of the D3 motorway
is the NDS, a. s. (Narodna dialni¢nd spolo¢nost’ - the National
Motorway company). Basler&Hofmann Slovakia s. r. o. is the
designer for the tunnel.

The construction is being carried out in compliance with the
FIDIC conditions of contract — Conditions of Contract for Plant
and Design-Build for electrical and mechanical work and for
structures and engineering works designed by the contractor
(hereinafter referred to as “the Yellow FIDIC” or “the Yellow
Book™).

VERTICAL AND HORIZONTAL ALLIGNMENT CONDITIONS
OF THE POLANA TUNNEL

The right-hand tunnel tube (the RTT) is 898m long; the length
of the mined part of the tunnel amounts to 860.60m. The remai-
ning length is formed by cut-and-cover tunnels at the eastern por-
tal and the western portal.

The tunnel alignment ascends at the gradient of 2% in the
direction from the western portal toward the eastern portal.
A sag curve and a summit curve extend to the portals. The hori-
zontal alignment is formed by a pair of reverse curves with the
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Obr. 2 Situace tunelu a Stoly (Projektovd dokumentace, Basler & Hofmann Slovakia s.r.o.)
Fig. 2 Tunnel and gallery plan (Design documents, Basler & Hofmann Slovakia s.r.0.)

vyklenky a &istici vyklenky. Pudorys PTT, §toly a propojek je znd-
zornén na obr. 2.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Na skladb€ masivu v trase tunelu Polana se podileji sedimenty
paleogénu zastoupené jilovci a piskovei, s prevahou jiloveu, které
jsou prekryty riizné silnou vrstvou kvartérnich deluvidlnich sedi-
mentu.

Soubor zpevnénych paleogennich sedimentt vytvari hydrogeo-
logicky masiv bez vyznamnéjSich souvislych hydrogeologickych
kolektora vrstevniho typu s obéhem podzemni vody prevazné
v povrchové zéné a pasmech puklinového a tektonického poruse-
ni. Kvartérni sedimenty nevytvareji vyznamné;jsi hydrogeologicky
celek. Jsou zastoupeny svahovymi deluvidlnimi sedimenty. Pro
svou malou tloustku a charakter sloZeni tvori spolu se zénou roz-
loZenych hornin jednotné zvodnélé prostiedi.

Prunik podzemnich vod do vyrubu tunelu se predpokladd
v z6néch silné tektonicky porusenych hornin.

PRIPRAVNA FAZE

Pred zahdjenim samotné razby bylo zapotiebi provést terénni
Upravy a zajistén{ portalt na vychodni a zdpadn{ strané tunelu.

Jako prvni zacaly koncem bfezna 2014 prace na zdpadnim por-
talu. Bylo zapotrebi prebudovat portdl, ktery zde byl zfizen pfi
razbé pruzkumné Stoly v roce 2006 (obr. 3). Cely pavodni portél
se musel odkopat. Ubourala se i ¢ast Stoly v délce cca 11 m.

Stavebni jamu tvori portdlova sténa a pravy a levy boéni svah
(pti pohledu ve sméru stani¢eni).

Levy bo¢ni svah je feSen svahovanim ve sklonu 1:2.

Celni portdlové sténa je vyskové rozdélena lavici §itky 0,8 m na
dvé etdze. Prvni etaz se hloubila nejprve ve sklonu 1:1 a ndsledné
ve sklonu 4:1. Na svah 1:1 byl aplikovan stikany beton C 20/25,
tloustky 10 cm.

Svah ve sklonu 4:1 byl zajistén stfikanym betonem C 20/25
tloustky 15 cm, vyztuZenym ocelovou kari siti @ 8 mm s oky
150x150 mm a dédle zemnimi hfebiky a lanovymi horninovymi
kotvami s kotevnimi prahy.

Zemni hrebiky délky 3 m a praméru 28 mm se osazovaly
v rastru 1,5 x 2,0 m. Odklon od vodorovné roviny je 14°. Lanové
pétipramencové kotvy byly délky 25 m (volna délka 15 m, délka
korene 10 m), F = 500 kN, odklon od vodorovné roviny 3° a 12°.
Vzijemna vzddlenost kotev ¢inila 2,5 m.

Kotevni préh tvori stifkany beton C 20/25 tloustky min. 400
mm, vyztuZeny dvéma vrstvami kari siti @ 8 mm s oky
100x100 mm a ocelovou §tétovnici LARSEN IIIn.

Druhd etdZ portdlové stény se hloubila ve sklonu 4:1 aZ po
dno stavebni jamy. Tato etdZ je v useku mezi Stolou a pravou
tunelovou troubou proménné vysky 6,08 — 9,8 m. ZajiSténa je
stifkanym betonem C 20/25, tloustky 0,15 m, vyztuZenym oce-
lovou kari siti @ 8 — 150x150 mm a zemnimi hrebiky délky 5 m,

radii R=594.25m and R=705.75m, which are interconnected by
transition curves. The roadway superelevation gradually revol-
ves from 3.5% to 3.0%. The future left-hand tunnel tube (the
LTT) is formed by directional curves with the radii R=650m and
R=675m interconnected by transition curves. Its longitudinal
gradient rises from the western portal toward the eastern portal
at 2%, identically with the gradient of the RTT.

The axis of the escape gallery is horizontally and vertically
parallel with the axis of the future left-hand tunnel tube and is set
off 2.4m towards the RTT. Its elevation is by 0.15m lower throug-
hout the tunnel length.

The geometry of cross passages is determined by the STN 73
7507 standard. The longitudinal gradient of cross passage P1 is
1.42% and 2% (from the RTT toward the escape gallery), whilst
the gradients of cross passages P2 and P3 are 2.69% and 2.64%,
respectively. The transverse gradient of all cross passages is
designed at 2%.

There will be 250m long emergency lay-bys in the tunnel. One
of them will be provided on the left side and one on the right side.
Fire hydrants, emergency recesses and recesses for drainage
inspection shafts are located on the right side (viewed from west
toward east).

The ground plan of the RTT, the gallery and the cross passages
is presented in Fig. 2.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

The composition of the massif along the Polana tunnel route is
made up by Palacogene sediments represented by claystone and
sandstone, with the predominance of claystone, which are over-
lain by a variously thick layer of Quaternary deluvial sediments.

The array of consolidated Palaeogene sediments forms
a hydrogeological massif without more significant continual hyd-
rogeological collectors of the bedding type with the groundwater
circulation mostly in the surface zone and in fissure and tectonic
faulting zones. The Quaternary sediments do not form any more
significant hydrogeological unit. They are represented by deluvi-
al slope sediments. Despite the small thickness of the sediments
and the character of their composition, they, together with the
zone of decomposed rock, form a uniform water-bearing envi-
ronment.

The intrusion of groundwater into the tunnel excavation is
expected to be encountered in heavily faulted rock zones.

PREPARATORY PHASE

It was necessary before the beginning of the tunnel excavation
itself to carry out bulk excavation and stabilisation of portals on

the eastern and western sides of the tunnel.
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Obr. 3 Pohled na pivodni zdpadni portdl (www.panoramio.com, foto Rébert
Gajdica)

Fig. 3 View of the original western portal (www.panoramio.com, photo
Robert Gajdica)

pruméru 28 mm a dvéma fadami lanovych horninovych kotev
délky 15 m (volnd délka 10 m, délka kofene 5 m) s kotevnimi
prahy. Vzdjemna vzdélenost pétipramencovych kotev je 2,5 m,
F = 500 kN, odklon od vodorovné roviny 12°. Kotevni prahy
jsou navrzeny obdobné jako v pripadé prvni etdZe.

Pravy bo¢ni svah se hloubil do hloubky 2 m (od puvodniho
terénu) ve sklonu 1:1, je chrdnény stfikanym betonem C 20/25,
tloustky 0,1 m. Spodni etaz ve sklonu 2:1 se zajistila stifkanym
betonem C 20/25 tloustky 0,15 m. Byla vyztuZena ocelovou
kari siti @ 8 — 150x150 mm a zemnimi hfebiky, délky 4 — 5 m,
v rastru 1,5 x 2,0 m. Vyska spodni etdZe ve sklonu 2:1 je pro-
ménnd od 0 az do 5,2 m.

Pred zahdjenim razeb se nad klenbou PTT vybudoval
ochranny deStnik z mikropilot 114/6,3 mm délky 20 m.

Préce na zdpadnim portdlu probihaly aZ do konce Cervence
2014 a provadéla je firma Geostatik. Jest€ pred jeho dplnym
dokoncenim bylo mozné zahdjit razbu PTT.

Pohled na zdpadn{ portdl tunelu Polana nabizi obr. 4 (vpra-
vo PTT, vlevo dnikova $tola).

Béhem praci na stavbé zdpadniho portdlu byly zahdjeny
prace na zafizeni staveni$té. Zarizeni staveniste se sklddd ze 3
Casti — ZS1,7S2 a ZS3. VSechny 3 ¢ésti ZS jsou umistény na
zdpadni strané tunelu. ZS1 slouZi jako skladovaci plocha
materidla pro razbu a betondrnu. Na ZS 2 jsou umistény kan-
celarské bunky, socidlni zafizeni a Satny. ZS 3 se nachazi
primo u vstupu do tunelu a je tam umisténa zdme¢nickd hala,
betondrna, mezideponie, sklady a myci zarizeni pro kola
ndkladnich vozidel odvazejicich rubaninu.

V poloviné ¢ervence 2014 se rozbéhly hrubé terénni prace
véetné zabezpeleni svahu vychodniho portélu.

Zpusob zajisténi portdlové stény a svahu stejné jako pouZi-
té materidly byly obdobné jako u portdlu zdpadniho. Pouze
kotevni prahy se neprovedly ze stfikaného betonu, ale byly
pouzity betonové prefabrikdty a portdlovd sténa se budovala
ve 3 etdzich.

Nejvétsim problémem pri zajiStovani vychodniho portdlu
byl pristup k nému. Na rozdil od portdlu zdpadniho, kde uz
existovala pristupovd komunikace (vybudovand pro razbu
pruzkumné $toly), bylo tfeba v ndro&nych terénnich podmin-
kdch zridit provizorni stavebni pristupovou cestu. Dal§im pro-
blémem byly klimatické podminky. Neustédlé privalové desté
neuvéfitelnym zpusobem komplikovaly zemni prdce pfi pro-
hlubovani stavebni jaimy a hlavné pri odvozu vykopku
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Fig. 4 View of the current western portal (photo Matis Mikolaj)

The work on the western portal started at the end of March
2014, as the first of the operations. It was necessary to rebuild the
portal which was carried out during the excavation of the explo-
ratory gallery in 2006 (see Fig. 3). The entire original portal had
to be dug off. Even a part of the gallery at the length of about 11m
was broken out.

The construction pit is formed by a portal wall and left-hand
and right-hand side slopes (viewed in the direction of chainage).

The left-hand side is sloped at 1:2.

The front portal wall is divided into a 0.8m wide bench and two
stages. In the beginning, the first stage was excavated at 1:1 slope
and subsequently at 4:1 slope. A 10cm thick layer of shotcrete C
20/25 was applied to the slope.

The 4:1 slope was stabilised by a 15cm thick layer of C 20/25
shotcrete reinforced with KARI welded mesh @ 8mm, meshes
150x150mm, and earth nails and cable-type ground anchors with
anchoring beams.

The 3m long and 28mm diameter earth nails were installed at
1.5 x 2.0m grid. The deviation from the horizontal plane is 14°.
The five-strand cable anchors were 25m long (15m free length,
10m long root), F = 500kN, deviation from the horizontal plane
3° and 12°. The spacing of anchors amounted to 2.5m.

The anchoring beam is formed by a layer of C 20/25-grade
shotcrete minimally 400mm thick, reinforced with two layers of
KARI mesh @ 8mm, meshes 150x150mm, and a LARSEN IIIn
steel sheet pile.

The second stage of the portal wall was excavated at the slope
of 4:1, down to the construction pit bottom. The height of this
stage changes between the gallery and the right-hand tunnel tube
from 6.08 to 9.8m. The excavation is stabilised by a 0.15m thick
layer of C 20/25-grade shotcrete, which is reinforced with KARI
mesh @ 8mm, meshes 150x150mm, and 5m long and 28mm dia-
meter ground nails and two tiers of 15m long cable-type ground
anchors (10m free length, Sm long root) with anchoring beams.
The five-strand cable anchors, F=500kN, are spaced at 2.5m, the
deviation from the horizontal plane is 12°. The anchoring beams
are designed similarly to those designed for the first stage.

The right-hand side slope was excavated down to the depth of
2m (from the original terrain level) at the gradient of 1:1. It is
protected by a 0.1m thick layer of C 20/25 shotcrete. The lower
stage is at the gradient of 2:1. It was stabilised by a 15cm thick
layer of C 20/25 shotcrete reinforced with KARI mesh @ 8mm,
meshes 150x150mm. The excavation was further stabilised by 4
— 5m long ground nails installed at 1.5 x 2.0m grid. The height of
the lower 2:1 sloped stage is variable, ranging from 0 to 5.2m.
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z portdlu. Zemina se neustdle nasycovala vodou a dochdzelo
k ujizdéni svahu. Price na portdlu provadéla firma Zakladani
staveb, kterd jej koncem fijna 2014 dokoncila. Pohled na
vychodni portdl nabiz{ obr. 5.

RAZBA PTT

Délka razené ¢dsti tunelu v ose je 860,60 m. Tunel je navr-
Zen v nadmorské vysce cca 600 m n. m. Maximdlni vyska
nadloZi je 64 m.

Nad tunelem ani v blizkosti portdli se nenachdzi Zddnd
povrchova zastavba. Razba probihd technologii NRTM (Nova
rakouska tunelovaci metoda).

Predpokladané horninové pomeéry byly klasifikovany podle
TP 06-1/2006 Podzemni stavby, Cdst 1: Cyklické raZeni,
vystrojovaci tridy do nésledujicich vystrojovacich tiid (VT)
vyrubu: 4,5/1, 5/2, 6/1, 6/2, 7/1, 7/2, 7/3, 5/1 NZ (nouzovy
zaliv), 5/2 NZ, 6/1 NZ, 6/2 NZ a 7 NZ.

Profil tunelu PTT vé&etné nouzovych zélivu je horizontdlné
¢lenén na kalotu, op€fi a dno, resp. spodni klenbu (obr. 6, 7
a 8). Kazdd z téchto tri ¢4sti se razi samostatné.

Odstupy Celeb kaloty, opéii a dna stejné jako délky zdbéru
zavisi na dané vystrojovaci tfidé. Priklad postupu razeb ve VT
7/2 je ziejmy z obr. 9. Délky zdbéru pro jednotlivé vystrojo-
vaci tfidy jsou uvedeny v tab. 1.

Plocha vyrubu tunelu je zdvisld na vystrojovaci tride.
V kaloté &ini fddové 58 m2, v opéii 22 m2 a v protiklenbé 20
m2. V mistech nouzového zdlivu ma kalota plochu 82 m2,
opéfi 27 m2 a protiklenba 34 m?2.

Obr. 5 Pohled na vychodni portdl krdtce pred jeho dokoncenim (foto Lukds
Kuca)
Fig. 5 View of the eastern portal shortly before the completion (photo Lukds
Kuca)

Canopy tube pre-support consisting of 20m long tubes
114/6.3mm was installed over the RTT vault before the tunnel
excavation started.

The work on the western portal lasted till the end of July 2014;
it was carried out by Geostatik a.s., Zilina. It was possible to
commence the excavation of the RTT even before the full com-
pletion of the portal.

A view of the western portal of the Polana tunnel is presented
in Fig. 4 (the RTT pictured right, the escape gallery pictured left).
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Obr. 6 Vzorovy pricny rez VT 7/2 (Projektovd dokumentace, Basler & Hofmann Slovakia s.r.o.)
Fig. 6 Typical cross-section for ESC 7/2 (Design documents, Basler & Hofmann Slovakia s. r. 0.)
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Obr. 7 Vzorovy pri¢ny fez VT 4 (Projektovd dokumentace, Basler & Hofmann Slovakia s.r.0.)
Fig. 7 Typical cross-section for ESC 4 (Design documents, Basler & Hofmann Slovakia s.r.o.)

Rozpojovdni horniny se provadi bud strojn&, nebo pomoci
trhacich praci.

PRIMARNI OSTENI

Konstrukce primdrniho osténi sestavd z ocelovych siti, pri-
hradovych rdma typu BTX, stiikaného betonu (SB)
a systémové rozmisténych svorniku. V piipadé nestabilnich
horninovych podminek jsou pred budovanim primarniho osté-

Tab. 1 Délky zdabéru pro jednotlivé vystrojovaci tiidy

Table 1 Lengths of excavation rounds for individual excavation support classes
Opéfi (m)
Bench (m)

Vystrojovaci tfida
Excavation support class

Kalota (m)
Top heading (m)

The work on construction facilities started during the work on
the western portal. The construction site facilities comprise 3
parts — CSF1, CSF2 and CSF3. All of the 3 parts are located on
the western side of the tunnel. CSF1 is used as an area for storing
materials required for the tunnel excavation and for the batching
plant. Office containers, welfare facilities and changing rooms
are installed on CSF2. CSF3 is located directly at the tunnel ent-
rance. It contains a mechanical fitting shed, a concrete batching
plant, an intermediate stockpile,
warehouses and a vehicle washing
facility for cleaning the wheels of
vehicles transporting muck from the
tunnel.

The general terrain shaping inclu-

Dno (m)
Bottom (m)

VT 4 1,7-22/17-22 34-44/34-44 max. 20 / max. 20
VT 5/1 1,3-1,7/13-17 26-34/26-34 max. 10 / max. 20
VT 5/2 1,3-1,7/13-17 26-34/26-34 max. 10 / max. 20
VT 6/1 1,0-1,3/1.0-1.3 20-26/20-2.6 40-52/40-52
VT 6/2 1,0-1,3/1.0-1.3 20-26/20-2.6 40-52/40-52
VT 7/1 08-1,0/08-1.0 1,6-2,0/16-20 32-4,0/32-4.0
VT 7/2 08-1,0/08-1.0 1,6-2,0/16-2.0 32-4,0/32-4.0
VT 7/3 08-1,0/08-1.0 1,6-2,0/16-2.0 1,6-20/16-2.0
VT 5/1 - NZ 1,3-1,7/13-17 26-34/26-34 max. 15/ max. 15
VT 5/2 - NZ 1,3-1,7/13-17 26-34/26-34 max. 15/ max. 15
VT 6/1-NZ 1,0-1,3/1.0-1.3 20-26/20-2.6 40-52/40-52
VT 6/2 - NZ 1,0-13/1.0-13 20-26/20-26 40-52/40-52
VT7-NZ 08-1,0/08-1.0 1,6-2,0/16-2.0 32-4,0/32-4.0

ding the stabilisation of the slopes of
the eastern portal got underway in the
middle of July 2014.

The method of the stabilisation of
the portal wall and the side slopes, as
well as the materials used, were identi-
cal with those applied to the western
portal, with the exception of the
anchoring beams, which were carried
out using prefabricated concrete ele-
ments instead of shotcrete, and the
portal wall, which was carried out in 3
stages.

The greatest problem regarding
the stabilisation of the eastern portal
lied in providing an access to it. In
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Obr. 8 Nastrik spodni klenby SB (na obr. je videt horizontdlni ¢lenéni vyrubu)
(foto Lukds Kuca)

Fig. 8 Applying shotcrete to invert (the horizontal excavation sequence can be
seen in the picture) (photo Lukds Kuca)

ni aplikovdna opatfeni pro stabilizaci klenby vyrubu
a pripadné i zajisténi horni &asti Celby v plose kaloty (deStni-
ky IBO, jehlovéni). Na obr. 10 je zndzornén podélny fez pri-
marnim osténim (pro VT 5/1). Thned po vyraZeni zdbéru dil¢{
Casti Celby tunelu (kalota, opéfi, dno &i protiklenba) se musi
provést primarni osténi podle navrzené tridy vyrubu.

Pro primérni osténi je standardné navrZen stfikany beton
tiidy C20/25. Nastiik SB je provdadén mokrou cestou. Jako
prisada urychlujici tuhnuti SB se pouZzivd MasterRoc SA 183
firmy BASF. Ndbéhy pevnosti mladého SB (strikany beton do
doby stari 24 hod.) jsou predepsdany podle kfivky J2 a pro
zvodnélé prostiedi podle J3. Tloustka priméarniho osténi se
pohybuje v rozmezi od 170 mm do 300 mm (podle VT).

Vyztuz ve stifkaném betonu je navrZzena modifikované
podle VT ze svarovanych ocelovych siti @ 6 — 150x150 mm,
@ 8 — 150x150 mm a @ 8 — 100x100 mm. Velikost presahu
siti je min. 300 mm v kazdém sméru. Sité se pouziji v jedné
nebo dvou vrstvdch, podle prislusné vystrojovaci tridy.
Napojeni prvnich siti (vnéjsich) mezi kalotou a opéfim (resp.
mezi opéiim a dnem) se provede pomoci stykovacich pruta —
tzv. ,,vylamovani“. Jde o ocelovy profil @ 8 mm, délky
800 mm a tvaru L. Tyto prvky se pfi montdZzi prvni vrstvy siti
kaloty (resp. op€ri) privazou védzacim dratem na kazdy svisly
drat vyztuzné sité a jejich vodorovna ¢ast se ochrani zasypem
pred zastiikdnim. Pfi osazovani vnéjSich siti operi (resp. dna)
se tyto prvky narovnaji a pouziji k napojeni.

Napojeni druhych siti (vnitfnich) je provedeno jejich neza-
stifkdnim v délce presahu tak, aby bylo mozné po vyraZeni
ndsledujictho dil¢tho vyrubu provést napojeni navazujicich
siti a jejich néasledné zastiikani SB (obr. 11).

TuouHel

contrast with the western portal, where the access road had exis-
ted (built for the excavation of the exploratory gallery), it was
necessary to provide a temporary access road in the difficult ter-
rain conditions. Another problem lied in climatic conditions.
Permanent torrential downpours unbelievably complicated the
earth-moving operations when the construction pit was being
deepened and, in particular, during the transport of muck from
the portal. The soil was continually saturated with water and
slope slides took place. The work on the portal was carried out
by Zakladani staveb a. s., which finished it at the end of October
2014. A view of the eastern portal is presented in Fig. 5.

EXCAVATION FOR THE RTT

The length of the mined part of the tunnel tube, measured on
the tunnel axis, amounts to 860.60m. The tunnel elevation is
designed at approximately 600m a. s. 1. The minimum overbur-
den height is 64m.

Surface buildings are located neither above the tunnel nor in
the vicinity of the portals. The tunnel is driven using the NATM
(the New Austrian Tunnelling Method).

The assumed ground conditions were categorised in complian-
ce with the technical specifications TP 06-1/2006 Underground
Construction, Part 1: Cyclic Excavation, Excavation Support
Classes as being in the following excavation support classes:
4.5/1,5/2,6/1,6/2,7/1,7/2,7/3,5/1 (EL — the emergency lay-by,
5/2 EL, 6/1 EL, 6/2 EL and 7 EL.

The profile of the RTT inclusive of emergency lay-bys is divi-
ded horizontally into top heading, bench and bottom or invert
(see Figures 6, 7 and 8). Each of these three parts is driven sepa-
rately.

The distances between the top heading, bench and bottom
excavation faces depend on the particular excavation support
class. An example of the excavation procedure for ESC 7/2 is
obvious from Fig. 9. An example of the excavation round lengths
for individual excavation support classes are presented in Table 1.

The excavated cross-sectional area of the tunnel depends on the
excavation support class. At the top heading, bench and invert it
amounts to the order of 58m?2, 22m? and 20m?, respectively. In
the locations of emergency lay-bys, the excavated cross-sectional
area of top heading, bench and invert amounts to 82m?, 27m? and
34m?, respectively.

The ground is disintegrated either mechanically or by blasting.

PRIMARY LINING

The primary lining structure consists of welded mesh, BTX-
type lattice girders, shotcrete (SC) and systematically distributed
rock bolts. In the cases of instable ground condi-
tions, measures designed to stabilise the vault of

kalota / top heading

stupefi/bench | 9y | (&) | % | dd | 4% | @0 1 0 68 | &Y | Ad
dno / bottom I ..?.5 3 I .3-5 B 4I|:| I

3.2-4.0m 3.2-4.0m

0,8-1,0m

(L2435 B GOS8 1718121) 2212350, 0130, S 52 35,381 37158

the excavated opening and, if necessary, to stabi-
lise the upper part of the excavation face within
the area of the top heading (IBO umbrellas, spi-
ling) are applied before the installation of the pri-
mary lining. The longitudinal section through the
primary lining (for ESC 5/1) is presented in Fig.
10. The primary lining, according to the designed
excavation support class, has to be installed
immediately after the completion of the partial
excavation sequence (top heading, bench, bottom
or invert).

Shotcrete grade C20/25 is designed as a stan-
dard for the primary lining. The shotcrete is appli-

0br. 9 Casovy postup razeb ve VT 7/2
Fig. 9 Excavation sequence for ESC VT 7/2

ed using the wet process. BASF-produced Mas-
terRoc SA 183 is used as the setting accelerator
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striekany betdn — stabilizacia vyrubu _
shotcrete — excavation stabilisation
ocelova siet - 1. siete _|
wire mesh — 18t layer
il ocelova siet — 2. siete | |

if shotcrete — 1st layer | I

il striekany betdn — 2. vrstva _|
I shotcrete — 2nd layer

if wire mesh —2nd layer | | :
i striekany beton — 1. vrstva _| IM

. 1050-2050 .

) 1
dizka prekritia siete / wire mesh overlapping

| hboo

dizka prekritia siete / wire mesh ov'erlapping

Tp— — —

1300-1700 | 1300- 170

1300-1700 I'd

o e =
==

3. zaber od ¢elby
< 3rd excav. round from the face >

T
2. zéber od Gelby |
2nd excav. round from the face 7

1. z&ber od celby
1st excav. round from the face

Obr. 10 Podélny ez primdrnim osténim (VT 5/1) (Projektovd dokumentace, Basler & Hofmann Slovakia s.r.o.)
Fig. 10 Longitudinal section through primary lining (ESC 5/1) (Design documents, Basler & Hofmann Slovakia s. r. 0.)

Pro primarni ostén{ kaloty a opéfi jsou navrzeny obloukové
prihradové ocelové ramy (BTX), které se osazuji v kazdém
zabéru. V protiklenbé se BTX neosazuji. V podélném sméru
jsou ramy stabilizované pomoci ocelovych rozpinek a cely
oblouk je fixovdn k vné&jsi vrstve kari siti.

Pro jednotlivé vystrojovaci tfidy je navrzeno systémové
kotveni. Navrzené typy a délky se odliSuji u VT podle pred-
pokladanych geologickych podminek. V mistech s mirné tek-
tonicky naruSenou skalni horninou jsou navrzeny svorniky
typu SN délky 4 az 6 m. V mistech poruch nebo pri vyskytu
siln€ tektonicky narusené skalni horniny jsou navrZzeny samo-
zavrtné svorniky typu IBO R32 délky 6 m. Cas osazovani
svorniku v rdmci budovéni primarniho osténi, jejich injektdZz
a aktivace jsou ddny technologickym postupem pro razbu.

Pfi zastizeni poruch nebo v mistech se silné tektonicky
naru$enou skalni horninou je v prislu$nych vystrojovacich tri-
dach navrzeno predstihové zajiSténi horniny nad klenbou.
Ocelové jehly nebo samozdavrtné svorniky se osazuji v klenbé
kaloty vzdy pred vyrubem dal$iho zdbéru. Mohou byt pouzity
ocelové jehly praiméru 25 mm a délky 3 m a 4 m nebo samo-
zavrtné svorniky IBO RS1L délky 9 m. Jehly se osazuji vétsi-
nou nasucho bez zaplnéni vrtu cementovou suspenzi.
Svorniky IBO R 51L se pouZiji v dsecich s okamZitym zava-
lovdnim vrtu a stabilizuji se injektdZi cementovou suspenzi.

Priklad postupu vybudovani primarniho osténi (ve VT 5/1)
je nasledujici.

Postup praci v kalote:

1. provedeni vrtu a osazeni ocelovych jehel @ 25 dl. 3 m;

2. vylom kaloty: délka zabéru 1,3 az 1,7 m (navrtani Celby

podle vrtného schématu, nabijen{ vyvrtd, trhaci prce);

3. odvétrani pracoviste na elbé tunelu, odt€éZeni rubaniny,

strojni do¢isténi vylomu;

4. zajisténi vyrubu kaloty primdrnim osténim:

a) v prvnim zabéru od Celby:

e nastiik lice vyrubu stabilizaéni vrstvou ze SB tl.
25 mm a stabilizace plochy celby SB tl. 50 mm
podle potieby,

* osazeni vnéjSich ocelovych siti (1. sité),

e osazeni ocelového prihradového ramu (BTX),

e aplikace stfikaného betonu tl. 80 mm (1. vrstva),

additive. The early strength development (for shotcrete up to the
age of 24 hours) is prescribed to follow the J2 curve, whilst the
J3 curve is to be followed in the cases of a water-bearing envi-
ronment. The primary lining thickness varies from 170mm to
300mm (depending on the ESC).

The shotcrete reinforcement is designed in a modified way,
according to the particular ESCs, using welded mesh @ 6 —
150x150mm, @ 8 — 150x150mm and @ 8 — 100x100mm. The
minimum mesh mats overlapping is 300mm in every direction.
Welded mesh is applied in one or two layers, depending on the
particular excavation support class. The first layers of welded
mesh between the top heading and the bench (or between the
bench and the bottom) will be spliced using splice bars — the so
called “break-off profiles”. They are 800mm long, @ 8mm, L-
shaped steel profiles. These elements are tied to each vertical
wire of the wire mesh with tie-up wire during the installation of
the first (outer) layer of the reinforcing mesh at the top heading
and their horizontal parts are protected from covering with shotc-
rete by packing. When the outer layer of reinforcing wire mesh is
being installed at the bench (or the bottom), these elements are
straightened and are used for splicing.

The other (inner) mesh layers are spliced by omitting the spray
application within the length of the overlap so that it is possible
to connect the subsequent mesh and apply shotcrete on them after
the completion of the following partial excavation (see Fig. 11).

Arched lattice girders (the BTX type) are designed for the pri-
mary lining of the top heading and bench, to be installed at each
excavation round. No BTX girders are installed at he invert. The
girders are stabilised in the longitudinal direction by means of steel
struts and the whole arch is fixed to the outer KARI mesh layer.

Systematic anchoring is designed for individual excavation
support classes. The types and lengths designed for the individu-
al excavation classes differ depending on the assumed geological
conditions. SN-type rock bolts 4 — 6m long are designed for loca-
tions with moderately faulted rock. Self-drilling rock bolts IBO
R32, 6m long, are designed for locations displaying failures or
the occurrence of heavily faulted rock. The times for the installa-
tion of rock bolts within the framework of the installation of the
primary lining, their grouting and activation are defined in the
technological procedure for the tunnel excavation.
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b) ve druhém zaberu od Celby:
e provadéni vrtu, jejich vyplnéni cementovou smési
a osazeni svorniku typu SN,
¢) ve tretim zédbéru od Celby:
e osazeni vnitfnich ocelovych siti (2. sité),
e dostfikdni SB na fin4ln{ tlouStku 170 mm (2. vrstva).

Postup praci v operi:

1.
2.

vy

odstup opéri od kaloty max. 50 m;

vylom opeéri: délka zabéru 2,6 az 3,4 m - dvojndsobek
zabéru vyrubu v kaloté (o€isténi a navrtani Celby, nabije-
ni, trhaci préce);

. odvétrani pracovisté a odtéZeni rubaniny, strojni do¢isté-

ni vyrubu;

. zajisténi vyrubu opéfi:

a) v prvnim zdbéru od Celby:
* zajiSténi vyrubu stabiliza¢n{ vrstvou ze SB tl. 25 mm
podle potreby,

Tufel

Advanced support of the ground above the excavation vault is
designed in the particular excavation support classes for the cases
of encountering failures or locations with heavily faulted rock.
Steel spiles or self-drilling rock bolts are installed at the top hea-
ding vault always before the excavation of the next round. It is
possible to use 3 or 4m long steel spiles 25mm in diameter or 9m
long IBO RS5I1L self-drilling rock bolts. The spiles are mostly
installed without the filling of boreholes with a cement mixture.
The IBO R 51L rock bolts are to be used in sections with imme-
diately collapsing boreholes; they are stabilised by injecting
cement suspension.

An example of the procedure for the installation of the prima-

ry lining (for ESC 5/1) is as follows:

Works procedure for the top heading:

1

. the execution of drillholes and insertion of 3m long steel spi-

les @ 25mm;

« osazeni vn&jii ocelovych sitf (1. sitd), 2. the excavation of top heading: excavation round length 1.3 —
« osazeni ocelového pifhradového rému (BTX) 1.7m (drilling into the excavation face according to the drill
« aplikace stifkaného betonu tl. 80 mm (1. vrstva), pattern, loading the blast holes, blasting);
b) ve druhém zibéru od &elby: 3. the evacuation of smoke from the workplace at the tunnel
o provadéni vrtli, jejich vyplnéni cementovou smési heading, removing the muck, mechanical cleaning of the
a osazeni svorniku typu SN, excavated opening surface (scaling);
¢) ve tretim zdbéru od Celby: 4. supporting the top heading excavation by the primary lining:

e osazeni vnitfnich ocelovych siti (2. sité),
¢ dostiikdani SB na findlni tlouStku 170 mm (2. vrstva).

Postup praci ve dné:

1.

odstup dna od opéfi bez omezeni (pripadné podle vysled-
ki méfeni deformaci);

a) at the first excavation round back from the face:

e applying a 25mm thick stabilisation layer of shotcrete to
the surface of the excavated opening and stabilising the
face by a 50mm thick layer of SC, as needed,

e installing the outer welded mesh (1t layer),

rozsiteni paty klenby
enlarged springing width

1. faze: vynechany pruh pro
navazani siti

/ stripe for mesh splicing

Phase 1: shotcrete uncovered

2. faze: Navazat 2. sité v kaloté mezi
kalotou a stupném

pfi stfikani 2. vrstvy SB v opéfi se
vynechany pruh v kaloté dostfiké do
piné tloustky osténi

Phase 2: Joining 2nd mesh layer betwe-
en top heading and bench

when applying 2nd layer of shotcrete

at the bench, the full thickness of shotc-
rete is applied to the uncovered stripe

Sl | g délka prekryti siti/ mesh overlapping length

Obr. 11 Napojeni vnitinich siti mezi kalotou a opérim (Projektovd dokumentace, Basler & Hofmann Slovakia s.r.o.)
Fig. 11 Splicing of the inner layer of mesh between top heading and bench (Design documents, Basler & Hofmann Slovakia s. r. 0.)
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2. vylom dna délka max. 10 m;

3. ochrana dna betonem C 16/20.

Strojni sestava

DuleZitou soucdsti metody NRTM jsou strojni mechanismy.
Tab. 2 uvadi strojni a elektrické zafizeni pouzivané pri razbé
tunelu Polana.

¢ installing a steel lattice girder (BTX-type),
e applying an 80mm thick layer of shotcrete (1t layer),
b) at the second excavation round back from the face:

e drilling, filling the drillholes with cement mixture and
installing SN-type rock bolts,

c) at the third excavation round back from the face:

e installing the inner layer of welded mesh (2nd layer),

* applying shotcrete to the full thickness of 170mm (2nd
layer).

Works procedure for the bench:

1. the maximum distance between the bench and the top hea-
ding of 50m;

2. the excavation for the bench: excavation round length of 2.6
to 3.4m — the double of the excavation round length at the
top heading (cleaning of the face, drilling, loading of blast
holes, blasting);

3. evacuating smoke from the workplace and removing the
muck, mechanical cleaning of the excavated opening surface;

4. installing the bench excavation support:

a) at the first excavation round back from the face:

e applying a 25mm thick stabilisation layer of shotcrete to
the surface of the excavated opening by a 25mm thick
layer of SC, as needed,

¢ installing outer welded mesh (15t layer),

e installing a steel lattice girder (BTX-type),

e applying an 80mm thick layer of
shotcrete (15t layer),

b) at the second excavation round back
from the face:

e drilling, filling the drillholes with
a cement mixture and installing
SN-type rock bolts,

c) at the third excavation round back
from the face:

e installing the inner layer of welded

GEOTECHNICKY MONITORING

Program geotechnického monitoringu (GM) je navrZen
s cilem kontroly stability svaha stavebnich jam a vyrubu tune-
lové trouby a tnikové Stoly, kontroly namdhdni prvka osténi,
zajisténi bezpecnosti pracovniki a mechanismu, rozpozndni
ekonomickych rezerv a stanoveni geometrickych toleranci na
zakladé sledovani deformaci vyrubu. Program GM sestdva
z geotechnické dokumentace, méficiho programu a z interpre-
tace méreni a rozhodovani vyplyvajiciho z posouzeni varov-
nych stavu.

Soucdsti praci geotechnického monitoringu je stdly geolo-
gicky dozor, ktery souvisi s realizaci geotechnické dokumen-
tace pri raZzeni a vystrojovani tunelové trouby.

Meéfici program zahrnuje méfeni deformaci povrchu a kon-
strukei portdlt, jednoduchych méficich profilu s méfenim
deformaci vyrubu, hlavnich méficich profild (méfeni defor-
maci vyrubu, stupné rozvolnéni horninového masivu v okoli
vyrubu a méfen{ kontaktnich napéti), méreni pfitoku a hladiny

Tab. 2 Strojni a elektrické zarizeni pouZivané pri razbé tunelu Poluna

Table 2 Mechanical and electrical equipment used during the Polana tunnel excavation
Pouziti
Usage

Zarizeni Typ
Equipment Type

vrtna souprava
drilling set

Atlas Copco Rocket Boomer L2C  vrtani vyvrt(
Atlas Copco Rocket Boomer L2C  drilling of holes

Liebherr R 944 C Tunel Litronic
Liebherr R 944 C Tunel Litronic

pasové rypadlo
tracked excavator

rozpojovani, nakladani
disintegration, loading

bouraci kladivo
hydraulic hammer

Krupp HM 100 V
Krupp HM 100 V

rozpojovani horniny
disintegration of ground

rypadlo — nakladac

JCB 4 CX + bouraci kladivo

rozpojovani, nakladani

excavator — loader JCB 4 CX + breaker disintegration

kolovy nakladac Volvo L 180 F nakladani, doprava
loading, wheeled loader  Volvo L 180 F loading, transport
dampr Volvo A25D odvoz rubaniny
dumper Volvo A25D transport of muck, SC

manipulator SB
manipulator

Meyco Potenza, Suprema
Meyco Potenza, Suprema

stfikani betonu
application of shotcrete

pracovni ploSina
hoisting platform

Atlas Copco DC 16/HL
Atlas Copco DC 16/HL

manipulace, montaze
handling, installation

injektazni ¢erpadlo IBO REP injektaz svornikd, jehel
grouting pump IBO REP injection of grout for rock,
bolts and spiles
ponorné ¢erpadio Flyght KDFU odvodnéni pracovisté
submersible pump Flyght KDFU evacuation of water
from workplaces
ventilatory Korfmann odvétrani tunelu
ventilators Korfmann tunnel ventilation
trafostanice elektrickd energie
transformer station power
kompresor kontejnerovy stlaceny vzduch
compressor container type compressed air
autodomichavag dodavatel betonu transport betonu

readymix truck

supplier of concrete

transport of concrete

mesh (2nd layer),
e applying shotcrete to the full thick-
ness of 170mm (2nd layer).
Works procedure for the bottom:
1. unrestricted distance between the bot-
tom excavation face and the bench face
(or according to the results of deforma-
tion measurements);
2. maximum bottom excavation advance
length of 10m;
3 bottom protection with C 16/20 concrete.
Mechanical equipment set
Mechanical equipment is an important
part of the NATM excavation. The mechani-
cal and electrical equipment used during the
Polana tunnel excavation is presented in
Table 2.

GEOTECHNICAL MONITORING

The geotechnical monitoring (GM) pro-
gramme is designed with the aim of chec-
king on the stability of slopes of construc-
tion pits and the stability of the tunnel and
escape gallery excavation, checking on
stresses in the lining elements, securing
the safety of workers and equipment, iden-
tifying economic reserves and setting
geometric tolerances on the basis of the
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Obr. 12 Destnik ze svornikit IBO R51 L (foto Lukds Kuca)
Fig. 12 Protective umbrella - IBO R51 L rock bolts (photo Lukds Kuca)

podzemni vody, teploty a deformacnich charakteristik horni-
nového prostredi.

ZAVER

Razba PTT zacala dne 1. Cervence 2014 dovrchné ze zdpad-
niho portdlu. Prvnich 20 m se razilo pod ochrannym destni-
kem z mikropilot 114/6,3 mm. Ndsledné razba pokracovala
pod zajisténim pristropi tunelu z deStniki IBO R51 L (obr.
12). To znamend, ze v kazdém 4. nebo 5. zdbéru se po obvo-
du klenby kaloty navrtalo 34 ks svorniki IBO R51 L dI. 9 m,
které se nasledné zainjektovaly cementovou smési. Projekt
predpoklddal, Ze priblizné po 30 m se geologie zleps$i natolik,
aby bylo mozné budovat primarn{ osténi ve vystrojovacich tfi-
dach, kde uz nebude nutné instalovat ochranné IBO destniky.
Skute¢né zastizend geologie (zvétralé jilovce a piskovce) vSak
ani po vyrazeni 190 m v kaloteé (160 m v opéfi a 155 m ve dn¢)
nedovoluje bezpeCnou razbu bez téchto deStniki. Nutnost
jejich provddéni ma bohuzel za nasledek vyrazné zpomaleni
razeb, ¢imZ dochdzi ke zpozdéni oproti pivodnimu harmono-
gramu. Spatné geologické podminky rovnéZ neumoZiuji
vyrazn€j$i odstup kaloty od opéfi a spodni klenby, coZ
v dusledku opét zpomaluje postup raZeb. Primérni osténi
v souéasnych geologickych podminkach je tfeba co nejdrive
uzavirat spodni klenbou, aby se predeslo velkym deformacim
vyrubu i nadlozi. Aby byly casové ztraty pokud mozZno co
nejmensi, bude nutné upravit postup vystavby. Do budoucna
se proto napriklad uvazuje i s razbou z vychodniho portélu.

Ing. JAN PAPCUN, Jjan.papcun@metrostav.cz,
METROSTAV a.s.

Recenzovali: Ing. Pavel Poldk, Ing. Jan Korejcik
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observation of excavation deformations. The GM programme
consists of geotechnical documentation, the programme of
measurements, the interpretation of measurements and making
decisions following from the assessment of warning states.

Permanent geotechnical supervision, which is associated
with the realisation of geotechnical documentation during the
course of the excavation of the tunnel tube and installation of
excavation support in it, is part of the geotechnical monitoring
work.

The measuring programme comprises the measurements of
deformations of the surface and portal structures, simple mea-
surement stations (measuring deformations of the excavated
opening, the degree of loosening of rock mass surrounding the
excavation and measuring contact stresses), measurements of
inflows and the water table level, temperature and deformatio-
nal characteristics of the ground massif.

CONCLUSION

The uphill excavation for the RTT commenced on the 1st
July of 2014 from the western portal. The initial 20m-long
section was driven under canopy tube pre-support
(114/6.6mm tubes). Subsequently the excavation proceeded
with the vault of the tunnel top heading supported by umbrel-
las consisting of IBO R51 L rock bolts (see Fig. 12). It means
that 34 holes were drilled around the vault circumference for
9m long IBO R51 L rock bolts at each 4th or 5th excavation
round. Cement grout was subsequently injected into the holes
containing the rock bolts. The design assumed that the geolo-
gy would improve approximately 30m from the portal so
much that it would be possible to install the primary lining in
excavation support classes not requiring the installation of
protective IBO umbrellas. However, the actually encountered
geology (weathered claystone and sandstone) after the com-
pletion of 190m of the top heading (160m of the bench and
155m of the bottom) does not allow safe driving without the
umbrellas. Unfortunately, the necessity for their installation
leads to significant reduction in the excavation rates, causing
delays in comparison with the original works schedule. In
addition, the poor geological conditions do not allow for gre-
ater distances between the top heading and the bench and the
invert, which fact also reduces the excavation advance rate. In
the current geological conditions, the primary lining has to be
closed by the invert as soon as possible so that large deforma-
tions of the excavation and the overburden are prevented. The
construction procedure will have to be modified so that the
losses of time are reduced as much as possible. For example,
driving the tunnel tube from the eastern portal is therefore
under consideration for the future.

Ing. JAN PAPCUN, jan.papcun@metrostav.cz,
METROSTAV a.s.
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TEKUTE NEBO STRIKANE HYDROIZOLACNI SYSTEMY V TUNELECH:
KRITICKE ZHODNOCENI VE SROVNANI S FOLIOVYMI MEMBRANAMI

LIQUID OR SPRAY-APPLIED WATERPROOFING SYSTEMS IN TUNNELS:
A CRITICAL REVIEW IN COMPARISON TO PLASTIC SHEET MEMBRANES

STEFAN LEMKE

ABSTRAKT

Béhem poslednich nekolika let vstupuji do tuneldrského odvévi technologii stiikanych membrdn pojmy jako ,,pristup 21. stoleti“, ,,novd tiro-
veii ochrany*, , inovativni hospoddrny pristup k hydroizolaci tunelii“, ,, budouci koncept sucha“, ,,vodéodolnost pro hydrostaticky tlak do 100
bar“ (Ouellet 2013) a ,vyznacné uspory v projektu*. Tento trend prindsi vysokd ocekdvdni, avSak dosud bez kritického posouzeni
z technologického hlediska. Predmétem tohoto ¢ldnku je prezentovat objektivni pohled na strikané membrdny nejen v souvislosti s materidly, ale

také v souvislosti s komplexnimi podminkami systému, a to s ohledem na nejmodernéjsi technologii féliovych membrdn a s cilem pribliZit ome-
zent i v¥hody obou systémii.

ABSTRACT

Terms like ‘the 215t century approach’, ‘a new level of protection’, ‘innovative, cost-effective method for tunnel waterproofing’, ‘a future design
for dry’, ‘water resistance for hydrostatic pressures up to 100 bars’ (Ouellet 2013) and ‘significant project savings’ have introduced the techno-
logy of spray-applied membranes to the tunnelling industry in the last couple of years, providing high expectations but, up to now, without being
critically reviewed from a technological point of view. The subject of this publication is to present an objective view of spray-applied membranes,
not only related to the materials but also to the complex system-relevant conditions, in consideration to the state-of-the-art technology of sheet

membranes and with the aim to approximate limitations and advantages of both systems.

1. UVOD

Jednim z hlavnich problému tunelédfskych praci bylo odjakZiva to,
jak se vyporadat s vyskytem podzemni vody, a to jak béhem procesu
vystavby, tak po celou dobu Zivotnosti dila. Dvoupldstovy konstruké-
ni systém s primdrnim osténim ze strikaného betonu, féliovou hydro-
izolaéni membrdnou a monolitickym sekunddrnim osténim s defi-
nitivni funkcf, se po celém svété etabloval jako tcelny a déinny pristup
pii konvenéni razbé tuneld. Smérnice jako némecké ZTV-ING, §vy-
carské STA nebo prislusné rakouské smérnice — je uvedeno jen nékolik
z téch nejvyznacnéjsich — obsahuji doporuceny systematicky pristup
k névrhu a provadéni vodotésnych systému, ktery zajistuje kvalitu,
trvanlivost, a hospoddrnost realizovanych izola¢nich praci.

Pominou-li se nékteré nevyznamné systematické chyby dvouplésto-
vych osténi a prijmeme-li pfedpoklad, Ze Ize navrhnout jednopladstové
osténi, které je stejné nepropustné a trvanlivé jako dvoupldStové rese-
ni, pak jednopldstovd konstrukce muze prinést zjevné ekonomické
vyhody. Od bednéni pro betondZ vnitiniho plasté po osazeni f6liové
membrény, od montdZe vyztuze (pakliZe je zapotrebi) po vyrub samot-
ny: uéinnd jednopldstova konstrukce by mohla znacné sniZit celkové
ndklady na vystavbu. Proto byly podniknuty kroky k vyvoji inovativ-
nich receptur stfikaného betonu a pfijaty technologické postupy
vystavby (Brogi 1992) pro zajisténi vodotésnosti jednopldstového
osténi. Ackoliv laboratorni zkousky a prvnf in situ testy jednopldsto-
vych osténi ukézaly slibné vysledky, spolehlivy a ovéreny pristup
v podobé dvoupldstové konstrukce s mezilehlou izolaci nebyl dosud
prekondn, a to zejména proto, Ze vzhledem k vyskytu trhlin v ostén{
nelze spolehlivé garantovat vodotésnost jednoplastového systému po
celou dobu Zivotnosti stavby.

Navic, je-li definitivn{ ostén{ ze stitkaného betonu nandSeno ve vice
vrstvdch s ¢asovou prodlevou mezi ndstiiky, napiiklad kvili montdZi
vyztuZe, musi byt soudrZnost mezi vrstvami dostatecna k tomu, aby
bylo ze statického hlediska mozZné osténi povazovat skuteCné za
monolitické. To vytvdri omezeni a pozadavky na sekvenci nastiiku,
rychlost zrdni, ¢isténi povrchi a technologii betonu obecné. Pro zajis-
téni monolitického pusobeni musi byt mezi vrstvami dosaZena mini-
maln{ pevnost v tahu a ve smyku ve vysi zhruba 1,5 MPa podle (Gall
a kol. 2004). Také EN 1504 (Zasada 3: Obnova betonu) nebo (ASTRA
2002) stanovuji podobnou minimdlni pevnost v soudrZnosti nebo na

1. INTRODUCTION

One of the main problems of tunnelling works has always been how
to deal with the occurrence of ground water during the construction
process as well as throughout the whole lifecycle of the tunnel.
Around the world the double-shell construction concept, with
a primary shotcrete lining for the early ground support, a sheet mem-
brane as a waterproofing measure and a secondary cast-in-place conc-
rete lining for the permanent ground support, has established itself as
a functional and efficient approach for lining works of conventional
tunnelling. Guidelines such as the German ZTV-ING, the Swiss SIA
or the corresponding Austrian guidelines - to name only a few of the
more prominent ones - and their recommended systematic approach
to the design and the construction of watertight systems are providing
the state-of-the-art in terms of overall systematic approach, durabili-
ty and efficiency.

Some minor systematic flaws of double-shell systems aside, and
under the premise of being able to come up with a construction that is
as tight and durable as a double-shell solution, a single shell con-
struction provides obvious economic advantages. From formworks
for casting the inner shell to the application of the sheet membrane,
from the reinforcement (where required) to the excavation itself: an
efficient single shell construction could lower the overall constructi-
on costs significantly. Therefore actions were taken for the develop-
ment of innovative shotcrete recipes and adopted construction techni-
ques (Brogi 1992) for providing watertightness of a single shell
lining. Although laboratory tests and first in-situ testing of single shell
linings showed promising results, up to now, the reliable and proven
approach of a double-shell construction is still unrivalled, especially
since the occurrence of cracks in the shell and therefore the water-
tightness of such systems could not be guaranteed for the lifecycle as
a whole.

In addition, when a sprayed concrete final lining is applied in mul-
tiple layers and with distinct time intervals in between, include instal-
lation of reinforcement steel, for example, the bond between the dif-
ferent layers has to be adequate to qualify as a monolithic member in
the structural sense. Limitations and requirements are therefore impo-
sed on application sequencing, curing techniques, cleaning of the sur-
face and adapted concrete technology. For verification of a monolithic
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Typické dvouplastové osténi (odvodnéné)
Typical double-shell lining (drained)

Kratkodoba zatizeni
Short term loads

Kratkodoba zatizeni
Short term loads
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zatizeni vodou 100 %
H20 load 100%

zatizeni vodou 0 %
H20 load 0%

zatizen{ horninou 100 %
ground load 100%

zatizeni horninou 100 %
ground load 100%

Dlouhodoba zatizeni
Long term loads

Dlouhodoba zatizeni
Long term loads

zatizeni vodou 100 %
H20 load 100%

zatizeni horninou 100 %
ground load 100%

zatizeni vodou 0 %
H20 load 0%

zatizeni horninou 100 %
ground load 100%

a) primarni osténi, b) geotextilie, c) hydroizolaéni membréana, d) sekundarni osténi
")v tomto pFipadé — nen potfeba stfikané membrény

a) primary lining, b) geotextile, ¢) waterproofing membrane, d) secondary lining

") no spray-on membrane is necessary in this case
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structure, minimum tensile and shear
strengths of approximately 1.5MPa
between the layers, according to (Gall
et al. 2004), shall therefore be achie-
ved. Also the EN 1504 (Principle 3:
Concrete restoration) or (ASTRA
2002) sets a similar minimum bonding
strength or pull-off-strength between
layers, in which the latter source argu-
es that this is required for adequate
waterproofing rather than for structu-
ral purposes. In contrast therefore,
(Kupfer et al. 1990) has seen the shear
strength in an area of 1.0MN/m? (5-%
fractile, safety index C=2.5) and the
adhesive strength in an area of
0.8MN/m?2, wherein the safety index is
based on the assumption that the ope-
ning of the construction joint between
outer and inner layer does not cause
the failure of the tunnel lining but only
leads to greater water permeability.
Within the last couple of years,

a

pevnost 2 MPa
Direct shear strength

Obr. 1 Schematické srovndni dvoupldastového a kompozitniho osténi
Fig. 1 Schematic of double-shell vs. composite shell approach

mezi odtrZzeni, priCemZ druhy citovany zdroj argumentuje, Ze toto je
nutné pro dostate¢nou vodotésnost spiSe nez pro statickou funkci. Na
rozdil od toho (Kupfer a kol. 1990) vidi pevnost ve smyku v trovni
1,0 MPa (5% kvantil, bezpe¢nostni index B=2,5) a pridrZnost zhruba
0,8 MPa, kdy index spolehlivosti je zaloZen na predpokladu, Ze roze-
vieni pracovni spary mezi vnéj§i a vnitini vrstvou nevede k porusen{
osténi tunelu, ale pouze ke zvySeni jeho propustnosti pro vodu.

Béhem poslednich nékolika let bylo nové pojeti hydroizolace prene-
seno z oblasti mimo tuneldfské odvétvi a adaptovdno na podminky
vystavby tuneli. Myslenka spolivd v tom, Ze se mezi primdrnim
a sekunddrnim osténim nepouZije volné loZend f6liovd membrdna, ale
Ze se tenkd vrstva stifkané membrény aplikuje piimo na povrch pri-
marniho osténi. Po vyzrdni této membrany se na jeji povrch primo
nandsi sekundédrni osténi ze stiikaného betonu, coz md ,teoreticky*
zajistit celoplo§nou soudrznost mezi vnéj$im a vnitinim plastém ostén{
propojenim s rubem a licem stftkané membrany. Obr. 1 srovndva puso-
beni klasického dvoupldstového systému (pro odvodnény tunel) s timto
kompozitnim osténim (Pickett a kol. 2012).

Pro zajisténi celoplo$ného spojeni mezi hydroizolaci nandSenou
v tekuté podobé a betonovym podkladem md byt mezi vrstvami dosa-
Zena minimdln{ pevnost v soudrZnosti a ve smyku na trovni zhruba 1,0
az 1,5 MPa, podle (ZTV-BEL-B 1995), (SIA 272 2009), (ASTRA
2002) nebo (ETAG 2010). Oproti tomu (ITAtech 2013) pozaduje pev-
nost pojeni ve vysi 0,5 MPa.

PakliZze jsou uvazovdny a srovndvédny tyto dva systémy (féliovd x
stifkand hydroizolace), mélo by dojit k pfezkoumdni a zvdZeni duleZi-
tych faktora. Ty zahrnuji:

* SloZeni materidla samotnych — chemické slozky materialu strikané
membrany a jejich chovdn{ jak v laboratornim prostredi, tak in situ
na stavenisti.

¢ Kontrolni postupy pro zaji§téni souladu s minimalnimi pozadavky
zkousenim vzorku v laboratofi a na stavbé.

e Névrh a pozadavky na provedeni stfikaného hydroizola¢niho
systému — tlouStka, pfipustné pevnosti spojeni, minimdlni poZa-
davky na tpravu podkladni vrstvy pred aplikaci, Cas potfebny na
zrani apod.

 Navrh tunelu s odvodnénim nebo bez odvodnéni.

e Minimaélni poZadavky na odborné provedeni a na supervizi pri pro-
vddéni na stavbe.

* Predpoklady ohledné dlouhodobého pusobeni systému podle raz-
nych kritérif.

Vsechny tyto faktory zde budou diskutovdny jeden po druhém

a s ohledem na stdvajici technické normy, standardy a smérnice pro
dosazZeni vodotésnych podzemnich staveb.

a new idea for waterproofing has been

transferred from outside the tunnelling

industry and adopted for the conditi-
ons of tunnelling construction sites. The idea is not to use a loose-laid
plastic sheet membrane in between two shells but to apply a thin layer
of a sprayable membrane directly on the surface of the first (exterior)
lining. After the curing of such a spray-applied membrane, a second
lining of shotcrete will then be applied to the membrane surface, pro-
viding, ‘theoretically’, a full-face bond between the exterior and inner
parts of the lining as well as with both sides of the membrane. Figure
1 shows the systematic double-shell approach (for a drained tunnel)
in comparison to such a composite shell according to (Pickett et al.
2012).

For verification of a full-face bond waterproofing between liquid
applied membranes and the substrate concrete, minimum bonding and
shear strengths of approximately 1.0 to 1.5MPa between the layers,
according to (ZTV-BEL-B 1995), (SIA 272 2009), (ASTRA 2002) or
(ETAG 2010), shall therefore be achieved. In contrast therefore,
(ITAtech 2013) set the bonding strength to 0.5MPa.

When considering and comparing the two systems (sheet membra-
ne vs. spray-applied membrane), there are several important and dif-
ferent points to examine and review. These include:

* The composition of the materials themselves — the chemical com-
ponents of the spray membrane materials and their behaviour
both in a laboratory setting and in-situ at a job site.

e Verification procedures to ensure compliance with minimum spe-
cifications via laboratory and in-situ testing of samples.

e The design and application specifications of a spray-waterproo-
fing system — thicknesses, acceptable bonding strengths, mini-
mum conditioning of the substrate before application, curing
times, etc.

* Consideration of drained and undrained waterproofing systems.

* Minimum requirements for skilled application and supervision of
application in the work site.

* Assumptions about the long term in-situ performance of both
systems and according to various track-record applications.

Each will be considered in turn and in view of existing industry
norms, standards and guidelines for achieving watertight underground
structures.

2. MATERIALS

Spray-applied membranes (SAM), liquid-applied membranes
(LAM) or coatings, based on epoxy, acrylate, polyurea or polyuretha-
ne resins have been in widespread commercial use for some time.
Examples of their application fields are seen in industrial flooring,




2. MATERIALY

Stifkané membrany (SAM), tekuté membrany (LAM) nebo ndtéry na
bazi epoxidové, akryldtové, polyurea nebo polyuretanové pryskyfice,
maji jiz po znatnou dobu Siroké komeréni vyuziti. Piiklady oblasti
jejich aplikace Ize nalézt u hydroizolace pramyslovych podlah, mosto-
vek a parkovacich ploch, pri rekonstrukcich stfech a u hydroizolace
hloubenych podzemnich konstrukei, pri utésiovani vnitinich povrchu
a ochran€ osténi raZenych tuneld. U viech téchto tekutych materidlu je
charakteristické, 7e vyZzaduji dobfe pripraveny podklad, ktery je
v dobrém stavu, rovny, neporézni a obvykle suchy. Pro jejich aplikaci
je obecné vyzadovéna relativné nizkd vlhkost s vyvarovanim se kon-
denzace, omezené mnozstvi prachu ve vzduchu, s minimalnimi / maxi-
madlnimi teplotami. Pfi jejich realizaci je Casto nezbytnd vicevrstva apli-
kace s definovanymi podminkami pro schnuti podle pouzitého materi-
dlu, nejvice se hodi pro aplikaci na horizontdlnich povrsich. Nekteré
materidly mohou vyZzadovat zvld§tn{ opatreni pro zajistén{ bezpecnosti
a ochrany zdrav{ pfi praci.

Pfi neddvnych projektech razby tunela byly predstaveny a pouZity
stiikané reaktivni pryskyrice (tvrzené pomoci polymerové reakce),
jako je metylmetakryldt (MMA) nebo polyurea nebo jiné nereaktivni
(redispergovatelné) latexové systémy na bdzi etylen vinyl acetdtu
(EVA), kopolymeru styren vinyl acetdtu, kopolymeru styren akrylétu,
polymert na bézi vody nebo polymerem etylen vinyl acetatu modifi-
kované cementové hydroizola¢ni membrany. V takovychto latexovych
produktech byly pouzity EVA (nebo spiSe VAE nebo VacE) s vysokym
obsahem vinyl acetdtu (VA), coz predstavuje vyznamny rozdil
v chovdni a charakteristikdch materidlu v porovndni s pouZitim vyso-
ce molekularntho EVA v extrudovanych féliovych membrandch.
V zévislosti na chemické struktufe (napf. druh a kvalita komonomera)
jsou takovéto druhy VAE nebo VacE vice podobné klihu, mékké prys-
kyftici, dispergdtoru nebo lepidlu z tavici pistole, které jsou v nékterych
ptipadech rozpustné ve vode. Nekteré produkty obsahujici smési ce-
mentu umoZziiujici vytvoreni krystali na sty¢né plose s jingmi cemen-
tovymi vrstvami, priddvaji vodu (nereaktivni systémy) nebo suspenz-
ni ¢inidla pro vertikdlni aplikace, nebo pouZzivaji odvzdusnovaci aditi-
va pro sniZeni obsahu vzduchu, kterd se zamichdvaji do matrice mate-
ridlu béhem jeho aplikace. Rozdily Ize spatfit ve vysledném chovéani
produktu, napf. ve vztahu k absorpci vody, propustnosti pro vodu, che-
mické odolnosti, opétovnému zmek<eni pri kontaktu s vodou, pevnos-
ti v tahu ¢i findlné v nakladech. Na druhou stranu nékteré vyrobky,
napiiklad ty na bdzi polyurea- nebo metylmetakryldtové pryskyfice, by
mohly obsahovat urlité mnozstvi aktivdtoru, napiiklad izokyanit,
amin anebo peroxid, o kterych je — v individudlnich pfipadech —
znamo, Ze maji vyrazny zdpach a potencidlné $kodlivé icinky na zdra-
vi (REACH 2009), v zdvislosti na jejich koncentraci a druhu. To je pii-
pad zejména béhem aplikace, kdy slozky nejsou polymerizovany
a jsou nastiikdvany pomoci vysokého tlaku bez vzduchu. Proto mus{
byt zvédZzeno potencidlni zdravotni a poZarni riziko (napf. exploze
smési prach/vzduch na zdkladé vysoce reaktivniho povrchu). Kromé
toho mohou byt nékteré slozky obou skupin materidlt (nereaktivni
i reaktivni) klasifikovdny jako slozky s nizkym rizikem reakce pri kon-
taktu s vodou.

Minimélni celkovéd tloustka stfikané membrany doporuovand
vyrobci je 3 mm (Mott MacDonald 2004, ITAtech 2013), coZ se také
shoduje se (SIA 272 2009) pro tekuté membrany u nedrénovanych
konstrukci. Hornf limit aplikované vrstvy se li$f mezi 1 mm az 10 mm
(Mott MacDonald 2004) podle konkrétniho materidlu, produktu nebo
doporuceni vyrobce, a to na zdkladé praktickych zkusenosti, hodnoce-
ni rizik nebo nédkladu. Napiiklad podle technickych specifikaci MTR
(Hongkong / Kontrakt 704 / Stanice SYP & HKU) je pro hloubené
podzemni stavby pozadovano, aby byly tekuté polymerové membrany
naneseny minimédlné ve dvou vrstvach, ¢imz se predejde pripadnym
nedokonalostem. Tato uprednostiiovand vicevrstvd aplikace stifkanych
membrdn je také dokumentovdna v (ASTRA 2002) v souvislosti
s predchédzenim stinovym efektim na hrubych povrsich ze stifkaného
betonu. Horni limit tloustky vrstvy je déle zaloZen na procesu / rychlos-
ti zrani a v této souvislosti na vdze Cerstvého materidlu, kterd muze
béhem aplikace zpusobit ,,odlepeni* spoje. Zejména pro produkty zraji-
ci schnutim na vzduchu, hydrataci nebo evaporaci ma samotna tloustka
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bridge and parking deck waterproofing, roof refurbishment and the
waterproofing of cut-and-cover concrete structures, for the inner-sur-
face sealing and protection of the tunnel linings. It is a characteristic
of all of these liquid applied materials that they require a well prepa-
red substrate that is sound, level, non-porous and usually dry. For
application they generally require relatively low humidity and the
avoidance of dew point conditions (condensation) and limited dust in
the air, with minimum / maximum temperatures. Frequently multi-
layer application with defined drying conditions, according to the spe-
cific material, is necessary for their system build-up and they are most
suitable for use on horizontal surfaces. Additional health and safety
measures may also be required.

Recently, mined tunnel construction projects have also seen the int-
roduction and use of spray-applied reactive resins (curing by polymer
reaction), such as methyl methacrylate (MMA) or polyurea or other
non-reactive (re-dispersible) latex systems based on ethylene vinyl-
acetate (EVA), styrene-vinyl-acetate copolymer, styrene-acrylate
copolymers, water-based polymers or ethylene vinyl-acetate polymer
modified cementitious waterproofing membranes. Such latex-like
products have used EVA (or better VAE or VacE) with a high content
of vinyl acetate (VA), which presents a significant different material
performance and characteristic in contrast to the high-molecular EVA
use in extruded plastic sheet membranes. Depending on the chemical
structure (e.g. sort and quantity of co-monomers), such types of VAE
or VacE are more similar to a glue, a soft resin, a dispersant or a hot-
melt adhesive, which are, in some cases, water-soluble. Some pro-
ducts are incorporating cement compounds (e.g. as fillers), which
may allow the built up of crystals on the interface with other cemen-
titious layers, adding water (nonreactive systems) or suspending
agents for vertical applications or using de-airing additives to reduce
the air-content, which is mixed into the material matrix during its
application. The differences are seen in the product performance in,
for example, water absorption, water permeability, chemical resistan-
ce, re-softening in contact with water, tensile strength or finally in the
costs. On the other hand some products, for example those based on
polyurea- or methyl-methacrylate resins, could have some contents of
an activator, for example isocyanate, amine and/or peroxide, which
are - individually - known to have a significant odour and the poten-
tial of detrimental health effects (REACH 2009), depending on its
concentration rate and type. This is the case, especially during its
application, where the components are not polymerized and are air-
lessly sprayed with high pressure. Therefore, the potential of health
and fire risk (e.g. explosion of dust/air mixture based on a very high
reaction surface) has to be assessed. In addition, some components of
both material groups (non-reactive and reactive) may be classified as
having a low hazard reaction when in contact with water.

The minimum total thickness of a spray-applied membrane recom-
mended by manufacturers is 3mm (Mott MacDonald 2004, ITAtech
2013), which corresponds also with the (SIA 272 2009) for liquid-
applied membranes for undrained structures. The upper limit for layer
application varies between Imm to 10mm (Mott MacDonald 2004)
according to the specific material, product or manufacture’s recom-
mendation, based on practical experience, risk-assessment or cost.
For example, according to the technical specification of the MTR
(Hong Kong/Contract 704/ SYP & HKU stations) for cut & cover
structures, there is a requirement for liquid polymer membranes to be
sprayed in minimum two coats, because of the avoidance of corres-
ponding imperfections. This preferred multiple layer application of
spray applied membranes is also documented in (ASTRA 2002) for
the avoidance of shadow effects on rough shotcrete surfaces.
Additional, the upper limit for layer application is based on the curing
process/ performance and in this connection on the fresh material
weight, which may cause debonding during application. Especially,
for products based on curing by air-drying, by hydration and/or by
evaporation, the layer thickness itself in combination with the air- and
water-content have an effect on the curing time (e.g. worst case sce-
nario is a non or partial polymerization), plus its product performan-
ce (e.g. elastic-module, creeping behaviour, cohesion, shear-stiffness
and viscosity) resulting in significant differences between laboratory
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vrstvy v kombinaci s obsahem vzduchu a vody vliv na dobu zrani (napf.
nejhorsi scéndr je zddnd nebo Céstecnd polymerizace), plus na findlni
parametry produktu (napt. modul pruZnosti, dotvarovani, soudrznost,
smykovou tuhost a viskozitu), coz vede k vyraznym rozdilim mezi
laboratornimi vzorky a produkty aplikovanymi v podminkdch stavenis-
te. Napriklad pro vytvoreni spojité, homogenni a trvale vodotésné mem-
brany ndstfikem musi byt u zrajictho produktu omezen obsah vzducho-
vych péri. Zména hmotnosti pii absorpci vody je zde zavedena jako
indikacni test. Absorpce vody, napf. podle (SIA 272 2009) nebo (EN
14223) méné nez 5 % vyzrdlého vyrobku, muZe negativné ovlivnit cho-
vani materidlu a celého systému, napiiklad migraci dlouhodobych stabi-
lizdtoru, sniZeni pevnosti v tahu, pridrznosti, chemické odolnosti nebo
odolnosti proti vyluhu. Testovéni také ukdzalo, Ze nehomogenni obsah
vody, v dasledku nekonzistentniho pfiddvani nebo michdni vody béhem
aplikace, miZe mit za ndsledek trhliny v membréané (Mott Mac Donald
2004). Kromé toho piili§ brzké prekryti izolace stfikanym betonem
muZe mit dal3i dopady na vysledné parametry vyrobku, kterym lze pre-
dejit sledovdnim prubéhu zréni na stavbé, napriklad méfenim tvrdosti
nanesené membrany podle DIN 53505 nebo ASTM D 676. Naopak pri-
1i§ pozdni prestifkdni muZe zpusobit nékteré problémy s charakte-
ristikami pridrznosti produktu. MoZnym feSenim tohoto problému je
pouziti podkladniho ndtéru, piskovani nebo jiné zdrsnéni povrchu pod-
loZni vrstvy (1. vrstva) pro zvySeni mechanické vazby, nebo vicevrstva
aplikace Cerstvého na Cerstvé.

Zkousky materidlu podle EN 1928 nebo DIN 16938-5.11, u kterych
standardnf testovaci zafizen{ a rozmeér $térbiny prispivaji k relativné ten-
kym a mékkym membrandm (napf. bituminézni membrany), mohou
dédvat néjaké indicie o chovani samotného materidlu pod tlakem vody
(napf. chovdni pri toku za studena), ale urcité nebudou zkouskou para-
metrt celého systému (napf. pevnosti v piidrznosti), zejména s ohledem
na anomdlie in situ v nosné konstrukci nebo podkladni vrstve, jako jsou
stérkova hnizda, trhliny, spary, nepravidelnosti apod. Propustnosti pro
kapaliny u jedné homogenni membrany (stfikané, tekuté nebo primy-
slové vyrobené) se zkousi podle EN 14150. Produkty pusobici uvnitf
systému nebo matrice mohou byt testovany podle EN 12390, s adaptaci
na stifkanou membranu podle ASTM 5385-93 nebo EN 14694. M¢ly by
se ddle pouzit dopliikové identifika¢ni nebo indexové testy, aby se ukd-
zalo, zda jsou vzorky pouZité v laboratori stejné, jako ty pouZité pri in
situ zkouSkdch nebo na stavbé, napf. hustota, taZnost, vlastnosti toku
(viskozita) nebo popr. chemické slozeni. Tyto parametry by mohly byt
ovéreny napriklad pomoci IR-spektroskopie nebo infratervené analyzy,
pri¢emZ obé tyto techniky jsou v daném odvétvi dobre zavedené (ETAG
2010).

3. SYSTEMATICKY PRISTUP A SROVNANI

Primdrni oblasti aplikace stfikanych hydroizolainich systému
v tunelech byly puvodné pouze konstrukce s relativné nizkymi poZa-
davky na vodotésnost, jako jsou napiiklad unikové tunely. S pfi-
hlédnutim ke zminénym ekonomickym vyhoddm by vSak mélo byt
pouZiti stifkanych hydroizolaénich systému predpokldddno zejména
v hlavnich &éstech nové budovanych tunelovych konstrukei zejména
v mistech s komplikovanou geometrii, v kifZzeni tunelt, pro konstrukce
nad hladinou podzemni vody nebo v prostredi s velmi nizkou propust-
nosti (konkrétnim prikladem muaZe byt londynsky jil). Avsak
v referen¢nich projektech, kde byla technologie stifkané hydroizolace
pouZita pro konstrukce 10-15 m pod hladinou podzemni vody, byly
zaznamendny problémy (Giambartolomei 2013). Dokonce i u kon-
strukci umisténych nad hladinou podzemni vody byly po silném desti
detekovény lokdlni prusaky skrze vnitini plast osténi (Meier a kol.
2005, Anagnostou a kol. 2013). Proto se jevi jako rozumné a nutné
podivat se blize na technickd omezeni v pouZiti stifkanych membran,
zejména ve srovnani s féliovymi membrdnami, a na mozné poruchy, ke
kterym typicky dochdzi.
3.1 Trvanlivost stavby

Spole¢nym znakem u vSech tunelt je fakt, Ze hydroizoladni systém
neni po dokonceni definitivniho osténi pristupny. TudiZ vSechny uZitné
parametry stfikanych nebo féliovych hydroizolaci musi byt navrZeny
pro zivotnost 100 a vice let. To je nutné proto, aby byla trvald
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produced samples and in-situ applied products under job-site envi-
ronmental conditions. For example, to produce a continuous, homo-
geneous, permanent-watertight membrane by spray application, the
air-void-content of the cured product has to be limited. Mass change
during water absorption is established here as an indicator test. Water
absorption (e.g. according to SIA 272 2009, EN 14223) of less than
5% of the cured product may affect the material- and system-perfor-
mance negatively, for example migration of long-term-stabilizers,
reduction of tensile strength, of bonding behaviour, of chemical- or
leaching-resistance. Or testing has revealed that non-homogeneous
water content, as a result of inconsistent water addition or mixing
during application, can result in cracking of the membrane (Mott Mac
Donald 2004). Additionally, a too early overspray by shotcrete can
cause further impact on the product performance, which can be avoi-
ded by monitoring the curing status at job sites, for example by mea-
suring the Shore A hardness of the applied membrane according to
DIN 53505 or ASTM D 676. By contrast, a too late overspray can
cause some troubles with product bonding characteristics. Possible
solutions to this are the use of a primer layer, a sanded or roughened
substrate (1t layer) surface to increase the mechanical bond, or fresh-
on-fresh application of multiple layers.

Material tests, according to EN 1928 or DIN 16938-5.11, and under
which standard test apparatus and slit dimension contributes to relati-
ve thin and soft membranes (e.g. bituminous membranes), maybe
gives some indication of the material performance itself under water
pressure (e.g. cold-flow behaviour), but will definitely not test to its
system performance (e.g. bonding strength), especially in view of in-
situ anomalies in the supporting structure or substrate such as honey-
combs, gravel pockets, cracks, joints, irregularities, etc.. The determi-
nation of permeability to liquids of a single homogeneous membrane
(spray-, liquid-applied or industrially produced) is tested according to
EN 14150. Products that are performing inside a system or matrix
may be tested according to EN 12390 with adaption to a spray-appli-
ed membrane, according to ASTM 5385-93 or EN 14694. Additional
identification or index tests should be used to establish that the speci-
mens used in the laboratory are the same as applied in trials and in the
works, for example, density, elongation, flow-characteristics (viscosi-
ty) or perhaps a chemical finger print could be verified using, for
example, IR-spectroscopy or infrared analysis, both of which are well
established techniques in the industry (ETAG 2010).

3. SYSTEMATIC APPROACH AND COMPARISON

The primary application field of spray-applied waterproofing sys-
tems in tunnels was originally only in structures with relatively low
watertightness requirements, such as escape and rescue tunnels.
Naturally, and with the mentioned economic advantages in mind, the
application of sprayed waterproofing systems should be envisioned
for a use in main parts of new tunnel constructions, particularly in
tunnel areas with complex geometries, in junctions, for mostly limi-
ted sections of projects above the water table and/or with very low
permeability of the ground, of which London Clay is a particular
example. However, in so-called reference projects, where spray-app-
lied technology has been used 10-15m under the water table, pro-
blems have been documented (Giambartolomei 2013) and even in
projects, that are above the water table level, spot leaking through the
inner shell has been detected after heavy rainfall (Meier et al. 2005,
Anagnostou et al. 2013). Therefore it seems reasonable and necessa-
ry to have a closer look at technical constraints for the application of
spray applied membranes, especially in comparison to sheet membra-
nes and possible failures that are typically occurring.

3.1 Durability of the construction

In common with all transportation tunnels, the waterproofing system
is not accessible after the final lining is installed. As such, all perfor-
mance criteria of sprayed or sheet membranes must be designed for
a service life of 100 years and more. This is needed to keep the perma-
nent tunnel structure protected and available, to follow the safety regu-
lations of the operating structure, and to keep the maintenance costs on

a comparative level throughout the lifecycle of the construction.




konstrukce tunelu chrdnénd a funkéni, aby byly dodrzeny bezpecnostni
predpisy provozované stavby a aby ndklady na didrzbu zustaly na srov-
natelné trovni po celou dobu Zivotnosti stavby.

Zékladni funkci hydroizola¢niho systému u tunelovych staveb je
trvald ochrana rubu nosné konstrukce pred kontaktem s podzemni
nebo povrchovou vodou a jejimi agresivnimi slozkami, které mohou
zpusobit poskozeni betonu. Toto se stejnou mérou tykd dvouplastové-
ho jakoZ i kompozitniho osténi, kde primdrni osténi pro zajistén{ vyru-
bu, anebo podloZn{ vrstva membrany, jsou vystaveny podzemni vodé
a pripadnému koroznimu uéinku. ProtoZe sekunddrni (definitivni)
osténi dvoupldstového konceptu bude obecné staticky kompetentni pro
prenos vSech vnéjsich zatizeni po dobu Zivotnosti stavby, primdrni
osténi md pouze zajistit stabilitu vyrubu pri razbé a bezpe¢nou vystav-
bu definitivniho (sekunddrniho) osténi a je povaZovano za degradova-
né, a tudiz CdsteCné ,,ztracené* pro dlouhodobé statické pusobeni.
Predpoklad degradace primdrniho osténi v dlouhodobém méfitku je
zaloZen na skutecnosti, Ze prvky z konstrukéni oceli (svorniky, vyztuz-
né sité, rdmy, jehly apod.) pouZzivané ve stfikaném betonu nejsou
dostate¢né chranéné proti korozi, a Ze v kombinaci s ndslednou defor-
maci v dusledku horninovych tlaki dochazi k trhlindm v primdrnim
osténi anebo k prusakim vody skrze vrty pro svorniky, jejichZ utésné-
ni cementovou injektazi nelze zarudit (Marcher 2011). Ddle lze oceka-
vat, Ze trvalé vystaveni betonu primarniho ostén{ vyse uvedenym agre-
sivnim slozkdm podzemni vody urychli jeho degradaci. Volné loZend
membrdna mezi primdrnim a sekunddrnim (definitivnim) osténim
pusobi jako oddélovaci nebo kluznd vrstva, ktera zabrafiuje kontaktn{
vazbé na sty¢né plose a tak sniZuje riziko vzniku trhlin v definitivnim
(sekunddrnim) osténi z divodu vdzaného smritovani (OBV 2012,
ITAtech 2013). Samoziejme ve srovnéni s vySe uvedenym systémem
ochrany na rubu (napt. pomoci hydroizolacnich membrdn, injektdze
nebo nétéru) muze byt trvald konstrukce sama o sobé navrZena tak,
aby byla odolnd vaci ur¢itému agresivnimu pusobenti, a to diky che-
micky odolnym materidlum, vodotésnému betonu, tésnicim sparovym
péasum a adekviétni vyztuZi pro omezeni §itky trhlin. Zajisténi potieb-
né urovné kvality, kvalifikované pracovni sily a zaru¢eného dodava-
telského fetézce, napiiklad kameniva konstantné vysoké kvality, mize
byt ndrocné a spojené s nejistotami nebo odchylkami.

Pro stfikané membrédny umisténé uvnitt kompozitniho pldsté, vice-
méné uprostied nosnych plasta ostént, je vyse zminénd ochrannd funk-
ce splnéna pouze CasteCné (omezend na vnitini prvek). Zatimco dvou-
plastové systémy jsou navrzZeny za predpokladu, Ze pouze vnitrni plast’
nese plné dlouhodobé zatiZeni horninovym tlakem a vodou, cilem kom-
pozitnich ostén{ je pfi stanoveni dnosnosti celého systému zapocitat
i vn¢j8i osténi. Pouze u pln¢ systematického pristupu k navrhovéni
mohou byt uplatnény veskeré ekonomické vyhody kompozitniho piso-
benf{ osténi. To znamend, Ze ndvrh musi zohlednit fakt, Ze béhem doby
Zivotnosti kompozitniho osténi mohou byt nékteré jeho ¢dsti vystaveny
potencidlné agresivnimu pusobeni podzemni vody. Z tohoto vyplyvaji
dalsf technickd omezeni navrhu osténi: Pokud nen{ vnéjsi plast strika-
ného betonu zapocitdn a posouzen v ramci statického dimenzovani (cel-
kové kritéria ndvrhu), je nutné prokézat, Ze trvanlivost stifkané hydroi-
zolace neni niz8i neZ celkovd Zivotnost stavby. Obdobné, pokud bude
primédrni osténi v rdmci celé kompozitni konstrukce zapo&itdno do
dlouhodobé tnosnosti, musi projektant v ndvrhu zajistit, aby pfipadné
vystaveni d¢inkdm podzemni vody nesniZilo Zivotnost primarniho
(externiho) osténi pod navrhovanou Zivotnost celé stavby. Takovy
pozadavek na Zivotnost 1ze napriklad splnit zvysenim tloustky stiika-
ného betonu nebo pouzitim vnéjsi ztracené (,,obétované®) vrstvy.

3.2 Drénované tunely

V zdsadé je tfeba rozliSit hydroizolaénimi systémy chréanici osténi
proti tlakové podzemni vodé a proti prusaku beztlakové vody. Navrh
drendzniho systému, ktery zajisti pIné sniZeni tlaku vnéjsi vody, umoz-
nuje projektantovi zna¢né sniZit dimenze definitivniho osténi. Pokud
takovy drendZni systém funguje spravné, tlak vody nebude na osténi
pusobit a Ize jej tedy vypustit ze zatéZovacich kombinaci. To ov§em zna-
mend, ze navrh musi zajistit, aby pouzity drendzni systém fungoval
uc¢inné béhem ndvrhové Zivotnosti stavby (napf. pfi planované mife
udrzby), a Ze existuji drendZni cesty, kterymi voda odtékd do drendzni-
ho potrubi, ¢imzZ se sniZi hydrostaticky tlak podle ocekdvani.
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In combination with the aspect of watertightness, a fundamental
function of the waterproofing system in tunnelling works is the per-
manent (exterior) protection of the statically relevant structure against
contact with the groundwater/natural soil or surface water and its
aggressive constituents that can be damaging to the concrete. This
applies equally to double-shell linings or to a composite-shell lining,
where the ground supporting primary (initial or exterior) lining and/or
the substrate of the membrane is also fully exposed to the groundwa-
ter and potential attack. Since the secondary (final) lining of the doub-
le shell concept will be responsible, in general, for the load transfer of
all external loads during the lifespan of the construction, the primary
lining is only responsible for the safe construction of the final (secon-
dary) lining and is considered as degraded and therefore partially
‘lost” for further structural assessments of the lining. The assumption
regarding the long-term degradation of the primary lining is based on
the fact that the structural steel elements (rock bolts, wire mesh, ribs,
spiles, etc.) used in the sprayed concrete are not sufficiently protected
against corrosion and in combination with subsequent ground defor-
mation resulting in structural cracks and/or the setting of boreholes
for radial rock dowels causing water ingress, which sealing by cement
grouting cannot be guaranteed (Marcher 2011). It is also expected that
the permanent exposure of the primary shells concrete to the afore-
mentioned aggressive constituents of the groundwater will speed up
the degradation. Further on, any loose-laid membrane between pri-
mary and secondary (final) linings acts additionally as a separation or
sliding layer that prevents a contact bond (gearing) at the interface
and ultimately reduces the potential of shrinkage cracking in the final
(secondary) lining (OBV 2012, ITAtech 2013). In comparison to an
aforementioned exterior protection system (e.g. with waterproofing
membranes, injections or coatings), the final structure itself can be
designed to resist certain attacks by using chemical-resistant raw
materials, a watertight concrete concept including waterbars and ade-
quate crack-width-limiting reinforcement, quality levels, labour skills
and a guaranteed supply chain of, for example, constantly high quali-
ty aggregates, which can be challenging and connected to uncertain-
ties or variabilities.

For spray-applied membranes, sandwiched inside a composite
shell, more or less in the centre of the relevant static elements of the
structure, the aforementioned protection function is only partly (limi-
ted to the inner element) fulfilled. While double shell systems are
designed under the premise that only the inner shell carries the full
load of the ground/water pressure, composite shell systems aim to
include the outer shell properties for determining the resistance of the
tunnel structure. Only with a fully systematic design approach, can
the full economic advantage of a composite structure be activated.
This means that throughout the lifetime of a composite shell lining,
some parts of the complete structure are possibly exposed by design
to potentially aggressive ground water conditions. Hereby other tech-
nical constraints for the design process can be derived: If the exterior
layer of shotcrete is not integrated within the static dimensioning
(total design criteria), the proof of the durability of the sprayed mem-
brane equal to the lifespan of the construction becomes mandatory.
Also, if the primary layer of a composite structure is going to be acti-
vated for the assessment of the possible system resistance, the desig-
ner has to make sure that the possible exposure to ground water will
not reduce the lifespan of the primary (exterior) lining below the esti-
mated values for the complete structure. This extra resistance can be
achieved, for example, with an extension of the shotcrete thickness or
by introducing a buffer or sacrificial layer.

3.2 Drained tunnels

In principle, distinction shall be made between waterproofing sys-
tems to protect against ground water inflow under pressure and non-
pressurised seepage of ground water. The use of a drainage system
that allows for a full reduction of external water pressure enables the
designer to reduce the thickness of the permanent ground support sig-
nificantly. If the drained waterproofing system works properly, no
water pressure will be applied to the lining and can therefore be exc-
luded from the compilation of all external loads. That said, the desig-
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Staré tunely s kamennou nebo cihelnou obezdivkou dokladaji, Ze
k problémim s odvodnénim dochézelo ziidka. Charakteristickym
rysem téchto staveb bylo jednak to, Ze vyrubany profil nebyl ni¢im
hermeticky tésnén, a také to, Ze prostor nadvylomu byl po vyzdéni
definitivniho osténi vyplnén kamenivem s vysokou porovitosti.
V dusledku toho mohla vnéjsi podzemni voda odtékat bez vyraznéjsi-
ho odporu do drendzntho potrubi v po¢ve (Kirschke 2001, Chabot
a kol. 2013). Oproti tomu u razby pomoci NRTM je vyrubany profil
utésnén stifkanym betonem v kaloté a opéfi, nékdy také v pocve.
V tomto pripadé je monolitické definitivni osténi betonovano primo
proti hydroizolaéni membrané, pri¢emZ nerovny povrch stifkaného
betonu a vliv smrstovani vedou ke vzniku velmi tizké mezery mezi pri-
mérnim a definitivnim osténim. Podzemni voda se do této mezery
dostane pouze skrze trhliny nebo poruchy v konstrukci primdrniho
osténi nebo skrze pracovni spary nebo, mén¢ Casto, skrze samotnou
matrici stifkaného betonu, nestane-li se tak samoziejmé pres vyvrty
v primdrnim osténi (Kirschke 2001). Jak zminénd mezera, tak vysoka
hydraulickd vodivost ochranné geotextilie umoznuji beztlaké odvod-
néni, a tudiZ ndvrh tunelu za odvodnénych podminek. Pro hy-
drologické z6ny (zejména v malo tinosném podloZi, pfi nizkém nadlo-
Zi nebo v poloskalni horniné, ale také v ulehlych propustnych zemi-
ndch) s typicky vysokymi prasaky podzemni vody je mozné jako dopl-
nujici opatfeni navrhnout systematické obvodové drendzni pasy umis-
tené mezi primdrnim osténim ze stifkaného betonu a geotextilif
s plastovou membrénou, jak bylo popsdno napf. v (RI BWD-TU
2007). Dédle v nékterych oblastech, napriklad u alpskych tuneld,
v pevnych skalnich hornindch vyZaduje moderni ndvrh odvodnovaci
prvek s vysokou hydraulickou vodivosti pres cely povrch (napr.
Chabot 2013). U zvldstnich projektt, jakym je Gotthardsky bazovy
Zelezni&ni tunel ve Svycarsku, zahrnuji specifikace pozadavek na cer-
tifikovanou stoletou Zivotnost hydroizola¢niho systému (féliova mem-
brana a odvodnovaci prvek) za stalych 45 °C teplot in situ a za kom-
binovaného pusobeni tlaku (az do 2 MPa) a smyku (obr. 2, 3).

Relektuje-1i se na tyto principy ndvrhu odvodnéni na technologie stii-
kané hydroizolace, kterd je charakteristickd celoploSnym spojenim
materidlu s podkladni vrstvou bez jakékoliv hydraulické vodivosti (toku
vody) mezi vrstvami, zdaji se stiikané hydroizolaini systémy nezpuso-
bilé k tomu, aby byly kvalifikovany jako soucdst drendzniho systému,
protoZe u nich nelze ocekédvat zddné vyznamnéjsi snizeni vnéjsiho tlaku
podzemni vody. Alespon tomu tak doposud nebylo. Vyjimkou z tohoto
pravidla jsou tunely v oblastech, kde neni podzemni voda vyznamnd,
nebo které jsou nad hladinou podzemni vody, nebo které se nachdzeji
v podloZi s velmi nizkou propustnosti, kde drendZ nemd vyznam. Proto
by v souCasnosti nemély byt stifkané hydroizolace pouZivéany také u tzv.
Céastedné odvodnénych tunelt, jako je tunel Freudenstein v Némecku,
navrZenych jako betonové osténi s ¢dsteénym sniZenim hydrostatického
tlaku (Kirschke 2001, Chabot 2002, Kirschke a kol. 1992), které okolo
svého profilu uplatnuji systémové slozky jak odvodnéného, tak neod-
vodnéného pristupu. Jak bylo zminéno drive, alternativnim ndvrhem
muZe byt integrace celoplosného odvodiiovaciho prvku, naptiklad nopo-
vych folif nebo geokompozit. Zde je nezbytné zajistit dlouhodobou
kompatibilitu materidlu s jakymkoliv typem materidlu na styku (napf.

Obr. 3 Vnitini tlaky pFi zrani
Fig. 3 Internal stresses

Obr. 2 Zpuchyrovateni
Fig. 2 Blistering
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ner has to make sure that the applied drainage system works effici-
ently during the estimated life span of the construction (e.g. including
maintenance procedures) and that the ground water can reach the dra-
inage pipes and thereby reduce the water pressure as expected.

From old tunnels with a lining made of natural stone or brick
masonry it is documented, that drainage problems rarely arise. The
characteristic features of such a lining were on the one hand, that the
excavated profile did not receive any hermetic sealing and on the
other hand, that the overbreak was filled with a very porous stone pac-
kage after the installation of the final lining. As a consequence, the
inflowing groundwater could be drained without any significant flow
resistance and collected in drainage pipes in the invert (Kirschke
2001, Chabot et al. 2013). By contrast, modern tunnelling such as
NATM often receives a first hermetic sealing by shotcrete of the enti-
re excavated arch profile of the vault and often also of the invert.
Hereby, the final cast-in-place concrete lining is installed in direct
contact with the waterproofing system (e.g. plastic membrane) and
the initial rough/uneven shotcrete layer, influenced by shrinkage
behaviour, resulting in a very narrow gap between primary and final
lining components. Groundwater gets into this gap only through
cracks or due to flaws in the primary shotcrete structure, or through
construction joints or, more uncommonly, through the shotcrete mat-
rix itself, if not more obviously through openings made by drilling
through the lining layers or block outs (Kirschke 2001). Both, the ring
gap and the low conductivity of the protection geotextile, permits
pressure-less (free-flow) drainage and thus a full surface water pres-
sure relief design. For hydrological zones (in particular in soft
ground, under low cover or in weak rock, but also in compact ground)
with mostly heavy groundwater ingress, systematic peripheral (cir-
cumferential) drainage strips could be designed and installed between
the primary shotcrete layer and geotextile/plastic sheet membrane, as
an additional measure and as described, for example in (RI BWD-TU
2007). Furthermore, in some regions, for example for tunnels in the
Alps, in firm rocks, the modern design postulates a drainage element
with high transmissivity over the full-surface (for example Chabot
2013). For special projects, such as the deep-seated Gotthard-base
railway tunnel in Switzerland, the specification includes a certified
100 year design-life durability of the waterproofing system (sheet
membrane and drainage element) under permanent in-situ temperatu-
res of 45°C and under the combined effects of compression (up to 2
MPa) and shear (Fig. 2, 3).

Reflecting these drainage design concepts to spray-applied waterp-
roofing technology, as characterized by a full-surface bond of
a material to the substrate without any hydraulic conductivity (water
flow) between, spray-applied waterproofing systems seem unable to
qualify as a drained system, since no significant reduction of external
groundwater pressure can be expected, at least not up to now.
Exceptions to this rule are for tunnel in areas with no significant
groundwater, or those above the groundwater table, and/or those in
geological materials of very low permeability such as clay material,
in which no drainage is required. Therefore, spray-applied membra-
nes should currently also be avoided for so-called partly drained tun-
nels, such as the Freudenstein tunnel in Germany, defined as a limited
hydrostatic pressure released concrete shell (Kirschke 2001, Chabot
2002, Kirschke et al. 1992), which includes system components for
both drained- and undrained-concepts around its profile. As previous-
ly mentioned, the integration of a full-surface drainage element, for
example dimple-sheets or geo-composites, is an alternative for the
design. Hereby, it is essential to ensure that they have a long-term
material compatibility with any kind of materials in contact (e.g.
spray-applied membrane or shotcrete) and that they are not blocked
during application of a sprayed material. On the other hand, the hyd-
raulic conductivity (in-plane-flow capacity under permanent load and
shear stress) has to be designed properly in view to the missing cavi-
ty of the smoothened substrate or additional levelling layer, which is
recommended for spray-applied-membrane systems, and to a missing
ring-gap-drainage in contradiction to double shell linings with
a loose-laid membrane behind a cast-in-place concrete lining. In addi-
tion, when using geo-composites or dimple-sheets as a drainage layer,
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stfikand membrana nebo strikany beton) tak, aby nedoslo k ucpéni dre- any (monolithic) bond to the substrate and/or to the membrane is pla-
ndzni cesty behem aplikace stiikaného materidlu. Déle musi byt hyd- ced in question (OBV 2012), because of its separation behaviour.
raulickd vodivost (propustnost v roviné drendZe pri trvalém normd- In case of water ingress through the substrate/primary sprayed conc-
lovém a smykovém zatiZeni) fddné navrZena s ohledem na chybéji- rete lining during the application in the short-term and before the inner
ci dutinu u hladké podloZni vrstvy nebo dodate¢né vyrovnavaci vrst- shell is constructed, and especially when the ground/hydrological con-
vy, které se doporuluji pro systémy stiikané hydroizolace, ditions must consider water under pressure, a flexible water manage-
v porovnéni s dvoupld$tovym osténim s volné lozenou membréinou ment system must be incorporated. For example, pressure peaks have
za monolitickym sekunddrnim osténim. Pfi pouZiti drendZni vrstvy the potential for blistering and therefore create a bond loss of the spray-
v podobé geokompozit nebo nopovych f6lif je navic jakykoliv kom- applied membrane, as shown in Figure 2, which allows the built up of
pozitni spoj s podloZni vrstvou anebo stifkanou membrdnou | water paths. This phenomenon is more critical during the product
z diivodu svého separa¢niho chovéni diskutabilni (OBV 2012). curing phase when such blistering and bond loss may not be visible.
V piipad€ prisaki vody skrze podklad / primdrnf osténi ze stifka- Furthermore, running water has the potential of material leaching or rat-
ného betonu béhem aplikace v kritkodobém horizontu pfed dokon- her water penetration as a function of water encroachment and materi-
¢enfm vnitintho plasté, zejména kdyZ vzhledem k hydrogeologickym al reactivity (Aldrian et al. 2009). Therefore, the level of water ingress
pomériim podloZi je nutné uvazovat plisobenf tlakové vody, je tfeba and its spot-management is essential when using a spray applied mem-
zajistit flexibilni systém pro zvlddan{ G¢inkil vody. Napiiklad tlako- brane. This can be achieved, for example, by de-watering the ground,
vé piisobenf vytvaif potencidl ke tvorbé ,,puchyii*, a tudiZ zpisobu- by pre-injection methods, by placing short drill holes and hoses, by

je ztratu pridrznosti stifkané membrany, jak je ukdzano na obr. 2, coz
umoznuje tvorbu cest pro vodu. Tento jev je zdvaznéjsi béhem faze
zrdni produktu, kdy takovéto zpuchyfovaténi a ztrdta prilnavosti
nemusi byt vidét. Tekouci voda md mimo to potenciél k vyluhu mate-
ridlu v dusledku pronikdni vody a reaktivity materidlu (Aldrian a kol.
2009). Uroveri prisaki vody a zpusob jejich lokélniho feSeni jsou
tudiZ pfi pouzivdni stifkané membrany zdsadni. Prusaky lze zvlddat
napiiklad odvodnénim nadloZi, tésnici injektdZi, pouZitim krétkych
vyvrti a hadic, vytvofenim odvodnovacich kanéli nebo zachycova-
nim lokdlné prosakujici vody pfi instalaci nopovych pdsu prichyce-
nych k primdrnimu osténi a zataZenych k bo¢nim drénim v patdch
opéfi. Nopové drendzni pdasy by mély tésné priléhat k primarnimu
osténi ze stifkaného betonu a méla by se na né nanést regulaéni vrst-
va stifkaného betonu pred aplikac{ stfikané hydroizolaéni membrany.

Pro kompozitn{ osténi, zaloZend na statickém spoluptsobeni mezi
primdrnim (externim) a sekunddrnim (internim) osténim, neni
z definice systému celoplo$ny drendzni prvek mezi obéma plasti
mozny, coZ vyrazné zvySuje riziko rustu vnéjsiho tlaku vody. Ani
samostatné oddélené pésy drendZnich prvku mezi externi a intern{
vrstvou stiikaného betonu nelze navrhnout systematicky bez dalSich
opatteni, jako jsou vrtané otvory, protoZe jejich umisténi musi
primo odpovidat nepfedvidanému prusakovému kandlu (napf. voda
prosakujici trhlinou) ve stffkaném betonu za odvodnovacim prv-
kem. A i takové pasové prvky do jisté miry méni konstrukéni cho-
vani kompozitniho osténi ve srovnani s misty, kde existuje celo-
plo$ny spoj membrdny a osténi.

V literatute Ize nalézt také ur€ité moZnosti pro drendzni opatfeni
u jednoplastovych konstrukci. Aby bylo mozZno zajistit minimaln{
propustnost mezi masivem a primdrni vrstvou stffkaného betonu, je
zapotiebi dalSich drendZnich opatteni, jako napiiklad obvodové dre-
nazni pdsy (neplést si s technikami lokdlniho feSeni mokrych mist

installing drainage channels or by collecting spot-seepage water with
the installation of dimpled sheets stripes that are attached to the prima-
ry concrete lining and which are connected to the lateral drains located
at the base of the tunnel side walls. The dimpled drainage sheets should
be closely fitting to the primary shotcrete lining and have a regulating
layer of sprayed concrete applied prior to application of the spray-app-
lied waterproofing membrane.

For composite shell linings, which are related to the structural inter-
action between primary (exterior) and secondary (inner) lining, a full-
surface drainage element between both layers is not possible, raising
considerably the risk of backpressure of water. Even layers of draina-
ge strips between the exterior and inner shotcrete layers cannot be
designed systematically, without any other measures, such as drill
holes, because of their location has to correspond directly to the unfo-
reseen seepage channel (e.g. water seeping crack) in the shotcrete
behind the drainage element. Additional, these strip-elements also
change the structural behaviour of the composite shell compared to
areas where a full surface bond of the membrane to the substrate
exists.

For drainage measures of single shell constructions, the literature
also indicates some options. In order to provide a minimal transmis-
sivity between rock or ground and primary shotcrete layer, there is
a need of additional drainage measures, such as, for example perip-
heral (circumferential) drainage strips (not to be confused with wet-
spot-management techniques or the additional drainage measures bet-
ween the primary shotcrete layer and geotextile or plastic sheet mem-
brane) or installation of drainage channels, depending on the local
ground and hydrological conditions. Single shell or composite shell
linings in combination with such a system for free mountain drainage
has been constructed (Heimbecher et al. 2004), but so far, only rare-

nebo dopliikovymi drendZnimi opatfenimi mezi primdrni vrstvou ly. The potential advantage of such a system is seen in the more
stifkaného betonu a geotextilif nebo féliovou membranou) nebo osa- favourable silting or sintering behaviour, based on a minimized con-
zeni drend’nimi kandly, podle mistnich hydrogeologickych podmi- | tact with substances containing cement.

nek. Jednopldstové nebo kompozitni osténi v kombinaci s takovym Inadequate design of a drainage system is evident mostly in struc-
systémem pro volné odvodnéni masivu jiz bylo vytvofeno tural and waterproofing consequences, such as, for example, local
(Heimbecher a kol. 2004), avSak dosud pouze ziidka. Potencidln{ build-up of hydrostatic pressure peaks. As a final defence, the secon-
vyhoda takovéhoto systému je spatfovdna ve snizeni moznosti zand- dary lining must be designed to carry the full potential water pressu-
Seni a ucpdvéni v dusledku minimalizace kontaktu s materidlem re that acts upon it.

obsahujicim cement. 3.3 Undrained tunnels

Nedostate¢ny ndvrh drendZzniho systému se projevi mistnim
narustem $pifek hydrostatického tlaku. A jako findlni protiopatfent
— sekundérni osténi mus{ byt navrZzeno tak, aby preneslo cely pii-
padny tlak vody, ktery na néj miZe pusobit.

Undrained tunnels, often referred to as a ‘fully tanked’ system, are
characterized by a 360° (full-round) waterproofing with therefore, the
full water pressure being applied to the structure. Depending on the
degree of water pressure acting on the final lining, and an evaluation

3.3 Nedrénované tunely and risk assessment of possible damage in comparison to rehabilitati-

Neodvodnéné tunely, Casto oznacované jako ,,celoplo$né izolova- on costs, measures and experience, mostly undrained pressurized tun-
né“ konstrukce, jsou charakterizovdny 360° (celoplo§nou) hydroi- nels are constructed with a certain level of redundancy. This redun-
zolaci, pri¢emZ na nosnou konstrukci pusobi plny tlak vody. dancy, for example and according to (Ril 853 2011), is required to
V zévislosti na drovni tlaku vody pusobici na definitivni osténi a na above 3 bar water pressure. Additional, the (ZTV-ING 2007) requires
zhodnoceni rizika pripadné poruchy ve srovndni s nédklady a systematically integrated injection/repair possibility to above a 1 bar
na ndpravu, opatfenimi a zkuSenostmi, jsou neodvodnéné tunely water pressure for waterproofing membrane systems. Even TBM dri-

vystavené tlaku vody vétSinou navrhovény s urlitou mirou rezervy. ven tunnels with precast concrete segmental linings prefer to have
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Tato rezerva, napiiklad podle (Ril 853 2011), je nezbytnd pro tlak

vody nad 3 bary. Mimo to (ZTV-ING 2007) pro hydroizola¢ni féli- pressures than anticipated.

ové systémy vyzaduje systematicky integrovanou moznost injektd-
7e / opravy pro tlak vody nad 1 bar. I u tuneld raZenych plnoprofi-
lovymi §tity s prefabrikovanym segmentovym osténim se preferuje
pristup s rezervou v ndvrhu pro pfipad, Ze by byly vystaveny vyssi-

mu tlaku vody, nezZ se puvodné ocekdvalo.

Hlavni charakteristikou takového tunelu je celoplo$né tésnéni,
jehoz provedeni je z hlediska predchdzeni poruch hydroizolaéni
vrstvy technicky ndro¢né. Problémy se systémy celoplo$né hydroi-
zolace s foliovou membrdanou mohou nastat tehdy, pokud montdz
vyztuze (pakliZe je tfeba) a betondz definitivniho osténi nejsou pro-
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vedeny s ndleZitou pé&i. Pruty betonérské vyztuze mohou pri mon-
tdzi hydroizolaéni félii perforovat, popr. podkladni vrstva izolace
(primdrni osténf) muze obsahovat nezddouci anomaélie (napf. prilis
drsny povrch). Kontaktn{ injektdZ (po dokonceni osténi) mezi hyd-
roizoladni membrénou a definitivnim osténim je proto nezbytnd pro
vSechny celoplo$né izolované tunely s monolitickym definitivnim
osténim a musi byt provedena pred ndvratem hladiny podzemni
vody na puvodni udroven. InjektdZ také zajisti dostateny kontakt
mezi primdrnim a sekunddrnim osténim. Dal3{ problémy nebo pru-
saky mohou souviset s nesprdvné provedenymi tésnicimi pédsy
v pracovnich spdrdch monolitického definitivniho osténi. Toto je
zpusobeno zejména nedokonalym probetonovanim u kotvicek spa-
rovych pésu, vyplyvajicim napiiklad ze vzduchovych dutin nebo
hnizd v betonu, a to zejména v oblastech spar klenby a pracovnich
spar. Takovéto vady lze opravit a uvést do porddku pomoci raznych

technik systematické nebo sana¢ni injektdZze.

ObtiZze mohou nastat pfi zaméfeni se na instalaci hydroizolace
spodni klenby za pouziti stifkané membréany (Meier a kol. 2005), a to
kvuli typickym problémim hydrostatickych zdviha (zejména béhem
faze vystavby), akumulace vody, zne¢istén{ povrchu, stavebni dopra-
vé, rizikim perforace, obtiznéjsi prilnavosti k jakémukoliv typu
ochrannych opatreni, jako napr. maltovy potér nebo ochrannd mem-
brdna atd. Na druhou stranu se, na rozdil od féliovych membrdn, stii-
kané hydroizolace poji s podloZni vrstvou, a jsou ji tudiZ podepreny
a jsou tak méné ndchylné k poSkozeni ndslednymi stavebnimi ¢in-
nostmi. V reakci na to by oba systémy membran (stiikané i volné
lozené f6liové membrany) mély mit jednoduchou, pokud moZno
vizudlni, moznost detekce poSkozeni, jako je napf. tenkd signdlni
vrstva nebo ndtér pro stfikané systémy, provedené v odli$né barvé,

nez je barva zdkladniho materidlu.

| -. e

Obr. 4 Osteni ze strikaného betonu bez hydroizolaénich opatieni
pod tlakovou vodou s prusaky 3-25 l/s v pruzkumné $tole projektu
Fiecht [Czopak 2002]

Fig. 4 Shotcrete shell with no applied waterproofing measures
and under water pressures of 3-251/s in the Fiecht project explo-
ration gallery [Czopak 2002]

Obr. 5 Tesnici bariéra reSend adhezivnimi pdsy
proti migraci vody mezi plastovou folii a stiikanym
betonem

Fig. 5 Water barrier via adhesive tape solution to
avoid water migration between plastic sheet
membrane and shotcrete
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redundant systems in case of being subjected to higher levels of water

The main characteristic of such a pressurized tunnel is a full-round
seal, which is technically demanding in terms of failure prevention for
the waterproofing layer. Problems with a fully tanked system using
sheet membrane waterproofing may occur, if the concrete - and rein-
forcement-works (where required) for the permanent lining are not
carried out with the mandatory care. The steel wires may then perfo-
rate the membrane during the installation process or the supporting
structure (inner lining) of the membrane system may include anomali-
es such as irregularities, imperfections, failures and/or a surface that is
too rough. Therefore, contact grouting (post lining grouting) between
membrane and inner lining is essential for all fully tanked tunnels with
cast-in-place-concrete final lining and must be installed before reco-
very of the water table. This also ensures sufficient bedding between
primary and secondary lining. Other problems or leakages may result
from inappropriately installed waterstops within the construction
joints of the final cast-in-place concrete lining. This is caused mostly
by ineffective integration of the waterstop anchor-rips inside the conc-
rete matrix, arising, for example, from air-cavities or pockets in the
concrete pour and with special focus on the arch- and construction-
joint areas. Such defects can be rectified or repaired using various sys-
tematic injection or grout possibilities.

With focus to the application of a waterproofing system in the
invert (Meier et al. 2005), this is more difficult to achieve when using
a spray-applied waterproofing system due to typical problems of hyd-
rostatic uplifts (particularly during the construction phase), water
accumulation, surface pollution, construction traffic, perforation
risks, bonding performance to any kind of protection measures, such
as mortar screed or protection membrane, and so on. On the other
hand, unlike sheet membranes, spray-applied membranes are bonded
to, and therefore supported by, the substrate, and so are less prone to
damage by subsequent construction activities. In consequence, both
membrane systems (spray-applied and loose-laid sheet membranes)
should have a simple, preferably visual, damage detection possibility,
such as a thin signal layer or coatings for spray-applied systems with
different colour to the base material.

As an additional and important consideration, shotcrete as a final
(inner) lining for pressurized structures (Figure 4), is stated as a non-
cost-effective, risky construction method (Heimbecher et al. 2004) and
seen as a practical solution only for precise profiles, such as TBM-dri-
ven tunnels, based on structural issues. In this connection, also the hig-
her requirement to the inner surface of road-tunnels, for example, for

the application of an inner protecti-
on coating, is stated as a non-effec-
tive construction method (Heim-
becher et al. 2004).

3.4 Mixed systems

Mixed or combined waterproo-
fing systems are general designed:
e When long tunnels pass
through different environmen-
tal conditions which are classi-
fied as being exposed to diffe-
rent classes of chemical attack
(EN 206-1) or different levels
of water pressure that might
allow a diversification of the
design. For example, accor-
ding to (Ril 853 2011), in
a transfer from a redundant
system with a plastic sheet
membrane and waterproof
concrete to a non-redundant
design of watertight concrete

without a membrane.
e When longer structures pass
through reaches of substantial-
ly dry as well as water-bearing




Dal§im duilezitym faktorem je to, Ze se uvadi, Ze stifkany beton
jako definitivni (vnitini) osténi pro konstrukce pod tlakem vody
(obr. 4) predstavuje nehospodérny, rizikovy pristup (Heimbecher
a kol. 2004) a v ndvaznosti na statické problémy se bere jako prak-
tické feSeni pouze pro presné profily, jakymi jsou tunely razené
TBM. V této souvislosti se také zvySeny pozadavek na vnitini
povrch silni¢nich tuneld, napfiklad, ve smyslu aplikace vnitiniho
ochranného ndtéru, uvddi jako neefektivni metoda (Heimbecher
a kol. 2004).

3.4 SmiSené systémy

SmiSené nebo kombinované hydroizola¢ni systémy se obecné navrhuji:

e Kdyz dlouhé tunely prochézeji riznymi prostiedimi, kterd je
mozné klasifikovat podle raznych expozic k chemickému puso-
beni (EN 206-1), nebo podle ruznych drovni tlaku vody, coZ
muZze umoznit diverzifikaci ndvrhu. Napfiklad podle (Ril 853
2011) 1ze navrhnout prechod od s rezervou navrzeného osténi
s féliovou membrdnou a vodotésnym betonem na osténi
z vodotésného betonu bez membréany a bez rezervy v ndvrhu.

e Pokud dlouhé konstrukce prochézeji jak prevazné suchymi,
tak zvodnélymi oblastmi, a to za pouziti prechodové zdény
mezi tlakovymi a drénovanymi dseky, ¢asto véetné obvodové
bariéry pfimo na masivu, kterd byla pouZita napf. v ddlni¢nim
tunelu Grouft v Lucembursku v kombinaci se clonou tésnici
injektdZe, nebo v Zelezniénim tunelu Weinberg ve Svycarsku
(obr. 5).

e KdyZ razené tunely tésnéné membrdnovym systémem prechd-
zeji do hloubenych vodotésnych betonovych konstrukei bez
membrany.

e Pro komplikované napojeni betonového segmentového osténi
hlavniho tunelu raZeného plnoprofilovym Stitem, tésnéného
EPDM nebo bobtnavymi pésky, na osténi propojky s membra-
novym systémem, jako bylo pouzito pro Finnetunnel
v Némecku (Gerstewitz a kol. 2012) pro tlak vody 6 bar.

Vsechny tyto navrhové pristupy implementuji podélné prechodové
z6ny mezi ruznymi systémy hydroizolace. Na rozdil od toho kon-
strukce, kde se hydroizolaéni systém méni v rdmci priéného fezu,
napriklad stfikand hydroizolace v kaloté a opéfi kombinovand s vol-
né loZenou félii v protiklenbé v pocvé, jsou ndrocné, a to v nivaz-
nosti na komplexnost, detailni prdci, kompatibilitu materidla
a rozdily ve funk&nosti (plnd vazba x volné lozeni). Napriklad podle
soucasného stavu vyvoje féliovych membrdn (DIN 18195) je treba
zajistit konce membrdn proti tlakové vodé pomoci §roubované priru-
by s dostatecnym maltovym loZem, namisto jednoduchého systému
uchyceni hiebiky, ktery se pouZziva proti prusaku bez tlaku. Navic je
tieba vzit v tivahu ndvrh rozsektorovéani hydroizolace, jehoZ detaily
budou ndro¢né také z hlediska z6ny prechodu na stfikanou hydroizo-
laci. Ve vSech prechodovych zénach musi navrh spoje mezi stiikany-
mi membrdnami, f6liovymi membrdnami anebo ocelovymi plechy
vzit v tvahu dlouhodobou kompatibilitu a trvanlivost materidlt
a potreby prekryti. Dobrou, materidlové kompatibilni alternativou
pro takovéto pfechodové z6ny jsou feSeni v podobé lepici pasky, jak
je zobrazeno na obr. 6.

Jak bylo uvedeno dfive, nékteré pryskyfice nebo slozky strika-
nych produkti mohou negativné ovlivnit trvanlivost membrdn
(napr. PVC-P), coz vyplyvd z migrace plastifikdtoru, nebo naopak.
Dlouhodobou kompatibilitu materidlu s jakymkoliv druhem plasto-
vych sty¢nych ploch nebo materidlu ve styku lze testovat v souladu
s EN ISO 177 (hodnoceni nestdlych sloZek, vzduch, 50°C,
0,02 MPa, 90d) nebo v souladu s EN 12637-3 (EN 1847 / EN 14414,
70d, 23°C); pozadované relativni zmény hmotnosti v obou piipa-
dech jsou < 3% (OBV 2012).

3.5 Material a jeho dlouhodobé chovani

Béhem provozu tunelu jsou jak stitkané hydroizolacni systémy, tak
systémy féliovych membran plné vystaveny podzemni vodé a jejim
moZnym korozivnim G¢inkam, zejména kyselé nebo zdsadité agresivi-
té, a to i kdyZ jsou prekryty pldstém stiikaného betonu (be-
ton—-membrana—beton). Uhli¢itany, mikroorganismy nebo vytvrzovaci
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zones, using a transfer zone between pressure-retentive and drained
sections, often including a peripheral (circumferential) water barrier
(separation) in the ground, such as used on the Grouft highway tunnel
in Luxembourg, in combination by installing a grout injection curta-
in, or on the Weinberg rail tunnel in Switzerland (Figure 5).

* When mined tunnels, sealed with a membrane system, are transfer-
ring to a cut-and-cover watertight concrete concept structure without
a membrane or

e For the complex connection of a concrete segmental lining of
a TBM driven main tunnel, sealed by EPDM or swelling profile gas-
kets, to the cross-passage excavation that includes a membrane sys-
tem, such as applied for the Finnetunnel in Germany (Gerstewitz et al.
2012) and against 6 bar water pressure.

All these design principles implement an axial (longitudinal) tran-
sfer zone of the different waterproofing systems. By contrast, designs
where the waterproofing system changes inside the profile, for exam-
ple bonded spray-applied membrane in the crown or wall area in com-
bination with loose-laid plastic sheet membranes in the invert, are
challenging, based on the complexity, detailed work, material compa-
tibility and difference in functionality (fully-bond vs. loose-laid). For
example, according to the sheet membrane state-of-the-art (DIN
18195), there is a need for end-capping of membranes against pressu-
rized water to use a bolted loose-flange construction with an adequa-
te mortar bed, instead of a simple nail clamped system as used for see-
page water. Plus there is a need for a compartmentalised waterstop
system, the details of which will be challenging also for the transition
zone to spray-applied-membranes. In all transition zones, an adequa-
te bond between sprayable membranes, plastic sheet membranes
and/or to the steel plate has to consider in the long-term durable com-
patibility of the materials and the overlapping needs. A good and
material compatible alternative for such a transition zone is given
with adhesive tape solutions, as shown in Figure 6.

As previously mentioned, some resins or ingredients of sprayable
products may affect negatively the durability of membranes (e.g.
PVC-P) resulting from plasticizer migration or vice versa. The long-
term material compatibility with any kind of plastic interfaces or
materials in contact may be tested in accordance with EN ISO 177
(evaluation of volatile components, air, 50°C, 0.02MPa, 90d) or in
accordance with EN 12637-3 (EN 1847/ EN 14414, 70d, 23°C), rela-
tive change of mass < 3% in both cases (OBV 2012).

] 10

1 konstrukéni beton, 2 geotextilie, 3 plasticka hydroizolaéni félie, 4 epoxidové lepidlo,
5 svafovani horkym vzduchem, 6 lepici pas, 7 podkladni natér nebo piskovany povrch,
8 izolace nanasend v kapalném stavu, 9 systém volné loZzené félie, 10 systém kapalné
nebo stfikané hydroizolace

1 structural concrete, 2 geotextile, 3 waterproofing plastic sheet membrane,

4 epoxy adhesive, 5 hot air welding, 6 adhesive tape, 7 primer or sanded surface,

8 liquid applied membrane, 9 loose-laid sheet membrane system, 10 liquid or spray
applied membrane system

Obr. 6 Napojeni mezi foliovou izolaci a v kapalném stavu nandSenou mem-
brdnou za pomoci lepicich pdsu

Fig. 6 Intersection between sheet membrane and liquid applied membrane
with adhesive tape solutions
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slozky a ¢inidla jako akryl nebo vosky mohou mit na membranu
také negativni vliv. Oba systémy budou vystaveny obdobnym teplo-
tdm, fyzickému prostredi a zatiZeni. Ddle pak na né bude uvnitf
kompozitniho pldsté pusobit dodateEné zatiZzeni, napr. smykové
napéti. Podle chemické struktury a podle soucasného stavu znalosti
podléhaji stiikané membrdny na bazi EVA, MMA nebo polyurea
smeési podobnému procesu starnuti jako membrany z termo-
plastického polyolefinu (TPO), jak je popsdno v (OBV 2012).
Predvidatelné vlivy potencidlnich faktoru snizujicich uZitné para-
metry zahrnuji hydrolyzu (pusobeni vody), pusobeni chemikalif,
oxidaci (rozpad molekuldrnich fetézct kvuli kyselin€, kysliku nebo
ozonu), pusobeni mikroorganizmu, teploty, mechanické napéti
(napr. tlak, tah a dnava) nebo vysoce energetické zdreni (napf. UV
zaren{). Stifkané membrdny jsou také vystaveny vnitinimu napéti,
které vznikd pri procesu zrdni, jak je indikovano na obr. 3. Tyto fak-
tory mohou pusobit také spole¢né v synergii. Jednim z nej-
dulezitéjsich testovanych parametri pro zhodnoceni starnuti materi-
alu z polyolefinu (Journal of polymer science 1973) je odolnost
proti oxidaci (pfi zvySené teploté), kterd je mimo jiné zdvisld na
systému chemické stabilizace, a v dasledku toho na degradainim
procesu stabilizace, vyluhu a extrakci za podminek daného prostie-
di in situ.
3.6 Pasobeni systému b&hem doby Zivotnosti

Uspéiné zhotoveni a dal3i plisobeni stfikané nebo féliové mem-
brany jakoZto hotového vyrobku, véetné jeji schopnosti odoldvat
vodé pod tlakem a tvofit spojitou vrstvu, Gizce zdvisi na mnoha vza-
jemné propojenych faktorech. Pokud tyto nejsou dikladné kontrolo-
vany, muZe stavba vést ke zna¢né zvySené spotiebé materidlu
a vy$8im nakladim, nedostate¢nému utésnéni nebo moZnd komplet-
nimu selhdn{ hydroizola¢niho systému. Takovéto problémy pfi pou-
Zivani f6liovych membran byly dobfe dokumentovdny v minulosti
a vedly k zavedeni systému fizeni jakosti a pozadavku na kontrolu,
jako napf. rakouské smérnice pro hydroizolace tuneld (OBV 2012).
Chce-li projektant navrhnout stfikanou hydroizolaéni vrstvu jako
feSeni pro celou dobu Zivotnosti stavby, musi uvazit fadu aspektu.
Mezi kli¢ové otdzky patii:

e Pridrznost na podlozni vrstvu anebo na definitivni osténi za
podminek daného prostfedi, popf. za vlhka. Toto je zdsadni
systémové kritérium pro zamezeni migrace podzemni vody
podél stykové plochy membrdna—beton. Pevnost spojeni nékte-
rych vyrobka k podkladnimu osténi muZe byt napr. znalné sni-
Zena v mistech nasycenych vodou, v ndvaznosti na pfipadné
opétovné zmék&eni membrdnového produktu absorpci vody,
nebo kvuli ,,aquaplanningu®. Také vétSina hydrofobnich pod-
kladnich ndtéra obsahuje ve vodé rozpustné slouceniny, které
nemohou odoldvat permanentnimu kontaktu s vodou.

e Vzhledem ke skute¢nému provedeni podkladn{ vrstvy stiikané-
ho betonu, které muze zahrnovat anomadlie, jako napf. hnizda
a §térkové kapsy, trhliny, nepravidelnosti, pracovni spary apod.,
je dulezitym faktorem dostate¢nd odolnost proti separaci vrstev.

. f{édn}’/ stav povrchu a jeho pfiprava. Napriklad povrch pod-

kladni vrstvy je jeden z kli¢ovych prvka celkového systému
a musi byt zaji§tén dodavatelem. Ve vétsiné piipadu je zapotie-
bi dodate¢né 3 cm podkladni{ vrstvy ze smési s velikosti kame-
niva <4 mm, a to pro zaruceni takové povrchové textury / hru-
bosti, aby se predchdzelo uzavieni vzduchu v povrchové ma-
trici, jehoZ expanze pod membrdnou vede ke tvorbé otvoru,
nebo aby se zabrdnilo stinovym efektim be€hem ndstfiku
(ITAtech 2013, ASTRA 2002, SIA 272 2009). Casto je zapotie-
bi zajistit pfiméfené feSeni mokrych mist, napf. pomoci té€snici
injektdZe, vodnich zdbran &i drendZnich kandlku, nebo aplikace
vrstvy z vodéodolné malty nebo stifkaného betonu. Tyto fakto-
ry musi byt brany v tdvahu jak béhem vystavby, tak predem
v zaddvaci dokumentaci.

Generdlni dodavatel by mél garantovat pozadované podminky
prostredi. Napriklad teplota nebo atmosférickd vlhkost prostiedi
mohou mit vyznamny vliv na ndstfik, zrani a kone¢né na findlni
pusobeni produktu. U nékterych produktu je znamo, Ze teplotni

TuouHel

3.5 Material and its lifetime performance

During the tunnel operation, spray-applied waterproofing systems
as well as sheet membrane systems are fully exposed to the ground-
water and its potential attack, mostly by acidic or alkaline aggression,
even when sandwiched in a shotcrete structure (concrete-membrane-
concrete). Hydrocarbons, microorganism or curing compounds and
agents, such as acrylics or waxes, may also negatively affect the
membrane. Both systems will be subject also to similar temperatures,
physical environmental exposures and stress. Furthermore, inside
a composite shell matrix, additional extended loads, e.g. shear forces,
will act on it. Transferred from the chemical structure and according
to the current status of knowledge, spray-applied membranes based
on EVA, MMA or polyurea compounds are subject to similar aging
processes to thermoplastic-polyolefin (TPO) membranes, as descri-
bed in (OBV 2012). Predictable influences of potential performance
reduction factors include hydrolysis (water attack), chemical attack,
oxidation (break-up of molecular chains due to acid, oxygen or
ozone), micro-organism attack, temperatures, mechanical stresses
(e.g. pressure, tension, fatigue), or high-energy radiation (e.g. UV
radiation). Spray membranes are subject also to internal stresses that
arise through curing processes as shown in Figure 3. These factors
can act also together in synergy. One of the most important test para-
meters to evaluate the aging behaviour of polyolefin materials
(Journal of polymer science 1973) is the oxidation (elevated tempera-
ture) resistance, which is amongst others, dependent on its chemical
stabilisation system, and, as a consequence, on the stabilization’s
degradation process, leaching or extraction behaviour under its in-situ
environmental condition.

3.6 System lifetime performance

The successful performance of a spray-applied or sheet membrane
installation as a finished product, including its ability to resist water
under pressure and to form a continuous membrane layer, is closely lin-
ked to many interrelated factors. If these are not carefully controlled, the
installation can result in significantly increased material consumption
and costs, inadequate sealing or perhaps complete failure of the waterp-
roofing system. Such problems when using sheet membranes have been
well documented in the past and have led to quality management and
control specifications such as the Austrian guideline for tunnel waterp-
roofing (OBV 2012). With the aim of a spray applied waterproofing
layer as a lifetime solution, typical problems have to be considered by
the designer. The key issues are:

e The bond to the substrate and/or to the final lining under envi-
ronmental and possibly wet conditions. This is a fundamental
system-criteria to avoid migration of groundwater along mem-
brane-concrete interfaces. For example the bonding strength of
some products to the support lining may be drastically reduced
under local water saturated conditions, based on possible re-sof-
tening of the membrane product by absorbing liquids or ‘aqua-
planing’. Also the most hydrophobic formulated primers contai-
ning water-soluble compounds, which cannot withstand perma-
nent contact with water.

* In view of in-situ conditions of the supporting structure, that may
incorporate anomalies such as possible honeycombing, gravel
pockets, cracks, irregularities, construction joints, etc., an ade-
quate peeling resistance is an additional factor.

* A proper surface preparation and condition. For example, the sub-
strate surface is one of the key (cost) elements of the total system
and has to be served, in general, by the main contractor. In most
cases, there is a need of an additional regulating layer of 3cm and
with an aggregate size < 4mm, even to guarantee a close surface
texture/ roughness in order to prevent trapped air in the surface-
matrix from expanding under the membrane, creating pinholes, or
to avoid shadow effects during the spraying process (ITAtech
2013, ASTRA 2002, SIA 272 2009). Adequate water/wet-spot
management is frequently needed, using, for example, pre-injecti-
on, water stopping or channelling, or application of a waterproof
mortar or shotcrete layer. These must be factored into the con-
struction process and the contract documentation.
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oblast oddélovani vrstev
a cesta vody
delamination area & water path

trhlina

crack \\]

e The surrounding environmental
conditions, as required to be gua-
ranteed by the main contractor. For
example, the temperature or atmo-
spheric humidity of the environ-
ment can have a significant effect
on the spray application, the curing
behaviour and finally, on the ulti-
mate product performance. For
some products extremes of tempe-
rature and cyclic temperatures
during the spray-membrane curing
period have been known to dama-
ge the membrane (Mott MacDo-
nald 2004), which generates a li-

pricné smrstovani jako
vysledek protazeni
lateral contraction

as a result of elongation

piné zavazana membrana
full-bond membrane

vyztuz
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Obr. 7 Ocekdvané chovdni membrdny s plnou vazbou [Girnau et al. 1969]
Fig. 7 Aspired behaviour of a full-bonded membrane [Girnau et al. 1969]

extrémy a cyklické zmeny teploty béhem doby zrani stiikané
membrany tuto membrinu poskozuji (Mott MacDonald 2004),
coZ vytvari omezeni pro pouZiti v horkych a chladnych klimatech.

e Musi byt garantovdna zru¢nost pracovniku a nalezitd péce pri

provadéni hydroizolace.

¢ Je tfeba zhodnotit schopnost pfemostovani trhlin, kterd je funk-

ci pevnosti v tahu, taznosti a tloustky nastfikané vrstvy. ProtozZe
tvrdnuti membrany sniZuje jeji pruZnost, minimdlni schopnosti
premostovani trhlin je dosaZeno pouze tehdy, je-li vrstva plné
vyzrdld. Také je zde moZnost vytvareni potencidlnich vodnich
cest uvnitf oblasti delaminace, i kdyZ trhlina neni na povrchu
findlni vrstvy osténi vidét (obr. 7), coz bude, mimo jiné, ztézo-
vat lokalizaci skute¢ného mista prusaku pfi sanaci. Také je
treba brat v dvahu skute¢nost, Ze v podminkéch in situ jsou
vSechny povrchové trhliny v konstrukci tunelu biaxidlni, a Ze
pienos vlastnosti vzorku z laboratornich testi musi byt adapto-
véan na tyto mistni podminky a musi zahrnovat doporucené sou-
Cinitele bezpec¢nosti.

Tak jako u jakéhokoliv materidlu zhotoveného pfimo na stavbe,
ale zejména u relativné tenké stiikané membrdny jsou hlavnimi fak-
tory pro dspé$né pusobeni findlniho produktu zruénost pfi provadé-
ni a kontrola kvality celkového systému. Kontrola kvality je nezbyt-
néd pro vSechny komponenty kompozitniho osténi. Vzhledem k to-
mu, Ze kontrolni zkousky kvality, vCetné testu odtrzeni béhem
28denni doby zrdni nebo po ni, jsou ¢asové a ndkladoveé ndroéné,
nemély by byt pfi snaze o optimalizaci ndklada urdité sniZeny pod
troven béznou u pramyslové produkovanych féliovych membrdn
nebo pod soucasnou droven kontroly kvality u tekutych membrén.
Na druhou stranu, jakmile je produkt umistén mezi vnitinim a vnéj-
$im osténim, je velmi obtizné zkouSet jeho pusobeni jak u félio-
vych, tak stifkanych membran.

Pro konstrukce s monolitickym definitivnim osténim je zdsadnim
pozadavkem oboustrannd vazba stiikaného hydroizolaéniho systému,
a to vzhledem k pravdépodobnosti vytvoreni trhlin v definitivnim osté-
ni (smrStovani) a moznému riziku delaminace vedouci ke vzniku
mezery mezi membrdnou a definitivnim osténim. Dal§i problémy
mohou nastat bud béhem f4ze kontaktn{ injektdZe, nebo kvili volnym
fragmentiim betonu, nebo kondenzaci vody na povrchu podkladni kon-
strukce béhem aplikace, coZ ovlivni vlastnosti spojeni s membranou.

4. SHRNUT(

Jak bylo ukédzano vyse, jednoplastovy koncept definitivniho osté-
ni tunelt prindsi potencidlni ekonomické vyhody, pokud je prove-
den 1ddné a pouZit ve vhodnych podminkdch. Pfiznivé okolnosti se
vztahuji jak ke specifickym hydrogeologickym a technickym pod-
minkdm findlni stavby, tak k pfiznivym podminkdm na staveniSti
béhem aplikace stfikanych membrdn. Da-li se u konkrétniho projek-
tu namisto ,.klasické* dvoupldstové konstrukce prednost kompozit-
nimu osténi, musi projekt a priprava stavby zajistit, aby vySe uve-
dené systémové problémy vyplyvajici z volby materidlu, celkovych

mitation for applications in hot and
cold climates.

e The application skill and care of
the installers has to be guaranteed.

e Crack bridging performance, which is a function of the tensile

strength, elongation and thickness of the sprayed layer, has to be
evaluated. Since hardening of the membrane reduces the elasti-
city, the minimum crack bridging ability is achieved only once
the layer is fully cured. Also there is a possible development of
potential water paths inside the delamination area, even if the
crack is not seen on the surface of the final layer of the shell
lining (Figure 7), which will hamper, among other things,
a direct targeting of possible leaks. It must also be taken into
account the fact that under in-situ conditions, all surface cracks
in a tunnel structure are bi-axial and that a transfer of the sam-
ple properties from laboratory tests needs to be adapted on these
in-situ conditions and with recommended safety factors also
incorporated.

As with any material constructed in-situ, but especially for relati-
vely thin spray-applied membranes, due to the complexity, the major
factor for a successful performance is the quality control of the total
system and of the application workmanship. This becomes essential
when considering the potential static-load relevance for composite
shell linings. Given that quality tests, including pull-off tests within
or after 28 day curing times, are time and cost consuming they
should definitely not be minimized below the standard levels of
industrially-produced plastic sheet membranes or current quality
levels of liquid-applied-membranes in efforts to be ‘cost-optimized’.
On the other hand, it is difficult to test the in-situ integrity of the final
product performance of either sheet or spray-applied membranes
once sandwiched inside the inner and outer linings.

Double bonding of spray-applied waterproofing systems is critical
for structures with final cast-in-place concrete linings, given that crack
development of the final lining is likely (due to its later installation, the
extended constraining forces, and shrinkage), and the possible resul-
ting risk of membrane delamination giving rise to a ring space betwe-
en the two. Additional problems may arise either during a contact
grouting phase, based on the cement laitance, or due to loose particles
or condensation water on the surface of the supporting structure during
application which will influence the bond to the membrane.

4. SUMMARY

As shown above, a single shell concept for permanent tunnel
linings provides possible economic advantages if carried out proper-
ly and within the right circumstances. Favourable circumstances inc-
lude specific hydrogeological and technical conditions of the final
construction as well as favourable on site conditions during the
application of spray-applied membrane products. If the use of
a composite structure is going to be preferred over the ‘classical’
two-shell construction for a specific project, the designers and pla-
ners have to make sure that the aforementioned system-related pro-
blems, resulting from choice of material, and overall conditions of
the underground space and the spray applied membranes, do not



24. rocnik - €. 172015

podminek podloZi a stffkanych membrdn, nebranily provozuschop-
nosti podzemni stavby po celou dobu jeji Zivotnosti.

Na zdkladé aktudlniho stavu vyvoje a vzhledem k soufasnym
referenénim projektim uplatiujicim stiikané membrany a dlou-
hodobym praktickym zkuSenostem s kapalnymi membranami, hyd-
rofobnimi podkladnimi nétéry, stérkami anebo membranovymi
systémy s plnou vazbou, musi byt zamezeno stdlému negativnimu
tlaku vody, neni-li pouZita kontra konstrukce. Proto mnoho vyrobcu
stanovuje omezeni stdlého negativniho tlaku vody na nule baru
zejména s ohledem na ndvrhovou dobu Zivotnosti. Ddle vyrobci spe-
cifikuji, Ze béhem procesu aplikace a zrani stffkané membrany nelze
tolerovat pritomnost jakékoliv vody. Na druhou stranu jsou strikané
systémy zv1asté vhodné pro situace, kdy je pritomnd voda pod niz-
kym pozitivnim tlakem, napf. méné nez 10 m (Mott MacDonald
2004) nebo, podle ruznych sledovanych aplikaci, méné nez 5 m.
Stiikané membrdny déle nejsou povazovany za praktické feSeni pro
stavby s celoplo$nym sniZzenim tlaku vody (tunely s neuzavienou
izolaci) kvuli soudrznému charakteru membrény, kterd tak zamezu-
je drendZnimu pohybu vody v rdmci systému (ITAtech 2013).

Zatimco zkuSenostmi ovérené dvoupldStové konstrukce s hy-
droizolaénim systémem v podobé integrovanych féliovych mem-
bran poskytuji urcitou bezpecnostni rezervu v souvislosti s efek-
tivitou a funkénosti, stifkanym membrdandm dosud tato na odbor-
nych zkuSenostech zaloZend zdruka chybi. Projekt a pfiprava staveb
se tudiZ musi zaméfit na uZitnd kritéria béhem pripravy, vystavby
a provozu. Tato kritéria v kostce zahrnuji:

¢ spodni a horni limit pro tloustku hydroizolaéni vrstvy;

e vicevrstvd aplikace za i¢elem zamezeni prislu§nych nedokonalosti;

* homogenita a nepropustnost hydroizola¢ni bariéry;

¢ pouzitelnost membrdny v podminkdch staveniste;

e pevnost spojeni (pfidrznost) v kombinaci s pevnosti v odtrhu;

e specifikovany Casovy interval pro aplikaci prestfiku (v harmo-
nogramu stavby) z davodu zaruceni pridrZnosti, coZ je také
duleZité pro spary;

e stabilné vhodné podminky povrchu a chovani podkladni kon-
strukce s ohledem na nepravidelnosti podkladu, trhliny, spary,
poruchy a §térkova hnizda apod.;

¢ vyhodnoceni bezpe¢nosti vzhledem k existujicim nejistotdm;

e trvanlivost vSech sloZek konstrukce za in situ podminek béhem
celé doby Zivotnosti stavby;

 ndvrh detaili se zaméfenim na trvanlivost, kompatibilitu mate-
ridlu a celkové pusobeni systému;

e posouzeni rizik s ohledem na aplikaci pfimo na misté v pod-
minkdch stavenisté.

Pokud toto neni provedeno s dostate¢nou péci, je technologicky
vyvoj od volné loZzené féliové membréany k jednolité stiikané mem-
brané zhotovené na stavbé uskute¢nén predevsim prenosem problé-
mu / rizika / zodpovédnosti z jedné osoby nebo firmy na druhou. Je
tudiZ nezbytné, aby se investor a projektant shodli na nezpochybni-
telné definici poZzadované trovné utésnéni stavby, zcela nezdvisle na
zvoleném principu hydroizolace.

Naprtiklad poZzadovand vodotesnost tridy 3 podle specifikace némec-
kych (ZTV-ING 2007) norem umoZnuje navrh polymerem modifiko-
vaného stitkaného nebo litého betonového definitivniho osténi pro
unikové a zdchranné tunely, bez jakéhokoliv druhu hydroizolacni vrst-
vy (Friebel a kol. 2013). Oproti tomu vodotésnost tiidy 1 podle speci-
fikace némecké (Ril 853 2011) normy jednozna¢né pozZaduje pouZiti
dvoupldstového systému s mezilehlou féliovou membranou.

Na zavér je uvedena formulace rakouské (OBV) smérnice z roku
2012 pro hydroizolaci tunelt: ,, V tomto okamZiku lze zdvérem uvést, Ze
vzhledem k nedostatku rozsdhlych referenc¢nich udaji, technickym
omezenim a nejistému chovdni v dlouhodobém horizontu, nemize byt
v soucasnosti pouZiti stitkanych hydroizolacnich systémii pro tunelové
konstrukce povaZovdno za rovnocenné provérenym systémum syn-
tetickych (plastovych) foliovych hydroizolacnich membrdn, které byly
specidlné navrZeny a vyvinuty pro tento ucel.” Jiny odkaz (Vollmann
2010): ,, V této fdzi zustdvaji stdle nezodpovézené otdzky ohledné poza-
dovanych meznich podminek pro aplikaci, zrdni materidlu a také
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hamper the availability of the underground facility throughout its
design lifetime.

In respect to current state-of-the-art and based on current referen-
ce projects using spray-applied membranes and the long-term practi-
cal experience with liquid-applied membranes, hydrophobic formu-
lated primers, coatings and/or with fully-bonded membrane systems,
a permanent negative water pressure, without a contra structure, is to
be rejected. Therefore, many manufactures set the limitation, in refe-
rence to permanent negative water pressure, to zero bar, especially in
view of the required designlife period. Additionally, manufacturers
specify that during the application and curing process of a spray-app-
lied membrane, the presence of any kind of active water is not tole-
rable. On the other hand, spray-applied systems are particularly sui-
table to situations where any water present is under a low positive
pressure of, for example, less than 10m (Mott MacDonald 2004) or
according to various track-record applications, less than S5m.
Additional, spray-applied membranes are not seen as a practicable
solution for full surface water pressure relief (fully drained) designs
due to the bonded nature of the membrane restricting the movement
of water within the system (ITAtech 2013).

While the proven double-shell constructions with integrated sheet
membranes as the waterproofing system provide a specific redun-
dancy in terms of efficiency and functionality, spray-applied mem-
branes are, up to now, lacking this knowledge-based assurance.
Planers and designers therefore have to focus on performance crite-
ria during planning, construction and operation. In a nutshell these
criteria include:

* Lower and upper thickness limits of the waterproofing layer;

e Multiple layers application to avoid corresponding imperfecti-

ons;

* Homogeneity and permeability of the waterproofing barrier;

* Applicability of the sprayed membrane under on-site conditions;

* Bonding strength in combination with peeling strength;

* Restricted application windows (times in the construction sche-
dules) for overspray to guarantee the bonding characteristic,
which is also important for day-joints;

e Static, surface conditions and performance of the supporting
structure, including irregularities, cracks, joints, failure, and gra-
vel pockets, etc.;

* Assessment of the safety index C in view to all uncertainties or
variabilities;

e Durability of all system relevant components under local condi-
tions throughout the lifespan of the structure;

e Detailing with a focus on the durability, material compatibility
and system performance;

* Risk assessment in view to in-situ application and environment.

If this is not carried out with mandatory care, the technological
development from a loose-laid plastic sheet membrane to an in-situ
formed seamless spray-applied membrane is mainly conducted by
moving the problems/risks/responsibilities from one point or respon-
sible party to another. It is essential therefore, for the owner/designer
to agree on an unmistakable definition for the required sealing effect
or performance, quite independently of the chosen sealing principle.

For example, the required watertightness Class 3 specification of
the German (ZTV-ING 2007) standards opens the design-frame
nowadays to the use of polymer-modified sprayed- or cast-concrete
final linings for escape and rescue tunnels, without any type of
waterproofing layer (Friebel et al. 2013). By contrast, the water-
tightness Class 1 specification of the German (Ril 853 2011) stan-
dard clearly states application of a double shell method including
a loose-laid plastic sheet membrane.

Referring to the Austrian OB V-guidelines of 2012 for tunnel waterp-
roofing: "In conclusion at this time, due to the lack of extensive refe-
rence data, the technical limitations and uncertain long-term behavi-
our, the use of spray applied waterproofing systems for tunnel structu-
res cannot currently be considered as an equivalent to proven synthe-
tic (plastic) sheet waterproofing membrane systems that have been
specifically designed and developed for this purpose." or referring to




trvanlivosti stitkané membrdny.“ Z. toho vyplyva pro pusobeni celého
systému stifkané izolace zdsadni otdzka pridrZznosti mezi vrstvami pri
stalém kontaktu s vodou, vodnim tlakem nebo pri kontaktu s agre-
sivnimi kapalinami.

Pro dosaZeni srovnatelné drovné spolehlivosti stiikané a féliové
izolace je zapotebi dal§iho vyzkumu, ktery musi byt podporen
praktickymi zkuSenostmi ze soucasnych referenénich projektt.

STEFAN LEMKE, lemke.stefan@ch.sika.com,

24. rocnik - €. 1/2015

(Vollmann 2010): “At this stage there are still unanswered questions
regarding required boundary conditions for application, material
curing and as well for the durability of the spray applied membrane”.
This includes the system relevant bonding behaviour between all lay-
ers under permanent contact with water, water under pressure or in
contact with aggressive liquids.

To achieve this level of certainty, additional research is needed,
which has to be assessed by practical experience from present refe-
rence projects.

SIKA SERVICES AG, SWITZERLAND
STEFAN LEMKE, lemke.stefan@ch.sika.com,

SIKA SERVICES AG, SWITZERLAND

Recenzovali: Ing. Otakar Hasik, Ing. Michal Uhrin
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FOTOREPORTAZ Z ROZOSTAVANYCH TUNELOV V SR
(Foto: Ing. Milan Majeréik)

PICTURE REPORT FROM TUNNELS UNDER CONSTRUCTION IN THE SR
(Photo: Ing. Milan Majercik)

Obr. 2 Ovciarsko, severnd tunelovd rira od zdpadného portdlu

Fig. 2 Ovciarsko, northern tunnel tube viewed from the western portal
Obr. 1 Ovciarsko, juznd tunelovd riira zo strany od zdpadného portilu
Fig. 1 Ovciarsko, southern tunnel tube viewed from the western portal side

Obr. 4 Svrcinovec, zdpadny portdl
Fig. 4 Svréinovec, western portal

Obr. 3 Polana, vychodny po
Fig. 3 Polana, eastern portal

Obr. 5Tunel Zilina, severnd tunelovd rira od zdpadného portdlu Obr. 6 Tunel Polana — tinikovd $toliia
Fig. 5 Zilina tunnel, northern tunnel tube viewed from the western portal Fig. 6 Polana tunnel — escape gallery
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FOTOREPORTAZ Z MONTAZE TBM PRO EJPOVICE (FOTO JOSEF HUSAK)

PICTURE REPORT FROM THE ASSEMBLY OF THE TBM
FOR EJPOVICE TUNNEL (PHOTO JOSEF HUSAK)

Obr. 1 Doprava §titu po vodé
Fig. 1 Shipping of the shield on a river

. ”_-'.:"".
Obr. 3 Pohled na vjezdovy portdl a montdzZ obdlky Stitu
Fig. 3 A view of the entrance portal and assembly of the shield skin

Obr. 5 Zarizeni stavenisté pro montdz stitu
Fig. 5 The sheet assembly site facility

Obr. 2 Doprava §titu po kolech
Fig. 2 Transporting the shield on wheels

Obr. 4 Smontovand obdlka §titu a startovaci ram
Fig. 4 The assembled shield skin and thrust frame

Obr. 6 Konstrukce otocného vysypného nosu na mezideponii rubaniny
Fig. 6 The turning dumping arm structure at the intermediate stockpile of
muck
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FOTOREPORTAZ ZE SVECENI SV. BARBORY
A DNE OTEVRENYCH DVERI (FoTo JOSEF HUSAK)

PICTURE REPORT FROM THE CONSECRATION OF ST. BARBARA
STATUETTE AND THE OPEN DOOR DAY (PHOTO JOSEF HUSAK)

ETAURTUIY

Obr. 1 Svéceni sv. Barbory Obr. 2 UloZeni sv. Barbory
Fig. 1 St. Barbara statuette consecration Fig. 2 St. Barbara statuette installation
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Obr. 3 Slavnostni pokrténi Viktorie Obr. 4 Den otevienych dveri
Fig. 3 Ceremonial christening of Viktorie Fig. 4 Open Door Day

Obr. 5 Den otevienych dveri Obr. 6 Viktorie pripravend ke startu
Fig. 5 Open Door Day Fig. 6 Viktorie prepared for launching
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Q n R c B DI S Cesko-Slovenska spolecnost pro mechaniku zemin a geotechnické inzenyrstvi

OZNAMENI

ARCADIS CZ a.s., divize Geotechnika a Cesko-Slovenska spolec“:nost pro mechaniku zemin
a geotechnické inZenyrstvi s patronaci UTAM AV CR

pofadaji ve dnech 11. a 12. kvétna 2015 v budové Akademie véd CR, Praha 1, Narodni tfida 3

PRAZSKE GEOTECHNICKE DNY 2015

Pondéli 11. 5. 2015 Dopoledni program - odborny seminéf:
Landslides — Role of Geology and Geotechnics
Odpoledni program: Prezentace uchazecl o Cenu akademika Quido Zaruby pro mladé inZenyrské geology
a geotechniky, vyhlaseni vitéze a predani ceny.
23. Prazska geotechnicka prednaska:

A Particle Level Review of Soil Behavior and Macroscale Implications
Prof. Carlos Santamarina, GeorgiaTech, USA

Utery 12. 5. 2015 Workshop: Landslides — Role of Geology and Geotechnics
moderuje Prof. Carlos Santamarina, GeorgiaTech, USA
Ucast na PGD 2015 je zdarma, akce je sponzorovéana pofadajicimi organizacemi.
Pozvanky vcetné podrobného programu a zavaznych prihlasek budou rozesilany béhem dubna 2015.

Kontaktni adresa: ARCADIS CZ a.s., divize Geotechnika, Ing. Michaela Frombergerova
Tel.: 234 654 101, fax: 234 654 102, e-mail: michaela.frombergerova@arcadis.cz, vice na: www.arcadis.cz

Lt . _ -
ventilatory
UZ pfes 200 ventilitord dodala v latech 2009 — 2014 akclova spoleénost ZVVZ MACHINERY do &eskych dopravnich tuneli.
» Tunelovy komplex Blanka (Praha)

= Tunely Lahovice (prazsky okruh), Valik (D5), Hrebec (1/35), Dobrovskeho (Brmo) j‘\E

m Metro, trasa A Dejvicka — Motol (Praha)

Move typy venlilatord APW pro podélng vétrani (@ 0,5 - 1,6 m) a APH pro pficné vétranl (2 1,3 a 3,5 m) pfedstavuji $pi¢ku v oboru.
Cenifikace na teplotu 400 "C po dobu 120 minut. Vysokd bezpednost v plipadd poZéaru.

(z®) ZVz MACHINERY

ZWZ MACHINERY, a.s., &len strojienského hoidingu 2VVZ GROUP, a.s., Mievsko, Cazkd republika fwww.owz.cz
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA
ZELEZNICNIi TRASA POD CURYCHEM V PROVOZU

K vyraznému zlepSeni Zelezni¢ni dopravy mezi Zenevou —
Bernem — Curychem a St. Gallenem doSlo od 15. ¢ervna 2014, kdy
byl uveden do provozu 9,6 m dlouhy dsek podchdzejici centrum
Curychu. Jeho kli¢ovou &ast tvoii cca 5 km dlouhy dvojkolejny
tunel Weinberg s rovnobézn¢ vedenym tnikovym tunelem.

Pod ctvrtou az devdtou koleji dneSniho curySského koncového
néadraZi je v hloubce 16 m nové prujezdni stanice Lowenstrasse
dlouhd skoro 1 km. Ma ¢tyfi koleje s nastupisti délky 450 m.

BAZOVY ZELEZNICNI TUNEL POD ANDAMI

Konsorcium firem z Argentiny, Chile, Japonska, Itélie
a Spanélské poboCky Ambergu predstavilo zdmér na vystavbu
52 km dlouhého bazového tunelu mezi Argentinou a Chile vedené-
ho pod andskym masivem. Uvazovanym terminem pro uvedeni do
provozu je rok 2020.

DVOUPATROVY TUNEL POD REKOU JANG-TSE
VE WUCHANU

Zlepseni automobilové i osobni dopravy v desetimilionovém ¢in-
ském mést¢ Wuchan md zajistit vystavba dvou dvoupatrovych
tunell pod fekou Jang-tse. V hornim patfe tunelu dlouhych cca
2,6 km bude tfipruhovd vozovka, pod kterou budou koleje linky
metra. Pro razbu tunell ve sloZitych geologickych podminkach
dodd firma Herrenknecht dva kombinované §tity o praméru
15,76 m. Razit budou v hloubce 39,5 m pod hladinou feky.

KANALIZACNi SBERAC EMSCHER

Oficidlni ¢asopis némecké tuneldrské asociace STUVA Tunnel uve-
fejnil ve svém ¢isle 5/2014 ¢lanek o vystavbe kanalizaéniho sbérace
Emscher. Je to vodohospodarskd a vpravde ekologickd stavba mimo-
fadna svou velikosti a pouZitou technologii razby $tity s protlaovanim
Zelezobetonovych trub i délkou protlatovanych tseku.

Reka Emscher dlouh4 85 km protéké prumyslovou oblasti Pordfi
a postupné se od 19. stoleti stala stokou. V devadesétych letech
20. stoleti bylo rozhodnuto, Ze vSechny odpadni vody musi byt
odvadény novym kanalizaénim sbéraem, aby se feka Emscher
vratila do své ,,pavodni* ptirodni podoby.

Novy hlavni kanalizacni sbéra¢ bude sledovat feku Emscher
v délce 51 km v hloubce 15 az 40 m. Na trase budou tii velké Cer-
paci stanice. Prvni ¢dst sbérate mezi Dortmundem a Deusenem
véetné prislusné Cistirny odpadnich vod je jiz dokoncena.

Nyni se pokracuje nejvetsim tsekem celého projektu, ktery ma
délku 35 km, na kterém v poloviné roku 2014 pracovalo 8 razicich
§tita. Jeden s pretlakem vzduchu na &elbé, za kterym se protladujf
Zelezobetonové trouby o vnitrnim pruméru 2800 mm. DalSich
sedm jsou bentonitové nebo kombinované S§tity s protlaovdnim
trub o pruméru 1600 mm az 2400 mm.

Doporu¢ené maximdlni délky tseku pro protlacovani trub vyse
zminénych profilt se pohybovaly mezi 500 a 800 m, ale v tendru
emscherského sbérace byly stanoveny nasledujici maximalni délky
protlatovanych tseka:

e pro trouby DN 1600 az 1800 mm — max. 1000 m;

e pro trouby s DN pres 1800 mm — max. 1200 m.

Je samoziejmé, Ze se musi pouZivat tlatné mezistanice, jejichz
osazeni mezi protlaované trouby se fidi vyvojem tlaéné sily hlav-
ni tlacné stanice umisténé ve startovaci Sachté. Zdkladni predpo-
klad byl, Ze mezistanice se budou vklddat po 150 az 200 m.
Z hlediska geodetickych parametra bylo stanoveno, Ze vySkova
odchylka pfi protlatovani nesmi pfesdhnout 50 mm a vodorovna
odchylka nesmi byt vétsi nez 200 mm s tim, Ze vodorovnd odchyl-
ka prorazky do Sachty musi byt do 100 mm.

Zamery projektu se dafi plnit. Od fijna 2013 do tnora 2014 byl
vyrazen zatim nejdel$i usek délky 1140 m s troubami o vnitinim
profilu 2800 mm. Denni postupy na protlac¢ovanych dsecich se
pohybuji mezi 11 az 15 m/den.

PUBLIKACE ,STADTBAHNSYSTEME / LIGHT RAIL
SYSTEM*

Pod patronaci némeckého ministerstva dopravy vysla v zari 2014
obsdhld dvojjazy¢énd némecko-anglickd publikace o cca 990 stran-
kach zabyvajici ,lehkymi“ méstskymi kolejovymi dopravnimi
systémy. Popisuje principy téchto systému, technologické vybave-
ni, provoz a financovéni. Jeji cena byla stanovena cca na 130 eur.

ZELEZNICNI TUNEL HALLANDSAS - RAZBA
V EXTREMNICH GEOTECHNICKYCH PODMINKACH

Pfi prestavbé Zelezniéni trati ve Svédsku mezi Malmé a Gotebor-
gem na vysokorychlostni provoz bylo nutné pod hallandsédskou
vysocinou vyrazit dva tunely délky 8,7 km. Tuneldre ale oCekavaly
slozité geotechnické podminky — hlavné vysoce abrazivni horniny
(ruly a amfibolity) s pevnosti az 250 MPa vétSinou velmi rozpukané
a s vysokymi pritoky podzemni vody s tlakem aZ 10 bara. Po nets-
pésné snaze razit tunel konvenéni metodou bylo rozhodnuto prejit na
mechanizovanou razbu, kterd méla i z environmentélnich duvodu
zajistit limitni mnozZstvi pfitoku podzemnich vod do dila.

Firma Herrenknecht pro razbu dodala specidlné vybaveny kom-
binovany $tit o pruméru 10,53 m schopny pracovat v uzavieném
médu jako bentonitovy Stit s hydraulickou dopravou rubaniny
a v otevieném médu jako skalni §tit s pdsovou dopravou rubaniny.

Razicf stroj zahdjil praci ve vychodni troube v zari 2005. Nejlepsi
vysledky byly dosahovany pri razbé v otevieném moédu s masiv-
nimi cementovymi injektdZemi, nicméné postup zpomalovaly Casté
servisni prestdvky s vyménou feznych ndstroju.

VyraZeni cca 11 km tuneld trvalo osm let.

ZDRZENI STAVBY BAZOVEHO TUNELU CENERI.

Dokonceni vystavby bazového tunelu Ceneri, ktery je soucdsti
budovaného Zelezni¢niho systému jizn€ od gotthardského bazové-
ho tunelu, bylo pfedmétem soudnich sport. V srpnu 2013 vybral
investor, AlpTransit Gotthard Ltd., dodavatele kompletniho Zelez-
ni¢niho vybaveni tunelu. Odvoldn{ dal§ich subjekta proti vysled-
kum vybérového fizenf fesil §vycarsky federdlni spravni soud, ktery
v bieznu 2014 vybérové fizeni anuloval, ale jiz v zai{ 2014 Svycar-
sky federdlni soud potvrdil platnost pavodniho vybérového fizeni.

Na pravidelném jedndni parlamentni dozor¢i komise v srpnu
2014 bylo konstatovdno, Ze pokud by muselo probéhnout nové
vybérové fizeni, vicendklady souvisejici i se zpoZdénim stavby by
&inily okolo 100 mil. SF. Pfi potvrzeni puvodnich dodavatelt budou
vicendklady asi 10 mil. SF a uvedeni tunelu do provozu v listopadu
2019 bude i naddle cilem investora.

STUTTGART 21: STAVBA TUNELU FILDER ZAHAJENA

DuleZitou souédsti velkolepé prestavby Zelezniéniho systému ve
mesté Stuttgart je 9468 m dlouhy tunel Filder, ktery propoji mj.
nové hlavni nadrazi s leti§tém. Tunel sestdva ze dvou jednokolej-
nych trub a jeho razba byla zahdjena v cervenci 2014. Postup razeb
je zajimavy.

VétSina trasy bude vyrazena kombinovanym Stitem fy.
Herrenknecht o pruméru 10,82 m, ktery ve spodni &ésti zalinajici
u nového nddrazi bude pracovat v otevieném mddu, kdy rubaninu
bude z celby dopravovat pasovy dopravnik. V horni ¢4sti od porta-
lu Filder bude pouzit uzavieny méd s dopravou rubaniny z elby
$nekovym dopravnikem. V obou prfipadech dalsi dopravu rubaniny
na portdl obstard pasovy dopravnik.
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Priblizné v poloviné trasy se ale geologie méni a v této precho-
dové z6én€ bude asi 1,15 km obou trub vyraZzeno konvenéni meto-
dou v&etné propojky mezi nimi. To si vynuti nékolik pfesunu $titu.

TUNEL VEREINA - ZDROJ TEPLA PRO KLOSTERS

Svycarsky Klosters pobliz Davosu spojuje od roku 1999
s tdolim Engadin, kterym tece feka Inn, Zeleznice, pro kterou byl

VELIN SAT JE PRIPRAVEN PRO BLANKU

TuouHel

vyraZzen 19 km dlouhy tunel Vereina. Z jeho severniho portilu
vytéka kazdou minutu 2100 1 podzemni vody teplé 17 °C. Z ni
chce pomoci tepelnych Cerpadel ziskdvat teplo pro vytdpéni ¢asti
Klostru curys$ska elektrarenskd spole¢nost. Mélo by to usetfit 800

tisic az milion litru topného oleje ro¢né.

Ing. MILOSLAV NOVOTNY, mila_novotny@volny.cz

STRAHOV AUTOMOBILE TUNNEL MANAGEMENT CENTRE PREPARED FOR BLANKA

The management centre of the Strahov automobile tunnel (the
SAT) has recently been supplemented by technical equipment requ-
ired for the management of the Blanka complex of tunnels (BCT).
The equipment of all road tunnel structures in Prague is managed
from this place. In the future, the management is to be concentrated
at the new Multifunctional Operations Centre. It will be located in
the vicinity of the SAT northern mouth.

Velin Strahovského automobilového tunelu (SAT) byl v neddvné
dobé doplnén o technické vybaveni potfebné pro fizeni Tunelového
komplexu Blanka (TKB). Z tohoto mista (na adrese Sermifskd 11,
Praha 6) s krasnym vyhledem na celou Prahu je fizena technologie
viech silni¢nich tunelovych staveb, i kdyZ nédzev velinu zustal
puvodni — odvozeny od prvniho tunelu na vnitfnim méstském okru-
hu. Veskeré tizeni vSech tunelovych staveb v Praze ma byt soustre-
déno do nového multifunkéniho operaéniho strediska, situovaného
do blizkosti severnitho vydsténi SAT. Kvuli velkému ¢asovému
zpozdéni jeho vystavby byl vSak na prechodnou dobu pro Fizeni
technického vybaveni vSech tuneld uréen velin SAT a pro fizeni
dopravy velin HDRU v ul. Na Bojisti, Praha 2 (obr. 1).

Potiebné rozsifeni technického vybaveni velinu SAT skoro vycer-
palo jeho prostorové rezervy. VelkoploS$né zobrazeni na cele velinu
proslo repasi a byly vyméneny jeho nékteré opotrebované dily, takze
kvalita zobrazen{ je stejnd jako u nového systému. Plocha pro zobra-
zeni obrazu tunelovych kamer byla rozsifena o 2x4 monitory umfs-
téné po obou stranich tohoto velkoplosného zobrazeni. Spole¢né
s repasovanym systémem velkoploSného zobrazeni a monitory
umisténé na dispecerskych pracovistich muZe obsluha velinu sou-
Casné sledovat 39 kamerovych signali. Zobrazeni obrazu kamer je
ovldddno novym systémem takovym zpusobem, Ze kazdy dispecer

Obr. 1 Velin SAT, po strandch jsou vidét 4 nove instalované monitory uréené
pro zobrazenti signdlit kamerového dohledu tunelovych staveb

Fig.1 SAT management centre, 4 newly installed monitors designed for dis-
playing signals of the camera surveillance over tunnel structures can be seen
on the sides

jedna o nejstarsi systém v SAT z roku 1997, nebo v soucasné dobé
do provozu uvddeény kamerovy systém na TKB. Pro feSitele to byl
pomérné velky problém, protoze k puvodnim 230 kamerdm ze
vSech provozovanych tunelovych staveb pribylo 380 novych kamer.
Z tohoto ¢isla je dobfe patrny rozsah nového dila (obr. 2).

Podobné se rozrostla i interni telefonnf sit, pro jejiz ovladani byly
pouzity dispecerské pristroje s grafickou dotykovou obrazovkou,
poskytujici rychlou orientaci v potfebnych kontaktech.

Ridici systém a datova sit’byly rovnéz doplnény novym SW a HW
vybavenim. Grafickd nadstavba pro dispecerské fizeni technického
vybaveni vSech silni¢nich tunelovych staveb stdle pouzivd produkt
Kerberus, prubézné inovovany jiz od vystavby Strahovského auto-
mobilového tunelu uvedeného do provozu v roce 1997. Pridani
TKB do systému fizeni znamenalo zvy$eni poctu elektronickych
informaci o stavu technického vybaveni (tzv. ,,proménnych®)
0 130 000. Celkovy pocet priblizné 240 000 proménnych, zpraco-
véavanych fidicim systémem v redlném Case, je integrovan do jedno-
tné databédze poskytujici jasny piehled o Casovém sledu vSech dile-
Zitych udaélosti. Na dispeéinku se po 12hodinovych sménach stiida-
ji smény zpravidla 3 dispecert. Dispedefi maji stejnd prava pro fize-
ni a jejich povely jsou zapisovdny do databdze s Casovym udajem
a s identifikaci osoby, kterd povel vydala.

Mensimi dpravami proslo i vnitini vybaveni velinu. Byly vymé-
nény pracovni desky dispederskych stolll a pro sniZeni vnitini teplo-
ty pri letnich extrémech byla ¢ast proskleného povrchu opatiena
protisluneéni folii.

Koncem roku 2014 probehlo teoretické a praktické proskoleni
obsluhy velinu z problematiky TKB. Prakticka ¢ast probihala
z lokality TKB, objekt Technologického centra ¢. 3 a Skolenim
obsluh prosli vSichni pracovnici Technické spravy komunikact,
oddéleni tunelu, ktefi budou mit ve své pracovni ndplni fizen{
rozsahlého dila TKB.

Ing. JIRI STEFAN,
stefanj@eltodo.cz, ELTODO, a.s.

Obr. 2 Ovlddaci pult kamerového systému
Fig. 2 Control panel of the camera system




BRENNERSKY BAZOVY TUNEL

Zameérem tohoto textu je poskytnout zdkladni informace
o jedné z mimorddnych podzemnich staveb, kterd se stavi na
hranici mezi Rakouskem a Itdlii. Je to brennersky bazovy
tunel, ktery se stane soucasti 2200 km dlouhého evropského
zelezni¢niho koridoru TEN SCAN-MED (Scandinavia — Me-
diterranean), vedouciho z Helsinek pres Stockholm, Malmo,
Kodan, Hamburk, Norimberk, Mnichov, Innsbruck, Bolognu,
f{im, Neapol az do Palerma na Sicilii.

V detailnéj$im pohledu bude tunel soucdsti Zeleznicni trasy
z Mnichova do Verony, jejiz délka po dokonceni bdzového
tunelu Brenner a vSech modernizaci bude 425 km.

Brennersky prismyk

Bézovy tunel podchézi brennersky prusmyk, ktery leZi mezi
Stuaiskymi a Zillertdlskymi Alpami a diky své celkem snadné
pristupnosti a pomérné nizkém nadmoiské vySce pouhych
1374 m n. m. (je to nejniZzii alpsky prusmyk) byl od nepaméti
vyuzivan k prekonavani alpského hfebene severo-jiznim sme-
rem. Prehistorickou stezku zde zaGali Rimané vyuZzivat od
roku 48 n. 1. Sedlem vede silnice od roku 1772, Zeleznice od
roku 1867 a kone¢né provoz brennerské ddlnice byl zahdjen
v roce 1974.

Stard brennerskd Zeleznice se stavéla mezi 1éty 1864 az 1867
a na trase mezi Insbruckem a Bolzanem bylo nutno vyrazit 22
tuneli o celkové délce 5233 m. Vyskovy rozdil mezi Inns-
bruckem a brennerskym prusmykem je 786 m a pro dodrZzeni
maximdlniho sklonu stanoveného na severu na 25 promile
bylo nutno prodlouzit trasu odbocenim do bocniho tudoli
Schmirntal. T na jiznim tseku za prusmykem smérem do
Brixenu musela trat’ prekonat priblizné stejny vyskovy rozdil
jako na severu. Aby to zvladla pfi uréeném max. sklonu 22,72
promile, odbocila do tdoli Pflerschtal. V obou odbockach byly
vyraZeny i spirdlové tunely.
Z historie pfipravy bazového tunelu

Jiz v roce 1847 uvazoval italsky inZenyr Giovanni Qualizza
o Zelezni¢nim tunelu pod brennerskym prusmykem. Se svou

e
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ideou vSak ve své dobé neuspél. AZ v roce 1971 mezindrodni
Zelezni¢ni unie (UIC - International Union of Railways) roz-
hodla o vytvofeni skupiny experti némeckych, rakouskych
a italskych statnich Zeleznic, kterd méla vypracovat studii nové
brennerské drdhy s bdazovym tunelem. Ministfi dopravy
Némecka, Rakouska a Itdlie se v roce 1980 dohodli, Ze budou
vypracovany studie proveditelnosti stavby, které se staly v roce
1989 zdkladnim dokumentem pro dalS$i postup pripravy.
Samoziejmé tato stavba s celoevropskym vyznamem byla razné
projednavana v Evropské unii véetné otdzky spolufinancovani.

Mezistatni dohoda mezi Rakouskem a Itdlif o vystavbé bazo-
vého tunelu byla uzaviena v dubnu 2004. V témze roce byla
vytvorena akciova spolecnosti pro stavbu bazového tunelu.
Vlastni prace byly zahdjeny v roce 2008, kdy za pritomnosti
italského prezidenta Giorgia Napolitana byla slavnostné zaha-
jena u obce Aica severné od Brixenu razba pruzkumného (ser-
visniho) tunelu pomoci TBM.

Béazovy tunel by mél byt v provozu v roce 2026.

Zakladni koncepce bazového tunelu

Vlastni bazovy tunel mezi severnim portalem Innsbruck
a jiznim portdlem Fortezza nad Brixenem md délku 55 km
a bude tvoren dvéma jednokolejnymi troubami o vnitfnim pra-
meru 8,1 m. Budou od sebe vzdileny 70 m a kazdych 333 m
se vybuduji propojky, takze v pripadé mimorddné uddlosti
vzdy druha trouba bude slouzit jako unikové cesta.

Zvlastnosti koncepce bazového tunelu je pruzkumna $tola
(tunel) o vnitfnim priméru 6 m, kterd bude vyraZena v hloubce
12 m pod drovni hlavnich trub uprostied mezi nimi, a to v celé
délce bazového tunelu. Jen zaddtek jiz zminéné pruzkumné
Stoly Aica vede mimo trasu hlavnich tuneld. Prizkumna $tola
poskytne podrobné tdaje o geotechnickych podminkach celé
trasy, coZ by podle investora mélo vést k uspore ndkladu
i Gasu. V prubéhu stavby bude také slouZit pro dopravu ruba-
niny a po jejim dokonéeni a uvedeni do provozu bude odvadét
prusaky z hlavnich tuneld a soudasné umozni jejich inspekci
a udrzbu bez preruSeni Zelezniéni dopravy.

BRENNERSKY BAZOVY TUNEL / BRENER BA

Tulfes — Fortezza 64 km
Innsbruck - Fortezza 55 km
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V trase bazového tunelu budou vybudovany tfi podzemni
multifunkéni stanice (MS) — cca 5 km od innsbruckého porta-
Iu bude MS Innsbruck, asi na 25 km bude MS St. Jadok a na
italské stran€ cca na 45 km se vybuduje MS Trens.

Vlastni bdzovy tunel bude nedaleko nad Innsbruckem
v podzemi propojen na drive dokonceny a provozovany Zelez-
ni¢ni obchvat Innsbrucku. Ten tvori dvojkolejny tunel zaéina-
jici u obce Tulfes v tdoli Innu ve sméru od Kufsteinu. Z bez-
pe¢nostnich divodu je nyni soubéZné s timto tunelem raZzen
9 km dlouhy tnikovy tunel.

Napojenim na Zelezni¢ni obchvat tak vznikne mezi Tulfesem
a Fortezzou nejdelsi podzemni Zelezni¢ni trasa na svete délky
64 km.

Razici prace budou provéadény z piistupovych tunela Ampass
(je raZen z ddoli Innu pred Innsbruckem), Ahrental a Wolf (jsou
razeny z brennerského tdoli). Poslednim pristupovym tunelem
je Mules razeny z udoli feky Eisack na italské stranc.

Z celkovych vice nez 200 km tuneld md byt podil razby
tunelovacimi stroji 70 % oproti 30 % konvencnich razeb.

Objem rubaniny &inf celkem asi 22 mil. m3, pfedpokldda se,
7e piiblizné 4 mil. m3 bude zpracovano na kvalitni kamenivo.

POSTUP STAVBY
Stavebni ¢ast Tulfes — Pfons

Unikovy tunel o profilu 30 a7z 40 m? je 9 km dlouhy a b&f
rovnobézné s dvojkolejnym Zelezni¢nim tunelem provozova-
ného obchvatu Innsbrucku. Zacal se razit konvenéné od porta-
lu Tulfes v zari 2014, kdy byl také dokoncen mezilehly pristu-
povy tunel Ampass délky 1348 m. Z néj je dnikovy tunel roz-
raZen na obé strany. Unikovy tunel v&etné propojek do provo-
zovaného tunelu mé byt hotov v roce 2017.

Zjara 2015 bude opét konvenéni metodou zahdjena z pri-
stupového tunelu Ampass razba spojovacich Zelezni¢nich tunelu
mezi obchvatem Innsbrucku a hlavnimi bazovymi tunely.
Spojovaci tunely budou napojeny pred MS Innsbruck, kterd lezi
pod okrajovou ¢asti Innsbrucku Igls.

TuouHel

MS Innsbruck se za¢ne razit v 1ét€ 2015 z dokonceného pri-
stupového tunelu Ahrental (délka 2426 m, profil: Sitka
10,42x8,49 m, sklon 10 %). K mistu jeho kfiZeni s hlavni tra-
sou byla jiz vyrazena smérem od Innsbrucku pruzkumnad $tola,
jejiz razba bude v léte 2015 pokracovat jiznim smerem na
Steinach (isek Ahrental — Pfons).

S pristupovym tunelem Ahrental také souvisi jiZ dokonéena
ventilacni Sachta u obce Patch. Je 180 m hluboka s profilem
26,4 m2. Byla hloubend z povrchu a usti do piistupového tune-
lu. Zde se v podzemi razi vzduchotechnickd kaverna 230 m
dlouh4 s profilem 225 m?, ze které se bude zajistovat vétrani
pfi stavbé bazového tunelu i pfi jeho budoucim provozu.

Deponie rubaniny z raZzeb zajiStovanych z pristupového
tunelu Ahrental je zfizena vedle brennerské ddlnice A13, kte-
rou pristupovy tunel podchézi.

Stavenisté Wolf

PFistupovy tunel Wolf o profilu 120 m? se razi konven¢né od
prosince 2013. Je dlouhy 4060 m, razi se dpadné ve sklonu
—10 % a vede priblizn¢ do dvacatého patého km hlavni trasy,
kde bude vybudovana MS St. Jadok. Rubanina z raZeb se
nebude transportovat pres portdl Wolf. Pro jeji dopravu byl
pristupovy tunel prodlouzen o 950 m do ddoli Padastertal, ve
kterém byla ziizena deponie s kapacitou cca 500 tis. m3.
Uklddand rubanina bude hutnéna do ,,pfisypu‘ svahu tdoli.
Zrizeni deponie vyvolalo doCasné prelozeni potoka Padaster
do tunelu o profilu 25 m2, délky 1520 m, z &ehoZ 1140 m bylo
razenych.

Pro stavenistni dopravu (i z ekologickych duvodu) byly
u staveniste Wolf vyrazeny jest€ dva tunely. Za portdlem pri-
stupového tunelu vede k deponii 701 m dlouhy tunel Padaster
a soucdsti propojeni stavenisté s ddlnici je tunel Saxener dlou-
hy 1003 m.

Stavenisté Mules
Stavenisté se nachdzi na italské strané v tdoli feky Eisack

nad Fortezzou a pravdépodobné zde byl jiz proveden nejvetsi
objem praci.
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Dokonéeny byly (mimo prizkumnou §tolu Aica):

e pristupovy tunel Mules délky 1779 m, ktery se na hlavni
trasu napojil v km 48.5;

e dvé kaverny pro montdz razicich stroju dl. 180 m
s primérem 350 m?;

 kaverna logistiky dl. 40 m o priméru 322 m?;

e kaverna vzduchotechniky dl. 67 m o priméru 327 m? véet-
né vzduchotechnického tunelu dl. 123 m o pr. 93 m?
a vétraci Sachta hl. 47 m o priméru 29 m?;

e propojovaci tunel dl. 419 m o priméru 60 m?;

e prodlouZeni prazkumné §toly severnim smérem o vice nez
2 km.

Z pristupového tunelu byla také zahdjena prvni raZba hlav-
nich tuneli na celé stavbé. Koncem roku 2014 bylo vyraZeno asi
1650 m trasy z dseku délky 2400 m. Razba probiha konvencni
metodou, protoZe zde trasa prochdzi vyznamnou poruchovou
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zénou — tzv. periadritickou poruchou. Ta souvisi se vznikem
alpského pohoii a tdhne se od Turina pres Merano a ddl na
Klagenfurt.

Vyhledové bude severné od napojeni pristupového tunelu na
hlavni trasu priblizné v km 46 vybudovdna MS Trens.
Zaveér

Brennersky bdzovy tunel, konkrétné staveniSteé u pristu-
pového tunelu Wolf byl cilem exkurze poradané v fijnu 2014
v ramci salcburského 63. Geomechanického kolokvia.

Jisté lze konstatovat, Ze Rakousko je hlavnim soucasnym
centrem vystavby bédzovych tuneld — viz tunely Koralm,
Semmering a zde popisovany brennersky bdzovy tunel.

Doufame, Ze se o postupu této mimoradné stavby podari
v Casopise Tunel publikovat i odborné ¢lanky.

Ing. MILOSLAV NOVOTNY, mila_novotny@volny.cz

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

TUNELARSKE ODPOLEDNE 4/2014
TUNNNEL AFTERNOON 4/2014

The Tunnel Afternoon on the historical underground workings
topic was held on the 12th November 2014. RNDr. Viéclav Cilek,
CSc. prepared a lecture on geologically interesting things in the
Czech Republic. Further on, Ing. Jakub Mikoldsek presented the
topic regarding the underground of fortification structures in the
Czech Republic. Ing. Jifi Ruzi¢ka proceeded with the history of
designing for the Prague metro project and implementing it. The
last lecturer, Mr. Ladislav Lahoda, devoted himself even to two
topics — unfinished and abandoned underground workings and sec-
ret underground manufactures. Mr. Lahoda introduced the activiti-
es of the CMA, a society for historical underground research,
which has dedicated itself in the long term to researching such spa-
ces. The topic selected for the Tunnel Afternoon 4/2014 -
Historical underground workings — immensely captivated all audi-
ence. For that reason the Tunnel Afternoon 3/2015, which is plan-
ned for the 23rd September 2015, will be dedicated to the continu-
ation of this theme.

Posledni Tunelarské odpoledne v roce 2014 se uskuteénilo ve
sttedu 12. listopadu a zahdjil jej mistopredseda CzTA
prof. Ing. Jifi Bartdk, DrSc. Tématem byla historickd podzemni
dila, cely seminaf po odborné strance zajistil Ing. Alexandr
Butovi¢, Ph.D. (Satra s.r.o.).

Jako prvni vystoupil RNDr. Véclav Cilek, CSc. (Geologicky
tstav AV CR), ktery si pripravil pfednésku na téma geologické zaji-
mavosti Ceské republiky. Béhem své prezentace promitl velké
mnozstvi fotografii dokumentujicich geologickou minulost CR.
Posluchadi méli moznost sledovat, jak se ménilo rozloZeni pevniny
a moifi na zdej$im tzemi v prubéhu jednotlivych historickych
epoch. Nekteré pribehy byly i dsmévné, napriklad o prehistorickém
plZi sklizejicim pii cest€ zpét ,,saldtek*, ktery stihl vyrust na stope
jeho cesti¢ky diky jim produkovanym enzymum. I takové udaje
jsou pry paleontologové schopni vycist ze zkamenélin.

Dals{ prednasku pronesl doc. Ing. Robert Kofinek, CSc. (VSB-TU
Ostrava), ktery hovofil o vyvoji hornictvi v Ceské republice od
doby kamenné po soucasnost. Zminil technologie dobyvéni

a rozpojovani hornin, zacatky védeckého pristupu i vznik banské-
ho Skolstvi, ktery 1ze datovat do prvnich desetileti 18. stoleti.

Po piestdvce vystoupil Ing. Jakub Mikolasek (FSv CVUT)
s tématem podzemi pevnostnich staveb v Ceské republice.
Vzhledem k tomu, Ze pevnostni stavby obranné linie 1. republiky
se staly jeho koni¢kem a vénuje jim mnoho ze svého volného Casu,
meli posluchaci moznost uvidét na fotografiich prostory, do kte-
rych se bézny navstévnik nemd Sanci dostat. Své poznatky
o vojenském podzemi na hrani¢nich tizemich Ceské republiky
publikoval spolu s prof. Ing. Jifim Bartdkem, DrSc., jiz dfive na
strdnkdch Casopisu Tunel.

Ing. Jifi Razicka (Metroprojekt a.s.) pokracoval predndSkou
o historii projektovani a realizace prazského metra. Zajimavé byly
predevsim informace o problémech vystavby metra okolo stanice
Florenc, které mnohym posluchadam nebyly vibec zndmé.

Poslednim prednésejicim byl pan Ladislav Lahoda, ktery si pfi-
pravil hned dvé témata — nedokonCend a opusténa podzemni dila
a tajné podzemni tovarny a jiné historické podzemni objekty. Pan
Lahoda je prezidentem CMA — spole¢nosti pro vyzkum historic-
kého podzemi. Pfi jeho popisu prizkumu historickych podzemnich
prostor bylo obdivuhodné, kam se se svymi kolegy vSude podival.
Bylo vice neZ ziejmé, Ze tyto prizkumné vypravy jsou asto spo-
jeny s velkym rizikem. Na druhou stranu Gcastnici t€chto vyprav
jsou ob¢as odménéni ndlezy mist, o kterych do té doby nikdo neveé-
dél. Vice o opusténych podzemnich dilech lze nalézt na webovych
strankach spole¢nosti CMA www.podzemi-cma.cz.

Tunelarské odpoledne 4/2014 svym zamérenim prildkalo rekord-
ni polet posluchacl — zi€astnilo se pres 110 jedinct. O kladném
hodnoceni semindre svéd¢i i fakt, Ze nékolika ¢leny CzTA bylo
znovu navrzeno toto téma i pro rok 2015. Na dalsi povidani z histo-
rickych podzemnich dél se tedy muZzeme t&it 23. z4if 2015.

Vybrané prezentace 1ze vyhledat na webovych strdnkach asocia-
ce www.ita-aites.cz.

Ing. MARKETA PRU§KOVA, Ph.D., pruskova@ita-aites.cz,
CzTA ITA-AITES
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9. RAKOUSKY TUNELARSKY DEN
9™ AUSTRIAN TUNNEL DAY

Jak jsme informovali v ¢isle 4/2014 ve zpraveé o salcburském
63. Geomechanickém kolokviu, pred nim se ve stfedu 8. rijna
2014 konal 9. Rakousky tuneldrsky den. Uvadime zde prehled
prednasek, které na ném zaznély a jejichZ text byl uverejnén
v €. 6/2014 rakouského casopisu Geomechanics and Tunnel-
ling.

Zelena trasa metra v Doha - $est tunelovacich strojti
startuje

Hans Kohler, Rainer Rengshausen

Vyhledova délka tfi tras metra v Dohda md byt 216 km,
z ¢ehoZ 96 km bude v tunelech. Tunelové useky zelené trasy
maji délku 2x17 km se Sesti stanicemi a na jejich razbu je
postupné od zdff 2014 nasazovdno Sest zeminovych S§titu
o profilu fezné hlavy 7,1 m. Osténi tvori segmenty vyztuZzené
ocelovymi a ¢aste¢né i PP vldkny.

Stavba je vyrazné ovlivnéna mimofddnymi klimatickymi
i odlisSnymi spoleCenskymi podminkami (kombinace vysoké
teploty vzduchu a vlhkosti, omezeni vyplyvajici z muslimského
néboZenstvi apod). Pro cca 3000 délnikt predevsim z asijskych
zemli je zfizen mimo mésto samostatny ubytovaci i volno¢asovy
aredl na plose 130 tis. m2.

Tunel Pummersdorfer — hydrogeologické podminky
v mélkém tunelu

Reinhold Hodl, Michael Hollrigl

Zelezni¢ni trat mezi Vidni a Welsem se postupné prestavuje
na Ctyrkolejnou s tim, Ze Ctyfi koleje mezi Vidni a Lincem maji
byt zprovoznény v roce 2017. To je zavislé na dokonéeni Zelez-
ni¢niho obchvatu St. Poltenu, jehoz klicovou casti je 3,5 km
dlouhy tunel Pummersdorfer. Jeho dvé dvojkolejné trouby se
razily konvenén€ ve velmi nepfiznivych geotechnickych pod-
minkdch (razba v rozbridavych hornindch, nizké nadloZi od
15 m do 25 m, velké pritoky podzemni vody — 3 m az 10 m nad
klenbu kaloty se vyskytuji vodonosné §térky).

Jihovychodni kanalizaéni sbéraé - tunelovaci stroje
dodané investorem

Gerhard J. Urschitz

Jihovychodni kanalizaéni sbéra¢ délky 15 km se stavél
vychodné od kanadského Toronta. Stavba byla specificka tim,
ze tunelovaci stroje (EPBs) dodal investor. To zapfi€inilo fadu
neobvyklych situac{ a problému jednak pri délbé rizik a déle pri
postupu stavby. V zavéru predndsejici konstatoval, Ze existuje
mnoho duvodu vyhnout se takovéto smluvni praxi.

Unikovy tunel Frejus

David Gotz

Po opravé a tpravdch po pozdru v tunelu Mont Blanc (dl.
11,6 km), prislo na fadu zvySeni bezpecnosti provozu
v automobilovém tunelu Frejus (dl. 12,9 km). Nejprve byly zfi-
zeny kazdych 1,8 km zachranné mistnosti a ndsledné se
z francouzské strany zahdjila razba dnikového tunelu rovno-
bézného ve vzdalenosti 50 m se silni¢nim tunelem (s propojka-
mi po 400 m). Nejprve se razilo konvenéné 650 m a pak TBM
zbyvajicich 5745 m francouzského useku. Protirazba z italské
strany byla opoZdéna, takZe se stroj v hofe opravil a pokracoval
v razbé priblizné stejné dlouhého italského useku.

Nejvetsim problémem byl vyskyt bobtnavych hornin, ¢emuz
byla prizpusobena konstrukce TBM, organizace price
a v prubéhu raZeb byla také zesilena vyztuz segmentu uréenych
do téchto hornin.
0d diskuse na tunelarském dni 2010 k VIP 2

Walter Purrer, Wolfgang Holzer

Tradi¢ni panelova diskuse na 7. Rakouském tunelarském dni
v roce 2010 méla téma: ,NRTM - kam krac¢is?*. Jasnym

TuouHel

vysledkem diskuse bylo konstatovani, Ze cestou k tspéchu
tunelovych projekti je tzkd spoluprdce vSech zudastnénych
partneru. Nepiiméfené nizké ceny zakédzek byly oznadeny za
pri¢inu velkych problému partnerské spoluprdce poskozujicich
ekonomické a kvalitni provadéni stavby. V tehdejsi diskusi
zaznélo i metaforické pouziti pojmu z obdobi studené valky
,.zdvody ve zbrojeni” pro vztahy mezi investory a dodavateli.

Nasledne byla v rakouské ITA ustavena pracovni skupina
VIP, kterd vysledek své priace publikovala ¢isle 6/2012 Casopi-
su Geomechanics and Tunnelling pod ndzvem Model zaddvdni
infrastrukturnich projektii (zkratka VIP vychdzi z némciny —
Vergabemodell fiir Infrastrukturprojekte).

Vlastni diskuse na 9. Rakouském tuneldrském dni se 8. 10.
2014 zamerila na zdsady obsazené ve vydaném dokumentu
VIP.

Priklady aplikace zadavacich modelti podporujici
spolupraci podle TIWAG

Klaus Mitteregger, Franz Deisl

Investor Tiroler Wasserkraft AG (TIWAG) zahdjil uplatnova-
ni novych ideji pfi snaze ziskat nejlepsi nabidky pro stavbu
podzemnich objektu elektrarny Kauerntal a rozSifeni elektrar-
ny Kirchbichl. V predndSce bylo také referovdno o nastaveni

spolupréce podle zadavactho modelu VIP.
Rizika pFi provadéni staveb a jejich definovani

Hans Georg Jodl

Prednasejici uvedl rizné definice rizik, pficemz sam defino-
val riziko jako typ uddlosti (incidentu — nehody), kterd
v pripadé, Ze nebude zabrdnéno jejimu vzniku, povede
s vysokou pravdépodobnosti k nechténym dusledkim a vzniku
Skod. Charakterizoval ndstroje moderniho fizeni rizik, které
musi zajistit stanoveni rizik, jejich ohodnoceni, snizeni moz-
nosti jejich uplatnéni a sledovani vyvoje rizik.
Rizika stavebniho projektu

Max John

Projektovani a provadéni stavby &eli ruznym rizikum, kterd
vSechna maji vliv na cenu stavby. Pfednédska se zabyvala vnéj-
§imi i vnitfnimi riziky pfi zpracovéni projektu stavby a smluv-
nimi riziky z hlediska projektanta (konzultanta). Vnéj$imi rizi-
ky jsou predev§im zmény geotechnickych podminek oproti
predpoklddanym, ale i zmény prdvnich pfedpisi, norem
a smérnic, coZ plati nejvic u dlouhodobych projektu. Vnitin{
jsou vSechna rizika, kterd majf vliv na organizaci stavby (kom-
petence investora, projektanta a stavbyvedouciho; napjaty har-
monogram stavby; zmény odpoveédnych osob).
Sledovani zmén Sirky trhlin osténi a vyvoje teploty
v siini¢nich tunelech

Dietmar Mdhner, Jochen Miiller-Rochholz, Dirk Lange,
Christoph Staubermann

Predndska se zabyvala vyzkumem trhlin v osténi z vodosta-
vebného betonu ddlni¢niho tunelu Rombacher Hiitte u Bochu-
mu, ktery byl zaméfen na zménu §itek trhlin ve vazbé na vyvoj
teploty. Cilem bylo zpresnit metody nezbytnych oprav trhlin
osténi z vyztuZeného betonu, které se musi provadét prakticky
nepretrzité od jeho dokonceni v roce 1983.

Ing. MILOSLAV NOVOTN Y, mila_novotny@volny.cz




KONFERENCE BIM DAY 2014
BIM DAY 2014 CONFERENCE

The BIM DAY 2014 conference, with the sub-title “BIM
revolution is here! Are you prepared for the BIM revolution?”
was held on the 27th November 2014 in the National Technical
Library, Prague — Dejvice. This conference is organised every
year by the BIM Technical Council and its objective is to int-
roduce new trends associated with the implementation of the
BIM methodology into current practice. The methodology and
implementation of the BIM was discussed from the points of
view of a project owner, designer, contractor and construction
administrator. Despite the fact that buildings are viewed as the
main BIM domain, the BIM is more and more enforcing itself
even in the field of extensive transport-related construction
projects, in particular regarding public contracts.

Ve ¢tvrtek 27. listopadu 2014 se v Ndrodni technické knihovné
v Praze-Dejvicich uskutecnila konference BIM DAY 2014
s podtitulem ,, BIM revoluce je tady! Jste pripraveni na BIM revo-
luci?“ Tuto konferenci kazdoro¢né organizuje Odbornd rada pro
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BIM a jejim cilem je predstaveni novych trenda souvisejicich se
zavddénim metodiky BIM do soucasné praxe. Konference se
zi¢astnilo pres 250 odborniki a kromé domdcich feénika zde
zaznély prispévky vyznamnych zahrani¢nich hostu. Pfi soubéZné
konanych panelovych diskusich byl ddn prostor problematice
BIM z ruznych tGhlu pohledu. O metodice a zavadéni BIM se dis-
kutovalo z pohledu investora, projektanta, zhotovitele i spravce
stavby — tedy vSech subjekti, pro které je BIM spole¢nym dloZis-
tém technickych, ekonomickych i provoznich informaci o stavbé.
I kdyZ jeho hlavni doménou jsou budovy, stdle vice se prosazuje i
na poli rozsdhlych dopravnich staveb, a to zejména u verfejnych
zakdzek. Proto byla na konferenci otevrena i problematika legis-
lativy, norem a vzdéldvéni. Koho problematika BIM zajima, muze
si precist ¢lanek v tomto &isle Casopisu Tunel, pripadné navstivit
internetové stranky Odborné rady pro BIM www.czbim.org, kde je
vice informaci a navic moznost objednani BIM piiru¢ky v ti§téné
podobé.

Ing. JAN KOREJCIK, Jan Korejcik@mottmac.com

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA
PRODLOUZEN( TRASY METRA V.A

Na nové budované trase metra V.A, kterd spoji stavajici sta-
nici Dejvicka s novou stanici Nemocnice Motol, byly dokonce-
ny veskeré stavebni a technologické prace. V soucasné dobé se
odstranuji vady a nedode€lky z prejimacich fizeni jednotlivych
stavebnich oddili. Probihaji komplexni zkousky vytahu, eska-
latoru, zabezpeCovaciho zafizeni a vSech technologicky vza-
jemné propojenych celka.

V celé trase probéhlo zaldtkem ledna brouseni kolejnic
s ndslednym mytim tratovych tunelu, které se nejprve &isti
mechanicky a potom mokrym zpusobem tak, aby bylo v§e ho-
tovo a pripraveno pro zkuSebni jizdy vlakovou soupravou s re-
viznimi techniky dne 10. 2. 2015.

Ve véci zkuSebniho provozu stavby byly ustanoveny hlavni
a diléi odborné skupiny, které posoudi zpusobilost stavby
pro overovaci provoz. Odbornych skupin bylo ustanoveno pét —
elektrotechnicka (silnoproud a slaboproud), strojni, stavebni,

Obr. 1 Prakticky dokondend stanice Petriny
Fig. 1 Almost completed Petfiny station

THE CZECH REPUBLIC
METRO LINE V.A EXTENSION

All civils and installations of equipment were completed on
the newly built route of the 5th operational section of the Metro
Line A (the V. A extension), which will link the existing
Dejvicka station with the new Nemocnice Motol station. At the
moment, the snags identified during acceptance proceedings on
individual construction lots are being eliminated. Compre-
hensive testing of lifts, escalators, the interlocking system and
all technologically interconnected units is underway.

At the beginning of January, the process of grinding rails and
subsequent washing of running tunnels, which are first cleaned
mechanically and then using water, took place throughout the
whole metro extension line length so that everything was finis-
hed and prepared for the trial run of the train carrying inspec-
tors certified by the state technical supervising organization,
which was planned for 10th February 2015.

The main expert team and partial expert teams concerning
the trial operation were established to assess the possibility of
starting the confirmation operation of the system. The follo-
wing five teams were established: electrotechnical (heavy cur-
rent and weak current), mechanical, civils, trackwork and
a transport-related team. When this testing is finished, the
Prague Public Transit Company Inc. will dispatch additional
trains to the tracks to start the confirmation operation itself.
With the exception of the absence of passengers, this operation
will correspond to the real operation.

Thanks to favourable climatic conditions, even surface finis-
hes in the surroundings of the stations, pavements and adjacent
roads are being successfully completed.

In conclusion, let us remind you of the facts that the con-
struction works commenced in 2010 and the total length of the
new line including 4 new stations amounts to 6134m.
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skupina tratového hospodarstvi a dopravni skupina. Az toto tes-
tovani skonéi, vysle Dopravni podnik béhem brezna na koleje
dalsi soupravy a zahdji tak vlastni ovéfovaci provoz, ktery jiz
s vyjimkou nepfitomnosti cestujicich bude odpovidat provozu
redlnému.

Vzhledem k pfiznivym klimatickym podminkdam se dspésné
dokoncuji také povrchové upravy v okoli stanic, chodniky
a prilehlé komunikace.

Zaverem si pripomenme, Ze stavba byla zahdjena v roce 2010
a celkova délka nové trasy je 6134 metri véetné 4 novych stanic.

MODERNIZACE TRATI ROKYCANY - PLZEN

Na stavbé ,,Modernizace trati Rokycany — Plzen* st tunely
Ejpovice probihala od listopadu 2014 montaz tunelovaciho stroje
EPBM, ktery byl vyroben némeckou firmou Herrenknecht. Stroj
ma prumér témér 10 m, vazi 1800 t a dosahuje délky 110 m. Jednou
z jeho zajimavych vlastnosti je schopnost se v prubéhu vystavby
prestavovat do rezimu stroje vhodného pro podminky razeb prova-
dénych jak v mekkych, tak i v tvrdych horninach. Konec ledna pak
byl jiz vénovén prejimacim a zavére¢nym zkouSkam.

Dne 23. 1. 2015 tak mohl probéhnout slavnostni kfest tunelo-
vaciho stroje, ktery dostal jméno Viktorie. Soucdsti aktu bylo
i vysvéceni a uloZeni sosky sv. Barbory do vyklenku stény vjez-
dového portalu, ze kterého budou v prvnich tnorovych dnech
tohoto roku zahdjeny razby jizni tunelové trouby. Vérme, Ze sv.
Barbora, patronka vSech tuneldru splni svij kol a bude na strd-
Zi po celou dobu realizace projektu.

Tunely Ejpovice obsahuji dva jednokolejné tubusy kazdy
délky cca 4150 m, coz budou po jejich dokonceni nejdelsi zelez-
ni¢ni tunely v CR.

Obr. 2 Stvrzeni kiestu TBM Viktorie (foto Ing. Markéta Pruskovd, Ph.D.)
Fig. 2 Confirmation of the christening of Viktorie (photo Ing. Markéta Prus-
kovd, Ph.D.)

TuouHel

MODERNISATION OF ROKYCANY - PLZEN RAILWAY
TRACK SECTION

The work on the Ejpovice tunnel lot of the “Modernisation of
Rokycany — Plzen railway track section” project proceeded from
November 2014 by assembling the EPB TBM manufactured by
German-based firm Herrenknecht AG. The machine diameter is near-
ly 10m, the weight amounts to 1800 tonnes and the total length reaches
110m. One of its interesting properties is that it is possible to change
the working regime over during driving to be suitable for specific con-
ditions of driving through both soft ground and hard rock. The end of
January was already dedicated to acceptance and final tests.

Owing to this fact, the ceremony of christening the full-face tun-
nelling machine could take place on the 23td January 2015. It was
given the name of Viktorie. Part of the christening ceremony was in
addition the consecration of St. Barbara statuette and its installation to
a niche in the entrance portal wall, from which the driving of the sout-
hern tunnel tube started at the beginning of February 2015. Let us
believe that St. Barbara, a patron of all tunnellers, will fulfil her mis-
sion and will be on guard throughout the project implementation time.

The Ejpovice tunnel consists of two single-track tunnel tubes,
4150m long each, which will become the longest railway tunnel
tubes in the Czech Republic after the completion.

On the 24th January 2015, an Open Day event was organised on
the site prior to the commencement of the tunnel excavation. The
wild public had the opportunity to get acquainted with Viktorie and
the tunnelling technology to be used for driving the Ejpovice tunnel
tubes. The Open Day was attended by about 8000 visitors.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE-REHLOVICE

The operational-technical structure is being completed in the
Prackovice tunnel and the preparation work for the installation
of tunnel equipment has started. On the surface, work necessa-
ry for securing and stabilising the excavation, for example pla-
cing a stabilising embankment and draining the space above the
revetment wall.

Obr. 3 Svatd Barborka (foto Ing. Markéta PruSkovd, Ph.D.)
Fig. 3 St. Barbara statuette (photo Ing. Markéta Pruskovd, Ph.D.)
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Pred vlastnim zahdjenim razeb byl dne 24. 1. 2015 na stav- As far as the Radej¢in tunnel is concerned, the work on the civils
bé uspordddn také den otevienych dvefi, kdy méla Sirokd | part of the operational-technical structure is in progress. The uni-
vefejnost moznost seznamit se s Viktorii a vlastni technologii fying and protective coating of the final tunnel lining has been
razeb, kterd bude pouZita pro razbu Ejpovickych tuneld. Dne finished in both tunnel tubes, which fact means that the tubes are

otevienych dvefi se zdcastnilo asi 8000 navstévnikua. structurally complete.
The contractor is finishing the work on the as-built design for the
DALNICE D8 - 0805 LOVOSICE — REHLOVICE equipment of both tunnels — Prackovice and Radej¢in. At the
V tunelu Prackovice se dokonluje provozné technicky moment the contractor received project owner’s instruction to
objekt a byly zahdjeny pripravné prace pro montdz technolo- commence the work on the structures which has been suspended
gického vybaveni tunelu. Na povrchu byly zahdjeny nezbytné till now for the reason of the failure of legislation.
zabezpeCovaci a sanaéni prdce jako stabilizaéni ndsyp a od- Ing. BORIS SEBESTA, sebesta@metrostav.cz,
vodnéni prostoru nad zdrubni zdi. METROSTAV a.s.

P

V tunelu Radejc¢in probihaji prace na stavebni ¢asti provoz-
n¢ technického objektu. Oba tunely jsou jiz vybaveny sjedno-
cujicim a ochrannym nédtérem definitivniho osténi tunelu | EXPLORATORY GALLERY FOR THE RADLICE RADIAL
a jsou tak stavebné vlastné dokonceny. ROAD FROM THE SOUTH-WESTERN SATELITE TOWN

Zhotovitel dokon¢uje dokumentaci technologického vybave- AND SMiCHOV
ni obou tuneld Prackovice a Radej¢in a v soudasné dobé také
obdrZel od objednatele pokyn k zahdjeni praci na stavebnich
objektech, které byly z duvodu legislativni nouze zatim poza-

At the moment, the excavation for the first passing bay at chai-
nage m 257 (the excavation of a 174.5m long section from the
shaft has been completed). The gallery excavation has passed
staveny. under Ke Sklarné Street, under the City Circle Road, a Czech

Ing. BORIS SEBESTA, sebesta@metrostav.cz, Railways’ track, KfiZova Street and Novy Zlichov Street.
METROSTAYV a.s. Pressuremeter tests were conducted in the gallery at initial two pro-
files at the end of December. Survey operations are in progress also

PRUZKUMNA STOLA PRO RADLICKOU RADIALU on the surface within the extent of the entire route of the planned

JIHOZAPADNI MESTO - SMICHOV Radlice Radial Road, simultaneously with the gallery excavation.
Ing. JAN VINTERA, JVintera@subterra.cz,

V soucasné dobé€ na stavbé pruzkumné $toly pro Radlickou
Subterra a.s.

radidlu probihaji razby prvni vyhybny ve stani¢eni 257 m
(174.,5 vyrazenych metra od Sachty). Razba Stoly doposud
prosla pod ulici Ke Sklarn¢, pod méstskym okruhem, trati THE SLOVAK REPUBLIC

CD, ulici K¥fZova a ulici Novy Zlichov. Na konci prosince | SIBENIK TUNNEL

byly provedeny presiometrické zkousky ve Stole v prvnich The casting of the secondary concrete lining was finished on the
dvou profilech. SoubéZné s razbou probihajf i prizkumné 588m long Sibenik motorway tunnel construction site. At the
prdce na povrchu v rozsahu celé trasy planované Radlické moment, the secondary lining is being treated and subsequently
radialy. provided with coating. At the same time, the layer of walkways

capable of carrying the walking traffic is being built. Emergency
Ing. JAN VINTERA, JVintera@subterra.cz, reservoirs and manholes on the water main are under construction

Subterra a.s. at the portals. The Sibenik tunnel will be part of the 9.5km long
Janovce — Jablonov section of the D1 motorway. The contractor is

a consortium consisting of Eurovia SK, a. s., Eurovia CS, a. s., and
SLOVENSKA REPUBLIKA Stavby mostov Slovakia, a. s. The completion of the works and
TUNEL SIBENIK bringing the motorway section into service is expected in 2015.

Na stavbe dialni¢ného tunela Sibenik diiky 588 m bolo )
dokon&ené beténovanie sekunddrneho ostenia. V sicasnosti POLANA AND SVRCINOVEC TUNNELS

prebieha dprava sekunddrneho ostenia a jeho ndsledny nater. The project for the development of the Svr¢inovec — Skalité secti-
Zaroven sa buduje pochddzna vrstva chodnikov. Na portdloch | on of the D3 motorway contains, among other structures, the Polana
sa buduji havarijné nddrze a vodovodné Sachty. Tunel Sibenik tunnel (890m) and Svréinovec tunnel (445m). The excavation of the
bude sicastou useku dialnice D1 Janovce — Jablonov celkovej length of 265m of the top heading, 209m of the bench and 160m of
dlzky 9.5 km. Zhotovitelom stavby je zdruZenie Eurovia SK, the bottom has been finished in the Polana tunnel. The tunnel is
a. s., Burovia CS, a. s., Stavby mostov Slovakia, a. s. Ukon- | being driven from the western portal. A revetment wall is under con-
Cenie stavby a uvedenie dialnicného tseku do prevddzky sa struction at the eastern portal. Regarding the Svréinovec tunnel, the
predpokladd v roku 2015. the excavation of 95m of the top heading, 65m of the bench and 48m
of the bottom has been finished from the western portal till now. The
TUNELY POLANA A SVRCINOVEC excavation of the slope up to the 1st anchoring level is in progress at
N gavhe fedka dhaliiies DB Svidihoves — Skallid sftashn the eastern portal. The development of this section is provided by
stavby st aj tunely Polana (890 m) a Svréinovec (445 m). a consortium consisting of four companies: Vahostav — SK, a. s.,
V stcasnosti je na tuneli Polana vyrazenych 265 m kaloty, Doprastav, a. s., Strabag, a. s., and Metrostav SK, a. s.

209 m lavice a 160 m dna. Razenie sa realizuje od zdpadného _
portdlu. Na vychodnom portdli prebiehaji prdce na zdrubnom OVCIARSKO AND ZILINA TUNNELS

mure. V tuneli Svréinovec je v sucasnosti vyrazenych 95 m There are two tunnels within the Hricovské Podhradie —
v kalote, 65 m v lavici a 48 m dna od zdpadného portdlu. Na Lietavskd Lucka section of the D1 motorway: the Ovéiarsko tunnel
vychodnom portdli prebieha odkop 1. kotevnej udrovne. (2367m) and the Zilina tunnel (651m). The Ové&iarisko tunnel is
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Vystavbu tseku zabezpeCuje zdruzenie Styroch spolocnosti:
Vidhostav — SK, a. s., Doprastav, a. s., Strabag, a. s., a Metrostav
SK a.s.

TUNELY OVCIARSKO A ZILINA

Na useku D1 Hricovské Podhradie — Lietavskd Lucka sucastou
stavby sd dva tunely: Ovciarsko (2367 m) a Zilina (651 m). Na
tuneli Ovdciarsko prebieha razenie zo zdpadného portdlu, kde
v severnej tunelovej rdre je vyrazenych 446 m v kalote a v juZnej
tunelovej rire 379 m v kalote. Na vychodnom portéli dochddza
k sandcii. V tuneli Zilina prebieha razenie od zdpadného portilu.
V sudcasnosti je vyrazenych 44 m. Na vychodnom portéli prebieha
zaistovanie portdlovej steny. Stavbu realizuje zdruZenie Doprastav,
a. s.,Vahostav — SK, a. s., Strabag, a. s. a Metrostav SK a. s.

TUNEL CEBRAT

Na dseku D1 Hubova — Ivachnova , ktorej stcastou je tunel
Cebrat’ (1994 m), v st¢asnosti prebieha razenie od vychodného
portalu. V severnej tunelovej rire je vyrazenych 139,5 m
a v juZnej tunelovej rire 47 m. Zhotovitelom stavby je zdruZe-
nie spolo¢nosti OHL 7S, a.s., a Vdhostav — SK, a. s.

TUNEL POVAZSKY CHLMEC

Na dseku D3 Zilina Strdov — Zilina Brodno, ktorého sdcas-
tou je tunel Povazsky Chlmec (2250 m) doslo k zacatiu prac 30.
6. 2014. V sucasnosti vrcholia projekéné pridce na samotnom
tuneli. Predpokladané zacatie razenia tunela PovaZzsky Chlmec
je planované na februdr 2015. Zhotovitelom stavby je zdruzenie
Eurovia a. s., Hochtief a. s. a Stavby mostov Slovakia, a. s.

TUNEL VISNOVE

S vystavbou tunela Visnové (7500 m), ktory je sticastou dseku D1
Lietavskd Licka — Visnové — Dubnd Skala, sa zacalo dna 27. 6.2014.
Zhotovitelom useku je zdruZenie firiem Salini Impregilo S.p.A
a Ddha, a. s. V sucasnosti prebiehaji projekéné prace na samotnom
tuneli. Zaciatok vystavby sa predpoklada na jar roku 2015.

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

TuouHel

being driven from the western portal, where the excavation of 446m
of top heading in the northern tunnel tube and 379m of top heading
in the southern tube has been finished. Stabilisation operations are
underway at the eastern portal. The Zilina tunnel is being driven
from the western portal. The length of 44m of the excavation has
currently been completed. The stabilisation of the portal wall is
being carried out at the eastern portal. The project is being realised
by a consortium consisting of Doprastayv, a. s.,Vdhostav — SK, a. s.,
Strabag, a. s., and Metrostav SK a. s.

CEBRAT TUNNEL

In the Hubova — Ivachnova section of the D1 motorway, part of
which is the Cebrat tunnel (1994m), the tunnel excavation is cur-
rently in progress from the eastern portal. The lengths of 139.5m
and 47m of the excavation are at the moment finished in the nort-
hern tunnel tube and southern tunnel tube, respectively. The con-
tractor is a consortium consisting of OHL 7S, a. s., and Vdhostav
—SK, a.s.

POVAZSKY CHLMEC TUNNEL

Construction work commenced on the Zilina StraZov — Zilina
Brodno section of the D3 motorway on the 30th June 2014. The
Povazsky tunnel (2250m) is part of the section. The work on the
design for the tunnel itself is currently culminating. The commen-
cement of the PovaZsky tunnel excavation is planned for February
2015. The contractor is a consortium consisting of Eurovia a. s.,
Hochtief, a. s., and Stavby mostov Slovakia, a. s.

VISNOVE TUNNEL

The work on the 7500m long Visnové tunnel, which is part of the
Lietavskd Licka — Visnové — Dubnd Skala section of the D1 motor-
way, commenced on the 27th June 2014. The contractor is
a consortium consisting of Salini Impregilo S.p.A and Dtha, a. s. At
the moment, the tunnel itself is under design. The commencement
of the construction works is planned for the spring of 2015.

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

VYROCI / ANNIVERSARIES

85 ROKOV DOC. ING. KOLOMANA V. RATKOVSKEHO, CSC.
85™ ANNIVERSARY OF DOC. ING. KOLOMAN V. RATKOVSKY, CSC. BIRTH

Dna 26. februdra 2015 sa dozi-
va vzdcneho jubilea 85 rokov nd§
dlhoro¢ny priatel, kolega, tunelar-
sky odbornik a vysokoSkolsky
ucitel doc. Ing. Koloman V. Rat-
kovsky, CSc.

Narodil sa v roku 1930 v Bra-
tislave. VyStudoval Stavebnu fa-
kultu, vtedy Slovenskej vysokej
Skoly technickej — SVST, dnes
Slovenskd technickd univerzita —
STU v Bratislave na odbore kon-
Strukcie a dopravné stavby. Po
kratkom pdsobeni (1954—-1956) na Tratovej diitancii ZSR sa
vracia spit'na Stavebnu fakultu SVST, ktord sa poc¢as nasleduj-
dcich 40 rokov stala jeho celozivotnym pdsobiskom.

V roku 1956 nastipil na katedru dopravnych stavieb, ktorej
v tom Case patrilo aj oddelenie podzemnych stavieb. Neskor

On the 26t February 2015, Doc. Ing. Koloman V. Ratkovsky,
CSc., our long-lasting friend, colleague, tunnelling expert and uni-
versity teacher, lived to see the great 85th anniversary of his birth.

He was born in Bratislava in 1930. He studied at the Faculty of
Civil Engineering of, at that time existing, the Slovak Technical
University (STU), today the Slovak Technical University in
Bratislava, graduating with a degree in civil engineering from the
Department of Civil Engineering and Traffic Structures. After a
short (1954-1956) employment at a maintenance section of the
Slovak Railways, he returned to the Faculty of Civil Engineering of
the STU, which became his lifelong sphere of activity.

In 1956 he entered the department of transport structures, a part of
which at that time was the sub-department of underground structu-
res. Later, within the framework of reorganisation, he, at that time
already in the position of an assistant professor, together with the
entire sub-department, transferred to the department of geotechnics,

where he worked until his retirement in 1996.




v rdmci reorganizacie, uz ako odborny asistent, prestipil spolu
s celym oddelenim na katedru geotechniky, kde posobil az do
svojho odchodu do ddchodku v roku 1996.

V roku 1971 ziskal titul kandidéta technickych vied a v roku
1979 sa habilitoval za docenta.

Pocas svojej pedagogickej praxe vychoval nespocetné mnoz-
stvo Studentov denného S$tddia, viedol domadcich, ale i za-
hrani¢nych diplomantov, vedeckych aSpirantov i postgra-
duantov v kurzoch, na ktorych predndsal, resp. mnohé i sdm
organizoval.

Prednésal na mnohych domdcich i zahrani¢nych konferenci-
ach a odbornych podujatiach a prispel k vychove viacerych
generédcii Spickovych odbornikov, ktori pdsobili a pdsobia
v stavebnej praxi dodnes.

V pedagogickej, vedecko-vyskumnej, odbornej, poradenske;j
a expertiznej ¢innosti sa zameriaval najmi na oblast’ technol6-
gif razenia a hibenia tunelov, kde postupne ziskal povest’ vyni-
kajiceho odbornika zndmeho nielen doma, ale i v zahrani¢i. Za
kvalitnd pedagogicki ¢innost bol v roku 1990 oceneny zlatou
medailou SVF — SVST a v roku 2005 zlatou medailou Tech-
nickej univerzity Fakulty BERG Kosice.

O jeho bohatej odbornej ¢innosti sved¢ia dodnes pouZivané
vysokoskolské ucebnice, desiatky expertiz, posudkov a pro-
jektovych dloh, ktorymi vyrazne ovplyvnil rozvoj a pokrok
podzemného stavitelstva na Slovensku.

Aktivne sa zucastnoval ¢i uz ako rieSitel' konkrétnych dloh,
posudzovatel, alebo expert prakticky na vsetkych dolezitejSich
podzemnych stavbich, ktoré sa pripravovali a budovali na
Slovensku v poslednych desatroCiach. Zname je najmi jeho
posobenie pri priprave bratislavského metra a pri vystavbe ko-
mundlnych $§t6lni pomocou raziacich Stitov. V poslednom
obdobf{ je zndma jeho konzulta¢né a poradenska ¢innost pri pri-
prave a vystavbe prvych dialni¢nych tunelov na Slovensku.

Posobil aj ako poradca a odborny konzultant pre investorské
organizacie, stavebné firmy i Statne organy.

Zname su i jeho dlhoro¢né kontakty so zahrani¢nymi profe-
sijnymi organizdciami, ale i osobné a priatelské vztahy s mno-
hymi poprednymi odbornikmi z oblasti tunelového stavitelstva
po celom svete.

Tieto kontakty ako i aktivne ¢lenstvo a posobenie v ndrod-
nych i medzindrodnych profesijnych organizacidch vzdy vyuZzi-
val v prospech rozvoja tuneldrstva na Slovensku.

Zaslizil sa o prijatie Slovenskej tuneldrskej asocidcie za
ndrodného c¢lena do ITA-AITES. Ako dlhoro¢ny funkciondr
ITA-AITES bol v roku 2004 vyznamenany medailou preziden-
ta ITA-AITES a v tom istom roku bol prijaty za ¢estného ¢lena
ITA-AITES.

Ani po odchode do ddchodku si jubilant dlho neuZival zasli-
7eny odpoé&inok a ked ho poZiadali o spoluprdcu, u? v mdji
1996, zacina pdsobit’ ako odborny poradca a konzultant na ria-
ditelstve Slovenskej sprdvy ciest v Bratislave a neskdr na
novozriadenej Narodnej dialni¢nej spolo¢nosti.

Svoje odborné vedomosti i dlhorocné skisenosti tak odovz-
daval dalej a svoje bohaté zahrani¢né kontakty vyuZival na
organizovanie odbornych exkurzif, nadvdzovanie kontaktov
a ziskavanie zahrani¢nych skdsenosti pre pracovnikov NDS.

Pribudajici vek sa neda nijako oklamat’, a tak sa jubilant v ro-
ku 2008, napriek duSevnej svieZosti a neuhasinajicemu Zivot-
nému eldnu, rozhodol definitivne uzavriet'svoje pracovné akti-
vity a dopriat’ si po dlhoro¢nom profesiondlnom vypéti svoje
roky zasliZeného oddychu.

Ing. PAVOL KUSY, CSc.
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In 1971 he attained the degree of Candidate of Sciences and, in
1979, was awarded the decree of an Assistant Professor (doc.)

During the course of his teaching practice he prepared uncountab-
le numbers of students of day-time studies, he led domestic as well
as foreign students preparing their diploma theses, scientific candi-
dates, postgraduate students in courses, in which he not only lectu-
red but also organised many by himself.

He lectured at numerous domestic and foreign conferences and
professional events and contributed to the education of several gene-
rations of top professionals, who have worked in civil engineering
practice till now.

In his teaching, scientific-research, expert, advisory and expert
examination activities he primarily focused himself on underground
excavation technologies and construction of cut-and-cover tunnels,
where he gradually gained a reputation as an outstanding expert
known not only at home but also abroad. For his high quality tea-
ching activities, he was awarded a gold medal of the Faculty of Civil
Engineering of the Slovak Technical University in 1990 and a gol-
den medal of the BERG Faculty of the Technical University in
Kosice in 2005.

His rich professional activity is manifested by the till now used
university textbooks, tens of expert opinions, assessments and feasi-
bility studies, through which he significantly influenced the deve-
lopment and progress of underground structural engineering in
Slovakia.

He actively participated, either as a solver of particular problems,
assessor or expert, virtually in all more important underground con-
struction projects being prepared or implemented in Slovakia during
the past decades. His activities during the planning of the Bratislava
metro and the construction of municipal galleries using tunnelling
shields are especially well known. His consultancy and advisory
activities during the planning and implementation of first motorway
tunnels in Slovakia has been known from the recent years.

He provided advisory and technical consultancy services to
investment organisations, construction firms and state authorities.

His long-lasting contacts with foreign professional organisations,
but also private and friendly relationships with numerous worldwi-
de prominent experts in the field of the tunnel construction industry
are also well known.

He always used these contacts and the active membership and
activities in national and international professional organisations for
the benefit of the development of the tunnelling industry in
Slovakia.

He took credit for the acceptance of the Slovak Tunnelling
Association as a member of the international ITA-AITES. As a long-
lasting functionary of the ITA-AITES, he was awarded a comme-
morative medal by president of ITA-AITES in 2004 and, during the
same year, was accepted as an honourable member of the ITA-
AITES.

The jubilarian did not enjoy the well deserved rest even after his
retirement and, when asked for collaboration, he began, as early as
May 1996, to work as a technical advisor and consultant for the
Directorate of the Slovak Road Administration in Bratislava and,
later, at the newly established National Motorway Company (NMC).

In this way he passed his professional knowledge and long-lasting
experience on and used his wealth of foreign contacts for organising
technical excursions, establishing contacts and gathering foreign
experience for employees of the NMC.

Growing age can be in no way deceived. For that reason the jubi-
larian decided in 2008, despite his mental fitness and great vigour,
to definitely cease his working activities and indulge in taking well
deserved rest after the long-lasting professional strains.

Ing. PAVOL KUSY, CSc.
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75. NARODENINY ING. JURAJA KELESIHO
75TH BIRTHDAY OF ING. JURAJ KELESI

Ked je mu? vo veku 75 rokov
plny Zivotnej energie a nezlomného
odhodlania prezit' svoje seniorské
roky bez obmedzeni svojich aktivit,
zalub a rodinnych povinnosti, mnohi
by mu aj zdvideli, ale my, ¢o ho
pozname blizSiemu, to radi dopraje-
me a k peknému Zivotnému jubileu
v takejto dobrej kondicii moéZeme
mu iba srdeCne gratulovat. Radi
vSak pri tejto prilezitosti chceme pri-
pomentit odbornej verejnosti aj jeho
uspesnu profesiondlnu kariéru.

Narodil sa dna 12. janudra 1940 v Bratislave. Povolaniu, ktoré
si zvolil ndstupom na Priemyselnd Skolu stavebnd v roku 1953,
zostal verny po cely Zivot. Po maturite na tejto §kole v roku 1958
pokracoval v rokoch 1959-1964 stidiom na Slovenskej vysokej
Skole technickej v Bratislave, odbor inZinierske konStrukcie
a dopravné stavby, dennou formou. Po absolvovani nastipil
k podniku Doprastav, n. p., Bratislava a z Doprastavu aj odiSiel
v 1. 2005 do ddchodku.

V roku 1967 sa zacala na Slovensku pripravovat’ dialni¢na
vystavba. Plne sa do nej vloZil a na jej prvom dseku Bratislava —
Malacky, vetve D2 Praha — Bratislava, vo funkcii riadiaceho pra-
covnika, uvadzal do praxe nové technoldgie, ako napr. velkoka-
pacitné mieSacie centrd a kladenie konS$trukénych vrstiev fini§ér-
mi na celd Sirku vozovky. V roku 1975 preSiel na odbor technic-
kého vyvoja podniku, kde rieSil aktudlne problémy dialnic
a cestnej vystavby. V roku 1979 presiel do zvolenského zavodu
Doprastavu ako technicky namestnik, kde riesil aktudlne problé-
my vystavby Zvolenského dopravného uzla a vystavbu pristupo-
vych ciest a Zeleznice pre Jadrovu elektrdaren Mochovce. V roku
1984 presiel na Ministerstvo stavebnictva SR do funkcie zastup-
cu riaditela odboru stavebnej vyroby. Tu mal na starosti predov-
Setkym vystavbu sustavy vodnych diel Gabcikovo-Nagymaros
a pripravu bratislavskej rychlodrdhy. V roku 1988 sa vritil na
Doprastav, kde vykondval kritko funkciu asistenta riaditela pod-
niku a od roku 1989 ndmestnika pre rychlodrdhu s provizérnym
vyuzitim prechodu cez Dunaj po Starom moste. V roku 1993 pre-
Siel do funkcie vediceho marketingu, kde v novych podmienkach
zabezpecoval spracovanie ponuk na jednotlivé zakdzky, a tak
pomdhal vytvdrat vyrobny program podniku Doprastav. V roku
1997 presiel na odbor pripravy a vystavby tunelovych stavieb.
Zaujimavou stavbou z tohto obdobia bola rekonStrukcia slucko-
vého Zelezni¢ného tunela Telgdrt a razenie prieskumnej $tdlne pre
dialni¢ny tunel Visnové.

Juraj Kelesi dlhodobo spolupracoval so svojou ,,alma mater,*
Slovenskou vysokou Skolou technickou v Bratislave, pre ktort
zaddval témy pre diplomové price z konkrétnych stavieb a robil
k nim aj konzulticie. Neskor predndsal na r6znych odbornych
podujatiach a postgradudloch o novych technolégidch vystavby
dialnic a tunelov. Viedol tieZ mnoho exkurzii na vyznamné stav-
by Doprastavu. Vdaka tejto jeho &innosti nastiipilo viacero absol-
ventov SVST do Doprastavu a niektori sd aj dnes na vyznamnych
postoch vo vedeni spolo¢nosti.

Od roku 1991 bol ¢lenom éeskoslovenskej tunelarskej asocia-
cie. Po rozdeleni spolo¢ného Stitu v roku 1992 bol spolu
s doc. Vladimirom Ratkovskym zakladajicim ¢lenom Slovenskej
tuneldrskej asocidcie (STA). V roku 1993 bol Juraj Kelesi zvole-
ny za prvého predsedu STA a v tom istom roku bola STA na
valnom zhromaZdeni v Amsterdame prijatd do medzindrodnej

Tuflel

When a man at the age of 75 years is full of vigour and steadfast
determination to spend his senior years without restricting his acti-
vities, hobbies and family duties, many would even envy him.
Anyway, we who know him closer are pleased to wish it to him and
we can only cordially congratulate him to celebrate this great anni-
versary in such the good condition. We are also pleased to remind
the professional public of his successful professional career.

He was born on the 12th January 1940 in Bratislava. He has rema-
ined for the whole life faithful to the profession he chose by entering
the Technical school of civil engineering in 1953. After passing the
school leaving exam at this school in 1958, he continued from 1959
— 1964 to study in the day-time form at the Slovak Technical
University in Bratislava, obtaining a degree in civil engineering and
transport-related structures. After the graduation, he entered
Doprastav, n. p., Bratislava; he retired in 2005.

In 1967, the preparation of the development of motorways was
launched in Slovakia. He fully embarked upon it and introduced into
practice such technologies as, for example, large-capacity mixing
centres and the placement of structural courses using full-width slip-
form pavers on the initial section between Bratislava and Malacky,
the Prague — Bratislava D2 branch. In 1975, he was transferred to
the Technical Development Department of the company, where he
solved current problems of the development of motorways and
roads. In 1979, he transferred to the Zvolen-based plant of
Doprastav, where he worked in the position of the Deputy Technical
Director. He solved current problems of the development of the
Zvolen Transport Node and the construction of approach roads and
railway for the Mochovce Nuclear Power Plant. In 1984 he tran-
sferred to the Ministry of Construction, working in the position of
the Deputy Director of the Department of Construction Operations.
In this position, he was primarily in charge of the Gabcikovo-
Nagymaros system of waterworks and the preparation of the
Bratislava high-speed LRT line. In 1988 he returned to Doprastav,
where he performed for a short time the function of the assistant to
the director of the company and, from 1989, the function of the
Deputy-Director for the high-speed Light Rail Transit (LRT), with
the temporary use of the Old Bridge for the crossing over the
Danube. In 1993 he transferred to the position of the Head of
Marketing, where he managed the work on bids for individual con-
tracts and in this way helped to create the production program of
Doprastav in new conditions. In 1997, he transferred to the
Department of Planning and Construction of Tunnel Structures. The
reconstruction of the Telgart looped tunnel and the excavation for
the exploratory gallery for the Visnové motorway tunnel belonged
among more interesting construction contracts from this period.

Juraj KeleSi long collaborated with the Slovak Technical
University (STU) in Bratislava, his “Alma Mater”. He specified
topics of diploma theses related to particular construction projects
and provided consultation on them. Later he lectured at various pro-
fessional events and postgradual studies on new technologies for the
construction of motorways and tunnels. In addition, he organised
many excursions to significant construction sites of Doprastav.
Owing to his activities, a number of the STU students entered
Doprastav and some of them have obtained important positions in
the company management.

From 1991 he was a member of the Czechoslovak Tunnelling
Association. After the division of the common state in 1992, he,
together with Vladimir Ratkovsky, was a founding member of the
Slovak Tunnelling Association (STA). In 1993, Juraj Kelesi was
elected as the first chairman of the STA and, in the same year, the
STA was accepted to the international ITA-AITES at its General
Meeting. Juraj Kelesi performed the function of the chairman for




ITA-AITES. Juraj Kelesi vykondval funkciu predsedu dve voleb-
né obdobia do roku 1999 a zaslizil sa o jej zveladenie a roz§irenie.

Aktudlne, okrem prileZitostnej pracovnej ¢innosti, sa venuje
svojej Sirokej rodine a svojim Sportovym zalubdam, predovsetkym
vodnym Sportom, okrem iného aj otuZovaniu v ladovej vode. Je
tiez aktivnym ¢lenom Klubu seniorov v Doprastave.

NéaSmu jubilantovi Ing. Jurajovi KeleSimu pri prileZitosti
75. narodenin prajeme vSetko dobré, pohodu vo sviato¢nych
i vSednych dnoch, vela potesenia v zalube do vodnych Sportov,
radost’ z rodiny, stretnutia s priatelmi, byvalymi kolegami
a hlavne vela zdravia a neuhasinajiceho optimizmu v peknej jese-
ni svojho Zivota.

Ing. MIKULAS PAKH, Ing. JOZEF FRANKOVSKY

I MLADICI JEDNOU PRIJDOU DO LET

K JUBILEU DOC. ING. ALEXANDRA ROZSYPALA, CSC.

EVEN YOUNG MEN WILL ONCE GET OLDER
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two terms starting from 1999 and deserves praise for its improve-
ment and expansion.

Currently he devotes himself not only to occasional work activiti-
es, but mainly to his wide family and sports, first of all water sports,
among others even hardening bodies in ice cold water. He is further
an active member of the Senior Club operating in Doprastav.

We wish our jubilarian Ing. Juraj Kelesi on the occasion of the
75th anniversary all good, comfort in festive days as well as all other
days, lots of delight in his water sports hobby, joy of his family, mee-
ting his friends, former colleagues, and, first of all, great health and
undiminished optimism in the beautiful autumn of his life.

Ing. MIKULAS PAKH, Ing. JOZEF FRANKOVSKY

ON THE OCCASION OF DOC. ING. ALEXANDR ROZSYPAL, CSC. ANNIVERSARY

Jsou lidé, kteff starnou rychle
a jsou lidé, ktefi nikdy nezestar-
nou a zastanou jak télem, tak
hlavné svym duchem stile
mladi. Mezi ty druhé muZeme
rozhodné zaradit vyznamného
stavebniho inZenyra — geotech-
nika s velkym zdpalem pro
mechaniku hornin a tunelové
stavitelstvi — a schopného ma-
nazera doc. Ing. Alexandra
Rozsypala, CSc., ktery zacitkem
brezna oslavil sedmdesatiny.

Po ¢tyiletém studiu na Pru-
myslové Skole stavebni, obor
vodohospodarské stavby, pok-
racoval ve stejném oboru i na
Stavebni fakulté CVUT v Praze. Studium ukonéil v bouflivém roce
1968. Na podzim roku 1968 pri zpracovani diplomové prace jezdil
z Prahy do Usti nad Labem, kde studoval bilanci minerdlnich vod
a jejich praktické vyuziti. Na tomto tématu jsme pracovali spole¢né.
Pritom jsme cestou mijeli tankové pozice okupacnich spojeneckych
vojsk VarSavské smlouvy a zdroven se preli o to, jak dlouho tento stav
vydrzi.

Po promoci nastoupil Cerstvy inZenyr Alexandr Rozsypal plny ener-
gie do nérodni spole¢nosti Stavebni geologie a za¢al pronikat do taju
mechaniky zemin a inZenyrské geologie. Problém s bydlenim v Praze
se rozhodl fesit zménou zaméstnavatele (Vodni stavby) a dvouletym
pobytem na stavbé vodovodniho privadéce v Jizerskych hordch. Po zis-
kéni bytu se do Prahy i do Stavebni geologie opét vritil a v této spo-
le¢nosti vydrzel az do odchodu do penze. Jeho vysoké ekonomické zna-
losti, které ziskal jak postgradudlnim studiem, tak diskusemi se svym
otcem, vyznamnym ekonomem Sedesatych a sedmdesétych let dvacé-
tého stoleti, jej predurCovaly pro manaZerské pozice. Postupné vedl
oddéleni mechaniky hornin, odbor geotechniky a po privatizaénim
déleni spole¢nosti Stavebni geologie byl zvolen generdlnim reditelem
noveé vzniklé firmy Stavebn{ geologie — Geotechnika, a. s. Jeho ekono-
mické zkuSenosti a manazerskd obratnost prispély k rychlé konsolidaci
nové spolenosti a jejimu dlouhodobému rozvoji. Za jeho fizeni dosé-
hla firma nejvétsiho rozmachu a po fadu let se podilela na vystavbé vet-
Siny vyznamnych vefejnych staveb od pozemnich komunikaci, Zelez-
ni¢nich trati po podzemni dila. Do firmy privedl zahrani¢niho partnera
z Francie, spolecnost Simecsol, zaloZenou prof. Jeanem Keriselem,

There are people who are getting older and there are people who
will never get old and will remain young both in terms of their bodi-
es and through their spirit. Among the latter ones, we can rank
docent Ing. Alexandr Rozsypal, CSc., a prominent civil engineer —
geotechnician having a great passion for rock mechanics and the
field of tunnel engineering, and a competent manager, who celebra-
ted the seventieth anniversary of birth at the beginning of March.

After four-year studies at a technical school of civil engineering,
the water management branch, he continued in the same branch
even at the Faculty of Civil Engineering of the Czech Technical
University in Prague. He graduated in the tumultuous year 1968. In
the autumn of 1968, during his work on the diploma thesis, he tra-
velled from Prague to Usti nad Labem, where he studied the balan-
ce of mineral water and its practical use. We worked jointly on this
topic. In doing so, we were passing along the way the tank positions
of allied occupation forces of the Warsaw Pact and, at the same time,
argued about the time this condition would endure.

After the graduation, the fresh civil engineer Alexandr Rozsypal,
full of energy, entered the national enterprise of Stavebni Geologie
(Civil Engineering Geology) and began to penetrate the mysteries of
soil mechanics and engineering geology. He decided to solve his pro-
blem with living in Prague by changing the employer (Vodni Stavby)
and a two-year stay at the construction site for an aqueduct in Jizerské
mountains (Isergebirge). After gaining a flat, he returned to Prague
and Stavebni Geologie to remain there until his retirement. The high
expertise he gained both by postgradual studies and by discussions
with his father, an outstanding economist of the 1960s and 1970s, pre-
destined him for managerial positions. He was successively in charge
of the rock mechanics department, the department of geotechnics and,
after the privatisation dividing Stavebni Geologie to sections, he was
elected as the chief executive officer on the newly originated compa-
ny Stavebni Geologie — Geotechnika, a. s. His economic experience
and managerial skills contributed to the quick consolidation of the
new company and its long-term development. Under his management
the company achieved the greatest expansion and many years partici-
pated in the implementation of the majority of important public con-
struction projects, ranging from roads, railway tracks up to underg-
round workings. He brought a foreign partner from France to the com-
pany, Simecsol, which was founded by Prof. Jean Kerisel, a leading
French geotechnician and an expert in the foundations of historic
structures. Ten years ago, when he after 15 years decided to leave the
office of the top manager of the company, a symbolic meeting with
Prof. Kerisel took place in Paris on the occasion of the termination of
Simecsol. It was acquired by ARCADIS.
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prednim francouzskym geotechnikem a znalcem zakladani historic-
kych staveb. Kdyz se pred 10 lety rozhodl po 15 letech odejit z funkce
vrcholného manaZera firmy, doSlo k jeho symbolickému setkdni
s prof. Keriselem v PaiiZi u prileZitosti zaniku spole¢nosti Simecsol. Ta
byla prevzata spolecnosti ARCADIS.

Jako feditel vzdy podporoval pobyty zaméstnanca v zahrani¢i jak
na geotechnickych projektech, tak konferencich nebo stdzich
u sesterskych firem. Sdm pusobil v zahraniéi v 80. letech minulého
stoleti na Kubé a v Peru. Inicioval zaloZeni organizacni slozky na
Slovensku, kterd se stala, zejména v poslednich letech, vyznamnym
prispévatelem do rozpoctu spole¢nosti ARCADIS.

Prestoze Alexandr Rozsypal zastdval dlouhd leta vrcholnou mana-
Zerskou funkci, neustdval ve svém v geotechnickém vzdélavani. Ziskal
titul kandidat véd jiz v roce 1986 a habilitoval se jako docent na Vysoké
Skole banské v Ostravé v roce 1997. Zejména vynikl v navrhovéan{
a realizaci systému kontrolniho sledovéni, monitoringu zemnich a zak-
ladovych konstrukei a tuneli. Napsal o tomto specialnim oboru knizni
publikaci, jedinou svého druhu u nds. Kromé fizeni firmy predndsel pro
adepty inZenyrské geologie na Univerzité Karlove v Praze a na Vysoké
Skole bariské v Ostravé, kde dodnes pusobi ve védecké radé. Byl inici-
atorem vzniku Zarubovy ceny pro mladé geotechniky, kterd se kazdy
rok udéluje na Prazskych geotechnickych dnech.

I po odchodu z vrcholné pozice ve firmé netinavne piSe prispévky,
prednasi na konferencich, diskutuje na semindfich, komentuje nove vzni-
kajici normy. Jeho §iroky rozhled mu umoznuje presné formulovat své
nézory. M4 velice duvérny vztah k francouzské literatufe a poezii, coZ
povzndsi jeho ducha. Od mladi vyborny sportovec (béhal stiedni trat€)
byl zvykly vzdy podavat maximalni vykon nejen na ovalu, ale v praci.

Mily Saso, té8im se na naSe vzdjemné inspirativni diskuse a preji Ti
mnoho dalSich let naplnénych nejen novymi napady, ale hlavné radosti
ze Zivota.

Ing. VITEZSLAV HERLE

TuouHel

In the position of the director, he always supported stays of emplo-
yees abroad, no matter whether on geotechnical projects, conferen-
ces or secondment in sister firms. He himself worked abroad in the
1980s, in Cuba and Peru. He initiated the foundation of a branch in
Slovakia, which has become a significant contributor to ARCADIS
budget, most of all during the recent years.

Even though Alexandr Rozsypal held the top management functi-
on for long years, he did not cease improving his geotechnical edu-
cation. He obtained a degree of Candidate of Sciences as far back as
1986 and was awarded the decree of an assistant professor (doc.) at
the VSB Technical University of Ostrava in 1997. In particular he
excelled in designing and implementing check observation, monito-
ring of groundwork and foundation structures and tunnels. He wrote
a book on this special civil engineering branch, which is unique of
its kind in our country. Apart from managing the company, he lectu-
red for aspirants in engineering geology at the Charles University in
Prague and at the VSB Technical University in Ostrava, at which he
has been active in the Scientific Council till now. He was the initia-
tor of the origination of the Academician Q. Zaruba award for young
geotechnicians, which is presented every year at the Prague
Geotechnical Days.

He tirelessly writes papers, delivers lectures at conferences, dis-
cusses at seminars, comments on newly originating standards even
after his departure from the top position in the company. His wide
purview allows him to exactly formulate his opinions. He has an
intimate relationship to French literature and poetry, which enhances
his spirit. He, who has been an excellent sportsman since his youth
(a middle-distance runner), has always been used to give maximum
performance not only on the oval but also at work.

Dear Sasa, I am looking forward to our mutual inspiring discussi-
ons and wishing you many more years filled not only with new ideas
but also with joy of life.

Ing. VITEZSLAV HERLE

ROZLOUCENI S ING. PAVLEM MARIKEM, CESTNYM CLENEM CzTA ITA-AITES

A NOSITELEM PAMETNI MEDAILE CZTA

BIDDING FAREWELL TO ING. PAVEL MARIK, THE CzZTA HONORARY MEMBER

AND THE C2ZTA COMMEMORATIVE MEDAL HOLDER

N ~

Jen o néco malo delii Cas nez pul roku nés déli od
chvile, kdy jsem jménem celé nasi tunelarské komuni-
ty na strankdch TUNELU ¢&. 2/2014 blahopral Ing.
Pavlu Marikovi k jeho 85. narozenindm. Pfipomnéli
jsme si pri té prilezitosti Zivotni drahu tohoto vzacného
¢loveka, kterd byla naplnéna, vedle tézkych osobnich
prozitki v dobdch nesvobody, predevsim tvurdi inZe-
nyrskou praci v oblasti podzemniho stavitelstvi.

MEél jsem prilezZitost s Ing. P. Mafikem spolupracovat
na fadé zajimavych projektd a mohl jsem tak bezpro-
stredné poznat jeho cit pro konstrukce, odborné znalos-
ti, jasné technické uvazovéani a schopnost nezaujaté
posuzovat ndméty a feSeni navrZend jeho spolupracov-
niky. S pribyvajicimi léty se nase profesni souznéni postupné zménilo
ve vzdjemné pratelstvi, kterého si neprestanu vazit. Uprimné pran{
proziti dalSich let ve zdravi a v pohodé, které jsem vyslovil na zaveér
zminéného blahoprani, se v§ak, bohuZel, nenaplnilo. Ing. Pavel Marik
nas navzdy opustil 11. prosince 2014.

Lou¢im se s nim je$té jednou na strankdch naseho ¢asopisu posled-
nim pranim, vyjadfenym neokézalymi slovy jeho syna Libora:
. Vazeni kolegové, kteff jste ttu znali, myslete na né€j v dobrém.*

prof. Ing. JIRI BARTAK, DrSc.

Only a little longer time than half a year divides us
from the moment when I, on behalf of our entire tun-
nelling community, congratulated on the pages of
TUNEL 2/2014 to Ing. Pavel Matik to his 85th birth-
day. On that occasion we commemorated the course of
life of this precious man. Apart from difficult personal
experiences during the times of lack of freedom, it was
filled, first and foremost, with creative engineering in
the field of underground construction.

I had the opportunity to collaborate with Ing. P. Maiik
on a number of interesting projects, therefore I could
immediately know his sense of structures, expertise and
clear technical thinking and capability of unprejudiced
assessing topics and solutions proposed by his collaborators. With age,
our professional harmony changed in mutual friendship, which I will
never cease to appreciate. Unfortunately my sincere personal wishes to
him to enjoy many years to come in good health and comfort were not
met. Ing. Pavel Maiik departed us for ever on the 11th December 2014.

I am bidding him farewell once more on the pages of our journal
by the last wish expressed by unpretentious words of his son Libor:
,Dear colleagues who knew my father, think of him in good.”

prof. Ing. JIRI BARTAK, DrSc.




VZPOMINKA NA RNDr. OTAKARA TESARE, DrSc.
MEMORY OF RNDr. OTAKAR TESAR, DrSc.

Smutnd zprava zastihla ke kon-
ci minulého roku odbornou tune-
larskou i geologickou spole¢nost,
kdy po dlouhé nemoci dne 29.
12. 2014 zemrel ve veéku 74 let
RNDr. Otakar Tesar, DrSc. Vy-
razny odbornik ¢eského podzem-
niho stavitelstvi se narodil
5. prosince 1940. Po Sestiletém
pusobeni jako dulni geolog
v Jachymovskych dolech a Rud-
nych dolech Pfibram pracoval tri
roky v Ustfednim tstavu geolo-
gickém v Praze.

Od roku 1968 do roku 1990 pracoval v Projektovém ustavu
dopravnich a inZenyrskych staveb (PUDIS), od roku 1969
jako vedouci oddéleni inZenyrské geologie. Byl hlavnim geo-
logem pro prazské metro, konkrétné pro ivodni dseky trasy C,
A a &asteéné B, vedl pruzkumy a ndsledné sledovéani pri
vystavbé Strahovského automobilového tunelu & dostavby
trettho Vinohradského tunelu. Spolupracovnici na néj vzpo-
minaji jako na pratelského kolegu, ktery byl velmi aktivn{
a inspirativni. V soukromi byl kamarddsky sportovec (tenis,
lyZovani, plavdani) mél zélibu v péstovani kaktusu, mél rad
hudbu — hrél dobfe na klavir. V roce 1990 zalozil soukromou
spole¢nost IKE, s.r.o., jejiz hlavni ndplni byl inZenyrskogeo-
logicky pruzkum, sledovani a geotechnicky monitoring pod-
zemnich staveb. Zde ve spolupréci s dal§im vyraznym odbor-
nikem doc. Ing. Ivanem Kameni¢kem, CSc. realizovali
moderni pristupy nejen v pruzkumu, ale i geotechnickém
monitoringu podzemnich staveb. Za zminku stoji prdce na
prazskych kolektorech ¢i na prvnich tunelech metra, razenych
pomoci NRTM na tdseku IV.B. V roce 2000 doslo k propojeni
firmy IKE, s.r.o., se spolecnosti GeoTec-GS, a. s., v niz
Otakar Tesar pusobil az do odchodu do diuchodu jako hlavn{
specialista pro obor podzemnich staveb.

Pro tunelédfiskou verejnost je jeho jméno spojované prede-
v§im s klasifikaci horninového masivu QTS, kterou uverejnil
v roce 1977 na zdkladé rozsahlého souboru vysledku a dat
z razeb prazského metra. Tuto klasifikaci postupné aktualizo-
val jednak pro pouziti prstencové metody razeni na prazském
metru, dale pak pro razbu sovétskym plnoprofilovym tunelo-
vacim strojem, pro tunelové (vyloznikové) frézy ¢i ndsledné
pro pouziti NRTM. Klasifikace skalnich a poloskalnich hor-
nin pro podzemni stavby byla i tématem jeho doktorské dizer-
tacni prace v roce 1989 na Prirodoveédecké fakulte UK. Zde
i néjaky Cas predndsel zdsady prazkumu pro podzemni stavby.
Klasifikace QTS se stala ve své dobé soucdsti oborové normy
pro Zelezni¢ni tunely a dodnes je pouZivdna predev§im
v prostredi prazské geologie.

Ti, ktefi meli moznost byt s Otou Tesafem v dlouhodobém
pracovnim a osobnim kontaktu, vZdy vzpominaji na jeho pri-
vetivé jedndni, skromnost, nadhled a smysl pro humor.
Odchdzi s nim nejen vynikajici odbornik, ale také pritel
a kamardd. Celd naSe geotechnickd a tuneldfskd spoleCnost
mu uprimné dékuje za celozivotni praci a velmi lituje jeho
pred¢asného odchodu.

Za byvalé kolegy a spolupracovniky
RNDr. RADOVAN CHMELAR, Ph.D.
¢len redakcni rady
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The sad news caught the professional tunnelling society at the end
of the past year that RNDr. Otakar Tesar, DrSc., departed this life
after a long disease on the 29th December 2014, at the age of 74.
This significant expert in the Czech underground construction
industry was born on the 5th December 1940. After a six-year peri-
od of working in the position of a mine geologist at Jichymov Mines
and Pribram Ore Mines, he worked for three years in the Central
Geological Institute in Prague. From 1968 to 1990 he worked at
PUDIS (the Designing Institute for transport and engineering struc-
tures), from 1969 on in the position of the head of the department of
engineering geology. He was the chief geologist for the Prague
metro project, specifically for the initial section of the lines C, A and
particularly B; he was in charge of surveys and subsequent monito-
ring during the construction of the Strahov Automobile Tunnel or
the completion of the third Vinohrady tunnel construction. His col-
laborators remember him as a friendly colleague, who was very acti-
ve and inspiring. In the private, he was a friendly sportsman (tennis,
skiing, swimming). He had a penchant for growing cacti, loved
music — playing very well piano. In 1990 he founded IKE,s.r.0.,a
private company with the main content of work comprising engine-
ering geological survey, observation and geotechnical monitoring
over underground construction projects. In this field, he, jointly with
another outstanding expert, assistant professor Ing. I[van Kamenicek,
CSc., implemented modern approaches not only to surveys but also
to geotechnical monitoring over underground construction works.
Worth mentioning is his work on Prague utility tunnels or initial
metro tunnels driven using the NATM in the 4th operational section
of the line B. In 2000, IKE, s. . 0., was interconnected with GeoTec-
GS, a. s., company, in which Otakar Tesaf worked until his retire-
ment in the position of the main specialist for the branch of underg-
round structures.

For the tunnelling society, his name is associated primarily with
the QTS ground mass classification system, which was published by
him in 1977 on the basis of an extensive set of results and data from
the excavation for the Prague metro construction. He gradually
updated this classification system for the application of the Ring
Tunnelling Method to the Prague metro, later for driving tunnels
using the Soviet-made full-face tunnel boring machine, for the use
of cutter booms or, subsequently, for the use of the NATM. The clas-
sification of hard rock and semi-rock for the use in underground
construction was even the topic of his doctoral thesis in 1989 at the
Faculty of Science of the Charles University. He even lectured on
the principles of survey for underground construction projects at the
University. In its time, the QTS classification system became part of
an industry standard for railway tunnels and it is applied till now to
the Prague geological environment.

Those who had the opportunity to work in the long-term with Ota
Tesar and be in close personal contact with him always remember
his amiable behaviour, modesty and sense of humor. By his depar-
ture from life, we loose not only an excellent expert but also a good
friend. Our entire geotechnical and tunnelling society sincerely
thanks him for the lifetime work and feels very sorry for his prema-
ture departure.

On behalf of former colleagues and collaborators
RNDr. RADOVAN CHMELAR, Ph.D.
member of the Editorial Board
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Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY POD VODOU

PICTURE POSTCARDS WITH IMMENSED TUNNELS

If we disregard several sections of Prague metro, immersed tun-
nels are an item of the underground construction industry which is
virtually absent in the Czech Republic’s conditions. Nevertheless,
we can meet immersed tunnels, above all in the group of transport-
related tunnels, relatively often. They transfer railways and roads
usually across big rivers of sea straits, replace or supplement brid-
ges. They were and still are also paid significant attention in peri-
od pictures, but also in fully current picture cards.

uvop

Pomineme-li nékolik dseku metra v Praze, jsou tunely pod
vodou polozkou podzemniho stavitelstvi, kterd se v podminkdch
CR prakticky nevyskytuje. Ve svété se viak s tunely pod vodou,
a to predevsim ve skupin€ tunelt dopravnich, setkdvdme pomér-
né Casto. Prevadéji ZelezniCni a silniéni komunikace obvykle
pres velké reky nebo morské uziny, nahrazuji nebo dopliuji
mosty. A také jim byla, resp. pordd je, vénovana zna¢nd pozor-
nost na dobovych, ale také na zcela aktudlnich pohlednicich.

Pozn.: V ndsledujicim textu jsou pod obrdzky uvedeny popisy
z rubovych stran pohlednic. Byvaji v nich uvddény udaje
k technickym parametriim staveb nebo k postupu stavby.
Doplnénim jsou tdaje o editorech pohlednice prip. (je-li zndmy)
o roku jejiho vyddni.

Pozndmky autorii prispévku jsou potom odliseny kurzivou.

1. N. Y. - HUDSON TUNEL

Hudson Tunel predstavuji dva tubusy pro vlaky dopravniho
systtmu PATH (Port Authority Trans-Hudson), obsluhujiciho
sidelni aglomeraci N. Y. Predstavuji historicky prvni ne-lodni spo-
jeni mezi Manhattanem a Jersey City. Prvni pokus o vystavbu

Obr. 1 Smérovy oblouk Hudson Tunelu

Jizni tunely pod fekou Hudson z Jersey City do odbavovacich hal Church
Street, New York. — Zapo&aty v kvétnu 1905; otevieny pro dopravu v Cervenci
1909. Dva tubusy pfiblizné 5,950 stop dlouhé, s ocelolitinovymi prstenci
vnéjsiho priméru 16 stop a7 palcu.

Success Postal Card Co., Pub., New York. No. 1010. 19107 [sbirka autora]
Fig. 1 Horizontal curve on the H udson tunnel

The southern tunnel tubes under the Hudson River leading from Jersey City to
Church Street terminals, New York. Commenced in May 1905; brought into ser-
vice for transport in July 1909. Two approximately 5950 feet long tunnel tubes
lined with cast steel segments with the outer diameter of 16 feet and 7 inches.
Success Postal Card Co., Pub., New York. No. 1010. 19107 [authors’ collection]

téchto tunelt byl zahdjen v listopadu 1874 ze strany Jersey City.
Prace probihaly razenim za podpory pretlaku vzduchu, nicméné
bez $titu. V &ervenci 1880 doslo k pratrzi, pii které zahynulo 20
pracovniki. Dne 5. 11. 1882 stavebni spole¢nost zkrachovala
a rozestaveny tunel byl zaplaven vodou. Stavba potom byla ukon-
Cena az v roce 1906, po 33 letech prerusovaného usili. Po vétSinu
této doby byla provdzena velkymi financnimi problémy.
Dokonceni obou tunelovych trub umoznilo nasazeni raziciho $titu
(obr. 1 a2).Vroce 1978 byly tunely prohldSeny za ,,Ndrodni kul-
turni pamdtku inZenyrského stavitelstvi“. [1, upraveno]

2. HAMBURG - STARY LABSKY TUNEL
(TUNEL SANKT PAULD

Tunel Sankt Pauli (také ,,Stary Labsky tunel*) byl vybudovan
pod tstim Labe v Hamburgu mezi lety 1907 a 1911. Sachty St.
Pauli (severni strana, provedend Sachtovdnim) a Steinwerder
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Obr. 2 Hudson River Tunel Hoboken N. Y.

Copyright by illustrated postal card novelty co. N. Y. IPCN 96-48. 1908.
[sbirka autoru]

Fig. 2 The Hudson River Tunnel - Hoboken N. Y.

Copyright by illustrated postal card novelty co. N. Y. IPCN 96-48. 1908.
[authors’ collection]
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Obr. 3 ,,Cap Finisterre* nad Labskym tunelem
Labsky tunel Hamburg — Steinwérder. o
Tento tunel, ktery stél pres 10 miliond marek, byl dokoncen s velkymi OthZC—/
mi po piiblizné tfech letech. M délku cca 450 m a hloubku asi 29 m po<vi vodni
hladinou. Primér &nf cca 6 m. Propluji nad nim i nejvétsi ndmorni lodé. .
K. W., H. 1913. [sbirka autoru]
Fig. 3 ,,Cap Finisterre* above the Elbe tunnel
The Elbe tunnel Hamburg — Steinwéirder. o
This tunnel, costing over 10 million German marks, was finished with signifi-
cant difficulties after approximately 3 years. It is about 450m long and about
20m deep under the water surface. The diameter is 6m approx1mate’1y‘ Even' the
largest naval ships can flow over it. W., H. 1913. [authors’ collection]

Obr. 5 Hamburg

Novy labsky tunel, postaveny 1968—1975

Kruger® 31.920.354 268906 Nr.7975. ?? [sbirka autord]

Celkovi délka: 3 325 m, vlastnf tunel: 2 653 m, tunelové dno: 27 m pod teré-
nem (hladinou), 3 tunelové trouby, kazdd 9 m §irokd, 4,70 m vysokd
Pozoruhodny, kubisticky puisobici portdl a na néj navazujict prolamovand per-
gola vytvdrejict svételné prechodové pdsmo z otevieného prostoru do tunelu.
Fig. 5 Hamburg

The new Elbe tunnel, built in 1968-1975

Kruger® 31.920.354 268906 Nr.7975. 2?2 [authors’ collection]

Total length: 3325m, Tunnel itself: 2653m, Tunnel bottom: 27m under the ter-
rain (water surface), 3 tunnel tubes, each 9m wide, each 4.70m high

The remarkable, cubistically impressing portal and a broken pergola linking to
it. It creates a lighting transition zone from open air to the tunnel.

24. rotnik - €. 1/2015

Obr. 4 Hamburg. Labsky tunel, pohled do tunely
Hamburg, ,»Labsky tunel“

Stavebni ndklady 10 722 000 marek
- Doba stavby cca 4 3
Hloubka 21 m pod hladinou velké vody. Y con ok Delka 450 m.

Verlag von C. Worzedialeck, Hamburg 5. Nr. 20. 77 [sbirka autorii]
ZL.I pozornost stoji krdsnd secesni vyzdoba vstupniho objektu
Fig. 4 Hamburg. The Elbe tunnel, a view down the tunnel .
Hamburg, ,, The Elbe tunnel*

C]onstructlon cost of 10,722,000 German marks. Construction time approxima-

$ y(4 years. The lengt.h of 450m. The depth of 21m under the high water levt;l
erlag vop C. Worzedialeck, Hamburg 5. Nr. 20. 29 [authors’ colclectionj -

The beautiful Art Nouveau decoration of the entrance stmcmrz; deserves attention

(jizni strana, provedend kesonovdnim) byly propojeny v dl.
448.,5 m dvéma tunely vnéj$tho & 6 m. Ty byly vyraZzeny pneu-
matickym Stitem. NadloZi v té dobé tvorila 3 m silnd vrstva
bahna. Na stavbé pracovalo cca 4 400 pracovniku. Tfi z nich
zahynuli na kesonovou nemoc a dals§i dva zemreli pri nehodéch.

Tunelové trouby byly navrzeny s vnitini $itkou 4,8 m a vySkou
nejméné 4,8 m. Puvodné byla v kazdé cesta pro voziky tazené
koném, Sirokd 1,92 m a po strandch zvySené chodniky Sitky
1,44 m. Pilif mezi jednoproudymi tubusy je 2 m. Prvni rekon-
strukci proSel tunel ve 20. letech 20. stol. V roce 1928 jim pro-
jel prvni automobil. Vstupni objekt/véZ na strané pristavu (St.
Pauli) byl za 2. svétové vélky velmi po§kozen, na strané lodénic
(Steinwerder) zcela zniCen (obr. 3). V letech 1982—-1983 byl
tunel zcela uzavren, kdyZ byly na dno Labe poklddény Zelezo-
betonové desky, majici chranit jeho t€leso pri opakovaném bag-
rovani koryta nezbytném pro lodni dopravu. Césteénd uzavirka
byla realizovéna v letech 2009-2010, pti opravach ke 100. vyro-
¢i otevreni tunelu.

Osobni auta se do tunelu spoustéji/vyvéazeji puvodnimi vyta-
hy; poplatek za pouZiti dnes ¢ini 2 eura. Nynf tunelem projizdi
cca 300 tis aut/rok (pred otevienim ,,Nového Labského tunelu*
to bylo cca 20 mil. aut/rok). K tomu pristupuje cca 700 tis.
pésich a 60 tis. cyklistu/rok. Ti maji pouZiti bezplatné. Auta
mohou do tunelu jen v pracovnich dnech od 5:30 do 20:00 hod.
O vikendech si tunel ¢asto pronajimaji poradatelé kulturnich ¢&i
sportovnich akci, byl také kulisou n€kolika filmu. Stavebni
objekt a jeho zafizeni jsou pamétkové chranény — obr. 4. [2, 3,4,
upraveno].

3. HAMBURG - NOVY LABSKY TUNEL

Tunel byl otevien 10. 1. 1975 kancléfem Helmutem Schmid-
tem béhem folklorniho festivalu, kterého se zticastnilo 600 000
lidi. Po dokon¢eni mél tunel tfi trouby po dvou pruzich (+ dvé
mezilehlé vétraci trouby). Z celkové délky 3325 m je 1056 m
vedeno pod korytem Labe. Za stfedniho pfilivu se konstrukce
nachdzi 28 m pod vodni hladinou. Tunelovy komplex byl vybu-
dovdn kombinaci tfi diametrdlné odlisnych technologii. Prvni
z nich bylo naplaveni osmi tunelovych sekci vybetonovanych
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THE MERSEY TUNNEL
wnday the River M v
berween Liverponl end

i I Deember 944
Ehh‘l\'..]d}i!ﬂ
Lenght, 2213 mile

WL P LAATT A 1 T i

Obr. 6 Mersey tunel pod Fekou Mersey, mezi Liverpoolem a Bir‘kenheadefn
Zahdjeny v prosinci 1925 a otevieny kralem Jiffm V. v Cervenci 1934. Délka
2,13 mil. Cena 7.077.800 £.

Vétraci $achta na pilifi celby

Interiér tunelu Mersey

Spojovaci komora s hlavnim a odbo¢nym tunelem

Hlavni vstup a velky osvétlovaci majak

29 [sbirka autoru] .

Fig. 6 The Mersey tunnel under the Mersey River, between Liverpool and

Birkenhead ' ‘
Brought into service in December 1925 and opened by King George V in July

1934. The length of 2.13 miles. Cost of 7,077,800 £.
Ventilation shaft on the excavation face pillar

Mersey tunnel interior
Connecting chamber with the main tunnel and the tunnel branch

The main entrance and a big lighthouse

22 [authors’ collection]

v suchém doku. ZB prvky rozméru 132 m (dl.) x 41,7 m (§.) x
8,4 m (v.) a hmotnosti 46 000 tun byly po zaplaveni doku odtaze-
ny a spustény do predem vyhloubené ryhy. Druhou technologif
bylo §titovani za podpory pretlaku vzduchu v dl. 1113 m. Tunelové
osténi z litinovych tubingti zde ma vnéj§i prumér 10,8 m. Zbyvajici
metrdZ tunelu byla realizovéna v oteviené ryze (obr. 5).

S ohledem na neustdle rostouci dopravni zatiZeni byl tunel
doplnén o ¢tvrtou rouru s dal§imi dvéma dopravnimi pruhy otev-
fenou provozu 27. 10. 2002. K vystavbé byl tentokrit nasazen
bentonitovy §tit s & 14,65 m, ve své dobé nejvetsi na svete. [2,
5, upraveno]

4. LIVERPOOL — TUNNEL MERSEY

Stavba prvniho silni¢niho tunelu pod fekou Mersey (tzv.
Queensway Tunnel) byla zahdjena 16. 12. 1925. Ze dvou stran
razené (horni) pilotni tunely se setkaly 3. 4. 1928. Nasledovalo
dobirdni zbyvajici kubatury tuneld (nejprve v horni a posléze
v dolni poloviné). Obezdivku tvori litinové tubingy, s vyplnénim
rubové mezery cementovou maltou, utésnénim Sroubt specidlnimi
podlozkami a temovanim tubingovych spar olovem. Razba probi-
hala za pouZiti trhavin, ve skalni hornin€ tvorici dno reky Mersey,
a to v neprili§ velké hloubce — nejnizsi bod tunelu lezi cca 52 m
pod nejvyssi vodni hladinou. Uprostied feky ¢ini skalni nadloZi
pouze 1,20 m. Vozovka md ¢tyfi pruhy, po dvou v kazdém sméru.
Jsou zde dvé odbocné vétve, vyvedené mimo hlavni tunel do pii-
stavu po obou strandch feky (obr. 6 a 7); Birkenheadska vétev byla
v roce 1965 uzavrena.

Soubor staveb byl otevien kralem Jitim V. 18. 7. 1934 za Glasti
200 tis. lidi. Délka tunelu ¢ini 3,428 km. V dobé dokonceni byl nejdel-
§fm svétovym podmorskym tunelem a svij primét si udrZel 24 let.

Rubanina poslouzila pro nasypdni zékladu fi¢ni promenddy
a verejné zahrady. Béhem deviti let stavby z 1700 muzu, ktefi
zde pracovali, 17 zahynulo. [6, 7, upraveno]

Obr. 7 Mersey tunel, spojovaci komora s hlavnim a odboénym tunelem

77 [sbirka autoru]

Fig.7 The Mersey tunnel, connecting chamber with the main tunnel and the
tunnel branch

?? [authors® collection]

5. DETROIT RIVER TUNEL

Pred vybudovanim tohoto tunelu byly pro spojeni Kanadské jizn{
Zeleznice se zdpadni ¢dsti Michiganu k dispozici pouze piivozy.
Tunel postavila Spole¢nost pro zfizeni tunelu pod fekou Detroit pro
Kanadskou jizni Zeleznici; byl pronajat Michiganské centralni
Zeleznici a posléze vlastnény Newyorskou centrdlni Zeleznici. V
soucasnosti jej uziva Kanadska pacifickd Zeleznice. Dnes je na stra-
né Detroitu oblast kolem tunelu uzaviena pro verejnost a je hlidana
fadou bezpeénostnich slozek pro zabrdnéni nekontrolovaného

pohybu osob mezi USA a Kanadou (obr. 8). [8, upraveno]

6. TUNEL DETROIT — WINDSOR

Dne 1. 11. 1930 prezident Herbert Hoover otocil v Bilém domé
»zlatym telegrafnim kliCem* a oteviel tak Detroit — Windsor

£ .+ B :
CATRARSE 10 DETRETE NUpam TunedL, BETSSCT, oigs

Obr. 8 Vstup do tunelu pod rekou Detroit, Detroit, Mich

Detroit River Tunel je originalni tim, e Je jedinym tunelem tohoto typu, jaky
kdy byl vybudovan. Stavél se v jimkach, veskeré préace probihaly z drovné
vodni hladiny, bez pouziti stlateného vzduchu. Tunel je elektrifikovany. Stavba
byla zahdjena 1. f{jna 1906 a dokondena 1. &ervence 1910. Délka mezi portaly

je 1 a3/8 mile, a celkové s rampami 2 a 1/2 mile. Byl postaven pro M.CR R.
(Pozn. autorii: za cenu 8.500.000 $).

C. T. American art co. Chicago. 1919 [sbirka autorti].

Fig. 8 Entrance to the tunnel under the Detroit River, Detroit, Mich

The Detroit River Tunnel is original in that it is the only tunnel of this type
which has ever been built. It was built in cofferdams; all work operations were
executed from the water surface level, without using compressed air. The tun-
nel is electrified. The construction works commenced on the 15t October 1906
and was finished on the 15t July 1910. The length between portals amounts to
1 and 3/8 of mile; the total length including ramps amounts to 2 and 1/2 of mile.
It was built for the MCRR (authors’ note: at the cost of 8,500,000 $).

C. T. American Art co. Chicago. 1919. [authors’ collection]




Obr. 9 Pozdravy z Windsoru Ontario Kanada . .
Windsor, Ontario, Kanada. Nahore: Ndkladn{ lodé na fece Detroit. Dole: Detroit

— Windsor Tunnel. ) .
Sigal Brother, Ltd., Windsor, Ontario, Canada. 1970. [sbirka autoru]

Pozn.: Podle textu na rubu pohlednice byli v roce 1970 jejimi odesilateli do
Bratislavy Cerstvi posrpnovi emigranti CSSR.

Fig. 9 Greetings from Windsor, Ontario, Canada .

Windsor, Ontario, Canada. At the top: Cargo ships on the Detroit River. At the

bottom: Detroit — Windsor Tunnel. _
Sigal Brother, Ltd., Windsor, Ontario, Canada. 1970. [authors* colleqmn]
Note: According to the text on the reverse side of the picture card, it was sent
to Bratislava by fresh after-August emigrants from the CSSR in 1970.

tunel. Pravidelnd doprava byla zahdjena 3. 11. 1930. Tunel spoju-
je délnici na severu Detroit (Michigan, USA) s Windsorem na jihu
(Ontario, Kanada). Jde o druhy nejvétsi prechod mezi Spojenymi
staty a Kanadou, ktery pouziva asi 13 000 vozidel/den, tj. cca 9
mil. vozidel/rok (motocykly jsou vylouceny a nejvétsim kamid-
num jiZ tunelovy prafez nevyhovuje) — obr. 9. V dobé dokon&ent
se jednalo o treti tunel pro automobily v USA (po Hollandové
v N.Y. a Posey v Kalifornii), ddle byl tfetim tunelem na svété spo-
jujicim dva staty a vibec prvnim takovym pro motorové vozidla.
Ma dl. 1573 m, v kazdém smeéru jeden jizdni pruh, vozovka je
v nejniz§im misté 23 m pod hladinou feky. Stavebné byla do dna
feky vyhloubena z hladiny pfiénd ryha a do ni naplaveno
a potopeno devét ocelobetonovych segmenti o hmotnosti 8000
tun. Ty byly posléze svareny a zaplaveny vrstvou zeminy tloustky
od 1,2 m do 6,1 m. Takto zhotovend stfedni ¢ast tunelu byla
k obéma bfehum pripojena vyraZenymi tunelovymi rampami.
Celkové ndklady na stavbu ¢inily 25 mil. US $. S ohledem na to,
Ze tunel v podstaté lezi na dné feky, je vymezena Sirokd zéna, ve
které je zakdzano kotveni lodi. [9, upraveno]

7. TUNEL RENDSBURG

Tunel Rendsburg (D) md dva 640 m dlouhé tubusy po dvou
proudech. Prevadi federdlni délnici 77 pod Severomorsko-
Baltskym kandlem (dfive zndmym jako Kielsky, resp. cisare
Viléma) z Rendsburgu na severu k Westerroenfeldu na jihu —
obr. 10. Tunel byl vybudovan jako ndhrada starého otocného
mostu. Prace byly zahdjeny 23. 11. 1957, otevien byl 25. 7.
1961. Stredni (hlavni) sekce dl. 140 m byla vybetonovdna v jamé
jizné od kandlu a po jejim otevieni naplavena do predem vyhlou-
bené pri¢né ryhy. Kanal byl pfi této operaci uzavien pro lodn{
dopravu pouze na 70 hodin. Pfipojovaci rampy byly provedeny
v otevienych jaméch. Prostor pouZity pro vystavbu naplavované
sekce je dnes pouZivan jako méstské koupali§te. V souCasnosti
tunel prochdzi rozsahlou rekonstrukei. [10, upraveno]

8. BALTIMORE HARBOR TUNNEL

Dva dvouproudé silni¢ni tunely prevadéjici Interstate 895 jihovy-
chodné od centra Baltimore (Maryland, USA) pod fekou Patapsco.
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Obr. 10 Silni¢ni tunel pod Severomorsko-Baltskym kandlem

Stavba od 23. 11. 1957 do 25. 7. 1961

Celkova délka 127793 m — z toho uzavieny tunel 640 m

Povrch vozovky ve stiedu tunelu 20,15 m pod vodni hladinou

Herst. U. Verlag Schéning & Co + Gebriider Schmidt — Liibeck sv Bestellnr. Rd 366

Auslieferungsl. Rendsburg, Jungfernstieg 4, Tel. 23765 u. 24633. 22 [sbirka
autoru]

Fig. 10 Road tunnel under the North Sea — Baltic Sea canal

Construction period from 234 November 1957 to 25th July 1961

The total length of 1277.93m — of that, the closed tunnel length of 640m
Roadway surface in the middle of the tunnel is 20.15m under the water surface
Herst. U. Verlag Schéning & Co + Gebriider Schmidt — Liibeck sv Bestellnr.
Rd 366 Auslieferungsl. Rendsburg, Jungfernstieg 4, Tel. 23765 u. 24633. ??
[authors” collection]

P4

Tunelové roury jsou 2,33 km dlouhé, svétlé Sitky 6,7 m a vysky
4.3 m (obr. 11). Mocnost nadloZi je od 15,2 m do 30,8 m. Tunel
tvori 21 naplavenych dseku dl. 94 m, potopenych do piicné ryhy
vybagrované ve dné a presypanych kameny. Prvni segment byl
potopen 11. 4. 1956. Zbyvajici délka tunelu, rampy, byla postavena
metodou cut & cover (hloubenim). Tunel byl otevren 29. 11. 1957,
cca dva mésice pred planovanym terminem a ten samy den zaZil
velky dopravni népor tisicu aut, mificich do Philadelphie na zdpas
v americkém fotbalu Army-Navy 1957.

V dobé otevieni ¢inilo mytné 0,40 US $/auto, nyni je 10x
vyS§i. V letech 1985 az 1990 byl tunel po etapach uzavien
a rozsdhle rekonstruovan. [11, upraveno]

9. CHESAPEAKE BAY BRIDGE TUNNEL

Jde o 37 km dlouhé spojeni pres usti zalivu Chesapeake ve
staté Virginia v USA. Jeho souddsti jsou dva tunely pod plaveb-
ni drdhou, spojujici ¢tyfi umélé ostrovy plochy cca 2 ha (obr.
12). V centrdlni ¢4sti jde o Chesapeake Channel Tunnel (dl.
1 596 m, mezi ostrovy 3 a 4), v JZ ¢asti Thimble Shoal Tunnel
(dl. 1 692 m, mezi ostrovy 1 a 2). Stavba mostu-tunelu byla
zahdjena 7. 9. 1960 a projekt byl uveden do provozu 15. 4. 1964.
Tunely byly zfizeny naplavenim ZB sekci, potopenych do pre-
dem pripravenych ryh, s ndslednym presypanim. Prijezdny pro-
fil je Siroky 7,32 m (se 2 jizdnimi pruhy) a vysoky 4,11 m.
K financovéni souboru staveb byl pouZit prodej dluhopisu, bez
jakychkoliv ndroku na vefejné prostfedky z dani. Béhem stavby
prislo o Zivot sedm pracovniku.

Americkd spole¢nost stavebnich inZenyra ocenila v roce 1965
celé spojeni jako ,,vynikajici inZenyrsky ¢in“ a ve stejném roce
byla stavba oznalena za ,jeden ze sedmi divi inZenyrstvi
moderniho svéta“.

Nahrazeni jiz kapacitné nedostaCujicich tuneld novymi,
Styfproudymi, bylo v roce 2005 odloZeno na neurcito. [12,
upraveno]
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i [ ] land
Obr 11 Pristavni tunel. Baltimore, Mary ) )
Fai:field resp. jizni portél nového, 1,7 mile dlouhého, dvoutubusového tunelu

pod piistavem Baltimore, ktery je soucdsti obchvatu mésta spojujicitho vsechny
délnice. _
D. E. Traub, 2313 South Rd., Baltimore 9, M

] 7 i Maryland
Fie. 11 Harbour tunnel, Baltimore, . ) ]
Fu‘igrfield or the southern portal of the new, 17 miles long, double-tube tunnel

L . o T
under the Baltimore harbour, which is part of the city circle road intercon

d. 27 [sbirka autori]

cting all motorways.

D. E. Traub, 2313 South Rd., Baltimore 9, Md. ?? [authors’ collection]

ZAVER

Prispévek je vénovan pohlednicim se zajimavym a atraktivnim
segmentem tunelového stavitelstvi, v CR jen velmi mdlo fre-
kventovanym. Atraktivni jsou, jak z pohledu profesniho, tak
i z pohledu sbératelského, predevSim nejstar$i polozky (zde
Hudsonsky tunel, Stary Labsky tunel a Detroit River Tunel).

doc. Ing. VLADISLAV HORAK, CSc.,
Ing. RICHARD SVOBODA, Ph.D.

LITERATURA / REFERENCES
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CHESAPEAKE BAY BRIDGE TUNMNEL

Obr. 12 Chesapeake Bay most-tunel

Spojeni Virginia Beach a Virginského Vychodniho pobiezi U.S. silnici &. 13.
Jeden z technickych diva svéta. Tento projekt za 200.000.000 $ se téhne v délce
17,6 km pres usti zalivu Chesapeake. Sestdva ze dvou tuneld a &tyf umélych
ostrov, stejné jako z 12 mili, na snimku patrnych, betonovych mosta.
Fotografovdno: Virginia Beach Foto Enterprises. Pub. by Rowe distributing
Co., Norfolk, Va. 23509. ?? [sbirka autorii]

Fig. 12 Chesapeake Bay bridge-tunnel

The connection between Virginia Beach and Virginia Eastern Coast via the
Road No. 13. One of technical wonders of the world. This 200,000,000 $ pro-
ject extends at the length of 17.6km over the Chesapeake Bay mouth. It con-
sists of two tunnel tubes and four artificial islands as well as 12 miles of the
concrete bridges seen in the picture.

Pictures taken by: Virginia Beach Photo Enterprises. Pub. by Rowe distributing
Co., Norfolk, Va. 23509. ?? [authors’ collection]

Podekovdni: Prispévek byl vypracovdn s finanéni pomoci
EU ,,OP Vyzkum a vyvoj pro inovace“, projekt reg.
¢. CZ.1.05/2.1.00/03.0097, v rdmci cinnosti regiondlniho cent-
ra AdMaS konstrukce
a technologie* a programu Centra kompetence Technologické
agentury Ceské republiky (TACR) v rdmci projektu Centrum
pro efektivni a udrZitelnou dopravni infrastrukturu (CESTI),
¢islo projektu TE01020168.
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KONFERENCE PODZEMNI STAVBY PRAHA 2016

www.sta-ita-aites.sk

“UNDERGROUND CONSTRUCTION PRAGUE 2016" CONFERENCE

Priprava 13. mezindrodni konference Podzemni stavby Praha
2016 probihd podle planu. V druhé poloviné roku 2014 byla pro-
vedena fada vyznamnych rozhodnuti a kroku v rdmci piipravy.
Konference se uskute¢ni ve dnech 23. az 25. kvétna 2016
v prostordch moderniho hotelu Clarion (obdobné jako v letech
2010 a 2013). V roce 2016 probéhne konference spole¢né se
3. vychodoevropskou tuneldrskou konferenci (Eastern European
Tunnelling Conference) EETC 2016. Konference ziskala podporu
svétové tuneldrské asociace (ITA-AITES Endorsement). Spole-
Censky vecCer se opét bude konat v mimoradném a tcastniky obli-
beném prostiedi Brevnovského kldstera. Byl sestaven pripravny
vybor a védeckd rada konference, do pripravy konference byla
zapojena fada Ceskych i zahrani¢nich odborniku. Obdobné jako
v minulosti s pripravou asistuje spole¢nost Guarant International
spol. s . 0. Veskeré podrobnosti ohledné konference jsou jiz dostup-
né na webovych strankdch konference, kde jsou uvedeny informace
v Cestiné (www.pspraha.cz) i v angli¢tiné (www.ucprague.com). Na
uvedenych strdnkdch jsou mimo jiné nejduleZitéjsi terminy pri-
pravy, abstrakty budou prijimany do 30. 9. 2015 a registrace
lcastnika bude spusténa 15. 10. 2015. Véfime, Ze i v roce 2016
bude pro vds konference dostate¢né atraktivni, prirozené veskeré
podnéty z fad ¢lena CzTA na pripravu konference jsou vitany.

doc. Ing. MATOUS HILAR, Ph.D., hilar@3-g.cz
Predseda vedecké rady konference PS 2016

CINNOST SEKCE TUNELY CSS V ROCE 2014

Cinnost sekce v priibéhu roku 2014 byla, obdobné jako v nékolika
predchozich letech, soustfedéna na otézky provozovani a idrzby tune-
lovych tsekd délnic a silnic CR, na dokon¢ovani souboru tunelt
Blanka MO Praha a na pokralovéni spoluprdce &lenu sekce
v technickém vyboru C 3.3 spolecnosti PIARC a v jeho pracovnich
skupinéch.

Na pravidelnych ctvrtletnich jednanich byli Gcastnici informovani
o poSkozenich konstrukei tunelu Panenskd D 8 nadmérnym nakladem
v lednu 2014, dspesné likvidaci pozaru nakladniho vozidla v tunelu
Lochkov SOKP 514 v témzZe mésici a o dopravnich havariich, bohu-
zel se smrtelnymi nasledky, v tunelech MO Praha Mrazovka a Cho-
lupice SOKP 513 v srpnu a zari 2014. Program jednani obsahoval také
informace a zkuSenosti z provadénych hlavnich prohlidek tunelu.

Diky laskavosti dodavatelskych spolecnosti tunelu MO Praha
Blanka bylo ¢ervnové jednani sekce organizovano jako podrobnd pro-
hlidka stavebné dokonceného tunelu pripravovaného pro jeho uvede-
ni do provozu. Na pripojeném jednani sekce byla, po vzdjemné doho-
de, ukonCena Cinnost pana profesora Bartaka jako predsedy Sekce
tunely CSS zapocata spolu s obnovenim jeji &innosti v roce 1994. CSS
a jeji Sekce tunely srde¢né a upfimne dékuji prof. Bardkovi za dlou-
holetou spolupréci a doufaji v jeji prileZitostné laskavé pokraCovani.
Po dohodé s predsednictvem CSS bude novy predseda Sekce tunely
zvolen po schvéleni novych stanov CSS mimorddnym sjezdem
v ¢ervnu 2015.

Cinnost sekce v roce 2014 zahrnovala déle, jako kazdoro¢né, orga-
nizovéni uvadéni ¢ldnku a zprav s problematikou tunelovych dseku

The preparation of the 13th international conference Under-
ground Construction Prague 2016 proceeds according to the plan.
A number of significant decisions and steps were made within the
framework of the preparation during the second half of 2014. The
conference will take place from 23td to 25th May 2016 on the
grounds of the modern Clarion hotel (similarly to the years 2010
and 2013). In 2016, the conference will be held jointly with the
3rd Eastern European Tunnelling Conference (EETC 2016). The
Conference has gained support from the International Tunnelling
Association (the ITA-AITES Endorsement). The Gala Dinner will
again be held in the Brevnov monastery, the environment of
which is exceptional and very popular with conference attendees.
The Conference Steering Committee and the Scientific Council
have already been assembled and numerous Czech and foreign
professionals have been engaged in the preparation. Similarly
as in the past, Guarant International spol. s r. 0. assists with the
preparation. All details regarding the Conference are already
available of the conference web pages, where information
is presented both in Czech (www.pspraha.cz) and English
(www.ucprague.com). Among other things, the above-mentioned
pages contain the most important deadlines for the preparation;
abstracts will be accepted until the 30/09/2015 and the registrati-
on of attendees will commence on 15/10/2015. We believe that
the conference will be sufficiently attractive for you even in 2016.
Naturally, all suggestions to be submitted by the CzZTA members
will be welcomed.

doc. Ing. MATOUS HILAR, Ph.D., hilar@3-g.cz
Chairman of the PS 2016 Conference Scientific Council

pozemnich komunikaci v ¢asopisu Silni¢ni obzor stejné jako prezen-
tovani této problematiky na Silni¢ni konferenci 2014 v Olomouci.

Také ve tretim roce obdobi 2012-2015 mezi kongresy mezindrodn{
silni¢ni spole¢nosti PIARC pokrafovala spoluprdce Clena sekce
v pracovnich skupindch technické komise C 3.3 provozovéni tunelq.
Informace z jednéni technické komise C 3.3 byly prof. Pribylem,
Ucastnikem téchto jednéni, preddvany na strankdch ¢asopisu Silnién{
obzor. Zasluhou prof. Pribyla byl v rdmci pracovni skupiny WG 6 pre-
lozen do CeStiny manudl souhrnu informaci spolecnosti PIARC
o tunelech na pozemnich komunikacich dosazitelny na
http://tunnels piarc.org. Prof. Pribyl spolupracoval také na ¢innostech
pracovni skupiny WG 3 zaméfené na chovdni uZivatelt v tunelovém
provozu a organizoval jedndni této pracovni skupiny v zari 2014
v Praze. Ing. Sajtar osobni ti¢asti na &innostech pracovni skupiny WG
5 a organizovanim zpracovéani podkladi o tunelech MO Praha, zajis-
til prirazeni informaci o téchto tunelech k souboru vice nez dvou desi-
tek obdobnych informaci o pouZiti tuneld v méstskych aglomeracich
zpracovavanych v rdmci WG 5.

Na jedndnich sekce tunely byly také v prubéhu roku 2014 preddva-
ny informace o tGcasti jejich ¢lent na ¢innostech mezinarodni spolec-
nosti ITA-COSUF (tieti setkéni bezpecnostnich technikil tunelt bre-
zen 2015 Luxemburg, workshop ¢erven 2015 Berlin a fijen 2015
Kodan).

Plan Ginnosti Sekce tunely €SS na rok 2015
Cinnost Sekce tunely CSS bude pokracovat v roce 2015 organizov-
nifm obvyklych jedndni v terminech 18. 3., 17.6.,16.9.a 3. 12. 2015.




Kromé pokradovani projednavani otazek provozovani
a ddrzby tunelovych tsekid silnic CR, dokon&eni spolupréce
Clenu sekce v pracovnich skupiniach PIARC pied kongresem
2015 této spole¢nosti v zaveru roku 2015 v Soulu, bude ¢innost
sekce v prubéhu roku nové zaméfena na probihajici rozvoj
vystavby tunelovych tseku silnic a délnic na dzemi Slovenské
republiky. Breznové ¢islo Casopisu Silniéni obzor by mélo
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prinést informace o ucasti Ceskych stavebnich spole¢nosti na
zahdjenych stavbach tuneldi na Slovensku. CSS Sekce tunely
projednd moznost pripojeni jejich €lent k exkurzi na lokality
zahdjenych staveb tuneld na Slovensku, kterou pfipravuje Ceska
tuneldrskd asociace na termin 18.-20. 6. 2015.

Ing. JIRI SMOLIK, Sekce tunely CSS

PRIPRAVA KONFERENCIE TUNELY A PODZEMNE STAVBY 2015, 11.-13. 11. 2015 ZILINA
PREPARATION OF THE TUNNELS AND UNDERGROUND STRUCTURES 2015 CONFERENCE,

11™ - 13™ NOVEMBER 2015, ZILINA

Slovenska tuneldrska asocidcia v spolupréci s Ceskou tuneldr-
skou asocidciou intenzivne pracuje na priprave konferencie
Tunely a podzemné stavby 2015, ktord sa bude konat' v dnoch
11.-13. novembra 2015 v Ziline.

Cielom konferencie je informovat' Sirokd odbornid verejnost
a vymenit si skusenosti v oblasti pldnovania, realizovania
a prevadzkovania podzemnych stavieb. Pre tcastnikov konferen-
cie budu urcite zaujimavé aj exkurzie na jednotlivé tunelové stav-
by, ktorych je momentdlne v Zilinskom regiéne 7, vritane zatial
najdlhsieho a najo¢akavanejSieho slovenského dialni¢ného tunela
Visnové.

Vsetky potrebné informdcie o konferencii ndjdete na
www.tps2015.sk, kde bude prebiehat’ aj komunikdcia s autormi
prispevkov a registrdcia icastnikov. V sicasnosti je distribuované
1. oznamenie — Call for Papers, ktoré si mdzZete stiahnut na uve-
denej webovej adrese. Termin na zaslanie abstraktov k prispev-
kom v rozsahu 300-500 slov je do 30. 3. 2015. Rozhodnutie
a ozndmenie o akceptovani abstraktov bude do 30. 4. 2015.

Te$ime sa na vasu tast na konferencii a na stretnutie v Ziline

Ing. MILOSLAV FRANKOVSKY,

predseda Slovenskej tuneldrskej asocidcie,
Ing. VIKTORIA CHOMOVA,

predsednicka pripravného vyboru konferencie

The Slovak Tunnelling Association, in collaboration with the
Czech Tunnelling Association, intensely works on the preparation of
the Tunnels and Underground Structures 2015 Conference,
which will be held on 11th through 13th November 2015 in Zilina.

The objective of the conference is to inform the wide professional
public and to exchange experience in the field of the planning, imple-
mentation and operation of underground construction projects.
Interesting for the conference attendees will certainly also be excursi-
ons to individual tunnel construction sites, the number of which in the
region of Zilina currently amounts to 7, inclusive of the Visnové tunnel,
till now the longest and most awaited of Slovak motorway tunnels.

All necessary information about the conference is available on
www.tps2015.sk, which is, in addition, the place where communica-
tion with authors of papers and the registration of attendees will take
place. At the moment, the 15t Announcement — the Call for Papers —
is being distributed. You can download it on the above-mentioned
web address. The deadline for submitting abstracts to papers ranging
from 300 — 500 words is 30/03/2015. The decision and announcement
about the acceptance of the abstracts will take place by 30/04/2015.

We are looking forward to your participation in the conference
and to meeting you in Zilina.

Ing. MILOSLAV FRANKOVSKY,

the Chairman of the Slovak Tunnelling Association,
Ing. VIKTORIA CHOMOVA,

the Chairman of the Conference Steering Committee
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prof. Ing. Pavel Pfibyl, CSc., Ing. Jan Pfikryl, Ing. Ondrej Pribyl 3/2014 4

B Zallenéni tunelového komplexu Blanka do méstského dopravniho systému
Incorporation of Blanka Complex of Tunnels into Urban Transport System
Ing. Jifi Stefan, doc. Ing. Tomas Tichy, Ph.D. 3/2014 15

B Tunelovy trenazér TOMMS
TOMMS Tunnel Simulator
Ing. Jan Prikryl, Ing. Jan Silar, Ing. Tomd§ Smerda, MBA 3/2014 23

B PoZdrni vétrani tunelového komplexu Blanka k zajiSténi bezpecného
zésahu IZS
Fire Ventilation of Blanka Complex of Tunnels for Ensuring Safe Integrated
Rescue System Intervention
Ing. Jif{ Zaparka 3/2014 47

10. ZE SVETA PODZEMNICH STAVEB
THE WORLD OF UNDERGROUND CONSTRUCTIONS
B Alter Kaiser Wilhelm tunel — Cochem, Némecko
Alter Kaiser Wilhelm Tunnel — Cochem, Germany
Ing. Jan Vintera 1/2014 91

B Tunel Bancarevo na ddlnici E 80 —Dimitrovgrad v Srbsku
Ing. Jan Vintera 12014 91

B Tunel Nordfjordur, Island
Nordfjordur Tunnel, Iceland
Ing. Ale§ Gothard 12014 92

B Zavazny pozér v tunelu Lochkov na silni¢énim okruhu kolem Prahy
Serious Fire in Lochkov Tunnel on Prague City Ring Road
prof. Ing. Pavel Pfibyl, CSc. 12014 93

B Modernizace centrélniho fidiciho systému automobilového tunelu Sitina
v Bratislavé ,,za provozu*
Modernisation of Central Management System for Sitina Automobile Tunnel
in Bratislava “Under Trafic”
Ing. Tomas Smerda 12014 94

B Prordzka ddlni¢niho tunelu Bancarevo v Srbsku
Bancarevo Motorway Tunnel Breakthrough, Serbia

Ing. Jan Vintera 2/2014 87

B Publikace Jablunkovské tunely
Ing. Miloslav Novotny 2/2014 87

M Plzenskd podzemi
RNDr. Radovan Chmelar, Ph.D. 2/2014 88

B Mozaika ze svéta

Ing. Miloslav Novotny 12014 95
2/2014 86
3/2014 71
4/2014 66

B Metrostav v Norsku
Mertostav in Norway
Ing. Boris Sebesta 3/2014 72

B Tunelovy komplex Blanka — taktické cviceni IZS
Blanka Complex of Tunnels — IRS tactical Exercise
Ing. Lukds Rakosnik 4/2014 67

11. AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND
CONSTRUCTION

B Soubor staveb MO v tiseku Myslbekova — Pelc-Tyrolka (Blanka)

Construction Lots within Myslbekova — Pelc-Tyrolka Section
of the City Circle Road (Blanka Tunnel)
B Prodlouzeni trasy metra V.A
Metro Line No. 5 Extension
B Dilnice D8 — 0805 — Lovosice — Rehlovice
D8 Motorway — Construction Lot 805: Lovosice — Rehlovice
B Modernizace trati Rokycany — Plzen
Modernisation of Rokycany — Plzen — Railway Track Section
B Prizkumnd $tola pro radlickou radidlu Jihozdpadni Mésto — Smichov
Exploratory Gallery for the Radlice Radial Road Linking South-Western
Satelitr Town with Smichov
Ing. Boris Sebesta, Ing. Jan Vintera 12014 98

W Tunel Sibenik
Sibenik Tunnel
B Tunely Polana a Svr¢inovec
Polana and Svrcinovec Tunnels
B Tunely na ddlnici D1
Tunnels on the DI Motorway
Ing. Miloslav Frankovsky 12014

B Soubor staveb MO v tseku Myslbekova — Pelc-Tyrolka (Blanka)
Construction Lots within Myslbekova — Pelc-Tyrolka Section
of the City Circle Road (Blanka Tunnel)
B Prodlouzeni trasy metra V.A
Metro Line No. 5 Extension
B Dilnice D8 — 0805 — Lovosice — Rehlovice
D8 Motorway — Construction Lot 805: Lovosice — Rehlovice
B Modernizace trati Rokycany — Plzeri
Modernisation of Rokycany — Plzen — Railway Track Section
Ing. Boris Sebesta, Ing. Jan Vintera 2/2014

B Prordzka ¢ésti odlehcovaci stoky CO3 razené bentonitovym Stitem pod
Kralovskou zahradou Prazského hradu
Breakthrough a Part of CO3 Relief Sewer Driven under the
Royal Garden in Prague Castle Using Slurry Shield
Ing. Milan Schagerer, RNDr, Radovan Chmelar, Ph.D. 2/2014

B Sudoméficky tunel
Sudomérice Tunnel
Ing. Libor Mafik 2/2014

W Tunel Sibenik
Sibenik Tunnel
B Tunely Polana a Svr¢inovec
Polana and Svrcinovec Tunnels
W Tunely Ovéiarsko a Zilina
Ovéiarsko and Zilina Tunnes
W Tunel Cebrat’
Cebrat Tunnel
Ing. Milan Majer¢ik 2/2014

B Soubor staveb MO v tseku Myslbekova — Pelc-Tyrolka (Blanka)
Construction Lots within Myslbekova — Pelc-Tyrolka Section
of the City Circle Road (Blanka Tunnel)
B ProdlouZeni trasy metra V.A
Metro Line No. 5 Extension
B Modernizace trati Rokycany — Plzen
Modernisation of Rokycany — Plzen — Railway Track Section
Ing. Boris Sebesta, Ing. Jan Vintera 3/2014

B Prord7ka Zelezni¢niho tunelu Sudoméfice
SudoméFice Railway Tunnel Breakthrough
Ing. Libor Mafik 3/2014

W Tunel Sibenik
Sibenik Tunnel
B Tunely Polana a Svr¢inovec
Polana and Svrcinovec Tunnels
W Tunely Ovéiarsko a Zilina
Ovciarsko and Zilina Tunnels
W Tunel Cebrat’
Cebrat Tunnel
B Tunel Povazsky Chlmec
Povdzsky Chimec Tunnel
B Tunel Visnové
Visnové Tunnel
Ing. Milan Majer¢ik 3/2014

B Soubor staveb MO v tseku Myslbekova — Pelc-Tyrolka (Blanka)
Construction Lots within Myslbekova — Pelc-Tyrolka Section
of the City Circle Road (Blanka Tunnel)
B Prodlouzeni trasy metra V.A
Metro Line No. 5 Extension
B Modernizace traté¢ Rokycany — Plzen
Modernisation of Rokycany — Plzen Railway Track Section
W Dilnice D8 — 0805 — Lovosice — Rehlovice
D8 Motorway — Construction Lot 805: Lovosice — Rehlovice
Ing. Boris Sebesta 4/2014

B Priizkumné $tola pro Radlickou radidlu Jihozdpadni Mésto — Smichov
Exploratory Gallery for the Radlice Radial Road Linking South-Western
Satelite Town with Smichov
Ing. Jan Vintera 4/2014

W Tunel Sibenik
Sibenik Tunnel
Tunel Polana a Svr¢inovec
Polana and Svréinovec Tunnel
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B Tunely Ovéiarsko a Zilina B Odborny zdjezd CzTA ITA-AITES

Ovdiarsko and Zilina Tunnel ITA-AITES CzTA Technical Excursion
B Tunel Cebrat Ing. Markéta Pruskovd, Ph.D. 4/2014 92

Cebrat Tunnel " . . L . ;
B Tunel Povézsky Chlmec B Zpétnd ztnalyza mélce zalozenych tunelovych konstrukef

Povdzsky Chimec Tunnel Ing. Ale$ Zapletal, DrSc. 4/2014 92
W Tunel Visiové B Konference Podzemni stavby Praga 2016

Visitové Tunnel Underground Construction Prague 2016 Conference

Ing. Milan Majercik 4/2014 75

B Exkurze CzTA
12. ZPRAVY Z TUNELARSKYCH KONFERENCI Ing. Markéta Pruskovd, Ph.D. 4014 94
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Tunnel Af,t eznoon3/2013 ., o Ing. Boris Sebesta 4/2014 94

Ing. Martin Srb, Ing. Markéta Pruskovd, Ph.D. 12014 97
O S aitite A 14. SPRAVODAJSTVO SLOVENSKEJ TUNELARSKEJ ASOCIACIE ITA-AITES

unetarske odpoledne ITA-ITES SLOVAK TUNNELLING ASSOCIATION REPORT
Tunnel Afternoon 112014 B Valné shromazdenie Slovenskej tuneldrskej asocidcie
Ing. Markéta Pruskovd, Ph.D. 2/2014 88

B 19. roénik mezindrodniho semindre zpeviiovéni, tésnéni a kotveni
horninového masivu a stavebnich konstrukei 2014
19" Annual International Seminar on Reinforcing, Sealing and Anchoring
of Ground Mass and Civil Engineering Structures 2014
doc. RNDr. Eva HrubeSovd, Ph.D. 2/2014
B Workshop o méstskych kolektorech v Riyadhu, Satidskd Ardbie
Training Session on Utility Tunnels, Riyadh, The Kingdom of Saudi Arabia
Ing. Jan Sochurek 2/2014

B Svétovy tuneldfsky kongres WTC 2014
a 40. Valné shromazdéni ITA-AITES
World Tunnel Congress WIC 2014
and 40th General Assembly of ITA-AITES
Ing. Miloslav Novotny 3/2014

B Tuneldfské odpoledne 2/2014
Tunnel Afternoon 2/2014
Ing. Markéta Pruskovd, Ph.D. 3/2014

B Swiss Tunnel Congres 2014 v Luzernu
Swiss Tunnel Congres 2014 in Lucerne
Ing. Vlastimil Hordk 3/2014

B Tuneldfské sympozium v Mnichové 2014
Munich Tunnelling Symposium 2014
Ing. Vlastimil Hordk 3/2014

B Informace o konferenci Polni geotechnické metody 2014
Information on the Geotechnical Methods 2014 Conference
Ing. Richard Barvinek 4/2014

B XV. Dunajsko-evropskd geotechnickd konference
XV. Danube-European Conference on Geotechnical Engineering
doc. RNDr. Eva HrubeSovd, Ph.D. 4/2014

B Tuneldfské odpoledne 3/2014
Tunnel Afternoon 3/2014
Ing. Markéta Pruskovd, Ph.D. 4/2014

B 14. ro¢nik mezindrodni konference geotechnika 2014
14" Biannual Conference Geotechnics 2014
doc. RNDr. Eva HrubeSovd, Ph.D. 4/2014

B Konference EETC 2014 Athény
EETC 2014 Conference in Athens
Ing. Markéta Pruskovd, Ph.D. 4/2014

B 63. geomechanické kolokvium v Salcburku
Ing. Miloslav Novotny 4/2014

13. ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES

CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

B Cinnost sekce Tunely v roce 2013, pldn &innosti na rok 2014
Activities of the Tunnels Section in 2013, Work Plan 2014
Ing. Jifi Smolik 1/2014

B Valné shromédzdéni CzTA ITA-AITES
General Assembly of the CzTA ITA-AITES
Ing. Markéta Pruskovd, Ph.D., Ing. Miloslav Novotny 3/2014

B Konference Podzemni stavby Praha 2016
Underground Construction Prague 2016 Conference

Ing. Alexandr Butovi¢, Ph.D. 3/2014
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General Assembly of Slovak Tunnelling Association
Ing. Jozef Frankovsky

15. VYROCI
ANNIVERSARIES
B Osmdesat pét let Ing. Karla Matznera
Eighty-fifth Anniversary of the Birth of Karel Matzner
Ing. Miloslav Novotny

2/2014

1/2014

B Na pamitku h. prof. Ing. Marty Dolezalové, CSc.,
specialistky na matematické modelovéni metodou kone¢nych prvki
In Memory h. prof. Ing. Marta DoleZalovd, CSc.,
a Specialist in Mathematical Modelling using the Finite Element Method

Ing. Jifi Hudek, CSc., Ing. Milan Dolezal, CSc. 1/2014

B 75 let prof. Ing. Jiftho Bartdka, Dr.Sc.
Seventy-fifth Birthday Anniversary of prof. Ing. Jiri Bartdk, DrSc.

Ing. Miloslav Novotny 2/2014

B Blahoprejeme Ing. Pavlu Marikovi k 85. narozenindm
Congratulation to 85t Birthday of Ing. Pavel Marik

prof. Ing. Jif{ Bartdk, DrSc. 2/2014

B Pripominka jubilanta specidlni technologie
Reminiscence of the Toastee and Special Technology

Ing. Karel Franczyk, Ph.D. 2/2014

W 9.5. 1974 zahdjeni provozu prazského metra — 40 let
9 May 1974 — Prague Metro Inauguration — 40 Years

Ing. Josef Kutil 2/2014

B Zivotni jubileum — 70 let Ing. Ludvika Sajtara,
jednatele a generdlniho feditele Satra, spol. s.r.o.
Life Jubilee — 70" Aniversary of Ing. Ludvik Sajar,
the Acting Secretary and General Manager
of Satra, spol. s.ro.

Pavel Knor 3/2014

B 75 let doc. Ing. Richarda Stuparka, CSc.
75" Anniversary of Birth of doc. Ing. Richard Stiupdrek, CSc.

prof. Ing. Josef Aldorf, Dr.Sc. 4/2014

W Ing. Jifi Hudek, CSc. — dovrSen tif &tvrtin stoleti
Ing. Jiri Hudek, CSc. — Century Topping off Three Quarters of a Century

RNDr. Radovan Chmelar, Ph.D. 4/2014
B Subterra slavi 50 let

Subterra Celebrating 50-Year Anniversary

Ing. Jan Vintera, Ing. Jifi Novy, Stépan Sedlatek 4/2014

15. Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS
B Z historie pohlednic
From the History of Postcards

doc. Ing. Vladislav Hordk, CSc. 1/2014

B Vysehradsky tunel v Praze
WSehrad Tunnel in Prague

Ing. Pavel Sourek, Jakub Karlicek 1/2014

B Pohlednice s Zelezni¢nimi tunely v Moravském Svycarsku
Picture Postcards Showing Railway Tunnels in Moravian Switzerland

doc. Ing. Vladislav Hordk, CSc., Ing. Richard Svoboda, Ph.D. 2/2014

B Pohlednice s tematikou tunelii v Cechich
Tunnels in Bohemia in Picture Postcards

doc. Ing. Vladislav Hordk, CSc., Ing. Richard Svoboda, Ph.D. 3/2014

B Evropa — pohlednice s alpskymi tunely
Europe — Picture Postcards with Alpine Tunnels

doc. Ing. Vladislav Hordk, CSc., Ing. Richard Svoboda, Ph.D. 4/2014
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Navstivte nas na 41. roéniku Mezinarodniho
tunelarského kongresu ITAWTC 2015
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Lacroma Valamar Congress Center T

22, - 28, kvétna 2015, Dubrovnik, Chorvatsko

VSE CO POTREBUJETE _
PRO STAVBU TUNELU! —

Bez ohledu na to, o jaky projekt jde: maly tunel nebo velky tunel, vodni elektrarnu
nebo metro, potrubni nebo jiny kolektor. My jsme specialisté na tunely!
A mame vSe potiebne pro jejich vystavbu.

www.atlascopco.cz
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