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Milé ¢tenédrky a vazeni Ctenari Casopisu Tunel,

také se vam to nékdy stdva? Jedete tunelem a najednou zjistite, Ze si nehlidéte jen vzdalenost od pred vami jedoucich vozidel, ale sledujete i Cetnost, velikost
a konstrukéni feSeni vyklenk na Cisténi drendze, SOS kabin nebo pozdrnich hydrantt, porovnavate zpusob zatsténi tunelovych propojek nebo obecné rozsah
technologického vybaveni tunelu. Maji zahrani¢ni kolegové jedny dvere uprostred propojky, nebo dvoje v jejich dstich? Propzdel jsem i tunely, kde bylo pro-
pojkou vidét do druhé tunelové trouby a pravdepodobne i ty vyhovovaly bezpe&nostnim standardiim. Uvodnik Gasopisu Tunel pisi v exotickém prostiedi ostrova
Hvar, pode mnou $plouchd more a klid rusi jen cvrkot cikdd. Témér 1200 km dlouhd cesta nebyla jen trochu imornou nutnosti, ale i zajlmavou tuneldfskou exkur-
zi. Jiz pri prujezdu Vidni z mésta prﬂls nevidim, nebot'vétSina cesty se odehrdvd pod zemi a ]eden méstsky tunel stiidd druhy Délnice pak miii do Alp a napadd
mé otdzka, ]aka je asi kategone tunelii, kterymi projizdim? Sitkové usporadani efektivné vyuziva plochu priéného fezu, coz minimalizuje investi¢ni ndklady. Jako
fidi¢ ocenuji jiz témér standardn{ vybaveni svételnymi diodami podél hrany chodniku, které zvySuji pohodu pii prijezdu tunelem. Chorvatsko nabizi komfortni
spojeni od hranic se Slovinskem a7 do stfedni Dalmécie. Rychlost, s jakou byl ddlni¢ni tah ndroénym terénem postaven, je obdivuhodnd a bez tunelt by byla rea-
lizace nemyslitelnd. Opét me napadd, jaky je recept na tispéch? Svou roli jisté hraje nalezeni kompromisu mezi stavebnim fe$enim, technologickym vybavenim
a zajisténim bezpecnosti provozu. Pii cesté jsem se nesetkal s okdzalymi portdlovymi monumenty ¢i sloZitym architektonickym ztvarnénim bezpe¢nostniho zna-
Ceni uvnitt tunelu, které spise odvadéji pozornost fidice, nez by prispivaly ke zvySeni bezpeCnosti provozu. Strizlivé portdlové objekty citlivé zapadaji do krajiny
a nendpadné plni svou funkci. Ve vétSin€ tunelt je bez ohledu na délku povolend rychlost 100 km/hod. Je to tim, Ze jsou zde Tidi¢i ukaznénéjsi a jsou schopni i pri
této rychlosti jezdit bezpe¢né? Tézko fict, stétni prislusnosti fidi¢l je podle oznaceni na automobilech velmi pestrd, podstatnou ¢ést tvorf i CeStf fidici smutné
vyhldSeni svou neukdznénosti.

Ceskou republikou stejné jako fadou dal3ich zemi zmit4 ekonomicka krize. Mezi politiky se za&ind hovofit o zmék&ovani norem pro trasovan silnic a Zeleznic,
které by umoznilo vést trasu z vetsi ¢dsti po terénu a minimalizovalo pocet ekonomicky narocnych tunelu, které jsou podle normy navrhovany na zivotnost 100
let. Pokud maji byt smysluplné vyuZity a investice zhodnocena, musi byt na stejnou ,,Zivotnost* navrhovana i navazujici trasa. To si zrejmé mnozi neuvédomuji.
Na nds tuneldrich, trasérech, technolozich i specialistech na pozarni bezpe¢nost je hledat takova resent, kterd by umoznila ekonomicky i technicky efektivni ndvrh
tunell a vySkového i smérového vedent trasy, které by s jejich vyuiitim dévalo nasim potomkﬁm Sanci na bezpe¢nou, rychlou a z hlediska ekologické zatéze
i provoznich nikladii konkurenceschopnou dopravu A jak to vSe souv151 s tvodnikem casopisu Tunel? Kdyz listuji ¢isly Casopisu Tunel, napadd mé analogie
s cestovanim. Casopis poskytu]e moznost Vymeny zkuSenosti i ndzora bez ohledu na firemnf prislusnost, ¢i profesm specializaci. Na ndvrhu a vystavbe tunelu se
dnes podili fada specialistti z mnoha obort a kazdy z nich musi respektovat poZadavky téch druhych, resp. musi byt ochoten akceptovat specifika podzemnt stav-
by. To vyZaduje mnohdy ustup z rutinnich postupu pouZivanych v daném oboru mimo tunel a mnohdy i nutnost séhnout ke zméné norem a predpist. MnoZic se
¢lanky zahrani¢nich autort nabizeji moZnost bliz$iho pohledu do ,,kuchyné naSich sousedd, kam pri pouhém prﬁjezdu tunelem nemame Sanci nahlédnout a kde
diky hornatému terénu na tunelech stoji koncepce silni¢ni a ddlniéni sité. Nové &islo Tunelu, které prave otvirdte, je opét velmi pestre a nabité informacemi jak
z oblasti projektovani, tak realizace. Pfeji ndm vSem i v tezkych dobdach hleddni ekonomlckych dspor osvicené politiky a projektovani i realizaci fady potrebnych
a bezesporu ekologickych podzemmch staveb. VSem ¢tendfim naseho Casopisu pieji prijemné Cteni i ziskani novych zkusenosti a podnétii k zodpoveédné prici,
ke které podzemni stavby a tunely jisté patii. ING. LIBOR MARIK,

¢len redakcni rady
Dear readers of TUNEL journal,

Does it also happen to you sometimes? You are driving through a tunnel and, all of a sudden, you realise that you not only watch the distance from the vehicles driving
in front of you but also follow the frequency, dimensions and structural design of drainage clearing niches, SOS cabins or fire hydrants, compare the design of connections
of cross passages or, generally, the scope of tunnel equipment elements. Do foreign colleagues have one door in the middle of cross passages or two doors, at both ends?
[ have even passed through tunnels where it was possible to see the other tunnel tube through a cross passage and even they probably met safety standards. I am writing this
editorial for TUNEL journal in an exotic environment of Hvar Island, with the sea splashing against the shore under me, and the silence being disturbed only by shrilling
cicadas. The nearly 1200km long journey was not only a little bit gruelling necessity, but also an interesting tunnelling educational excursion. It is as early as during the pas-
sage through Vienna that I cannot see too much of the city because of the fact that the majority of the driving takes place underground, with one urban tunnel taking turns
with another one. Then the motorway is heading toward the Alps. A question occurs to me as to which tunnel categories I am probably driving through. The width layout
effectively uses the area of the cross section, thus minimising investment costs. As a driver, I appreciate nearly standard equipping of tunnels with light emitting diodes along
walkway edges, which improve the comfort during tunnel passage. Croatia offers a comfortable connection from the border with Slovenia up to central Dalmatia. The speed
of constructing the motorway route through a difficult terrain was admirable. Without tunnels it would have been unthinkable. It again occurs to me: What is the recipe for
success? Finding a compromise between the structural design, tunnel fit-out and operational safety is certainly very important. I did not encounter sumptuous portal monu-
ments or complicated architectural design for safety marking inside a tunnel, which rather divert driver’s attention instead of improving operational safety. Simple portal
structures are sensibly incorporated into the landscape, unobtrusively fulfilling their functions. The maximum speed permitted in the majority of the tunnels is 100km/h, no
matter what the tunnel length. Is the reason the fact that drivers are more disciplined here and, therefore, capable of driving safely even at this speed? It is hard to say.
According to the marking on vehicles, nationalities of drivers greatly vary, with Czech drivers, notorious for the lack of discipline, forming a significant part.

The Czech Republic, the same as many other countries, is being shaken by an economic crisis. A discussion started among politicians that standards for road and railway
alignments could be lowered so that greater parts of the routes can run on the surface and the number of economically demanding tunnels, which are designed for a 100-year
lifetime according to the standard, is minimised. If tunnels are to be used reasonably and the value of the investment be increased, it is necessary to design even the adjoi-
ning routes for the same life span. Many of the politicians do not realise this fact. It is a task for us, tunnellers, alignment designers, technologists and fire safety specialists,
to search for such solutions which would make economically and technically effective tunnel and vertical alignment design possible, solutions which would give a chance
to our descendants of using safe and fast transportation, competitive even in terms of the ecological load and operating costs. How are all of the above ideas related to this
editorial in TUNEL? An analogy with travelling occurs to me while leafing through TUNEL issues. The journal allows readers to exchange experience and opinions wit-
hout regard to their companies or professional specialisations. Designs and construction of tunnels are today carried out jointly by many specialists from various branches;
each of them must respect requirements of the others, be willing to accept specifics of underground construction. This often requires that the routine procedures used in the
particular branch outside tunnels be abandoned and, many times it is necessary to resort to changing the standards and regulations. Proliferating papers by foreign authors
offer the opportunity to take a closer look into the “kitchen” of our neighbours, into which there is no opportunity to look during a mere passage through a tunnel and where,
owing to mountainous terrain, the conception of the road and motorway network is based on tunnels. The new TUNEL issue you are now opening is again very chequered
and stuffed with information from the field of both designing and construction. I wish all of us, even for the difficult time of seeking economic savings, that enlightened poli-
ticians are in power and many needed and certainly ecological constructions are designed and carried out. I wish all readers of our journal pleasant reading and gaining new
experience and impulses applicable in their responsible work, which is certainly reldted to underground construction and tunnels. ING. LIBOR MARIK,

Member of Editorial Board
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V kvétnu letosniho roku uplynulo 35 let od zahdjeni provozu na prvnim
dseku prazského metra, tohoto moderniho dopravniho systému. Projektové
prace vSak byly zahdjeny mnohem dfive, datujeme je do druhé poloviny roku
1967, kdy se zrodil i ndzev Metroprojekt. Pivodné stdtni firma, del§i dobu sou-
ast prazského Dopravniho podniku, pro§la dspésné privatizaci a fadou organi-
zacnich zmén. Dnes je soukromou akciovou spole¢nosti.

Bez velké nadsdzky lze fici, Ze prazské metro a METROPROJEKT Praha
a. s. jsou dva pojmy, které cestujici vefejnost vnima jako jeden celek. Spojeni
slov metro a projekt symbolizuje projektovou ¢innost, kterou spole¢nost svoje
pusobeni zahdjila a na tomto dopravnim systému vykondva pribézné dodnes.

Prvni projektové zaGdtky na metru, dosud v tehdej§im Ceskoslovensku
neprovozovaném, byly u nds znaéné obtizné. Nejen Ze chybél technicky kon-
takt se svétem, ale i tehdejsi politickd orientace zemé sehréla svoji zdpornou
dlohu. Limitovala moZnosti projektanti na tehdy mistné dostupné stavebn{
materidly a vyrobky a v oblasti technologii razeb podzemnich dél na tehdejsi
strojné-technologické vybaveni stavebnich firem.

Presto jiz na prvnim provoznim useku trasy C byla projektantem navrZena
technologie provddéni tunell tzv. prstencovou metodou, razbu na plny profil
pod ochranou nemechnizovaného Stitu, paZeni otevienych stavebnich jam pilo-
tovymi sténami nebo tzv. mildnskymi podzemnimi sténami. Vystavba stanice
metra I. P. Pavlova pak byla navrZena specidlni technologii hloubené konstruk-
ce, kde po vybudovani obvodovych pilotovych stén a zastfeSeni prefabrikova-
nymi nosniky byla cel4 stanice postupné budovéna od shora dolu.

Na dal3ich trasdch jsme se tGspésné zhostili technické problematiky ndvrhem
technologie razby pode dnem Vltavy. Byl navrZen i tsek s technologif Stitova-
ni a pouziti osténi z lisovaného betonu (presbetonu).

S rostoucimi zkuSenostmi projektantl (i stavitelii) dostdvaly raZené stanice
metra postupné novy vyraz, stavaly se vzdu$néj$imi, velkorysej$imi, podzemni
prostory ztratily na své stisnénosti. Otevieni nasi zemé svétu v roce 1989 pak
pro projektanty znamenalo novou volnost jak v ndvrhu materidla, tak
i technologii. Vefejnost miZe tuto skutenost objektivné posoudit na dsecich
prazského metra uvedenych do provozu po roce 1990. Rozvinulo se projekto-
vdnf a vystavba tunelt i raZenych stanic Novou rakouskou tunelovaci metodou,
navrhli jsme vystavbu tunel pod Vltavou z HoleSovic do Troje naplavovdnim
ze suchého doku a zanedlouho zapo¢ne razba prvnich tunelovych tseku praz-
ského metra technologii TBM, kterd dile zefektivni vystavbu a snizi dopady
razby na povrchové objekty.

Novéd ekonomicka skute¢nost, otevieni trhu, se nas$i spolecnosti vyrazné
dotkla. Po roce 1989 jsme prestali byt exkluzivnim generdlnim projektantem
prazského metra a firma byla zprivatizovana na akciovou spole¢nost METRO-
PROJEKT Praha. Soucasné se priprava dalsich dsekd metra v prvni poloviné
90. let vyrazné zpomalila. Spole¢nost, orientovand prakticky vyhradné na pro-
jekty metra a vSech dal3ich systéma hromadné dopravy osob, musela podstat-
né roz§ifit svuj zdbér na trhu projektovych a konzultaénich sluzeb a oslovit
i jiné klienty z vefejného i soukromého sektoru nejen pro stavby podzemniho
charakteru a uplatnit i zde svoje zkuSenosti z koordinaci projektovych praci na
rozsédhlych investicich.

Zaméfili jsme se na projekty rekonstrukei a modernizaci kompletnich dseku
Zelezni¢nich trati na tranzitnich koridorech, na projekty méstskych komunika-
cf (ucelend ¢dst méstského okruhu Blanka), na projekty mostnich objekta, stie-
dem naseho zdjmu jsou i investice charakteru komer¢nich a administrativnich
budov nad vestibuly metra i jiné pozemni stavby v Sirokém profesnim spektru
(Aquapark Cestlice, rekonstrukce budovy Ceského rozhlasu, revitalizace ared-
Iu Klementina atd.).

Preferenci trvalého charakteru pro nds vSak stdle zustdvaji podzemnf stavby,
na kterych naSe spole¢nost vznikla a profesné se profilovala. Véfime, Ze kredit
spolehlivé a solidni projektové firmy, ziskany tvrdou praci po desitky let, nds
bude provdzet i naddle, abychom pro investory podzem-
nich dél stéle byli vyhleddvanym partnerem.
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DEAR READERS OF TUNEL MAGAZINE,

In May 2009, 35 years passed from the commencement of operation on the first sec-
tion of the Prague Metro. The work on the design for this modern transit system had
started much earlier, in the second half of 1967, which was also the time when the com-
pany name Metroprojekt, meaning metro design, was born. This, originally state-
owned, company, which was part of the Prague Public Transit Company, successfully
passed the process of privatisation and numerous other organisational changes. Today
it is a private joint-stock company.

It is possible to say without gross exaggeration that the Prague Metro and METRO-
PROJEKT Praha a. s. are two terms which are perceived by the travelling public as one
unit. The combination of the terms ‘metro’ and ‘projekt’ (meaning a design in Czech)
symbolises designing/consulting activities, through which the company commenced
its existence and which have been continually carried out for this transportation system
till now.

The beginning of the designing activities for the metro, which had not been opera-
ted in the then Czechoslovakia before, was very difficult. Not only did we miss
a contact with the world in terms of the technology, even the political orientation of our
country of that time played its negative role. The capability of designers was limited to
the construction materials and products which were locally available and, as far as
underground excavation technologies are concerned, to the mechanical equipment
which was owned by construction companies then.

Despite this fact, it was as early as the work on the first operating section of C Line
that the designer proposed tunnelling techniques comprising the ring method, full-face
excavation using a non-mechanised shield, shoring of construction trenches by pile
walls or Milan diaphragm walls. A cover-and-cut method was designed for the con-
struction of I. P. Pavlova Station, with pile walls installed around the circumference and
the roof deck consisting of precast beams.

Our technical solution for passages under the Vltava River on other lines was
successful. Even a section driven by a mechanised shield installing a compressed conc-
rete lining was designed.

With the growing experience gathered by designers (and also by builders), mined
metro stations gradually received a new look; they became more airy, more spacious;
the underground spaces became less confined. The fact that our country was opened to
the world in 1989 meant a new freedom in terms of both materials and techniques
which could be designed. The public can objectively judge this fact on the Prague
metro sections which went into passenger service after 1990. Designing and construc-
ting tunnels and mined stations using the New Austrian Tunnelling Method was deve-
loped; we designed the construction of tunnels under the Vltava River from HoleSovice
to Troja by floating tunnel tubes from a dry dock. Soon the driving of first tunnel sec-
tions using TBMs will start, thus the construction will become more effective and
impacts of the excavation on existing buildings will be alleviated.

The new economic reality, the opening of the market, significantly affected our
company. After 1989 we ceased to be the general designer for the Prague metro; the
firm was privatised and converted to METROPROJEKT Praha, joint-stock company.
At the same time, the planning for other metro sections was significantly slowed down
in the first half of the 1990s. The company, which was virtually solely concentrated on
designs for metro and all other mass transit systems, had to substantially expand the
scope of its activities within the designing and consulting services market and address
even other clients from the public and private sectors, not only for underground con-
struction, and apply its experience gained in the coordination of design activities on
large investment projects even to these projects.

We focused on designs for reconstructions and modernisation of complete sections
of railway tracks on rail corridors, urban road designs (a self-contained section of the
inner circle road in Prague — the Blanka project) and bridges; other aims of our inter-
est comprise investment projects for commercial and administrative buildings over
metro concourse halls and other underground structures requiring a wide spectrum of
professions (Cestlice Aquapark, Reconstruction of the Czech Radio building,
Revitalisation of Klementinum grounds etc.).

Nevertheless, underground structures, which were the basis when our company was
originating and on which the company formed its profile, con-
tinue to be a permanent preference for us. We believe that we
will enjoy the reputation of a reliable and solid design compa-
ny we have earned by hard working for tens of years even in
the future, to be further a sought-after partner for clients in the
field of underground construction.

ING. JIRi POKORNY

generaini feditel akciové spolecnosti METROPROJEKT Praha
Chief Executive Officer, METROPROJEKT Praha, joint-stock company
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nemusim jisté zdurazriovat, jak tzce je nase firma — Subterra a. s.
— spojena s Ceskym tuneldiskym komitétem ITA-AITES a jeho
Casopisem Tunel. Stdli jsme u jejich vzniku jako spoluzakladatelé
a trvale se podilime na jejich Zivoté.

V tomto Cisle naleznete ¢lanky pojedndvajici o vybranych tune-
lovych stavbach firmy Subterra a. s. v Ceské republice.

Jsou to napriklad Kralovopolské tunely v Brné, o kterych pise
manazer projektu ing. Baca spole¢né s Vaclavem Dohndlkem. Zde
se nas$i tuneldfi vyporddali s extrémnimi geologickymi podminka-
mi, nizkym nadloZim, komplikovanou povrchovou zdstavbou
a z toho vyplyvajici nestandardn{ technologii vystavby.

V soucasné dobé se dokoncuje projekt kompletace kanalizaénich
sbéracu v Karviné, financovany z EU. Technicky nejzajimavéjsi
Césti stavby — mikrotunelovani velkych profild — provadéla nase
firma. Prdce byly dokonéeny v predstihu oproti harmonogramu a ve
$pi¢kové kvalité, jak zjistite z ¢lanku ing. Franczyka.

V Praze dokoncujeme dal${ stavbu — kolektor Vaclavské ndmes-
ti (trasa B a C). PiSe o ni manaZer projektu ing. Jif{ Patzdk spolec-
né s Liborem Zapletalem.

Podilime se také na vyznamné stavbé tunelu Prackovice na ddlni-
ci D8. Pife o ni manaZer projektu Oldfich Cejka spolend
s ing. Romanem Fuksou.

Tim vSak vycet aktudlnich tunelovych staveb firmy Subterra a. s.
nekonéi. V Praze napt. dokonujeme definitivni osténi a nekteré
provozni soubory na tunelu &dsti 513 vnéjsiho méstského okruhu,
na Moravé provddime technicky velmi komplikovanou rekonstruk-
ci zelezni¢nich tuneld v Mostech u Jablunkova.

O aktivni spolupréci firmy Subterra a. s. s Mezindrodni{ tunelar-
skou asociaci ITA-AITES svéd&i i velkd Gcast naSich zdstupct na
neddvném tuneldiském kongresu v Budapesti, kde se rovnéZ obje-
vily prispévky z naSich staveb. Také o tom se muZete do¢ist v tomto
vydani Tunelu.

A jaké jsou naSe dal§i zdméry v oboru podzemniho stavitelstvi?
Vime, Ze se u nds neobejdeme bez zvladnuti technologie plnopro-
filovych razicich strojui  (TBM). Mdme zde na co navazovat.
V naSich faddch pracuji odbornici, ktef{ jiz maji s touto technolo-
gif zkuSenosti, at’ uz ze star§ich projektd v CR nebo v zahranii.
Pfipravujeme se proto na novou etapu Ceského podzemniho stavi-
telstvi, kterd zcela jisté prinese pro TBM §irsi vyuZiti.

R4d bych vdm poprél, vaZeni ¢tendii, hodné §tésti a Gspéchu na
vaSich stavbach i v Zivote.

DEAR READERS,

I certainly do not have to emphasise how closely our company,
Subterra a. s., is connected with the ITA-AITES Czech Tunnelling
Committee and its journal, TUNEL. We stood at their origination as
co-founders and have permanently participated in their life.

In this journal issue you will find articles dealing with selected tun-
nelling projects implemented in the Czech Republic by Subterra a. s.

These are, for instance, the Kralovo Pole tunnels in Brno, which are
written about by Ing. Baca, project manager, jointly with Viclav
Dohnalek. In this case our tunnellers have coped with extreme geolo-
gical conditions, shallow overburden, complicated surface develop-
ment and a non-standard construction technique following from the
conditions.

Currently we are finishing the work on the EU-funded expansion of
sewerage in Karvind. The technically most interesting part of the con-
struction — large-diameter pipe jacking — has been performed by our
company. As you will find in the article by Ing. Franczyk, the work
was completed ahead of schedule and in top quality.

In Prague, we are finishing another construction — the Wenceslas
Square utility tunnel (routes B and C). The article on it is by
Ing. Patzdk, project manager, and L. Zapletal.

We are also participating in another important construction, the
Prackovice tunnel on the D8 motorway. It is written about by Oldrich
Cejka, project manager, together with Ing. Fuksa.

However, the above-mentioned summary of current projects imple-
mented by Subterra a. s. is far from complete. In Prague, for example,
we are finishing the final lining and some operating units of construc-
tion lot 513 of the outer city ring road; in Moravia we are carrying out
a complicated reconstruction of railway tunnels at Mosty
u Jablunkova.

Another proof of the active collaboration of Subterra a. s. with the
ITA-AITES, the International Tunnelling Association, is the great par-
ticipation of our representatives in the recent World Tunnel Congress
in Budapest, where papers on our construction projects were also pre-
sented. You can find information about it also in this TUNEL issue.

As far as our future intentions within the field of underground engi-
neering are concerned, we know that we cannot cope without maste-
ring tunnel boring machines (TBMs). There are things in this field for
us to follow in. We have professionals among us who have already gai-
ned experience in this technology, both at older projects in the Czech
Republic and abroad. We are, therefore, preparing a new stage of the
Czech underground engineering, which certainly will bring wider
application of TBMs.

Dear readers, let me wish you good luck and success both at your
construction projects and in your lives.

ING. ONDREJ FUCHS

generalni feditel SUBTERRA a. s.
Chief Executive Officer SUBTERRA a. s.
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MODERNIZACE TRATI PRAHA - KLADNO, I. ETAPA
S PRIPOJENIM NA LETISTE RUZYNE

UPGRADE TO PRAGUE - KLADNO RAIL LINE; STAGE 1
WITH A LINK TO THE RUZYNE AIRPORT

OTAKAR HASIK, JAN MARTINEC, PETR ZOBAL

ovob

Nejvyznamnéjsi evropskd a svétova letiSté jsou spojena s centry
mést kapacitni Zelezni¢ni dopravou, kterd navazuje nebo je inte-
grovdna do soustavy meéstské hromadné dopravy. V Praze toto
spojeni v soucasné dobé€ neexistuje. Na letisté vede pouze nékolik
autobusovych linek, coZ neni vzhledem k nizké spolehlivosti,
kapacité a cestovni rychlosti do budoucna udrZzitelné. Pocet odba-
venych cestujicich se kazdoro&né zvySuje a v roce 2019 md podle
oficidlnich odhadu Leti§té Praha, s. p., dosdhnout 20 mil. cestuji-
cich za rok.

Letist¢ Praha Ruzyné je situovdno na severozdpadni okraj
Prahy. Nejbliz§i Zeleznici je soucasnd jednokolejna trat
Praha—Kladno (pomineme-li vle¢kové napojeni stacirny leteckych
pohonnych hmot). Kladno je s vice nez 70 tisici obyvatel po Praze
nejveétsim méstem StredoCeského kraje a spolu s dynamicky se
rozvijejici spddovou oblasti podél trati generuje vyznamny pre-
pravni potencidl. Soucasnd jednokolejnd neelektrizovand trat’ se
zastaralym zabezpeCovacim zafizenim zde znemoZnuje provozo-
vat pravidelnou a kapacitni dopravu a intenzivni dopravni vazba
obou mést je realizovdna prakticky vyhradné silnién{ dopravou, se
vSemi negativnimi dopady na obyvatelstvo i Zivotn{ prostredi.

Jako nejvyhodnéjsi pro vytvoreni kapacitni kolejové trasy je
dnes hodnocena varianta modernizace puvodni BuStéhradské
drahy. Realizace projektu umoZni rychlou, pohodlnou
a ekologicky prijatelnou dopravu osob mezi centrem Prahy
a Kladnem a zdroven s vyhodou umoZni napojeni Leti§té Praha
Ruzyné na Zelezniéni sit. Nabidka kvalitniho, tj. rychlého, pravi-
delného, spolehlivého a bezpeéného spojeni mezi témito centry
zatraktivni celé izemi a umozni jeho dalsi rozvoj.

ZAKLADNI PARAMETRY A UDAJE O MODERNIZACI

— Stavba je vymezena zatdtkem tprav v ZST Praha Bubny
a koncem tprav za ZST Praha Ruzyné. Délka upravovaného
useku je 12,73 km. Ddle je soucdsti projektu novostavba
tiseku ZST Praha Ruzyné—ZST Praha Leti§té Ruzyné v délce
5.49 km. Celkova délka je cca 18,2 km.

— Z hlediska vyskového vedeni trasy prekondva trat v useku
Praha Bubny Vltavskda—Praha Dlouhd mile prevySeni cca
170 m s maximalnim podélnym sklonem 30 %o.

— Ndvrhové rychlost v = 80 km/hod.

— Pro plné zastdvkové vlaky Praha Masarykovo nddrazi—Praha
Leti§t¢ Ruzyné je jizdni doba 26 min, pro zrychlené spoje
21 min. V porovnatelném tseku Praha Masarykovo nddra-
zi—Praha Ruzyné dochdzi ke zkrdceni jizdnich dob o 6.5, resp.
5 min., tedy témér o 30 %.

— Miniméln{ polomér smérového oblouku R = 325 m.

— Pfedpoklddd se vylu¢ny provoz vlaku osobni dopravy (vyjim-
ku tvori ZST Praha Ruzyné, kde zlistavaji v provozu vlecky
do skladovych aredlt, obsluha bude zajisténa vyhradné od
ZST Hostivice).

— Délka ndstupist’ 170 m (zdvojené tfivozové jednotky, napr.
fady 471).

— PInd peronizace stanic a zastdvek, vySka ndstupni hrany
550 mm nad TK.

—Provoz v celém rozsahu v zavislé trakci (stejnosmérnd,
3 kV), ddlkové ovlddani provozu na trati.

INTRODUCTION

The most important European and worldwide airports are connected
with city centres by high-capacity railway lines, which are linked to urban
mass transit systems or are integrated into them. In Prague, this connecti-
on currently does not exist; only several bus lines lead to the airport. This
situation is untenable for the future taking into consideration the low reli-
ability, low capacity and low speed of travel. The number of passengers
serviced every year increases — according to official estimations by Letisté
Praha, s.p., it should reach 20 million passengers per year.

Praha Ruzyné Airport is located at the north-western edge of Prague.
The closest railway track is the current single-rail line Prague — Kladno (if
we disregard a side track for an aviation fuel storage facility). With its
population exceeding 70 thousand, the town of Kladno is the second lar-
gest town in the Central Bohemian region, just after Prague. Together with
the dynamically developing catchment area along the rail line it generates
significant transportation potential. The current single-rail, non-electrified
track with an obsolete interlocking system makes the operation of regular
and high capacity transport impossible. The intensive transport relations-
hip between the two cities is realised virtually solely through road tran-
sport, with all negative impacts upon the population.

The upgrade to the original Bustehrad rail line variant is today conside-
red the most advantageous for developing a high-capacity railway route.
The implementation of the project will make fast, comfortable and ecolo-
gically acceptable passenger transport between the centre of Prague and
Kladno possible; at the same time it will provide an advantageous link of
Praha Ruzyné Airport to the railway network. The offer of quality, which
means fast, regular, reliable and safe connection between the two centres,
will increase the attraction of the entire area and will allow it to further
develop.

BASIC PARAMETERS AND DATA ON THE UPGRADE

— The construction starts at Praha Bubny railway station and ends
behind Praha Ruzyné station. The length of the section to be upgra-
ded is 12.73km. In addition, an about 5.49km long new section bet-
ween Praha Ruzyné and Praha Ruzyné Airport stations is part of the
project. The total length is about 18.2km.

— In terms of the vertical alignment, the track section Praha Bubny
Vltavskd — Praha Dlouhd Mile overcomes a difference in altitude of
about 170m, with the maximum gradient of 30 %o.

— Design speed v = 80 km/h

— Travel time between Praha Masarykovo Nédrazi station and Praha
Ruzyné Airport station is 26 minutes for slow trains and 21 minutes
for local express trains. Within the comparable section between Praha
Masarykovo Nadraz{ station — Praha Ruzyné, the travel times are
reduced by 6.5 and 5 minutes respectively, i.e. nearly 30%.

— The minimum radius of a horizontal curve R = 325m.

— Exclusive operation of passenger trains is assumed (with the excepti-
on of the Praha Ruzyné station, where there are sidings to storage
areas designed to remain in operation; they will be serviced solely
from Hostivice station).

— Length of platforms 170m (for double three-coach sets, e.g. of the 471
type).

— All stations and intermediate stations will be provided with platforms;
the platform edge 550mm high above the top of rail.

— Operation to the whole extent within dependent traction (direct cur-
rent, 3 kV), remote control over the railway traffic.
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Obr. 1 Schéma $irsich dopravnich vztahu
Fig. 1 Wider transportation relationships scheme

— Pravidelny intervalovy provoz, trat ma vyhovovat $pi¢kovému
intervalu leti§tnich vlakt 10 min a kladenskych vlakt 15 min.
— Kromé vlastni Zelezni¢ni traté projekt ddle ukazuje moZnosti
feSeni novych prestupnich vazeb se stanicemi metra VItavskd
a HradCanskd a ve vyhledu Veleslavin, Dlouhd mile a Letisté

Ruzyné.

— Stavba bude realizovdna pfi nepfetrZité vyluce (cca 40 mésicu)
v dseku ZST Hostivice (mimo)-ZST Praha Bubny. Po dobu
vystavby bude zajisténa odklonovd doprava z Kladna po trati
ZST Hostivice-ZST Praha Zl1i¢in—ZST Praha Smichov.

POPIS TRASY

Trat’ vychazi ze samotného centra Prahy ze stanice Masarykovo
nadrazi. Vzhledem k nevyjasnéné budouci podobé tohoto nddrazi
(vyhlaseno je zde velké rozvojové tizemi) a samostatné rekonstruk-
ce Negrelliho viaduktu je poc¢atek modernizace trati situovan do sta-
nice Praha Bubny. Oproti soucasné stanici jsou ndstupisté presunuta
blize souCasnému vestibulu stanice metra trasy C Vltavskd a vytvari
se tak krdatkd prestupni vazba na stanici metra (vestibul)
i tramvajové zastdvky. Zdroven je vytvorena vazba i na novy sever-
ni vestibul stanice metra. SouCasnd rozlehld stanice je v podstaté
zruSena, zachovany jsou pouze tyfi dopravni koleje se tfemi ndstu-
pisti. Koleje jsou oproti sou¢asnému stavu u nastupist’ zvyseny az
0 cca 2 m, aby se odstranilo droviové kfiZeni s ulici Bubenska.
Princip odstranéni droviiovych priejezdu (resp. jejich nahrada nad-
jezdy a mosty) plati pro vSechna ostatni kiiZeni s trati. Kralupska
trat' bude napojena na nynéjsi stav pred premosténim ulice Plynarni.
Majitelem sousednich pozemku se stala spole¢nost Orco Property,
ktera zde pripravuje stavbu nového subcentra Prahy.

Nasledujici dsek podél Strojnické ulice je feSen vyhradné na esta-
kéade, kterd odstrani zemni téleso, ¢imZ se zmensi koridor potiebny
pro drdzni provoz a prostor podél Strojnické ulice se vyznamné
uvolni. Plocha pod estakddou se navrhuje pro parkovani automobi-
14, samoziejmosti jsou protihlukové opatieni. Na estakddu navazu-
je nova zastdvka Praha Vystavi§té, kterd prekracuje i tridu
Dukelskych hrdina. Stanice by méla vytvorit pocétek vstupniho pro-
storu do aredlu Vystavist€¢ a Stromovky.

V dal§im pokraCovani trat’ prochédzi pfi jiznim okraji pfirodni
pamaétky Stromovka. Soucasnd trat’ je do okoli zapojena zérezem
v délce cca 800 m, na néjz navazuje kratky (100 m) hloubeny tunel.
Zde se navrhuje roz§itit drdzni téleso tak, aby vyhovovalo dvouko-
lejnému profilu. Pfedpokladem pro to jsou relativné rozsdhlé drdz-
ni pozemky, které umoznuji nezasahovat do okolni zelené
s prirodni pamdtkovou ochranou. Kolej je oproti dne$nimu stavu
zahloubena o cca 0,7 az 2,5 m, ¢imz bude trat’vice zapojena do pro-
storu parku. Prujezdny profil dne$niho jednokolejného tunelu je pro

— Regular interval traffic; the line is to meet requirements for peak
intervals of 10 minutes and 15 minutes for airport trains and Kladno
trains, respectively.

— Apart from the rail line itself, the design presents opportunities for
solving new connections for transfer to and from Vltavskd and
Hrad¢anska metro stations and, in the future, Veleslavin, Dlouhd Mile
and Letist¢ Ruzyné metro stations.

— The construction will be carried out during uninterrupted closing of
the line for traffic (ca 40 months) between Hostivice station (beyond)
and Praha Bubny station. Transportation from Kladno will be diver-
ted during the construction work along the route between Hostivice —
Praha Zli¢in — Praha Smichov railway stations.

ROUTE DESCRIPTION

The route starts from the very centre of Prague, Masarykovo Néddraz{
station. Because of the non-clarified future configuration of this station (a
large development area has been established here) and the independent
Negrelli Viaduct Reconstruction Project. The starting point of the rail line
upgrade project is located at Praha Bubny station. Compared with the cur-
rent station, platforms are moved closer to the existing concourse of
Vltavska station on the metro line C. In this way a short transfer connecti-
on is created to the metro station (the existing concourse) and tram stops.
At the same time, a connection to the new, northern concourse of the metro
station is formed. The existing large railway station is in substance closed
down; only four running tracks with three platforms are maintained.
Compared with the current state, the rails are elevated by up to ca 2m so

Obr. 2 Vizualizace nového povrchového uspordddni Zelezniéni stanice Praha
Dejvice

Fig. 2 Visualisation of the new surface configuration of Praha Dejvice
railway station




zdvoukolejnéni a elektrizaci nedostate¢ny. Vzhledem k historické
hodnoté bude postupné rozebran a nahrazen novym dvoukolejnym.
Bubensky portdl je navrzen jako replika stdvajictho s vyuZzitim
puvodniho materidlu.

V dal$im pokracovéni, az ke stanici Praha Dejvice, je trat vedena
v mélkém tunelu, prostor nad stropem tunelu se uvolniuje pro dalsi
vyuziti. Souc¢asnd poloha povrchové Zelezni¢ni stanice Praha Dejvice
se opousti a navrhuje se presun do blizkosti stanice metra trasy A
HradCanskd, nové v zahloubené poloze. Trasa modernizované trati je
zde v tésném soubéhu s tunely silniéniho méstského okruhu. V tom-
to dopravnim uzlu se prolinaji téméf v§echny druhy vefejné hromad-
né dopravy, tj. metro, tramvaje, autobusy a Zeleznice, s kratkymi
prestupnimi vazbami. Hloubend dvoukolejnd stanice Praha Dejvice
Hrad¢anskd obsahuje kolejové spojky umoznujici v pripadé potieby
zde vlaky ukondit. Soucasné je navrZen i druhy (vytahovy) vestibul
stanice metra HradCanskd a vazba na stdvajici vestibul stanice metra
Hrad¢anskd. Zahloubenim stanice Dejvickd bude vytvoren zcela novy
urbanisticky prostor uréeny pro dalsi rozvoj.

Navazny tratovy tsek mezi stanicemi Praha Dejvice a Praha
Veleslavin propojuje obé krajni dopravny umisténé v zahloubené
poloze. Jejich vzdjemny vyskovy rozdil je 90 m na délku cca 4,4 km,
coZ znamend prumérny podélny sklon pres 20 %c. Na soucasné trati
je v povrchovém mezistanicnim useku sklon az 25 %o. Trasa zde
zdroven prochédzi v bezprostfedni blizkosti zdstavby, predev§im
u Probostského dvora (Orfechovka) a podél ulice Glinkova.
Vzhledem k rozsahu a sloZitosti opatfeni (protihlukové zakryti trati,
demolice soukromych objektil) navrZenych pfi povrchovém vedeni
trati byly hleddny dal$i moZnosti, jak vice minimalizovat dopady
modernizace trati na okoli. Ndvrh nyni pocitd se zahloubenim trati,
které po dokonceni stavby témér zcela eliminuje nepfiznivé vlivy na
obyvatelstvo. Ndvrhem zahloubeného tunelu bylo dosaZeno prizni-
véjsich sklonovych poméra trati s pozitivnim dopadem na napéjeni
trati a spotfebu trakéni energie. Délka tunelového tseku, ktery zali-
nd ve Stromovce a kondi za stanici Praha Veleslavin, je 6,2 km. Na
uvolnénych dréZnich pozemcich nad tunelem se pocitd s realizaci
cyklostezky.

Na zdkladé pripominek k dokumentaci z posouzeni vlivi stavby
na Zivotni prostredi (EIA) byla do projektu doplnéna nova zastivka
Praha Dlouhy lan. Je situovédna pfiblizné jeden kilometr pred sou-
casnou stanici Praha Veleslavin, do prostoru byvalych Strnadovych
sklenikd. Novy dzemni pldn zde po&itd s vystavbou sidelniho celku,
s kombinaci stfedné- a nizkopodlazni zédstavby. Jednd se o novou
podzemni zastdvku s hloubkou az 17 metra pod nynéjsi Grovnf trati.
Stanice obsahuje bo¢ni ndstupisté, hlavni pfistup je navrZen ze spo-
jovaci lavky nad kolejemi. V zdvislosti na vyvoji zdméru sidelniho
celku bude pfi spusténi provozu traté zprovoznéna i zastivka nebo
bude pouze provedena stavebni pfiprava pro budouci zprovoznéni.

Dnesni stanice Praha Veleslavin je vlivem nahrady droviiového
prejezdu s ulici Veleslavinovou mimodroviovym kiiZzenim zru$ena.
Novd stanice je situovdna do severni Cdsti soucasného nddraZzi,
nachdzi se v terénnim odfezu, oteviend k severu. Stavebni
a dispozi¢ni feSeni umoznuje vytvoreni primé prestupni vazby

Obr. 3 Vizualizace nové Zeleznicni zastivky Praha Liboc
Fig. 3 Visualisation of the new Praha Liboc intermediate railway station
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that the existing grade crossing with Bubenska Street is removed. The
principle of removing the grade crossings (or replacing them by flyovers
and bridges) applies to all other track crossings. The track from Kralupy
will connect to the existing state before the bridge over Plyndrni Street.
The neighbouring plots were obtained by Orco Property, which prepares
the construction of a new Prague sub-centre in this location.

The following section, leading along Strojnickd Street, is designed to
run solely on a viaduct, which will require removing of the existing
embankment, thus the corridor required for the railway and the passage
through the space along Strojnickd Street will be significantly improved.
The areas under the viaduct are designed to be used for parking of vehic-
les; noise control measures are commonplace. The Praha Vystavisté inter-
mediate station follows after the viaduct. It even crosses over Dukelskych
Hrdinu Avenue. The station should form the beginning of the entry space
to the Vystaviste exhibition grounds and the Stromovka Park.

The route further passes along the southern edge of the natural monu-
ment of Stromovka Park. The existing track is incorporated into the sur-
roundings area by an about 800m long open cut, which is followed by
a short (800m long) cut and cover tunnel. Widening of the existing track-
bed is designed for this location so that it meets requirements for a double-
rail profile. It will be possible thanks to the relatively extensive railway
right of way which makes it possible to avoid intervention into surroun-
ding greenery protected as a natural monument. Compared with the cur-
rent state, the track will be laid deeper by ca 0.7 to 2.5m. Thus the rail line
will be better incorporated into the park landscape. The clearance profile
of the existing single-rail tunnel is insufficient for the installation of
a second rail and for electrification. With respect to its historic value, it
will be step by step dismantled and replaced by a new double-rail tunnel.
The Bubny portal has been designed as a replica of the existing portal,
using the original material.

The route continues further to Praha Dejvice station through a near-sur-
face tunnel; the space above the tunnel roof deck will be vacated for other
use. The current location of Praha Dejvice station will be abandoned; the
new location will be shifted close to Hrad¢anskd metro station (Line A),
newly in the sunk position. The route of the track being upgraded runs
close along tunnels on the City Circle Road. Nearly all modes of mass
transit, i.e. metro, trams, buses and railway are interwoven in this transport
junction, with short connections for transfer between them. The cut and
cover double-rail station Praha Dejvice Hrad¢anskd comprises track cros-
sovers allowing trains to terminate here in case of emergencies. In additi-
on, the second (lift) concourse with a link to the existing concourse of
Hradcanskd station is designed for Hrad¢anskd metro station. Owing to the
lowered design of Dejvickd station, completely new urban zone suitable
for further development will originate.

The next track section between Praha Dejvice and Praha Veleslavin will
connect both side operating control points (in a cut and cover tunnel). The
difference in altitudes of the points is 90m, which means for the section
length of about 4. 4km that the average track gradient is over 20 §. The gra-
dient of the existing at-grade interstation track section is up to 25 §. At the
same time, the route in this location runs in close proximity of existing
buildings, first of all along Probostsky Dvur (Ofechovka) and Glinkova
Street. Taking into consideration the extent and complexity of the measu-
res which had been designed for the at-grade alignment (noise suppressi-
on covering of the track, demolition of private buildings), other new pos-
sibilities were investigated to more minimise the impact of the track
upgrading on the surroundings. Now the design requires a cut and cover
structure, which will eliminate unfavourable impacts on residents. Owing
to the cut and cover tunnel design, more favourable track gradient condi-
tions were achieved, with a positive impact upon power supplies for the
track and consumption of traction energy. The length of the section pas-
sing through the tunnel, which starts in Stromovka Park and ends behind
Praha Veleslavin station, is 6.2km. A cycle track is under consideration to
be established on the vacated railway plots above the tunnel.

As a response to comments on EIA documents, a new intermediate
station, Praha Dlouhy Ldn, was added to the design. It is located appro-
ximately one kilometre before the current station of Praha Veleslavin, in
the area of Strnad greenhouses. The new land-use plan expects the deve-
lopment of a residential complex with medium-level and low-level buil-
dings in this location. The new intermediate station will be built underg-
round, at the depth up to 17 metres under the current track level. The sta-
tion will consist of side platforms with the main access via a connection
footbridge over the rails. Depending on the development of the intenti-
on regarding the residential complex, either the intermediate station will
be opened at the moment of opening the railway line to traffic or only
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Obr. 4 Vizualizace interiéru Zelezni¢ni stanice Praha Letisté Ruzyné
Fig. 4 Visualisation of the Praha Letist¢ Ruzyné railway station interior

ke stanici metra trasy A na pripravovaném prodlouZeni smérem do
Motola. S propojenim boc¢nich ndstupist’ Zeleznice s ostrovnim
néstupistém stanice metra se pocitd pres mezilehlou podzemni tro-
ven podchodu.

Nasledujici tdsek trati k nové (resp. obnovené) zastdvce Praha
Liboc vykazuje nejvetsi smérovou odchylku nové navrhované dvou-
kolejné traté od stavajici osy jednokolejné traté se Spatnymi sméro-
vymi poméry. Zastdvka Praha Liboc umoznuje primou obsluhu pri-
lehlého dzemi s obytnou funkci. Zastdvka je povrchovd, s bo¢nimi
nastupisti pristupnymi v Celech. Ndsleduje nové mimotroviiové kii-
Zeni s ulici Libockou.

Dalsi stanice Praha Ruzyné je ve stdvajici poloze pro osobni
dopravu zrusena. Trat’ je vedena v misté nové navrhovaného mimo-
droviového kfizeni traté s ulici Drnovskou asi 3 m nad soucasnou
niveletou. Novd stanice lezi tésné za krizenim s ulici Drnovskou
a je tvorena ostrovnim ndstupi§tém. Stanice umozni prestup ,.hrana
— hrana“ cestujicich od Kladna na letisté (do doby realizace primé-
ho spojeni Kladna s leti§tém). Za nastupi§tém ndsleduje bod rozvét-
veni trati smérem k leti$ti a na Kladno. Rozvétveni je navrzeno jako
mimotdroviiové (se smérovym uspordddnim), v prostoru mezi traté-
mi je situovdn svazek dopravnich koleji, ktery umoZznuje odstavova-
ni souprav pro vyrovnéni potieb v dobé dopravni{ $picky a mimo ni.

Ve sméru Letisté Ruzyné ndsleduje novostavba trati. Po vykfiZeni
s estakddou prazského silni¢niho okruhu se trasa dostdva do ochran-
ného pasma radiomajaku vzletové a pristavaci drahy (RWY 13/31)
a je zde vedena v hlub§im zérezu, ktery pokracuje v soubéhu se sil-
ni¢énim okruhem do prostoru mimodroviiové krizovatky s ulici
Evropskou a K leti$ti. Zde je navrZena zastdvka Praha Dlouhd mile.
Hlavnim zdmeérem je vytvoreni dopravnfho termindlu zejména pro
prestup z autobust hromadné dopravy a na vyhledovou trasu tram-
vaje vedenou po nové ulici Fajtlova. Soucasti uzlu je rovnéz kapa-
citni parkovisté systému P+R, které je umisténo v tésné vazbé na
stanici na jeji vychodni stran¢. V bezprostfedni blizkosti budouci
zastavky lezi obchodni centrum Sestka.

V dal$im pokracovani je v ramci koordinace se stavbou paraleln{
vzletové a pristdvaci drahy (RWY 06R/24L) navrZen prichod jejim
budoucim ochrannym pdsmem ve formé hloubeného tunelu.
Tunelovy tsek méa délku cca 400 m. Trat' déle sleduje v odstupu
cca 20 m stopu silni¢niho okruhu a sta¢i se zdpadnim smérem
ke koncové stanici. Del§im mostnim objektem prekondvd recisté
Kopaninského potoka. Pred kfizenim s ulici Aviatickd trat’ vchazi
portalem do tunelu.

Tunel konéi ve stanici Praha Leti§té Ruzyné, v aredlu mezindrod-
niho Leti§t€ Praha Ruzyné, md piimou vazbu k existujicimu
i novému termindlu a dal§{m objektum v rdmci predprostoru letiste.
Soucasné umoznuje ndvaznost na dopliikovou autobusovou dopra-
vu, vyhledovou stanici prodlouZené trasy metra A a v prostoru leti§-
té predstavuje pozadovany prvek integrace letecké dopravy
s prazskou integrovanou dopravou s odpovidajicim standardem
funkce a kvality. Koncepce feSeni se ustdlila na podzemni hloubené
stanici, kterd v budoucnu umozni podchod objektu Termindl Sever 2
a pokracovéni trati smérem do JenCe. Koncové Zelezni¢ni stanice
je situovdna v primém useku. Obsahuje tfi kusé koleje a ostrovni
a bo¢ni néstupiste.

construction preparation will be carried out for placing it into service in
the future.

The today’s Praha Veleslavin station is cancelled as a result of the repla-
cement of the grade crossing with Veleslavinskd Street by a grade-separa-
ted crossing. The new station is placed to the northern part of the existing
railway station; it is found in a shelf open toward the north. The structural
and layout design makes the creation of a direct transfer connection to the
metro station on the planned extension of the Line A toward Motol pos-
sible. The connection between railway side platforms and the intermedia-
te platform in the metro station is planned to be provided via an interme-
diate underground level of a passenger subway.

The following section of the track leads to the new (or reinstated) inter-
mediate railway station Praha Liboc. It exhibits the greatest directional
deviation of the newly designed double-rail track from the existing centre
line of the single-rail track, the horizontal alignment conditions of which
are unsatisfactory. Praha Liboc intermediate station makes direct servicing
of the adjacent residential area possible. The station is on the surface, with
side platforms accessible from the front ends. Then a new grade-separated
intersection with Libockd Street follows.

The next station, Praha Ruzyné, is cancelled for passenger transportati-
on in its current location. The track in the location of the newly designed
grade-separated intersection between the railway track and Drnovska Street
leads about 3m above the existing alignment. The new station lies just
behind the crossing with Drnovskd Street. It is composed of an intermedi-
ate platform. The station will make ‘edge-edge’ transfer of passengers tra-
veling from Kladno to the airport possible (until the direct link between
Kladno and the airport is established). Beyond the platform, the track bifur-
cates toward the airport and toward Kladno. The bifurcation is designed as
a grade-separated structure (in the configuration with separate platforms
allotted to each direction of travel); a bunch of running tracks is located
within the space between the tracks. The tracks make parking of trains pos-
sible, to balancing of the needs both during and beyond peak traffic.

In the direction of the Ruzyné Airport, the construction of a new track
follows. After crossing the viaduct on the Prague City Circle Road, the
route gets to the protected zone of a runway localising beacon (RWY
13/31). In this location it is led in a deeper open cut continuing alongside
the Prague City Circle Road to the area of the grade-separated intersecti-
on with Evropskd and K Letisti Streets. The intermediate station Dlouhd
Mile will be established in this location. The main intention is to develop
a traffic terminal, first of all for transfering from mass transit buses and to
the future tram route running along Fajtlova Street. Part of the terminal is
also a high-capacity park-and-ride yard, which is located on the eastern
side of the station, in a close connection to it. ‘Sestka’ commercial center
is in close vicinity of the future intermediate station.

The further continuation is designed in coordination with the construc-
tion of a parallel runway (RWY 06R/24L), passing through the future pro-
tected zone of the runway in the form of a cut and cover tunnel. The tun-
neled section is about 400m long. The track further follows the Prague
City Circle Road route, at the distance of ca 20m, and turns west toward
the terminal station. It passes across the Kopaniny stream bed along
a rather long bridge. Before the intersection with Aviatickd Street it enters
a tunnel portal.

The tunnel end is at Prague Leti$té Ruzyné station, on the grounds of
the Prague Ruzyné International Airport. The tunnel is directly connected
to both the existing terminal, new terminal and other structures existing in
the area in front of the airport. At the same time it makes links possible to
both the existing supplementary bus traffic and the future station on the
metro Line A extension; it represents a desired element of air passenger
service integration with the Prague Integrated Transport system, having an
adequate function and quality standard. The design concept has been sta-
bilised, choosing an underground cut and cover station, which will make
the construction of a pedestrian subway under Terminal North 2 and the
continuation of the track toward Jenec¢ possible. The terminal railway sta-
tion is located on a straight track. It comprises three dead-end tracks and
both intermediate and side platforms.

TUNNELS IN STROMOVKA PARK — COMPARISON
OF ALTERNATIVES

The currently existing track runs along the edge of the southern part of
the Stromovka Park, via an about 800m long open cut merging into the
landscape; it passes under the south-western part of the park via a tunnel.

Upgrading this section represents one of the most complicated tasks of
the project because it will get to a direct contact with the natural monu-
ment of Krdlovskd Obora (Stromovka Park) and pass in close vicinity of
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TUNELY VE STROMOVCE A POROVNANI ALTERNATIV

Soucasnd trat’ prochdzi pfi okraji jizni ¢asti Stromovky zdfezem
zapojenym do okoli v délce cca 800 m, jihozdpadni ¢ast parku pod-
chézi tunelem.

Modernizace predstavuje jeden z nejsloZitéjSich dseku trasy, pro-
toZe se dostdva do primého kontaktu s pfirodni pamatkou Kralovska
obora (Stromovka) a vede v tésné blizkosti vysokych obytnych
budov. Byly zde hodnoceny tfi alternativy. Hodnoceni se zabyva kli-
Covymi prvky, které tvori stavebni dilo. Jako nejvhodnéjsi podle nize
uvedeného je vyhodnocena alternativa vedeni dvoukolejné trati ve
stavajici ose, kterd je také podrobné navrzena v dokumentaci DUR.

Alternativa 1 - RaZeny tunel jednokolejny + stavajici kolej

V alternativé 1 se predpoklddd vedeni pravé koleje v trase sta-
vajici traté. V tunelu na okraji Stromovky bude sniZena niveleta
koleje tak, aby bylo mozno timto stdvajicim tunelem vést elektric-
kou trakci, tzn. Ze bude prohloubeno pouze dno tunelu.

Leva kolej pred klenutym nadjezdem v aredlu Stromovky (oblast
u ulice Kamenické) je smérové odklonéna k jiznimu okraji
Stromovky k aredlu AVU a pokracuje razenym jednokolejnym
tunelem v délce cca 580 m pod zastavbou bloku lemovanych ulici
Nad Kralovskou oborou s portdlem raZeného tdseku pred kfizenim
s ulici Korunovacni. Déle je pak vedena v hloubeném tunelu az do
hloubené zastdvky Praha Dejvice Hrad¢anskd. V nadloZi hloubené-
ho tunelu je po povrchu vedena prava kolej cca do oblasti Sparty,
kde se zacind zahlubovat a dostdvat se tak na niveletu levé koleje.
Ob¢ pak spoletné vstupuji dvoukolejnym hloubenym tunelem do
vyse uvedené zastdvky. Pruchod raZeného tunelu pod zdstavbou,
resp. délka tohoto dseku byla minimalizovana s ohledem na geolo-
nost demolice soucasného silni¢niho nadjezdu ulice Korunovaéni
a vystavbu nového nadjezdu.

NadloZi raZeného tunelu tvori kvarterni fluvidlni terasové pisky
a $térky mocnosti cca 10 m, které ¢aste¢né zasahuji i do profilu raZe-
ného tunelu. V podloZi $térkopiskové terasy jsou ordovické jilovito-
piscité bridlice s kfemenci patfici do letenského souvrstvi. Razba
tunelu se predpoklddd technologii Nové rakouské tunelové metody

high-rise residential buildings. Three alternatives have been assessed for
this section. The assessment deals with key elements of the construction
works. As shown below, the double-rail track running along the existing
alignment, which has also been presented in detail in documents of the
zoning process, was assessed as the most suitable alternative.

Alternative 1 - A single-rail mined tunnel + the existing rail

Alternative 1 proposes that the right-hand rail copy the alignment of
the existing track. The vertical alignment of the rail will be lowered in the
tunnel at the edge of the Stromovka Park so that electric traction can be
installed in the existing tunnel, which means that only the tunnel bottom
will be deepened.

The horizontal alignment of the left hand rail before the vaulted fly-
over in the Stromovka Park (the area near Kamenicka Street) is diverted
to the southern edge of the Stromovka, toward the AVU grounds; the rail
continues through an about 580m long mined single-rail tunnel under
existing blocks of houses bordered by Nad Kralovskou Oborou Street,
with the mined tunnel portal located before the crossing with Korunovac¢ni
Street. Further on the rail runs through a cut and cover tunnel, up to the
Praha Dejvice HradCanskd cut and cover intermediate station. The right
hand rail is led on the surface, above the cut and cover tunnel, approxima-
tely to the area of the Sparta stadium, where it starts to sink to get to the
level of the left hand rail. Then both rails jointly enter the above-mentioned
intermediate station through a double-rail cut and cover tunnel. The length
of the passage of the mined tunnel under existing buildings was minimised
with respect to geological conditions along the route. At the same time, this
solution brings about the necessity for demolishing the existing flyover
crossing Korunovacni Street and constructing a new flyover.

The mined tunnel overburden consists of Quaternary fluvial terrace
sands and gravels, about 10m thick, which partially extend to the mined
tunnel cross section. The bedrock under the gravel-sand terrace is formed
by the Letnd Member quartzites. The New Austrian Tunnelling Method
(NATM) is planned for the tunnel excavation. The excavation vault will be
supported during the driving through gravel-sands by horizontal fans of jet
grouted piles. Thus the overburden subsidence as well as the settlement of
existing buildings above the tunnel will be minimised.

Alternative 2 - A double-rail tunnel under residential buildings
The principle of this solution is that both rails before the vaulted flyo-
ver in the Stromovka Park (the area of Kamenicka Street) are diverted in
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(NRTM). Pri razbé bude klenba vyrubu ve §térkopiscich zajiStovana
véjifi horizontdlnich pilot provddénych tryskovou injektdZzi. Tim
budou minimalizovdny poklesy nadloZi a tim i povrchové zdstavby
nad raZenym tunelem.

Alternativa 2 - RaZeny dvoukolejny tunel
pod obytnymi domy

Princip feSen{ spocivd v tom, Ze ob€ koleje pred klenutym nadjez-
dem v aredlu Stromovky (oblast u ulice Kamenické) jsou sméroveé
odklonény mimo stavajici stopu traté CD do stopy jednokolejného
razeného tunelu Alternativy 1 — zde vSak je feSeni s dvoukolejnym
raZzenym tunelem, s portdlem razeného useku pred kiizenim s ulic{
Korunovacni. Ddle jsou obé koleje vedeny v hloubeném dvoukolej-
ném tunelu az do hloubené zastdvky Praha Dejvice Hrad¢anskd. Opét
toto feSeni s sebou prindsi nutnost demolice silni¢niho nadjezdu ulice
Korunovacni a vystavbu nového nadjezdu.

V této alternative se pocitd s vybudovanim dvojice novych jedno-
kolejnych razenych tunelt v délce cca 580 m. Oba tunely budou mit
spole¢nou stredni opéru z monolitického Zelezobetonu, kterd bude
vybudovdna s predstihem v samostatné operové Stole, kterd bude
vyuZita i jako pruzkumnd $tola pro ovéfeni geologickych poméra.
Poloha razenych portdlt bude upfesnéna dle detailniho inZenyrsko-
geologického pruzkumu.

Na vychodni strané, tj. smérem ke Stromovce bude na razené
tunely navazovat kritky hloubeny tunel délky cca 90 m. Na zdpad-
ni strané bude na razené tunely navazovat dlouhy hloubeny tunel az
k podpovrchové zastdvce Praha Dejvice Hrad¢anska.

V této alternativé se uvaZzuje s opusténim tunelu na okraji
Stromovky.

Alternativa 3 - Dvoukolejna trasa ve stavajici ose

Na rozdil od predchozich alternativ je zde navrzeno povrchové
vedeni dvoukolejné trati priblizné v ose stavajici trati. Navrhuje
se rozSifeni drazniho télesa tak, aby vyhovovalo dvoukolejnému
profilu. Pfedpokladem pro toto feSeni jsou relativné rozsdhlé drazni
pozemky, které umoznuji, aby se nezasahovalo do pozemku soused-
nich s pfirodni pamdtkovou ochranou. Tomuto vedenf trati napoma-
haji vhodné geologické poméry — zejména pfitomnost pevnych dob-
rotivskych bridlic, které minimalizuji nutnost vystavby masivnich
betonovych zdi. Jsou volena nadstandardni technickd feSen{ (zarub-
ni zdi misto svahovédni vCetné vyuZiti mensich stavebnich mecha-
nismu, aby se zcela minimalizovaly zdbory pozemku, byt'jen docas-
né). Niveleta koleje je oproti soucasnému stavu zahloubena o cca
0,7 az 2,5 m, coZz vytvari predpoklady pro snadnéjsi integraci do
prostoru Krélovské obory. Vychdzi ddle z predpokladu, Ze by bylo
mozno snést stavajici nadjezd Kamenicka, respektive rozebrat jej
a nésledné nové sestavit na vhodné vybraném misté v aredlu
Stromovky, pripadné jinde. Na jeho misté pak postavit novy nadjezd
(dle striktné zadanych urbanistickych a historicko-architektonic-
kych kritérif) umoznujici vyktiZeni s dvoukolejnou trati.

Zaroven je predpokldddna moZnost postupného rozebrani stava-
jiciho tunelu dlouhého cca 100 m a jeho nahrazeni novym dvou-
kolejnym tunelem ramové konstrukce. Tunel je navrZen jako hlou-
beny, bude realizovén ve stavebni svahované jame. Bude podkovo-
vitého tvaru se Zelezobetonovymi zdkladovymi pasy a krytem dna
z prostého betonu, pripadné se spodni klenbou, ostén{ tunelu bude
z monolitického Zelezobetonu. Portdly by bylo moZno opét sestavit
v plivodni podobé bud v ramci predpoli novych portild, nebo jako
jejich soucdst. Celé okoli zejména v nadndsypu tunelu bude uvede-
no do stavu, ktery opét vyhovi nejpiisn€jSim architektonickym
pozadavkum. Zdroven je nutno konstatovat, Ze nedojde k ohroZen{
chrdnéného objektu severné od osy nynéjsiho tunelu ani ulice Nad
Krélovskou oborou.

Dale je trat’ vedena po povrchu do oblasti Sparty, zde se zahlubu-
je a v dvoukolejném hloubeném tunelu je pfivedena do zastdvky
Dejvice Hradcanska.

KOMPLEXNI POSOUZENI ALTERNATIV

Trasovani
Navrzené kolejové dpravy umoznuji v celém useku zvysit trato-

s tunely pod zdstavbou, protoZze md vetsi polomér. Rovnéz vyskové

ground plan from the existing Czech Railways track alignment to the
alignment of the single-rail mined tunnel designed in Alternative 1. The
difference is that this is to be a double-rail mined tunnel, with the portal
of the mined section located before the crossing with Korunovacni Street.
Further on, both rails run through a cut and cover double-rail tunnel, up to
the Praha Dejvice HradCanskd cut and cover intermediate station. Again,
this solution brings about the necessity for demolishing the existing flyo-
ver over Korunovac¢n{ Street and constructing a new flyover.

In this alternative it is assumed that a pair of about 580m long new sing-
le-rail mined tunnels will be built. Both tunnels will have a common cast-
in-situ reinforced concrete central pillar, which will be constructed in
advance, inside an independent abutment gallery; the gallery will be also
used as an exploration gallery to verify geological conditions. The locati-
on of the mined portals will be closer specified according to the results of
a detailed engineering geological survey.

On the eastern side, i.e. toward the Stromovka Park, a short, about 90m
long cut and cover tunnel will follow after the mined tunnels. On the western
side, a long cut and cover tunnel will connect to the mined tunnels, ending at
the Praha Dejvice Hrad¢anskd underground intermediate station.

This alternative assumes that the existing tunnel at the edge of the
Stromovka Park will be abandoned.

Alternative 3 - A double-rail track along the existing alignment

In contrast with the previous alternatives, this one comprises an at-
grade alignment for the double-rail track, approximately following
the existing track. It proposes widening of the track bed so that it meets
requirements for a double-rail track cross section. The condition for this
solution is the existing relatively vast railway right of way, owing to which
there is no need for expanding into the neighbouring natural monument
areas. This alignment is also possible thanks to favourable geological con-
ditions, above all strong Dobrotiv shales, which minimise the necessity for
constructing massive concrete walls. Above-standard civil engineering
solutions are adopted (revetment walls instead of slopes, including the use
of smaller construction equipment so that land use for construction, even
though temporary, is minimised as much as possible. The rail alignment is
deeper by about 0.7 to 2.5m compared with the current state. This design
creates conditions for easier integration into the Kralovskd Obora space. It
is further based on an assumption that it would be possible to remove the
current Kamenicka Street flyover or dismantle and newly assemble it in an
appropriately selected location in the Stromovka Park area or elsewhere.
A new flyover would be erected (according to newly specified urban and
historic-architectural criteria), which would make the crossing with the
double-rail track possible.

At the same time, this alternative assumes that it will be possible to step
by step dismantle the about 100m long tunnel and replace it by a new,
double-rail tunnel (a framed structure). The tunnel has been designed as
a cut and cover structure, to be constructed in an open trench with sloping
sides. The tunnel lining is designed in cast-in-situ reinforced concrete.
Horseshoe geometry is designed for the tunnel, with RC continuous foo-
ting and the bottom covered with unreinforced concrete, or with an invert.
Portals could be re-assembled in the original form either within the fra-
mework of the area in advance of new portals or as a part of the new por-
tals. The entire surroundings, first of all on the embankment above the tun-
nel, will be brought into a condition which will satisfy the most stringent
architectural requirements. At the same time it is necessary to state that
neither the historic building north of the existing tunnel nor Nad
Kralovskou Oborou will be endangered.

Further on, the alignment runs on the surface to the Sparta Stadium area,
where it sinks to a cut and cover double-rail tunnel leading to Dejvice
Hrad¢anskd intermediate station.

COMPREHENSIVE ASSESSMENT OF THE ALTERNATIVES

Route alignment

The proposed rail line modifications make increasing of the speed limit
over the track to 80km/h possible throughout the length of the route. In
terms of the horizontal alignment, the alternative comprising tunnels under
existing buildings is more advantageous because it has a larger curve radi-
us. The vertical alignment proposed by this alternative is also more advan-
tageous — there is smaller (or no) rising grade behind the adjacent stations.

Passage through the residential area, conflicts of interest

Alternatives 1 and 2 extend under private plots with residential buil-
dings. Experience in designing similar constructions suggests that these




vedeni nivelety je vyhodnéjsi u tunelové alternativy, za prilehlymi
stanicemi je pfi rozjezdu mensi (resp. Zddné) stoupdni.
Pruchod obydlenym tizemim, strety zajmu

Alternativa 1 a 2 zasahuje pod soukromé pozemky s obytnymi
budovami, dle zkuSenosti s projedndvanim obdobnych staveb by se
mohly tyto varianty stit neprichodné. Dal3i nejistotou jsou zabory
pro pristupové cesty a ndstupni plochy pro hasice u portdlu.
Doba vystavby

Tunelové varianty predstavuji priblizné 3x Casoveé ndro¢néjsi
vystavbu neZzli povrchova varianta.

MnoZstvi materidlu a manipulace s materidlem

Pfedpoklddd se naloZeni zemin a rubaniny bud pfimo na Zelezni¢-
ni vagony v trase stavby, nebo na ndkladni automobily s pfesunem
na mezisklddku nebo primo na definitivni dloZi§té. Dopravni zdtéze
na odvozovych komunikacich kolem stavby a objemy vytéZenych
materidlu a betonu jsou u tunelové alternativy zhruba 3x vyssi.

Zarizeni stavenisté, umisténi

Ve vSech pripadech bude zfizeno zafizeni staveni$té a budou pro-
bihat stavebni prace budto pod obytnou zdstavbou, nebo v chrdnéné
oblasti.

Vliv stavby na Zivotni prostredi

Zelezni¢ni doprava ve stopé stdvajici Bustéhradské dréhy je vede-
na husté zastavénymi ¢dstmi hlavniho mésta. Ochrana zdstavby si
vyZaduje nadstandardni protihlukova opatfeni z davoda dodrzeni
pozadovanych hygienickych limitd vyplyvajicich z platné legislati-
vy. Vzhledem k vedeni oteviené trati v zdfezu s protihlukovymi
bariérami Ize vSak tuto variantu povazZovat za rovnocennou tunelo-
vému feseni.

Obdobné 1ze hodnotit naruseni krajiny, protoZe u oteviené trati se
v pohledu jednd o pokracovdni soucasného stavu.
Geologické poméry a pruzkum

Podrobny geologicky a hydrogeologicky pruzkum nelze pod
objekty dostate¢né provést, proto zjisténi vstupnich parametri pro
navrh a dimenzovdni konstrukci neni spolehlivé vzhledem
k rizikam, kterd nevhodné feSeni muZe prinést. Pasportizace objek-
tu pro tunelové feSeni musi byt podrobnd a vysoce odborna pro zjis-
téni potrebnych tddaju.
OhroZeni stability domu a konstrukei

Razba tunelu NRTM znamend vyrub s otevienym Celem. Pri
tomto postupu nelze zcela vylouc¢it moZznost kolapsu. Lze provést
ndrolnd predstihovd opatfeni, kterd tuto moznost minimalizujf,
ovSem vzhledem k souvislé zdstavbé je jejich provedeni obtizné.

Moznost poskozeni konstrukei a pravni spory

Poklesy od razby tuneld pfi metodé NRTM a nizkém nadloZi tune-
14 nelze vyloudit, proto je pravdépodobné riziko vzniku pravnich
sporQ a nutnost néhrad $kod.

Koncepce bezpec¢nosti
Uroven bezpe€nosti v tunelech je dnes jiz tak vysokd, Ze ji lze
povazovat za rovnocennou volné trati.

Investi¢ni naklady
Investi¢ni ndklady v tomto pripadé, kdy u volné trati dochdzi jen
k tpravé stavajiciho télesa (rozsiteni a opérné zdi), jsou priblizné 3x

P

niz$i nez u alternativy s tunelem.

Provozni naklady

Tunely znamenaji zvySené ndklady na ddrzbu vybaveni, osvétle-
ni, vétran{ avSak vhodnéjsi vedeni nivelety trati (rozjizdéni pti kle-
sdni) tuto nevyhodu prevazi.
Vyhodnoceni

Jako nejvhodnéjsi dle uvedenych kritérif je vyhodnocena varianta 3
— vedeni modernizované trati v ose stavajici trati.

HLOUBENY USEK V OBLASTI LETNE

V prostoru Letné navazuje vice nez 700 m dlouhy dsek hloubené-
ho dvoukolejného tunelu umisténého tésné pod povrchem, ktery
probihd az k podpovrchové stanici Praha Dejvice Hradcanska.
Stavebni jdma je zde paZena Cdste¢né pilotovymi sténami, astené
je vysvahovand. Konstrukéné jde o Zelezobetonovy monoliticky
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variants could become obstructed. Other uncertainties are associated with
permissions for using land for access roads and mustering areas for fire-
fighters at portals.
Construction duration

The variants comprising tunnels represent approximately 3 times more
demanding construction than the at-grade variant.

Quantity of materials and material handling

It is assumed that earth and muck will be loaded either directly on
wagons on the construction route or on lorries, depositing it either on an
intermediate stockpile or directly on a final dump. The traffic volume
along the haul routes in the vicinity of the construction, as well as the
volumes of excavated materials and concrete is roughly 3 times higher in
the case of the tunnelling alternative.

Construction site facilities - location

In all of the cases, construction site facilities will be erected and con-
struction works will be performed either under existing residential buil-
dings or within a conservation area.

Environmental impacts of the construction

Railway traffic along the route of the existing Bustéhrad rail line is led
through densely developed areas of the capital. The protection of existing
buildings requires above-standard noise abatment measures to maintain
required hygiene limits following from valid legislation. Taking into con-
sideration the depressed route of the track with noise suppression barriers,
this variant can be regarded as equivalent to the solution containing
a tunnel.

The disturbance of the landscape can be assessed similarly because, as
far as the view of the open route is concerned, it is the continuation of the
existing state.

Geological conditions and survey

Detailed geological and hydrogeological surveys cannot be conducted
under existing buildings sufficiently. For that reason the determination of
input parameters for the design and structural analyses is not reliable
taking into consideration the risks which may be brought by an improper
design. The condition survey of buildings for the design comprising
a tunnel must be very thorough and highly professional to obtain required
information.

Endangering buildings and structures

The NATM excavation means that open excavation face is involved. It
is impossible to completely exclude the possibility of a collapse when this
technique is used. It is possible to implement demanding advance measu-
res minimising this possibility, but they are very difficult to perform with
respect to the continuous residential development.
Possibility of damaging buildings and civil proceedings

At the NATM technique and shallow tunnel overburden, it is impossib-
le to exclude terrain settlement caused by the tunnelling, therefore the risk
that civil proceedings and necessity of compensating for damages is pro-
bable.
Safety concept

The level of safety in tunnels is today already so high that it can be con-
sidered equivalent to the open route.

Investment costs

In our case, when only the existing trackbed is to be modified (the wide-
ning and retaining walls), investment costs are approximately 3 times
lower than in the case of the alternatives comprising tunnels.
Operating costs

Tunnels mean increased costs of maintenance, equipment, illumination,

ventilation and other, but the more advantageous alignment of the track
(starting on a down gradient) outweighs this disadvantage.

Assesement

Variant 3, the upgraded line running on the existing track axis, is asse-
sed as the most suitable interms of the above mentioned criteria.

CUT AND COVER SECTION IN LETNA AREA

An over 700m long section consisting of a cut and cover double-rail
tunnel located close under the surface follows in the area of Letnd. The
tunnel leads up to the Praha Dejvice Hrad¢anskd underground station. The
construction trench for this tunnel is partially stabilised by pile walls and
partly provided with side slopes. The structure is a reinforced concrete,
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Obr. 6 Vzorovy rez hloubenym tunelem
Fig. 6 Typical cross section through the cut and cover tunnel

jednolodni rdm provadény v otevieném vykopu. Toto feSeni umoz-
nuje mimotroviové kiizeni s nékolika pri¢nymi ulicemi pred stani-
ci. Konstrukce hloubenych tuneld se t€sné priblizuje ke konstrukci
vyjezdni rampy z tuneld MO, kterd je v souCasné dobé realizovd-
na s opatfenimi, kterd umoZni ndslednou vystavbu tunelt drahy. Na
tento tunelovy dsek navazuje hloubeny tunel provedeny
v konstrukénich podzemnich sténéch, ktery prechdzi v konstrukci
stejné feSené stanice Praha Dejvice HradCanskd. Podzemni stény
zde tedy tvori jiz definitivni vodotésné osténi tunelu. Stanice t€sné
sousedi s konstrukei tuneld MO, se kterymi ma v tseku cca 200 m
spole¢nou stredni sténu a jejichZ vystavba pravé probiha.

TUNELY MEZI STANICEMI DEJVICE A VELESLAVIN

Trat' je v celém tomto tdseku vedena pod zemi, prevazné
v hloubenych tunelech, v trase je i nékolik raZenych dseka. Uprostied
dseku byla vloZena hloubend podzemni zastavka Dlouhy lan.

Hloubené tunely jsou v tomto dseku navrzeny zdsadné jako dvou-
kolejné, provddéné v oteviené stavebni jame. Stavebni jamy dosa-
huji misty znacnych hloubek (niveleta koleje se pohybuje az
v hloubce 17 m). Jsou pazeny ve vrstvach pokryvnych dtvari pomo-
ci kotvenych pazicich stén (pilotovych, zdporovych), piipadné,
pokud to prostorové podminky dovoli, jsou svahovany. Ve vrstvach
skalniho podkladu je pak stavebni jdma zajiSténa prevdzné kotve-
nym skalnim svahem se stifkanym betonem.

Geologické podminky jsou na zaCdtku iseku pomérné nepfiznivé,
mocnost pokryvnych dtvara zde zasahuje hluboko, vétSinou az pode
dno stavebni jamy. Ddle se mocnost pokryvi postupné zmenSuje
a tunely zacinaji zasahovat do vrstev skalniho podkladu ordoviku —
dobrotivskych bridlic, které jsou mistné preruSeny pasem skalec-
kych kifemenct a piskovcu, ke konci tdseku potom pak tvori ordo-
vické podloZi Sarecké bridlice.

Na zacdtku dseku prochdzi trasa pod nové budovanym mostem ve
Svatovitské ulici. Obé stavby jsou koordinovény, zaloZeni mostu je
navrZzeno tak, aby bylo mozné ndsledné vybudovat tunel drédhy mezi
prvky hlubinného zaloZeni opé€r mostu.

Nosnou konstrukci tuneld bude tvofit Zelezobetonovy monolitic-
ky jednolodni rdm s deskovou stropni konstrukci s ndbéhy.
Predpoklddand kvalita betonu je min. C30/37. Konstrukeni dily
tunell se vzdjemné oddéluji svislymi dilata¢nimi sparami. Zelezo-
betonové podzemni konstrukce budou izolovdny pouzitim féliové
izolace dle drovné hladiny podzemni vody a koroznich udcinku
bludnych proudu.

cast-in-situ single-span frame, which is built in an open trench. This solu-
tion makes grade-separated crossing with several streets before the station
possible. The cut and cover tunnels structure gets close to the structure of
an exit ramp from the City Circle Road, which is currently being con-
structed, with measures which will allow the subsequent construction of
the railway tunnels. This tunnelled section is followed by a cut and cover
tunnel, which is built within structural diaphragm walls. This tunnel pas-
ses into the Praha Dejvice HradCanska station, which has the same design.
Diaphragm walls form the final waterproof lining of the tunnel in this
location. The station is in close proximity of the tunnel structures on the
City Circle Road. The tunnels, which are currently under construction,
have a common central wall throughout a length of about 200m.

TUNNELS BETWEEN DEJVICE AND VELESLAVIN STATIONS

The route passes underground throughout the length of this section,
mostly cut and cover tunnels; there are also several mined tunnels on the
alignment. The Dlouhy Ldn cut and cover underground station was inser-
ted to the mid point of the section.

The cut and cover tunnels which are designed for this section are sole-
ly double-rail structures, to be built in open construction trenches. The
construction trenches locally reach significant depths (the rail alignment
depth is up to 17m). They are stabilised by anchored shoring walls (pile or
soldier beam and lagging walls) when excavated in surface deposits or,
where the spatial conditions allow it, their sides are sloped. The trenches
passing through the bedrock are stabilised mostly by anchored rock slopes
with shotcrete.

Geological conditions at the beginning of the section are relatively
unfavourable; the thickness of surface deposits reaches deep, mostly even
under the bottom of the construction trench. Further on, the thickness of
the surface deposits diminishes and the tunnels will start to pass through
the bedrock consisting of Ordovician — Dobrotiv shales, which are locally
interrupted by a strip of Skalec quartzites and sandstone; the Ordovician
bedrock is at the end of the section formed by Sérka shales.

At its beginning, the route runs under a bridge to be newly built in
Svatovitska Street. Both projects are coordinated; the bridge foundation is
designed in a way which will make the subsequent construction of the rail-
way tunnel possible between elements of the deep foundation of the brid-
ge abutments.

The load-bearing structure of the tunnels will be formed by a cast-in-
situ single-span frame, with a haunched roof slab. The minimum C30/37
quality of concrete is assumed. Casting blocks of the tunnels are separated
from each other by vertical expansion joints. Reinforced concrete underg-
round structures will be provided with waterproofing membranes, depen-

ding on the water table level and corrosive effects of stray currents.



HLOUBENE TUNELY ZA STANICI PRAHA RUZYNE

V tseku novostavby mezi stanici Praha Ruzyné a koncovou stani-
ci Praha Leti$té Ruzyn€ je navrzeno nékolik dseku hloubenych tune-
14 tam, kde neni moZno vést trasu po povrchu z divodu prechodu
silni¢nich téles a ochrany leti§tnich zafizeni. Tunely jsou opét navr-
Zeny jako monoliticky Zelezobetonovy rdm, obdobné jako v dseku
popsaném vyse.

STANICE PRAHA LETISTE RUZYNE

Stanice Praha Leti§t€ Ruzyné je umisténa v prostoru mezi letist-
nimi termindly podél mostni{ estakddy. Jeji vyskova i smérova polo-
ha umoznuje ndsledné podejiti objektu Termindlu Sever 2 tak, aby
nemuselo dojit k bourdni a funkénim zméndm jeho novych kon-
strukci a aby bylo mozné technicky vyfesit pruchod koliznimi misty
mezi objekty Letisté Ruzyné a navrhovaného Zelezni¢niho spojeni —
prujezdné varianty. Témito koliznimi misty jsou pfedeviim mostn{
objekty — ploSina pred termindlem a prijezdovd estakdda.

Prostor stanice bude kromé prfimého vystupu na povrch propojen
také s budovami letiSté¢ podzemnimi spojovacimi chodbami — dvoji-
ci vychodnich raZenych chodeb spojujici stanici s puvodnim
Termindlem Sever 1 a objektem Parkingu C a zdpadni hloubenou
chodbou, spojujici stanici s neddvno dokoncenym novym
Termindlem Sever 2. Pro tuto chodbu byl v souvislosti se stavbou
nového termindlu vybudovan podzemni predstihovy objekt, ktery
umozni dobudovéani chodby pod mostni ploSinou pfed termindlem
bez ovlivnéni povrchu.

Pro budouci podejiti objektu Termindlu Sever 2 raZenymi tunely
je nutno v rdmci vystavby stanice provést predstihové objekty
ochrannych desek Zelvy v oblasti mezi stanici a objektem Termindlu
Sever 2 a podchytit pilife mostni ploSiny pfed objektem Termindlu
Sever 2, jejichz pilotové zaloZzeni pfimo zasahuje do prostoru
budoucich tuneli. Podchytdvky musi byt Cdsteéné provddény
z navrhované spojovaci chodby (v budoucnu, kdy uz bude chodba
v provozu, by je nebylo mozno realizovat). Reseni je navrzeno
s ohledem na minimalizaci vlivu stavby na komunikace pod ploSi-
nou. Spo¢ivd ve vybudovdni Zelezobetonovych vynésecich trdmu
oprenych o svazky mikropilot v pri¢nych §tolach nad hornim licem
budoucich tuneld.

Pod stanici je umistén ddle predstihovy objekt, ktery umoZni
nésledné projit kolmo pod stanici drdhy razenou stanici metra.

Vystavba stanice se predpoklddd v oteviené stavebni jamé, pfi-
¢emZ bude nutno postupné kotvit a podchytdvat zdkladové piloty
pilifi soubézné mostni estakddy. Tato estakdda byla sice zalozena
tak, aby bylo mozno otevfit stavebni jamu pro vystavbu stanice, byla
vSak predpokldddna mensi hloubka stanice a pilife estakady je tak
nutno nejen prikotvovat, ale i podchytdvat pomoci Zelezobetono-
vych praht a svazka mikropilot. Stavebni jima je paZena kotveny-
mi nasazenymi zdporovymi a mikrozdporovymi sténami, ve spodnf{
¢asti (v oblasti skalniho podkladu tvorfeného pis¢itymi slinovci bélo-
horského souvrstvi) je pak navrZen kotveny skalni svah zajistény
stifkanym betonem a kotvami CPS.

Nosna konstrukce stanice je monolitickd Zelezobetonovd, hlavn{
trakt obsahuje dvé koleje s ostrovnim ndstupistém, vedlejsi vyvyse-
ny trakt, oddéleny od hlavniho traktu spole¢nou stredni sténou,
potom jednu kusou kolej s boénim ndstupiStém. Zastropeni hlavni-
ho traktu je feSeno stropni deskou podeprenou soustavou Zebrovych
stén s klenutym spodnim licem, které jednak podporuji tuto desku
a jednak rozpiraji vnéjsi stény.

Vystavba stanice bude probihat v etapdch, které musi zajistit
funk&nost dopravy v prostoru leti§t€ po dobu vystavby a moZnost
prepojeni inZenyrskych siti nutnych pro provoz letisté.

ING. OTAKAR HASIK, hasik@metroprojekt.cz,
ING. JAN MARTINEC, martinec@metroprojekt.cz,
ING. PETR ZOBAL, zobal@metroprojekt.cz,
METROPROJEKT PRAHA, a. s.
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CUT AND COVER TUNNELS BEHIND PRAHA
- RUZYNE STATION

There are several cut and cover tunnel stretches designed for the newly
constructed section between Praha — Ruzyné station and the terminal sta-
tion, Praha-Leti$té Ruzyné, where the at-grade route is not possible becau-
se of crossings with road embankments and protection of airport facilities.
Again, the tunnel design comprises a cast-in-situ reinforced concrete
frame, similar to the above-mentioned one.

PRAHA LETISTE — RUZYNE STATION

Praha Letisté Ruzyné station is located in the space between the Ruzyné
Airport terminals, alongside a road viaduct. The horizontal and vertical
alignments of the station make subsequent passing under the Terminal 2
North building possible, so that demolishing and functional modifications
of new structures of the Terminal North 2 and the passage through collisi-
on points between existing structures of the Ruzyné Airport could be sol-
ved. The collision points are first of all found at the bridge structures car-
rying the platform in front of the terminal and the access viaduct.

Apart from the direct exit to the surface, the space of the station will be
connected with the airport buildings through underground galleries: a pair
of eastern, mined galleries connecting the station with the original
Terminal North 1 and the Car Parking C, and the western cut and cover
gallery connecting the station with the recently completed new Terminal
North 2. To facilitate the new gallery construction, an underground struc-
ture was constructed in advance in the context of the new terminal con-
struction. It will make the completion of the gallery construction under the
bridge platform in front of the terminal possible without affecting the sur-
face.

The future passage of the mined tunnels under the Terminal North 2
building requires constructing advanced structures of the “tortoise shell”
in the area between the station and the Terminal North 2 building, and
underpinning of the pillars carrying the platform in front of Terminal
North 2, the pile foundation of which directly extends into the space of the
future tunnels. The underpinning must be partially carried out from the
connection corridor being designed; this operation would be impossible in
the future when the gallery will be in service. The solution is designed
with respect to the need for minimising the impact of the construction on
roadways under the platform. It comprises the installation of reinforced
concrete load-bearing beams, in lateral adits above the upper surface of the
future tunnels. The beams will be supported by bunches of micropiles.

An advance structure is further located under the station, which will
subsequently allow a mined metro station to pass perpendicularly under
the railway station.

The station construction is assumed to be carried out in an open trench.
It will be necessary during the works to step by step anchor and underpin
the foundation piles supporting the pillars of the viaduct running in paral-
lel with the station. The truth is that the viaduct was founded in a way allo-
wing the excavation of the construction trench for the station construction;
however, the depth of the station which was assumed is smaller, therefore
the viaduct pillars must be not only anchored but also underpinned by
reinforced concrete sills and bunches of micropiles. The construction
trench is braced by anchored micro soldier beam and lagging walls;
anchored rock slopes stabilised by shotcrete and CPS anchors are desig-
ned for the bottom part which is found in the bedrock consisting of sandy
marlstone of the Bild Hora Member.

The cast-in-situ reinforced concrete framing of the station is divided
into two bays. The main bay houses two rails with an intermediate plat-
form, while the adjoining elevated bay, which is separated from the main
bay by a common central wall, contains one dead-end track with a side
platform. The main bay is covered by a roof slab supported by a system of
ribs with vaulted soffits, which on the one hand support the slab and, on
the other hand, brace the external walls against each other.

The construction of the stations will proceed in stages so that the
functionality of traffic in the airport area and the possibility to change con-
nections of engineering networks crucial for the airport is secured throug-
hout the construction period.

ING. OTAKAR HASIK, hasik@metroprojekt.cz,
ING. JAN MARTINEC, martinec @metroprojekt.cz,
ING. PETR ZOBAL, zobal@metroprojekt.cz,
METROPROJEKT PRAHA, a. s.
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RAZENE TUNELY TRASY METRA V A V PRAZE
MINED TUNNELS ON PRAGUE METRO LINEV A

MIROSLAV KOCHANEK, JAN KOREJCIK

ovob INTRODUCTION
ProdlouZeni trasy A metra ze stanice Dejvickd na Leti$té The metro Line A extension from Dejvicka station to the Ruzyné
Ruzyné ma celkové zlepsit kvalitu dopravni obsluhy severoza- Airport is to improve quality of overall traffic services within the
padniho sektoru mésta kapacitni kolejovou dopravou, kterd se north-western sector of the city by adding high-capacity rail-bound
projevi mimo jiné redukci autobusovych a tramvajovych linek traffic, which will result, among others, in reducing the numbers of
v této oblasti Prahy. V koordinaci s pfipravnou dokumentaci bus and tram lines in this area of Prague. The coordination with the
Modernizace trati Praha—Kladno je uvaZovdno také s prestupy design documentation for issuance of zoning and planning decision
mezi metrem a Zelezniénim spojenim do centra mésta ve stanicich for the Upgrade to Prague — Kladno railway line results, among
Veleslavin, Dlouhd mile a Leti§té Ruzyné. Stanice Dlouhd mile je others, in the possibility of transfering between metro and the rail
navic navrZena jako univerzdlni kapacitni pfestupni uzel mezi line leading to the centre of the city, at  Veleslavin, Dlouhd Mile
Zeleznici, regiondlni i méstskou hromadnou dopravou a zachytnym and Leti§té Ruzyné stations. In addition, Dlouhd Mile station is
parkovistém. designed as a universal, high-capacity intersection for transfering
Pokracovani trasy metra A ze stanice Dejvicka k Letisti Ruzyné je between the railway, regional and urban mass transit and a park-
etapovité rozdéleno na tfi provozni dseky VA, VIA a VIIA. NavrZzend and-ride yard.
trasa navazuje na soucasnou konecnou stanici metra Dejvickd, pod The continuation of the metro Line A from Dejvickd Station
Evropskou ulici stoupd zdpadnim smérem udolim byvalého toward the Ruzyné Airport is divided into stages during which three
Dejvického potoka az do oblasti Vokovic a Veleslavina, kde se staci operating sections will be constructed: V A, VI A and VII A. The
k jihu a prostupuje vyvySeninou Bfevnova, pod severnimi svahy proposed alignment starts from the current terminal metro station,
motolského ddoli se obraci znovu k severozdpadu a dile pokracuje az Dejvickd, under Evropskd Street. It ascends westward along the
k Letisti Praha Ruzyné. valley of the former Dejvicky Brook up to the area of Vokovice and
Prvni ¢ast prodlouZeni, tj. provozni tsek VA, navazuje na soucas- Veleslavin, where it turns south and passes through Brfevnov
nou stanici Dejvickd a kon¢i odstavnymi a obratovymi kolejemi mound; it again turns north-west under southern slopes of the
docasné kone¢né stanice Motol. Trasa propoji husté obydlené oblasti Motol valley and continues further up to the Prague Airport.
podél Evropské a Kladenské ulice, sidlisté Cerveny vrch a sidlistd The initial section of the extension, operating section V A, starts
Petfiny. Navic umoZni snadny pfistup do Fakultni nemocnice Motol, from Dejvickd Station and ends by dead-end and head-shunt tracks
kterd je jednou z nejvétsich nemocnic v CR i v Evropé. behind a temporarily terminal station, Motol. The route will conne-
ct the densely populated areas along Evropskd and Kladenska
ZASADY RESENI Streets and the residential areas of Cerveny vrch and Petfiny. In
Provozni tsek trasy metra VA je dlouhy 6,12 km a jsou na ném add.itio'n, it wil} provide easy access to the Faculty Hospital Motol,
navrzeny tii raZené stanice Cerveny vrch, Veleslavin a Petiiny a jedna thh is one of the largest hospitals in the Czech Republic and even
hlouben4 stanice Motol. Mezistani¢ni dseky jsou témér celé razené. in Europe.
Tratové tunely jsou v prevazném rozsahu navrZeny jako jednokolejné,
pouze v okoli stanice Motol budou dvoukolejné. DESIGN FUNDAMENTALS
Dokumentace pro vybér zhotovitele byla dokonéena v lednu letos- The metro operating section V A is 6.12km long and contains
niho roku. V soucasné dobé probihd vefejnd soutéZ na zhotovitele 3 mined stations, Cerveny Vrch, Veleslavin and Petfiny, and 1
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Obr. 1 Situace trasy
Fig. 1 Layout of the route
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Obr. 2 PrevySeny podélny profil, technologie vystavby
Fig. 2 Exaggerated longitudinal section — construction techniques

stavby. Stavebni price by mély zacit do konce tohoto roku a cely dsek
VA md byt preddn do provozu v roce 2014.

Predpokladé se, Ze ihned po dokonceni tseku VA bude zahdjena
vystavba navazujicich dsekd VIA a VIIA, které jsou vedeny aZ na
Leti$té Ruzyné. Usek VIA m4 délku 4,08 km a jsou na ném tfi stani-
ce, zatimco usek VIIA md délku 2,47 km a pouze jednu stanici.
Tratové tunely budou v prevazné délce razené, jednokolejné.

POPIS TRASY

Nasledujici zakladni popis trasy vysledného feSeni je dle zvyklosti
zpracovan ve sméru staniceni, to je od stanice Motol do stanice
Dejvickd.

Stanice Motol

Stanice metra Motol je situovdna proti hlavnimu vstupu do aredlu
nemocnice Motol, severné od ulice Kukulovy. Je to mélkd hloubend
stanice s bo¢nimi ndstupisti. Osovd vzddlenost koleji ve stanici je
4,5 m. Prosklend stfe$ni konstrukce stanice umoznuje prosvétleni
néstupis§té¢ dennim svétlem. Projekt minimalizuje zédbor prilehlého
svahu s vegetaci a zajiStuje nepferuseny provoz na Kukulové ulici po
celou dobu vystavby. V odfezu zajisténém pilotovou sténou s trvalymi
kotvami bude vybudovidna hloubenad stanice.

Konstrukce stanice je navrZzena z monolitického Zelezobetonu.
Objekt je dvoupodlazni. Na vestibul v drovni pod néstupi$tém nava-
zuje podchod pod ulici Kukulova, s vystupnimi rampami k obéma
protismérnym autobusovym zastdvkam a do aredlu nemocnice.

Soucast{ stanice je také razeny tunel pro obratové koleje. Jednd se
vlastné o razeny dvoukolejny tunel, v némzZ jsou doCasné umistény
dvé koleje délky 410 m pro obrat a odstav vlaku. Na konci tunelu je
umisténa stavebni jama, ve které se u portdlu vybuduje hloubeny Zele-
zobetonovy objekt strojovny hlavniho vétrdni s vétracim objektem na
povrchu. Zde bude doCasné ukonCen provozni tsek trasy metra VA.
Navrzena stavebni jdma umozni razbu dvoukolejného tunelu obrato-
vych koleji, ktera se bude provadét podle zdsad technologie NRTM,
a ddle umoZni v budoucnu montaZ razicich mechanismi TBM a razbu
dvou jednokolejnych tuneli metra na trase metra VIA.

Dalsim dulezitym objektem stavebniho oddilu jsou odvodiovaci

[ s 3

Sachta a Stola, které jsou umistény v nejniz§im misté¢ dvoukolejného

Obr. 3 Stanice Motol
Fig. 3 Motol Station

cut-and-cover station, Motol. Nearly all interstation tunnel stret-
ches will be mined. Running tunnels are designed in the prevailing
extent as single-track structures; double-track tunnels will be only
in the vicinity of Motol Station.

The tender documents were completed in January 2009. The pub-
lic tendering is currently underway. Construction works should
commence by the end of 2009; the entire section V A is to be ope-
ned to traffic in 2014.

The construction of the following sections, VI A and VI A, which
lead up to the Ruzyné Airport, is expected to start immediately after
the completion of section V A. Section VI A is 4.08km long and
contains 3 stations, while the 2.47km long section VII A has only 1
station. Major part of running tunnels will be single-track structu-
res, built by mining.

DESCRIPTION OF THE ALIGNMENT

The following basic description of the resultant alignment design
is, as usual, processed in the direction of chainage, i.e. from Motol
Station toward Dejvicka Station.

Motol Station

Metro station Motol is located in front of the main entrance to the
grounds of the Motol hospital, north of Kukulova Street. It is a near
surface cut-and-cover station with side platforms. The track centre
distance in the station is 4.5m. A glazed station roof structure
makes the illumination of platforms by daylight possible. The
design minimises the use of land on the adjacent slope with vege-
tation and secures uninterrupted traffic in Kukulova Street throug-
hout the construction period. The cut and cover station will be con-
structed in a shelf, which will be stabilised by a pile wall with per-
manent anchors.

The two-level station structure is designed in cast-in-situ reinfor-
ced concrete. The concourse at the level under the platform links
a pedestrian subway under Kukulova Street, with exit ramps lea-
ding to two bus stops (for both directions) and the hospital area.

Part of the station is also a mined tunnel for the headshunt. It is
a mined double-track tunnel temporarily housing two 410m long
rails for turning back and shunting of trains. There will be
a construction trench at the end of the tunnel, in which the main
ventilation plant cut and cover structure will be built, with
a ventilation structure at the surface level. The operating metro sec-
tion V A will be temporarily terminated here. The above-mentioned
construction trench will make the NATM excavation of the double-
rail headshunt tunnel possible; in the future it will make the assem-
bly of TBMs and driving of two single-rail tunnels on VI A metro
line possible.

Another important structure within the construction lot is
a drainage shaft and adit, which is located in the lowest point of the
double-rail headshunt tunnel. The structure will be used for gravity
evacuation of seepage water, tunnel rinsing water and also water
originating during a possible defect on the tunnel hydrant line to
a storm sewer in Kukulova Street.

The alignment turns north from Motol Station toward Petfiny
Station through a left-hand curve to enter the space of Petfiny
Station. At the beginning it passes through an about 770m long,
mined double-rail tunnel, which will be driven by the NATM. Then
two about 550m long single-rail tunnels follow, from an excavation
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obratového tunelu. Objekt bude slouZit pro odvddéni prusakovych
vod, vod z omyvéni tunelu, jakoZ i vod vzniklych pri mozné havdrii
tunelového vodovodu gravitaénim zpusobem do de$tové kanalizace
v ulici Kukulové.

Od stanice Motol smérem ke stanici Petfiny se trasa levostrannymi
obloukem std¢i na sever a je privedena do prostoru stanice Petfiny.
Nejprve se jednd o raZzeny dvoukolejny tunel délky cca 770 m provadény
podle NRTM. Od mista Sachty pro montdZ razicich mechanisma pokra-
Cuji dva jednokolejné tunely délky cca 500 m raZené pomoci technologie
TBM. Mezistani¢ni tsek obsahuje jeste raZenou Stolu se strojovnou vzdu-
chotechniky a vétraci Sachtu, které se budou provadét podle NRTM.

Stanice Petfiny

Stanice Petfiny je situovédna pod ulici Brunclikovou. Vlastni stani-
ce je navrZena jako jednolodni raZend, s ostrovnim néstupi$t€ém 37 m
pod trovni terénu. Osova vzdalenost koleji ve stanici je 14,7 m. Na
stanici ve sméru ke stanici Motol navazuje jedna obratovd kolej umis-
ténd v jednokolejném tunelu mezi obéma tratovymi tunely. V miste,
kde konéfi, jsou vSechny tfi tunely propojeny a do strany je vyraZena
Stola se strojovnou hlavniho vétrani zakonéend vétraci Sachtou. Jizni
Cast ndstupisté je bezbariérové propojena s povrchem dvéma vytahy
a dnikovym schodi§tém umisténym ve spole¢né svislé Sachté
s povrchovym vstupnim objektem. Vystup ze severniho konce stani-
ce do vestibulu je navrZzen pomoci trojice eskaldtora v raZeném eska-
latorovém tunelu. Na vestibul navazuje podchod v prostoru kriZovat-
ky ulic Na Petfindch a Brunclikova.

Za stanici se trasa obloukem std¢i k severovychodu a soucasné
klesd do stanice Veleslavin. Maximalni podélny spad v useku je
38,7 %o. Razené jednokolejné tunely s propojkami maji délku cca
1070 m a budou raZené razicimi mechanismy.

Stanice Veleslavin

Stanice Veleslavin se stfedem priblizné pod ulici Evropskou je situ-
ovdna v prostoru mezi nyn&jii trati CD a vychodnim tsekem ulice
K Cervenému vrchu. Stanice je navrzena jako mélce razend trojlodni,
s ostrovnim ndstupi§tém 19 m pod terénem. Osovd vzdélenost koleji
je 15 m. Zépadni Eelo ndstupisté sousedi s hloubenym objektem, kte-
rym je vedena trojice eskaldtort a vytah do podpovrchového vestibu-
lu. Poloha stanice, vestibulu a jednotlivych vystupu je navrZena tak,
aby umoZnovala pfimé vazby na doCasny autobusovy terminal,
k tramvajovym zastdvkdm na ulici Evropskd a zdroven bez nutnosti
prestavby v pfedstihu reagovala na predpoklddanou modernizaci trat€
CD véetné stanice rychlodrdhy. Na vychodni konec ndstupi$té nava-
zuje technologicka ¢ast stanice. Zde je také umisténo tnikové scho-
diste ze stanice, které tsti do dnikové Stoly leZici nad stanici. Na tuto
Stolu navazuje Sachta s pevnym schodi$tém az na terén.

Dile pokraCuje trasa dvéma razenymi jednokolejnymi tunely délky
cca 800 m do stanice Cerveny vrch, provadénymi pomoci razicich
mechanismu. Asi 150 m za stanici jsou raZené tratové tunely preruse-
ny cca 50 m dlouhym hloubenym objektem, ktery obsahuje strojovnu
vzduchotechniky s vétraci Sachtou umisténou mezi dva jednokolejné
tratové tunely. V dseku jsou opét navrzeny vzduchotechnické propoj-
ky. Maximdlni spad v dseku je 35 %o.

Stanice Cerveny vrch
Stanice Cerveny vrch je situovana pod ulici Evropskou a je navrze-
na jako raZend jednolodni, s jednim hloubenym vestibulem. Hloubka

Obr. 5 Stanice Veleslavin
Fig. 5 Veleslavin Station

Obr. 4 Stanice Petriny
Fig. 4 Petriny Station

equipment assembly shaft (TBMs). In addition, the interstation sec-
tion contains a mined gallery, housing the ventilation plant and
a ventilation shaft; these structures will be constructed by the
NATM.

Petfiny Station

Petfiny Station is located under Brunclikova Street. The station
itself is designed as a single-span mined structure with an interme-
diate platform found 37m under the surface level. The track centre
distance in the station is 14.7 m. There is a single-rail tunnel bet-
ween the running tunnels containing one headshunt track, which
leads from beyond the Petfiny Station toward Motol Station. All of
the three tunnels are interconnected at the point in which they ter-
minate and a gallery housing the main ventilation plant is driven to
a side. The gallery is terminated by a ventilation shaft. The southern
part of the platform is connected with a surface entrance structure
in a barrier-free way, by two lifts and via an escape staircase, which
are located in a common vertical shaft. The exit from the northern
end of the station to the concourse is designed to comprise a bank
of three escalators installed in a mined escalator tunnel.
A pedestrian subway is connected to the concourse in the area of
the intersection between Na Petfindch and Brunclikova Streets.

Beyond the station the alignment turns north-east and descends
to Veleslavin Station, at the maximum gradient of 38.7 %o in this
section. The length of the mined single-rail tunnels with cross pas-
sages is about 1070m; they will be driven by tunnel boring machi-
nes.

Veleslavin Station

Veleslavin Station, with its centre roughly under Evropska Street,
is located in the space between an existing Czech Railways’ track
and the eastern section of K Cervenému Vrchu Street. The station
is designed as a near surface, three-span mined structure with an
intermediate platform found at the depth of 19m under the surface.
The track centre distance is 15.0m. The western end of the platform
neighbours with a cut and cover structure housing a bank of three
escalators and a lift to the underground concourse. The locations of
the station, concourse and individual exits are designed in a way
making direct connection to a temporary bus terminal and tram
stops in Evropskd Street possible. At the same time, the design res-
ponded in advance to the expected upgrading of the existing Czech
Railways’ line and a high-speed railway station, requiring no sub-
sequent reconstruction. There is the services part of the station at
the eastern end of the platform. The staircase for escaping from the
station is also in this location. It leads to an escape gallery found
above the station. This gallery is connected to a shaft by a fixed sta-
ircase leading to the surface.

Further on the route continues through two about 800m long
single-rail tunnels to Cerveny Vrch Station, which will be driven by
TBMs. Approximately 150m beyond the station, the mined running
tunnels are interrupted by a ca 50m long cut and cover structure,
which houses the ventilation plant with a ventilation shaft, which is
located between two single-rail running tunnels. Again, ventilation
cross passages are designed for the section. The maximum gradient
within the section amounts to 35 %o.




Obr. 6 Stanice Cerveny vrch
Fig. 6 Cerveny Vrch Station

ostrovniho ndstupisté pod terénem ve stredu stanice je 27 m. Osova
vzdalenost koleji je 13 m. Zapadni strana stanice bude vyhrazena pro
technologickou &ést a z této strany je napojena pristupova §tola, kterd
bude v definitivu ¢aste¢né vyuzita pro strojovnu vzduchotechniky
doplnénou vétraci Sachtou.

Vestibul, pristupny z vychodniho &ela stanice pomoci trojice eska-
ldtoru, je situovédn do kiizovatky s Horomérickou ulici, s vazbou na
uvaZovany maly termindl méstskych a pfiméstskych linek autobusové
dopravy. Na vestibul navazuje podchod pod ulici Evropskou, ktery
umoznuje také pfimy prestup na tramvajovou trat'vedenou touto ulici.

Zapadni ¢ést nastupiSte je bezbariérove propojena s povrchem dvo-
jici osobnich vytahu s dnikovym schodi§tém, které jsou umistény ve
spole¢né svislé Sachté. Vytahy jsou zadstény do podchodu pod
Evropskou ulici v blizkosti ulic Arabskd a Kamerunskd.

Za stanici Cerveny vrch pokraGuje trasa metra pod Evropskou ulici
dvéma jednokolejnymi raZzenymi tratovymi tunely délky 1760 m usti-
cimi do prostoru odstavnych koleji soucasné koncové stanice
Dejvickd. Tratové tunely jsou opatfeny vzduchotechnickymi propoj-
kami a klesaji v maximdlnim sklonu 39,5 %o smérem ke stanici
Dejvickd. V dseku je navrzen spoleny hloubeny objekt pro ménirnu
a pro strojovnu vzduchotechniky s vétraci Sachtou. Objekt je umistén
na okraji parku a s trasou je propojen dvéma raZzenymi Stolami.

VYBER TECHNOLOGIE RAZBY TRATOVYCH TUNELU

V poslednich letech byla pfi vystavbé novych raZenych dseku praz-
ského metra pouzivdna témér vyhradné Nové rakouskd tunelovaci
metoda (NRTM) s vyuZitim trhacich praci nebo s mechanizovanym
rozpojovanim horniny.

S ohledem na relativné velkou celkovou délku nového tseku
6,12 km a dals{ faktory popsané niZe, byla pro razbu jednokolejnych
tratovych tuneld v souladu s celosvétovym trendem navrZena
v prevdzném rozsahu razba pomoci modernich tunelovacich stroju.
Stani¢ni tunely, dvoukolejné tratové tunely a ostatni razené objekty
budou realizovany technologii NRTM.

Hlavnim kritériem pro vybér technologie razby tratovych dseku
byla snaha o minimalizaci poklest terénu nad raZenymi tunely. Razba
v danych geologickych podminkach pod povrchovou zastavbou, fre-
kventovanymi komunikacemi s fadou inZenyrskych siti a v nékterych
dsecich i tramvajovymi tratémi by byla technologii NRTM moZn4 jen
s obtizemi. Pro omezeni deformaci nadloZi by bylo tfeba provadet
doplnujici opatienti, jako je napriklad vertikdlni ¢lenéni vyrubu, kot-
veni Celby apod. Tato opatfeni vyrazné zpomaluji stavebni postupy,
zvy3uji ndklady, a presto nelze dosdhnout poklest dosahovanych pfi
razbé tunelovacimi stroji v obdobnych podminkéch. Proto je razba
pomoci NRTM navrZena jen v mistech, kde je to nezbytné nutné.
Jednd se o &asti tratovych dseka u stanice Motol, kterd md bo&ni
néstupisté. Zde budou realizovdny dvoukolejné tratové tunely. Pri eta-
povité vystavbé této trasy metra bude dvoukolejny tratovy dsek za sta-
nici Motol vyuZivan dofasné pro obraty vlaku metra.

GEOLOGICKE POMERY

Predkvartérni podklad zdjmového tzemi buduji horniny barrandi-
enského star§iho paleozoika (ordovik — silur), zastoupené prevazné
bridlicemi, piskovci, prachovci a drobami, misty s polohami kfemen-
ct. Minoritné jsou také zastoupeny horniny ordovického vulkanismu,
tvorené prevazné bazaltovymi tufy a tufity a bazaltovymi aglomeraty.

18. rocnik - €. 3/2009

Cerveny Vrch Station

Cerveny Vrch Station is located under Evropskd Street. It is
designed as a mined, single-span structure with one cut and cover
concourse. The depth of the intermediate platform under the surfa-
ce, at its centre, is 27m. The track centre distance is 13.0 m. The
western side of the station will be assigned for services. An access
gallery, which will be in the final state partially used for the venti-
lation plant with a ventilation shaft, will be connected from the
western side.

The concourse, which is accessible from the eastern end of the
station via a bank of three escalators, is located in the intersection
with Horomérickd Street, with a connection to a small terminal for
city bus and suburban bus lines, which is under planning.
A pedestrian subway under Evropskd Street is connected to the con-
course. It allows even direct transfer to the existing tram line run-
ning along this street.

The western part of the platform is connected in a barrier-free
way with the surface by a pair of passenger lifts and an escape sta-
ircase, which are installed in a common vertical shaft. The lifts lead
to a pedestrian subway under Evropskd Street in the proximity of
Arabskd and Kamerunskd Streets.

Behind Cerveny Vrch Station the metro route continues under
Evropskd Street via two 1760m long, mined single-rail running tun-
nels, ending in the space of the stabling tracks which are part of the
current Dejvickd terminal station. The running tunnels are provided
with ventilation cross passages; they descend at the maximum gra-
dient of 39,5 %o toward Dejvickd Station. A common cut and cover
structure for a converter station and the ventilation plant with
a ventilation shaft is designed to be built in this section. The struc-
ture is located at the edge of a park; it is connected to the route by
two mined galleries.

SELECTION OF TUNNELLING TECHNIQUE
FOR RUNNING TUNNELS

In recent years the New Austrian Tunnelling Method (NATM)
with the ground disintegration by drill and blast or mechanically
has been nearly the only method used during the construction of
new sections of Prague metro.

With respect to the relatively great overall length of the new sec-
tion (6.12km) and other below-mentioned factors, the excavation
by modern tunnelling machines (TMs) has been designed for major
part of single-rail running tunnels, in line with the worldwide trend.
The station tunnels, double-rail running tunnels and the other
mined structures will be constructed by the NATM technique.

The main criterion for the selection of the technique for driving
running tunnels was the effort to minimise settlement of the surfa-
ce above the mined tunnels. Driving tunnels by the NATM through
the given geology, under existing buildings, busy roads with nume-
rous utility services buried under their surface and even tram lines
within some route sections, would be possible only with difficulti-
es. Reducing deformations of the overburden would require imple-
mentation of additional measures, for example dividing the excava-
tion face into side drifts and a central pillar and anchoring of the
face. However, even these measures significantly reduce advance
rates and increase costs. In addition, despite the measures, the sett-
lement values achievable when TMs are used in similar conditions
cannot be achieved. This is why the NATM excavation is designed
only for locations where it is necessary, i.e. in parts of running tun-
nel section at Motol Station, which has side platforms. There will
be double-rail tunnels there. During the construction of this metro
line, which is divided into stages, the double-rail section behind
Motol Station will be temporarily used for turning back metro tra-
ins.

GEOLOGICAL CONDITIONS

The Pre-Quaternary bedrock within the area of operations con-
sists of Early Palaeozoic rocks of the Barrandian unit, which are
first of all represented by shales, sandstone, siltstone and greywac-
ke, locally with the occurrence of quartzite layers. There is also
a minor proportion of rocks resulting from Ordovician volcanism,
comprising mostly basalt tuffs, tuffites and basaltic agglomerates.
The Palaeozoic rocks are folded, generally dipping SE at 30-60°.
The Ordovician period is represented by series of layers which are
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Paleozoické horniny jsou zvrasnéné, s generelnim dklonem vrstev
mezi 30-60° smérem k JV. Ordovik je zastoupen souvrstvimi charak-
teristickymi pro prazskou geologii — souvrstvi §drecké, dobrotivské,
libenské, letenské, vinické, zdhoranské, bohdalecké, krdalodvorské
a kosovské. V okol{ stanice Motol vystupuje zpod kridy literiské sou-
vrstvi siluru.

Dalsi horniny predkvartérniho podkladu jsou mesozoického stdri
a ndlezi k svrchni kiide, konkrétné se jednd o souvrstvi perucké, kory-
canské a bélohorské. Tyto horniny jsou zastoupeny jily a jilovci
s uhelnym pigmentem, piskovci, slepenci a ve svrchnich partiich sli-
novci. Kridové horniny jsou generelné subhorizontdlné uloZeny
a spoCivaji diskordantné na podloZnich paleozoickych hornindch.

Kvartérni pokryv predstavuji zejména deluvidlni, deluviofluvidln{,
eolické a fluvidlni terasové sedimenty. V trase stavby byly zjistény
rovnéZ uloZeniny antropogenniho pavodu.

Z hlavnich tektonickych linif se v hornindch ordoviku a siluru
uplatiiuje okrajovy podélny zlom, ktery patii k prazskému zlomové-
mu pdsmu a objevuje se v blizkosti trasy ve svahu v prostoru stanice
Motol. Druhou vyznacnou tektonickou linif je Sarecky zlom, ktery
prochézi severné od stanice Veleslavin, cca 150 metru od trasy.

Z hydrogeologického hlediska je proterozoikum a paleozoikum
prostfedim s omezenou puklinovou propustnosti a v rozlozeném skal-
nim masivu i omezenou prulinovou propustnosti, v obou pripadech
s velmi nizkou vydatnosti podzemnich vod. Ve svrchni kiidé je nutné
pocitat s oddélenymi zvodnémi jednotlivych souvrstvi s pfevdzné
puklinovou az pralino-puklinovou propustnosti. Zvodnéni kvartér-
nich pokryvu je vdzéno predev§im na ddolni fluvidlni sedimenty, kde
hladina podzemni vody komunikuje s vodami ve vodotecich.
Periodické zvodnéni 1ze ofekdvat i v deluviofluvidlnich sedimentech.

TECHNICKE RESENI RAZENYCH STANIC

Ze tif navrhovanych raZenych stanic jsou dvé stanice (Cerveny vrch
a Petfiny) hluboko uloZené razené jednolodni stanice. Vyska nadloZi
nad klenbou stani¢nich tuneli se pohybuje od 15 m do 29 m.
Zbyvajici stanice Veleslavin je navrZena jako trojlodni raZend stanice
s relativné malym nadloZim.

Kaverny jednolodnich stani¢nich tuneld s $ifkou 22 m u stanice
Petfiny, 20,3 m u stanice éerveny vrch a s vySkou 154 m budou raze-
ny technologii NRTM za pouZiti trhacich praci. Pfedpokladd se jak
horizontalni, tak i vertikdlni ¢lenéni vyrubu s primarnim zajiSténim
stfikanym betonem v kombinaci s kotvenim. V prvni fdzi budou vyra-
Zeny a primdrné zajiStény oba bo¢ni vyruby, které budou jesté hori-
zontdlné Elenény. Déle bude vyraZena a primdrné zajiSténa stredni
&ast vyrubu, kterd bude opét horizontédln€ ¢lenéna a jeji klenba bude
opfena o klenbu bo¢nich vyrubu. Velikosti jednotlivych dil¢ich vyru-
bu budou pfizpisobeny nasazené mechanizaci tak, aby byla zajisténa
maximdlni mozZnd rychlost vystavby. Po primdrnim zajisténi celého
stani¢niho profilu bude provedena mezilehld féliovd hydroizolace
a nakonec bude provedeno sekundarni Zelezobetonové osténi.
NavrZend trida betonu definitivniho osténi je C 30/37.

Obr. 7 Razba jednolodni stanice
Fig. 7 The single-span station tunnel excavation sequence

distinctive of Prague geology, namely the Sarka, Dobrotiv, Liberi,
Letnd, Vinice, Zdhorany, Bohdalec, Krdlav Dvur and Kosov
Members. The Silurian Liten Member rises up from under the
Cretaceous mass.

Other Pre-Quaternary rocks forming the bedrock are of the
Mesozoic age. They belong to the Upper Cretaceous formation,
namely the Peruc, Korycany and Bild Hora Members. These rocks
are represented by clays and claystone pigmented by coal, sandsto-
ne, agglomerates and, in the upper parts, marlstone. The Cretaceous
rocks are in general deposited sub-horizontally, resting discordant-
ly on the underlying Palaeozoic rocks.

The Quaternary cover is represented, above all, by deluvial, delu-
viofluvial, Aeolian and fluvial terrace sediments. Anthropogenic
fills were also identified along the metro extension route.

A boundary strike slip fault belonging to the Prague Fault Zone
is the principal tectonic line which exists within the Ordovician and
Silurian rock formations, in the vicinity of the route, in a slope in
the Motol Station area. The other significant tectonic line is the
Sérka Fault, which runs north of Veleslavin Station, at the distance
of about 150m from the route.

From the hydrogeological point of view, the Proterozoic and
Palaeozoic formations provide an environment with limited fissure
permeability and, in decomposed rock mass, even limited interstiti-
al permeability. In both cases the groundwater discharge is very
low. In the Upper Cretaceous formation it will be necessary to take
into account the isolated aquifers existing in individual geological
members, featuring mainly fissure to interstitial-fissure permeabili-
ty. The saturation of the Quaternary cover is bound above all to val-
ley fills (fluvial), where the water table communicates with water
in streams. Periodical saturation with water can be expected even in
deluviofluvial sediments.

TECHNICAL SOLUTION FOR MINED STATIONS

Of the three mined stations being designed, 2 stations (Cerveny
Vrch and Petfiny) are deep seated, mined, single-span structures.
The height of overburden above the vaults of the station tunnels
vary from 15m to 29m. The remaining station, Veleslavin, is desig-
ned as a three-span structure, with relatively shallow overburden.

The 15.4m high caverns for the single-span Petfiny and Cerveny
Vrch stations will be 22.0 and 20.3m wide, respectively. They will
be driven by the NATM, using the drill and blast. It is expected that
the excavation sequence will be combined, using both the sidewall
drifts with a central pillar system (the so-called vertical sequence)
and top heading, bench and invert system (the so-called horizontal
sequence). The primary support will consist of shotcrete combined
with anchoring. In the initial phase, both sidewall drifts will be
excavated and provided with the primary support (the drifts will be
horizontally sub-divided). Then the middle part of the tunnel will
be excavated and provided with the primary support (again, the
excavation will be divided horizontally). The vault over this exca-
vation will be supported by vaults of the sidewall drifts.
Dimensions of the individual partial headings will be accommoda-
ted to the equipment used so that the maximum possible construc-
tion advance rate is secured. When the whole profile of the station
tunnel is provided with the primary lining, the intermediate
waterproofing membrane will be installed and, finally, the secon-
dary reinforced concrete lining will be erected using C 30/37 grade
concrete.

As far as the three-span station, with the width of 22.1m and
the height of the highest middle tunnel of 10m, is concerned, the
NATM technique with the drill and blast is again designed. Taking
into consideration the small height of the overburden, it is con-
ceptually assumed that first the 9.5m wide by 8.5m high sidewall
drifts will be driven and provided with primary support. The hori-
zontal excavation sequence (top heading, bench, invert) will be
applied; the sequence will be switched to the vertical one (side-
wall drifts and a central pillar) in the cases of deteriorated geolo-
gy or existence of settlement-sensitive utility networks in the tun-
nel overburden. The intermediate waterproofing membrane and
final cast-in-situ reinforced concrete lining of the station’s side
tunnels will be installed in these initial headings, including longi-
tudinal rows of columns supporting the vaults of the tunnels, both
the station’s side tunnels and the central tunnel, which will be dri-
ven subsequently. Continuous, longitudinal structural dividing



18. rocnik - €. 3/2009

walls are designed instead of the rows of
columns for equipment sections of stations.
When the final reinforced concrete lining of
the side station tunnels is complete, the central
station tunnel will be driven using the top hea-
ding — bench — invert sequence. Then the inter-
mediate waterproofing will be installed and the
final reinforced concrete lining will be cast in
the central part of the station. The concrete
grade designed for the final lining and the
columns and beams are C 30/37 and SCC
40/50, respectively.

The other mined parts of the station, such
as escalator tunnels, lift shafts, ventilation
shafts and galleries, will be driven by the
NATM, using the top heading-bench-invert
sequence if necessary. Again, the lining will

be a double-shell structure with the primary

Obr. 8 Trojlodni raZend stanice
Fig. 8 The three-span mined station

P

U razené trojlodni stanice celkové Sitky 22,1 m a vysku nejvyssi-
ho stfedniho tunelu 10 m je uvazovdna opét razba technologii NRTM
za pouziti trhacich praci. S ohledem na malou vysku nadloZi se kon-
cepné predpoklddd nejprve razba boc¢nich vyrubu Sitky 9,5 m
a vysky 8.5 m, zajisténych primarnim osténim. Clenéni vyrubu bude
horizontalni, v pfipadé zhorSenych geologickych podminek nebo
vyskytu inZenyrskych siti v nadloZi tunelu, citlivych na poklesy, se
prejde na Elenéni vertikdlni. V téchto prvotnich vyrubech se provede
mezilehld f6liova hydroizolace a definitivni monolitické Zelezobeto-
nové osténi bo¢nich stani¢nich tuneltl vEetné podélnych tad sloupu,
tvoricich podpory kleneb bo¢nich stani¢nich i ndsledné realizovaného
stiedniho stani¢niho tunelu. V technologickych &astech stanic jsou
misto fad sloupt navrZeny pribézné podélné nosné délici stény. Po
dokonceni definitivniho Zelezobetonového osténi bo¢nich stani¢nich
tuneld bude provddéna razba stfedniho tunelu s horizontdlnim ¢lené-
nim vyrubu. Poté bude provedena mezilehld hydroizolace
a vybetonovéno definitivni Zelezobetonové osténi stiedni ¢dsti stani-
ce. NavrZend tfida betonu definitivniho osténi je C 30/37, pilite
a pruvlaky jsou navrZeny z betonu SCC 40/50.

Ostatni razené Casti stanic, jako jsou eskaldtorové tunely, vytahové
Sachty, vétraci Sachty a Stoly, budou razeny pomoci NRTM
s pripadnym horizontdlnim ¢lenénim vyrubu. Konstrukce osténi bude
opét dvoupldstova s primdrnim osténim ze stitkaného betonu, mezi-
lehlou hydroizolaci a Zelezobetonovym sekunddrnim osténim.

TECHNICKE RESENI TRATOVYCH TUNELU

LN 2 Xz

Prevaznd ést razenych mezistani¢nich dseku je navrZena jako jed-
nokolejné tunely raZené pomoci tunelovacich stroju. V okoli stanice
Motol budou vybudovany dvoukolejné tratové tunely razené techno-
logii NRTM.

Razba provadénd vhodnym typem tunelovaciho stroje zaruCuje
v proménlivych geologickych podminkéch a zejména v tdsecich pod
povrchovou zdstavbou minimélni deformace terénu a zdroven velkou
rychlost razby. Pro tento projekt je uvazovdno nasazeni zeminovych
§titt EPB (Earth Pressure Balance), které jsou schopny razit ve
zcela poruSenych hornindch a v mékkych hornindch charakteru zemin
v modu s plnou podporou Cela. Soucasné lze stroje béhem kratkého
Casu upravit pro razbu v modu s ¢dstecnou podporou ¢ela nebo razbu
bez podpory Cela, které jsou vhodnéjsi pro pevné skalni horniny
a umoznuje rychlejsi postupy razby.

Jednokolejny tunel je navrZzen jako kruhovy s vnitinim prumérem
5,3 m. Osténi je jednoplastové z prefabrikovanych Zelezobetonovych
dilcu (tybinka) tloustky 250 mm z vodotésného betonu. Prstence $itky
1400 mm sestavaji ze 6 dilcu (5 + 1). ProtoZe provadét pii této tech-
nologii hydroizolaci na rubové strané neni mozné, coZ je u staveb
metra pozadovano jako ochrana proti bludnym proudum, je tento poZa-
davek splnén zvySenou kvalitou betonu. Minimdlni tfida betonu bude
C 35/45 pri dodrZeni maximalniho prusaku do 30 mm. Jednotlivé seg-
menty budou po obvodu opatieny t€snénim, které zajisti vodonepro-
pustnost spar. MontaZ prstenct osténi se provadi pod ochranou $titu
a pri posunu se §tit opird o Celo predchoziho jiz hotového prstence

lining in shotcrete and secondary lining in
reinforced concrete, with a waterproofing sys-
tem between them.

TECHNICAL SOLUTION FOR RUNNING TUNNELS

The major part of the mined running tunnels between stations is
designed as TM driven, single-rail structures. Two double-rail tun-
nels in the vicinity of Motol Station will be driven by the NATM.

The tunnel excavation by a proper type of a TM guarantees mini-
mum deformations of surface and high advance rates of excavati-
on when driving through variable geological environment, especi-
ally within sections passing under existing buildings. The design
assumes that Earth Pressure Balance Shield will be used for this
project. They are capable of driving through totally broken rocks
and soft ground characterised as soils when they are in the EPB
mode. At the same time, the machines can be modified within
a short time to the mode allowing driving with partial face support
or even the open face mode, which is more suitable for hard rock
and allows faster driving.

The single-rail running tunnel is designed as a circular cross
section structure with the inner diameter of 5.3m. The lining has
a single shell consisting of 250mm thick precast reinforced conc-
rete segments (water retaining concrete). One lining ring is
1400mm wide and consists of 6 segments. Because this technique
does not allow the installation of waterproofing on the external
side of the lining, which is required as the protection of metro
structures against stray currents, this requirement is coped with by
increasing quality of concrete. Concrete grade C35/45 will be the
minimum, with the maximum seeping depth of 30mm. Individual

k
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Obr. 9 Jednokolejny tratovy tunel
Fig. 9 Single-rail running tunnel
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osténi tunelu. Pro minimalizaci deformaci v nadloZ{ tunelu je nutné
provddét okamzité vypln prostoru mezi rubem nové smontovaného
prstence osténi a licem vyrubu. Vhodné zvolend technologie vypliio-
vé injektdZe je zarukou minimalizace poklesu zéstavby.

Jednokolejné tratové tunely budou po celé trase v intervalech maxi-
mdlné 200 m propojeny vzduchotechnickymi propojkami podkovovi-
tého profilu §itky 4,7 m a vysky 5,4 m s délkou cca 12 m, které sni-
Zuji pistovy ucinek projizdéjicich souprav metra. Soucasné slouZi pro
moznou evakuaci osob a zdsah zdchrannych jednotek. V pripadé
detekce pozaru budou propojky automaticky uzavieny pomoci proti-
pozarnich vrat, ve kterych je dvojice protipozdrnich dvefi pro dnik
0osob obéma sméry. Propojky budou s dvoupldstovym osténim
a mezilehlou féliovou hydroizolaci.

Razba dvoukolejnych tratovych tunelt tvaru plochého ovalu je
navrzena podle zdsad technologie NRTM, pri pouZiti trhacich praci.
Predpoklddd se horizontdlni ¢lenéni vyrubu. Podle geologickych pod-
kladu se ofekavd razba v technologickych triddch 3, 4, 5a, 5b a 5c¢.
Témto jednotlivym tfiddm odpovidaji vystrojovaci prostredky
a tloustky primdrniho osténi. Zédkladn{ profil je navrZzen pro osovou
vzddlenost koleji (0. v.) 3,7 m a m4 $itku 10,3 m a vysku 7,6 m. Pro
useky, kde dochdzi k postupnému zvétSovani osové vzdalenosti kole-
ji (pfechod na dva jednokolejné tunely), byly navrZeny dalsi zvétSené
profily dvoukolejného tunelu: 0. v. 39 m, 0. v.45 m, 0. v. 50 m
0.v.58mao.v.6,5m.V téchto tsecich potom dochdzi vzdy ke zvét-
Sen{ profilu tunelu skokem. Ostén{ tunelu je navrZzeno jako dvouplds-
tové s uzavienou mezilehlou f6liovou hydroizolaci. Vnéjsi primarni
osténi je ze stiikaného betonu, vnitini osténi je z monolitického Zele-
zobetonu. NavrzZena tfida betonu definitivniho osténi je C 25/30.

Ostatni raZené &4sti tratovych dsekd, jako jsou vétraci Sachty
a Stoly, strojovny vétrani, odvodiovaci §tola a Sachta, pristupové Stoly
a demontdzni komory $titu s pfistupovym tunelem u stanice Dejvicka,
budou razeny rovnéZ podle zdsad NRTM s piipadnym ¢lenénim vyru-
bu a pouzitim dal§ich zajiStovacich prostiedku. V misté zahdjeni razeb
bude pristropi zajiStovdno mikropilotovymi deStniky, pfi razbé
v zemindch pod hladinou podzemni vody se predpokladd zajisténi
pomoci prekryvajicich se véjiti tryskové injektdZe. Osténi trvalych
konstrukei bude opét dvoupldstové s primdrnim osténim ze strikané-
ho betonu, mezilehlou hydroizolaci a Zelezobetonovym sekundarnim
osténim. U vSech docCasnych konstrukei, jako jsou pristupové Stoly,
bude vybudovdno pouze primdrni osténi a zbyly prostor bude po
ukoncenf funkce dila zaplnén popilkobetonem.

POSTUPY PROVADENI TRATOVYCH TUNELU

Vystavba dvoukolejnych tratovych tuneld v okoli stanice Motol,
provadénych technologii NRTM, bude probihat ze dvou rozsdhlych
staveni$t'smérem ke stanici. Prvni staveni§té pobliZ ulice Kukulovy je
na konci tunelu pro obratové koleje a bude pozdéji vyuZito pro razbu
navazujicich provoznich dseka trasy VIA a VIIA. Druhé stavenisté se
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Obr. 10 Dvoukolejny tratbvy tunel
Fig. 10 Double-rail running tunnel

segments will be fully gasketed to provide waterproof joints. The
lining rings are assembled under the protection of the shield.
Propulsion of the TBM is by pushing from the front end of the pre-
vious completed tunnel lining ring. To minimise deformations in
the tunnel overburden, it is necessary to immediately backfill the
annulus between the external surface of the newly erected lining
ring and the inner surface of the excavation. The properly chosen
method of backgrouting guarantees that the settlement of existing
buildings is minimised.

The single-rail running tunnels will be interconnected throug-
hout the route length at maximum intervals of 200m by about 12m
long ventilation cross passages (horseshoe shaped profiles, 4.7m
wide, 5.4m high), which reduce the piston effect of passing metro
trains. At the same time, they allow evacuation of people and inter-
vention of rescue units. In the case of a fire, the cross passages will
be automatically closed by fire protection gates with a fire-check
door allowing escaping of persons in both directions. The cross
passages will have a double-shell lining with intermediate waterp-
roofing membranes.

The excavation of the horizontally elongated oval cross section
double-rail running tunnels is designed according to the NATM
principles, using the drill and blast. The top heading, bench and
invert excavation sequence is expected. The excavation support
classes 3, 4, 5a, 5b and 5c are anticipated on the basis of geologi-
cal survey data. The means of support and thickness of the prima-
ry lining correspond to the support classes. The basic cross section
is designed for the track centre distance (TCD) of 3.7m; it is 10.3m
wide by 7.6m high. Other enlarged profiles were designed for the
sections where the track centre distance increases (transition to
two single-rail tunnels): 3.9m TCD, 4.5m TCD, 5.0m TCD, 5.8m
TCD and 6.5m TCD. Enlarging of the tunnel profile within these
sections is carried out by jump. The tunnel lining is designed as
a double-shell structure with a closed intermediate waterproofing
membrane system. The outer primary lining is in shotcrete, while
the inner lining is in cast-in-situ reinforced concrete. The C 25/30
concrete grade is designed for the final lining.

The other mined parts of the track sections, such as ventilation
shafts and galleries, ventilation plants, a drainage gallery and
shaft, access adits and shield dismantling chambers with an access
tunnel near Dejvickd Station, will be driven by the NATM. The
excavation face will be divided and means of support applied as
required. At the beginning, the top heading will be protected by
canopy tube pre-support; a support system comprising overlapping
jet grouted fans is expected to be applied while driving through
soils under the water table. The lining of the permanent structures
will consist of two shells: a shotcrete primary lining, intermediate
waterproofing membrane and a reinforced concrete secondary
lining. All temporary structures, such as access adits, will be pro-
vided only with a primary lining; the remaining space will be back-
filled with cinder concrete when the function of the working has
been terminated.

RUNNING TUNNELS — CONSTRUCTION PROCEDURES

The construction of double-rail running tunnels in the vicinity of
Motol Station, which are to be excavated by the NATM, will pro-
ceed from two large construction sites, in the direction of the sta-
tion. The first construction site, near Kukulova Street, is at the end
of the tunnel for headshunt tracks; it will be later used for the exca-
vation of adjacent operating sections, VI A and VII A. The other
site is near Na Vypichu Street. It will be used also for the EPBS
driving of the single-rail tunnels. The double-rail tunnel excavati-
on will start before the deployment of EPBS; part of the comple-
ted double-rail tunnels will be used as an assembly chamber.

The construction procedure for single-rail running tunnels assu-
mes that 2 tunnel boring machines will be deployed in the section
between Motol and Petfiny Stations, in the vicinity of the Vypich
road intersection. In this location the site facility allows high-capa-
city supplying with materials for the excavation of both tunnels,
simultaneously with the mucking out. Both EPBS will be lowered
one at a time down a circular construction pit (21.6m in diameter),
which will be sunk up to the depth of 33.1m. The shaft will allow
the tails of the EPBS to be shifted inside the assembly chamber
pre-excavated in the double-rail tunnel. The chamber is connected
with the surface via an access tunnel (7.1m wide and 6.6m high),



nachazi pobliZ ulice Na Vypichu a bude slouZit i pro razbu jednoko-
lejnych tuneld pomocf $titi. RaZba dvoukolejného tunelu zacne jes§té
pred nasazenim §titd a &ést hotovych dvoukolejnych tuneld bude vy-
uZzita jako montdzni komora.

Postup vystavby jednokolejnych tratovych tunelt pfedpokladd
nasazeni dvou razicich stroju v tratovém tseku mezi stanicemi Motol
a Petfiny v blizkosti kfiZovatky Vypich. Zarizen{ staveni§té zde umoz-
fiuje kapacitni zdsobovédni materidlem pro razbu obou tuneld
a soucasné odtéZovani vyrubané horniny. Oba Stity budou postupné
spoustény v hloubené kruhové stavebni jamé pruméru 21,6 m
a hloubky 33,1 m, s moznosti zasunuti zadni &dsti stroju do predem
vyrazené montdzni komory v mistech dvoukolejného tunelu. Komora
je spojend s povrchem pristupovou Stolou (Sitka 7,1 m a vyska 6,6 m)
s navazujici sjezdovou rampou. RaZba pomoci §titd bude provddéna
ve sméru ke stdvajici stanici metra Dejvickd. Po projeti stroju prosto-
rem stanice Petfiny, kde se pozdéji oba tunely postupné prebuduji na
jednolodni stanici, bude pokrafovat dpadni razba tratovych tunelu ke
stanici Veleslavin. V této tiflodni stanici se predpokladd v predstihu
vyraZeni obou bo¢nich vyrubu zajiSténych primarnim osténim tak,
aby mohly byt stroje stanici protaZeny a ddle pokracovaly ke stanici
Cerveny vrch.

Priblizné 150 m za stanici Veleslavin vjedou stroje do predem
vyhloubené stavebni jamy pudorysnych rozmért 51x31 m. Po projeti
obou razicich mechanismu touto jamou bude cely komplex obsluhy
stroje (odtéZovani rubaniny, sklddka Zelezobetonovych dilct, napoje-
ni na média atd.) prenesen k této stavebni jamé a dals{ raZba tratovych
tuneld bude zajisténa z tohoto mista. To umozni v priubéhu dal3i razby
tratovych tunelt zdroven pokrafovat v razb€ stanic Petfiny
a Veleslavin. Po protaZeni razicich strojii stanici Cerveny vrch, kterd
bude budovéna v predstihu z raZzeného pristupového tunelu s portdlem
u ulice Kladenské, bude pokrafovat razba tratovych tuneld az
k provozované stanici metra Dejvicka.

Oba §tity budou postupné rozebrdny v raZenych kruhovych demon-
taznich komordch priméru 9,4 m, které budou predem vyraZeny cca
50 m od konce odstavnych a obratovych koleji provozované stanice
Dejvickd. DemontdZzni komory budou se stanici propojeny dvéma jed-
nokolejnymi tratovymi tunely, které budou budovany pomoci NRTM.
Jednotlivé dily stroju budou premistény piistupovym tunelem do
23 m hluboké demontdzni Sachty pudorysnych rozmért 10 x 15 m,
odkud budou vytaZeny na povrch. NavrZeny profil pristupového tunel
o 8ifce 12,2 m a vysce 11,3 m umozni presunuti celého $titu (bez zave-
su) do Sachty bez potieby otdceni. Po ukondeni razeb se predpoklddd
dalsi nasazen{ razicich mechanismu na provoznim dseku trasy VIA ve
stavebni jamé za stanici Motol.

ZAVER

ProdlouZeni trasy A metra je rozsdhld komplexni liniovd stavba
v husté obydlené ¢dsti hlavniho mésta Prahy, pfi jejiz vystavbé bude
pouzita fada ruznych technologii. Razit se bude jak NRTM, tak pomo-
ci zeminovych §titd, coZ predstavuje prvni pouZiti tohoto typu tunelo-
vacich strojii pro dopravni tunely v Ceské republice. Razby budou
probihat Casto v obtiznych geologickych podminkéch, pod povrcho-
vou zéstavbou, frekventovanymi komunikacemi s fadou inZenyrskych
siti a v nékterych dsecich i pfimo pod tramvajovymi tratémi. Stavba
zahrnuje prostorné stanice, dlouhé tratové tunely i na né napojené pro-
vozni podzemni objekty.

Navrh technického feSeni nebyl jednoduchy. Hlavnim kritériem
byla snaha o minimalizaci poklest terénu nad raZenymi tunely
a zaroven snaha o co nejkratsi dobu vystavby. Z tohoto divodu byla
pro prevédznou &dst tratovych tuneld zvolena technologie razby pomo-
ci §titt. Celkovd koncepce razeb byla déle ovlivnéna nutnou koordi-
naci vystavby tratovych dseki s vystavbou jednotlivych stanic
a v neposledni fadé téZ polohami volnych ploch pro zafizeni stave-
nisté, jejichz vybér byl znacné omezeny.

Vystavba tiseku VA bude jisté velkou vyzvou pro vSechny, ktefi se
na realizaci této stavby budou podilet. Véfime, Ze viechny problémy,
které nastanou, budou tspé$né vyfeSeny a v roce 2014 bude novy
tsek predéan do uzivani v§em obyvatelim i nav§tévnikiim Prahy.

ING. MIROSLAV KOCHANEVK} kochanek@metroprojekt.cz,
ING. JAN KOREJCIK, korejcik @metroprojekt.cz,
METROPROJEKT Praha, a. s.

Recenzoval: Ing. Karel Rossler, Ph.D.
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which is connected to an access ramp. The EPBS driving will be
carried out in the direction of the existing metro station, Dejvicka.
When the EPBS pass through the space of Petfiny Station, in
which the two tunnels will be later rebuilt to the single-span stati-
on, they will proceed to drive running tunnels, downhill toward
Veleslavin Station. It is assumed that both sidewall drifts in this
three-span station will be excavated and provided with a primary
lining in advance so that the EPBS can be pulled through the stati-
on to proceed further toward Cerveny Vrch Station.

Approximately 150m beyond Veleslavin Station, the TBMs will
arrive at a pre-excavated construction pit with ground plan dimen-
sions of 51 x 31m. After both EPBS pass through this pit, the
whole TBM servicing complex (mucking out, storage of reinforced
concrete segments, utility services etc.) will be moved to the edge
of this construction pit; the further driving of running tunnels will
proceed from this location. Owing to this system it will be possib-
le during the course of further driving to continue at the same time
to excavate Petfiny and Veleslavin Stations. When the EPBS have
been pulled through Cerveny Vrch Station, which will be built in
advance from a mined access tunnel having its the portal near
Kladenska Street, the running tunnels will be driven further up to
the Dejvickd operating metro station.

Both EPBS will be gradually dismantled in mined, circular,
9.4m diameter dismantling chambers, which will be excavated at
the distance of about 50m from the end of the headshunt tracks in
the operating station Dejvickd. The dismantling chambers will be
connected with the station via two single-rail running tunnels,
which will be excavated by the NATM. Individual components of
the EPBS will be moved through the access tunnel to a 23m deep
dismantling shaft with ground plan dimensions of 10 x 15m, from
which they will be lifted to the surface. The 12.2m wide and 11.3m
high cross section which is designed for the access tunnel will
make shifting of the whole EPBS (without the trailing backup) to
the shaft without a need for turning it. It is expected that, when the
drives are finished, the EPBS will be further deployed on operating
section VI of the Line A, in the construction pit behind Motol
Station.

CONCLUSION

The metro Line A extension is a large, complex linear construc-
tion to be carried out within a densely populated part of the capi-
tal, Prague, during which many various technologies will be used.
The excavation will be performed by both the NATM and EPBS. It
will be the first use of this shield type for transport tunnels in the
Czech Republic. The excavation will often pass through difficult
geology, under existing buildings, busy roads with lots of utility
networks and, in some sections, even under tram lines. The project
comprises spacious stations, long running tunnels and operating
underground structures connecting to them.

The work on the design of means and methods was not simple.
The main criterion was the capability of minimising subsidence of
the surface above the mined tunnels and, at the same time, redu-
cing the construction time as much as possible. This is the reason
why EPBS excavation technique was chosen for the major part of
running tunnels. The overall concept of excavation was further
affected by the necessity for coordinating the construction of run-
ning tunnels with the construction of individual stations and, at last
but not least, even by the locations of free areas for site facilities.
The selection of the areas was very limited.

The construction of section V A will certainly be a great chal-
lenge for all of those who will participate in the implementation of
this project. We believe that all problems which will be encounte-
red will be successfully solved and, in 2014, the new section will
go into passenger service to satisfy all Prague residents and visi-
tors.

ING. MIROSLAV KOCHANEK, kochanek@metroprojekt.cz,
ING. JAN KOREJCIK, korejcik@metroprojekt.cz,
METROPROJEKT Praha, a. s.
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NOVY JABLUNKOVSKY TUNEL - PROJEKT A REALIZACE
NEW JABLUNKOV TUNNEL - DESIGN AND CONSTRUCTION

JIRI MARA, JAN KOREJCIK

uvob

V mrazivém listopadu roku 2007 projel Jablunkovskym tunelem ¢islo
IT posledni vlak a po zpfistupnéni tunelu verejnosti spojeném s vystavou
o jeho historii byl tunel preddn stavbé III. Zelezni¢niho koridoru
Optimalizace trati statni hranice SR-Mosty u Jablunkova—Bystfice nad
OIsi. Od té doby uplynulo vice nez 1.5 roku a stavba je i pfes mnohé obti-
Ze v plném proudu. Technické zajimavosti z dosavadni vystavby jiz byly
publikovény jak ze strany zhotovitele, tak dozoru investora a zhotovitele
geomonitoringu. Tento ¢ldnek se soustfeduje na celou problematiku
z hlediska projektanta. Technické feSeni navrZzené v projektu stavby jsme
podrobné popisovali ve Ctvrtém Cisle Casopisu Tunel z roku 2006
v Cldnku Rekonstrukce Jablunkovskych tunelt. Nyni se tedy muZeme
zaméfit predev§im na zmény, které nastaly v dosavadnim pribéhu
realizace.

ZAKLADNI POPIS STAVBY

Novy dvoukolejny Jablunkovsky tunel bude mit délku 612 m,
z toho je 564 m razenych a u kazdého portdlu dalsich 24 m budova-
nych v zajisténé hloubené stavebni jamé. Smérové je tunel veden
v pfimé, pouze poslednich 60 m je v pfechodnici. Dle sklonovych
poméru se jednd o tunel vrcholovy. Tunel je navrZen v celé své délce
se spodni klenbou a s uzavienym systémem hydroizolace.

Osténi raZeného tunelu je dvouplastové s mezilehlou féliovou hyd-
roizolaci tloustky 3 mm. Primdrni osténi je ze stfikaného betonu
C 16/20 s vyztuznymi pifhradovymi oblouky a dvéma vrstvami
vyztuznych siti. Stabilita pristropi pfi razbé je zajisténa predrazeny-
mi jehlami. Definitivni osténi je z monolitického Zelezobetonu
C 30/37, ktery je vyztuZen pithradovymi oblouky a vodorovnymi
prilozkami. Pro betonaz klenby bude vyuzit pojizdny bednici viz.
Osténi hloubené ¢ésti je navrZzeno jako jednopldstové z vodotésného
betonu C 30/37 s prutovou vazanou vyztuzi a bude provedeno do
oboustranného bednéni. Prostor mezi spodni klenbou a §térkovym
loZem je vyplnén betonem C16/20, lic je vyspadovdn smérem ke
stfedni tunelové stoce umisténé v ose tunelu. Svétld vyska tunelové
trouby &ini 10 m, svétld §itka 11,4 m. Po obou strandch tunelu jsou
vedeny sluZebni chodniky s kabelovody, suchovod je pouze na jedné
strané. Zachranné vyklenky jsou navrzeny po 24 m vzdy proti sobé.

Razend ¢dst nového tunelu je budovdna pomoci Nové rakouské
tunelovaci metody (NRTM). Stdvajici jednokolejny Jablunkovsky
tunel &islo IT z roku 1917 je po jednotlivych zdbérech prestrojovédn na
dvoukolejny tunel. Osténi starého tunelu je kromé pravého opéii (ve
sméru staniceni) vybourdvano a profil je rozsifovdn vlevo smérem
k jednokolejnému Jablunkovskému tunelu ¢islo I z roku 1871.
Postup je nédsledujici. V pfedstihu se po celé délce zajisti ponechava-
né pravé opéfi Jablunkovského tunelu &islo 11, a to stifkanym beto-
nem s vyztuZznymi sitémi a PG kotvami, pomoci kterych je injekto-
véan rozvolnény prostor za osténim. Potom se vyrazi kalota nového
tunelu véetné vybourdni asti klenby starého tunelu. Kalota bude
ihned zajiSténa primdrnim osténim. Nésledné bude vyraZen
a primarné zajistén zbytek nového profilu v¢etné vybourdni starého
osténi zasahujiciho do profilu. Déle bude provedena uzaviend mezi-
lehla hydroizolace a nakonec definitivni osténi nového tunelu.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Geologicky se $irSi okoli nachdzi ve vnéjsich zapadnich Karpatech
tvorenych prevazné sedimenty flySového charakteru (stfiddni{ jilov-
cu, prachovcu, piskovct a slepenct), které jsou zastoupeny slezskou
a ralanskou jednotkou. Ob¢ tyto jednotky tvori samostatné piikrovy
nasunuté pres sebe tzv. magurskym nasunutim. Linie magurského
nasunut{ probihd na vychodnim tbo¢i Jablunkovského prismyku
(podél nového silni¢niho tahu E 75, Jablunkov—Cadca). SloZitd pfi-
krovova stavba je doprovdzena zlomovou tektonikou. Z inZenyrsko-
geologického hlediska je flySovy komplex typickym sesuvnym
dzemim.

INTRODUCTION

The freezing November 2007 saw the last train pass through the Jablunkov
tunnel No. II. After opening the tunnel for public visits, which was combined
with an exhibition on its history, the tunnel was handed over to the contrac-
tor for construction of the railway corridor III ‘Optimisation of rail line bet-
ween the border with the SR — Mosty u Jablunkova — Bystfice nad OIS{’.
Over 1.5 years have passed since then, and the construction is, despite many
problems, in full swing. Technical information from the construction has
been published both by the contractor and the resident engineer, as well as the
contractor for geomonitoring. This paper is focused on the problems seen
from consulting engineer’s point of view. Our detailed description of the
technical solution contained in the design was presented in issue 4 of TUNEL
volume 2006, in the paper entitled ,Reconstruction to the Jablunkov tunne-
Is*. Now we can concentrate above all on the changes which have taken place
during the construction to date.

BASIC DESCRIPTION OF THE CONSTRUCTION

The new Jablunkov double-rail tunnel will be 612m long, with a 564m
long mined section and a 24m long cut and cover section at each portal,
which will be built in a secured construction trench. The horizontal alignment
is straight, with the exception of the last 60m long section, which is on
a transition curve. In terms of the vertical alignment, the tunnel is of the sum-
mit type. The tunnel design requires an invert and a closed waterproofing sys-
tem throughout the tunnel length.

The lining of the mined tunnel consists of two shells and a 3mm thick
intermediate waterproofing membrane. The primary lining consists of
a C 16/20 shotcrete layer, lattice girders and two layers of mesh. The top hea-
ding stability during excavation is secured by a spiling umbrella. The final
lining is in C 30/37 grade, in-situ concrete, which is reinforced by lattice gir-
ders and horizontal steel bars. Traveller formwork will be used for casting of
the vault. The lining within the cut and cover sections is designed as a single-
pass structure in C 30/37 water retaining concrete, reinforced with tie-up
rebars. It will be cast using double-sided formwork. The space between the
invert and gravel ballast is filled with C16/20 concrete; the inner surface is
inclined toward the central tunnel drain located on the tunnel centre line. The
net height and net width of the tunnel tube is 10m and 11.4m, respectively.
Service walkways lead along either side of the tunnel. Cableways and
a hydrant line are only on one side. Safety recesses are on both sides, at 24m
intervals, directly opposite each other.

The mined part of the new tunnel is constructed by the New Austrian
Tunnelling Method (NATM). The existing single-rail Jablunkov tunnel No.
II from 1917 is being relined, round by round, and converted into a double-
rail tunnel. The lining of the old tunnel is being broken out, with the excepti-
on of the right-hand side wall (viewed in the direction of chainage) and the
cross section is being widened to the left side, in the direction of the
Jablunkov tunnel No. I, which was built in 1871. The following procedure is
being used: The right-hand side wall of the Jablunkov tunnel No. II, which is
to remain unbroken, is in advance stabilised by shotcrete, welded mesh and
PG anchors, through which grout is injected into the loosened rock mass
behind the lining. Then the top heading of the new tunnel is excavated, con-
currently with breaking out a part of the old tunnel lining. The top heading is
immediately stabilised by a primary lining. Subsequently the remaining part
of the new profile will be excavated and provided with the primary support;
the old lining extending to the excavation profile will be broken out concur-
rently. Then the closed intermediate waterproofing system will be installed.
The final lining of the new tunnel will follow.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

In terms of geology, the wider surroundings are found in the Outer Western
Carpathians, consisting mostly of flysch sediments (alteration of claystone,
siltstone, sandstone and agglomerates), which are represented by the Silesian
and Racany Units. Both units form independent sheets, which are thrust over
one another, forming the so-called Magura Overthrust. The Magura
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Legenda / Legend

1 Ocelova prevazka 2xU200 - Steel waler 2xU200
2 Hrebiky pr. 25 mm, & 2 m, dl. 3 m, do vrtu pr. 80 mm, cementova zélivka
Dowels 25mm dia, & 2m, 3m long, 80mm dia borehole, cement grout
3 Pramencova kotva 2 pr. 15,5/1800 sklon 5°, dl. 14 m (kofen 8 m) predp. sila 200 kN
Stranded anchor - 2 strands 15.5/1800, inclined at 5°, 14m long (8m root), pre-tensioning force 200kN
4 SN kotvy pr. 25 mm & 2 m, dl. 8 m, do vrtu pr. 80 mm, cementov4 zalivka
SN anchors 25mm dia, & 2m, 8m long, 80mm dia borehole, cement grout
5 Hrebiky pr. 25 mm &2 m, dl. 4 m, do vrtu pr. 80 mm, cementova zalivka
Dowels 25mm dia, & 2m, 4m long, 80mm dia borehole, cement grout
6 Pramencova kotva 2 pr. 15,5/1800 sklon 30°, dl. 16 m (kofen 8 m) pfedp. sila 200 kN
Stranded anchor - 2 strands 15.5/1800, inclined at 30°, 16m long (8m root), pre-tensioning force 200kN
7 SN kotvy pr. 25 mm & 2 m, dl. 8 m, do vrtu pr. 80 mm, cementové zalivka
SN anchors 25mm dia, & 2m, 8m long, 80mm dia borehole, cement grout

8 Stfikany beton C 16/20 tl. 150 mm, 2x vyztuznd sit 150x150x6 — Shotcrete C 16/20, 150mm thick, 2x mesh 150x150x6
9 Vypliovy beton C 8/10 — Non-structural concrete C 8/10
10 Fale$ny primér - False primary lining
11 Hydroizolacni souvrstvi — Waterproofing layers
12 Vyplitovy beton C 8/10 - Non-structural concrete C 8/10
13 Novy tunel — New tunnel
14 Stavajici tunel Jablunkovsky Il - Existing Jablunkov Tunnel Il
15 Plvodni terén — Original terrain
16 Roznaseci prah - stfikany beton C 16/20, tl. 400 mm, 3x vyztuznd sit 150x150x8
Spreading sill - shotcrete C 16/20 400mm thick, 3x mesh 150x150x8
17 2x pramencova kotva 2 pr. 15,5/1800 sklon 20°, dI. 14 m (kofen 8 m) piedepsané sila 200 kN
2x stranded anchor — 2 strands 15.5/1800, inclined at 20°, 14m long (8m root), pre-tensioning force 200kN

Obr. 1 Zména zajisténi vjezdového hloubeného tiseku P1
Fig. 1 The modification of the support of the entrance cut-and-cover section, P1

Vlastni trasa tunelu se nachdzi ve svrchni ¢ésti slezské jednotky
paleogenniho stari, tvorené prevazné jilovci s rohovcovitymi
a piskovcovitymi polohami (menilitové souvrstvi). Tunely jsou raze-
ny v nejméné priznivych geologickych podminkéch, v souvrstvi drob-
né cyklického flySe, s prevahou vépnitych jiloveu, s velmi nizkou az
extrémné nizkou pevnosti (dle CSN 73 1001 tfidy R5-R6). Soutasnou
razbou tunelu byly zastiZeny zejména laminované tmavosedé jilovce,
provrasnéné, ¢dstené zbridlicnatélé az podrcené. Neziidka také tek-
tonicky postizené s hojnym vyskytem tzv. tektonickych zrcadel
(dynamickymi pohyby vyhlazené plochy do podoby sklovité struktu-
ry). Jilovce obsahuji rizné mocné nepravidelné vlozky prachovcl
a piskovcu. Jilovee jsou silné zvétralé s prevlddajici pevnosti R6,
smérem do nadloZ{ prechézejici do pevného jilu (F8). Po natéZeni se
hornina rozpadd na nesoudrznou zeminu.

Hydrogeologické poméry lokality jsou sloZité. VSechny povrcho-
vé i podzemni vody tekouci z obou tbo¢i prilehlych vrchu jsou sou-
sttedovany do nejniZe poloZeného mista, a tim je prave oblast tune-
lu. Podzemni voda je v hloubkdch 0,25-6,0 m pod terénem.
V povrchovych vrstvach terciérnich hornin se jednd o spole¢nou pru-
linovou aZ pralinové-puklinovou zvoder s napjatou hladinou. Béhem
razby nebyly zastiZeny vyraznéjsi pritoky vody, vyrub byl suchy az
vlhky. Problémy byly na portélech, kde drobné, nicméné hojné vyro-
ny vod zpusobovaly rozbriddni jilu, resp. jilovité vyplné rozpadlych
jiloveu, a tim snizovéni stability odtéZenych stén.

ZMENY V PROJEKTU BEHEM REALIZACE

Z4ajmové tzemi stavby je z inZenyrskogeologického hlediska
mimoradné sloZité a pro realizaci podzemni stavby velmi ndro¢né
prostiedi. Kvalitativni parametry horninového, resp. zeminového pro-
stiedi jsou nizké a velmi proménlivé, zmény a prechody jednotlivych
geologickych vrstev a rozhrani velmi rychlé a neocekdvatelné.

Pri provadéni zemnich praci na vjezdovém hloubeném tseku Pl
byly zastizeny vyrazn¢ hor$i parametry hornin a zemin, neZ jaké byly
indikovédny inZenyrskogeologickym pruzkumem, ktery slouZil jako
podklad pro vypracovéni projektu stavby. ZhorSené parametry byly
nésledné zastiZeny i pfi razbé kaloty tunelu. V téchto chvilich se pro-
jevily vyhody observa¢ni metody, kterd byla aplikovdna na hloubeny
i razeny tusek. Podle prabéhu a velikosti deformaci bylo zesilovdno
zajisténi stavebni jamy i kaloty a d¢innost provedenych opatieni byla
nésledné oveérovana pokrafovdnim monitoringu.

Na zédkladé vySe popsanych komplikaci byl proveden pruzkumny
ovérovaci vrt v oblasti vyjezdového hloubeného dseku P2, jehoZ
vyhodnoceni odpovidalo doposud zastizenym podminkdm. Po dosa-
zeni novych vypoctovych parametri bylo v jednotlivych oblastech
posouzeno stavajici feSeni, které pro nové parametry nevyhovovalo.

Overthrust line runs along the eastern slope of the Jablunkov Pass (alongside
the new E 75 road between Jablunkov and Cadca). The complex overthrust
structure is accompanied by fault tectonics. In terms of engineering geology,
the flysch complex is a typical slide area.

The tunnel route itself is found in the upper part of the Palacogene Silesian
Unit, consisting mostly of claystone with hornblende and sandstone layers
(menilite series of measures). The tunnels are driven through the least favou-
rable geology, consisting of micro-cyclic flysch series of strata with prevai-
ling calcareous, very low to extremely low strength claystone (R5-R6 class
according to CSN 73 1001). The excavation has encountered first of all fol-
ded, partially schistose to sheared, laminated dark-grey claystone, which is
often faulted, with frequent occurrence of faulting polishes (glassy appearan-
ce surfaces, smoothed out as a result of dynamic movements). The claystone
contains varying thickness, irregular interbeds of siltstone and sandstone. It
is heavily weathered, with R6 strength prevailing; it passes to firm clay (F8)
in the direction toward the cover. Once excavated, the ground disintegrates
into non-cohesive soil.

Hydrogeological conditions within the location are very complex. All sur-
face water and groundwater flowing from the sides of both adjacent hills is
gathered at the lowest lying point, which is, by accident, in the tunnel area.
The water table is found at the depths of 0.25 — 6.0m under the surface.
Common interstitial to interstitial-fissure confined aquifers exist within the
surface layers of the Tertiary ground. No more significant inflows have been
encountered during the excavation; the excavation has been dry to moist.
Problems occurred at the portals, where small but frequent springs caused sla-
king of the clay or the clayey filling of fractured claystone, resulting in redu-
ced stability of the walls exposed by the excavation.

DESIGN CHANGES MADE DURING CONSTRUCTION WORK

From the engineering geological point of view, the area of operations is
extremely complicated, forming an environment which is very difficult for
executing an underground construction. The quality parameters of the rock or
soil environment are poor and very variable; changes in the layers and tran-
sitions between individual geological layers and interfaces take place very
rapidly and unexpectedly.

Significantly worse parameters of the rock and soil than the engineering
geological survey which was used as a basis for the construction design had
indicated were encountered during the execution of earthwork in the entran-
ce cut and cover section, P1. Deteriorated parameters were further encounte-
red even during the tunnel top heading excavation. At that time the advanta-
ges of the observational method, which was applied to both the cut and cover
and mined sections, showed up. The support of both the construction trench
sides and the top heading was reinforced depending on the development and
magnitude of deformations; effectiveness of the implemented measures was
subsequently verified by the continuing monitoring.
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Obr. 2 Vjezdovy hloubeny isek P1
Fig. 2 Cut-and-cover entrance section, P1

Proto bylo na zdkladé novych statickych vypo&ti navrZzeno upravené
technické feSeni, podle kterého probihd vystavba doposud.

VJEZDOVY HLOUBENY USEK P1

Stavebni jama vjezdového hloubeného tseku byla puvodné navr-
Zena jako svahovand, roz¢lenénd pomoci lavi¢ek na tfi etdze
a zajisténd stifkanym betonem C 16/20 s dvéma vrstvami vyztuznych
siti a rastrem ocelovych hiebiki nebo SN kotev. V Celni sténé byl
navrzen nad budoucim vyrubem mikropilotovy deStnik délky 12 m.

Béhem realizace byly naméfeny zvysené deformace stén jamy. Za
hlavni duvody lze oznadit syceni jilovitych materidld podzemni
vodou (i pres vybudovdni organizovanych svodu), nepravidelny
vyskyt poloh silné rozpadlého jilovce s nulovou soudrznosti a také
mista s nedostate¢nym zhutnénim zdsypu hloubenych &asti starych
tunelq.

Reakei na tyto komplikace bylo zahusténi SN kotev a jejich pro-
dlouZeni nékde az na 8 m a ddle vybudovani dvou fad prabéZnych
ocelovych prevdzek s rozndSecim prahem ze stfikaného betonu
v misté lavicek. Pfevdzka byla prikotvena pramencovymi kotvami
délky az 16 m, které se musely vyhnout provozovanému jednokolej-
nému tunelu.

Uklidnéni deformaci v8ak trvalo pouze do zahdjen{ razeb kaloty
tunelu. Navic zaCaly ve stffkaném betonu svahu v okol{ portdlu vzni-
kat trhliny. Bylo rozhodnuto nepokracovat s hloubenim stavebn{
jdmy aZ na jeji dno, ale vybudovat tzv. fale$ny primar, priléhajici
k Celu portdlu dlouhy 12 m. Jedna se o klenbovou konstrukcei tloust-
ky 500 mm opienou do zdkladovych pasu, kterd bude slouZit jako
ztracené bednéni pro klenbu ostén{ tunelu. Konstrukce je ze stifka-
ného betonu, vyztuzend stejnymi prvky jako primdrni ostén{ v raZzené
Casti tunelu. Neni vSak dimenzovdna na zatiZen{ od zdsypu, ty budou
provedeny a7 po realizaci definitivniho osténi. Po vybudovéni fales-
ného primdru a vyplnén{ prostoru mezi jeho patou a bo¢nimi svahy
stavebni{ jamy se deformace konecné ustilily a tento stav trva dopo-
sud.

RAZENA CAST TUNELU

Razba kaloty byla zahdjena od vjezdového portdlu P1 po obnaZe-
ni tubusu starého tunelu, ktery byl ze zacatku ponechdn ve stavebni
jamé pro zvysen{ jeji stability. Stary tunel byl zasypavéan aZ na uro-
ven dna kaloty, aby se rozsifila pracovni droven pro nasazené mecha-
nismy. Razba byla zahdjena v technologické tfidé NRTM 5, se spod-
ni klenbou mezi levou patou klenby kaloty a levou opérou starého
tunelu. Hned od zacdtku dosahovaly deformace levé strany kaloty
vysokych hodnot se strmym prabéhem a pomalym uklidfiovénim.
Stary tunel v pravé &dsti pusobil jako stabiliza¢ni prvek, kolem kte-
rého se proti sméru hodinovych rucicek otdcel zbytek profilu kaloty,
takZe nejvice se zatlaCovala levd pata klenby. OkamZité byla prijata
a realizovdna fada opatfent, jejichZ Gcinek byl kontrolovdn pomoci
monitoringu. Nejdiive prubézny roznéseci prah ztuzujici levy dolni
roh a roz§ifen{ paty klenby smérem do masivu, tzv. sloni noha. Ddle
mikropiloty délky 6-9 m vrtané dold pres rozndSeci prah
a samozdvrtné kotvy do levého boku kaloty. Zddné z téchto opatren{
pres docasné zlepSeni nemélo v jilovitych materidlech dlouhodoby
ucinek. Jako nejplatnéjsi se ukédzalo podstojkovéni klenby pomoci

A verification borehole was drilled in the area of the exit cut and cover sec-
tion, P2, on the basis of the above-mentioned complications. The assessment
of the borehole corresponded to the conditions which had been encountered
till that time. When new calculation parameters had been applied to indivi-
dual areas, it was proved that the support design was inadequate. For that rea-
son the design of means and methods was modified on the basis of new struc-
tural calculations. This design has been used to date.

THE ENTRANCE CUT-AND-COVER SECTION, P1

In the beginning, the construction trench for the entrance cut-and-cover
tunnel section was designed with sloped sides. The slopes were divided into
three stages by berms. They were stabilised by C 16/20 shotcrete, two layers
of welded mesh and a grid of steel nails or SN anchors. A micropile umb-
rella was designed to be installed in the front wall, above the future excava-
tion.

Increased deformations of the sides of the trench were measured during the
excavation. The main reasons can be determined to be the continuing satura-
tion of clayey materials with ground water (despite a system of collecting
drains), the irregular occurrence of layers of heavily decomposed claystone
with zero cohesion, and even locations in which the backfill of the cut-and-
cover parts of the old tunnel was found inadequate.

The response to the complications comprised a densified grid of SN
anchors, increased length of the anchors (in some locations even up to 8m),
installation of two tiers of continuous steel walers with a shotcrete spreading
sill on the berms. The waler was tied to the slope by up to 16m long stranded
anchors, which had to be drilled outside the operating single-track tunnel.

The resultant stabilisation of deformations lasted only until the tunnel top
heading excavation commenced. In addition, cracks started to develop in the
shotcrete layer covering the slopes in the vicinity of the portal. The decision
was made not to continue the excavation of the construction trench up to the
bottom and to install a 12m long ‘false primary lining’ adjacent to the portal.
The false lining is a 500mm thick, vaulted structure, which is supported by
strip foundation. It will serve as sacrificial formwork for the tunnel vault
structure. The lining is in shotcrete with the same reinforcement elements as
that used for casting of the primary lining within the mined part of the tun-
nel. However, it is not calculated for the load which will be imposed by the
backfill. The backfill will be carried out only after the completion of the final
lining. When the false primary lining had been erected and the space betwe-
en the springing and the side slopes of the construction trench had been back-
filled, the deformations finally stabilised.

MINED PART OF THE TUNNEL

The top heading excavation started from the entrance portal, P1, after
exposing the old tunnel tube, which was in the beginning left in the con-
struction trench with the aim of increasing its stability. The old tunnel was
filled up to the calotte bottom level so that the width of the working
platform was increased to be sufficient for construction equipment. The

Obr. 3 Konvergence na zacdtku raZeb
Fig. 3 Convergences at the beginning of excavation




Obr. 4 Zmdhdni zdvalu
Fig. 4 Dissolving of the collapse

mohutnych kmenu priblizné€ v ose kaloty, které viak vadilo razicim
mechanismim.

Kdy?Z uz se zdélo, Ze provedend opatreni za¢inaji fungovat a razba
se dostdva do trochu lepsich geologickych podminek, doslo dne 4. 5.
2008 v no¢nich hodindch v TM 54,5 (tunelovy metr) k mimorddné
uddlosti. Pfi odtéZovdni a zajistovani kaloty doslo k zdvalu v délce
cca 8 m se zni¢enim primérniho osténi a na povrchu se vytvoril kra-
ter o pruméru asi 10 m. NaStésti nebyl nikdo zranén. Za jednu
z hlavnich pfi¢in byl stanoven historicky zdval nebo velky nadvylom
vznikly pfi razbé starého tunelu v pravé strané klenby. V tomto misté
zrejmé doslo k vyraznému lokdlnimu zatiZeni, které klenbové kon-
strukce primdrniho ostén{ nebyla schopna prenést. Po prohlidce stav-
by byla prijata ndsledujici opatfeni. Pfisypanim rubaniny a stifkanym
betonem se sit€émi byl stabilizovdn materidl uvnitf tunelu. Ddle byla
podstojkovana klenba co nejblize k zdvalu. Néasledné byl krater vypl-
nén ve spodni ¢dsti prostym betonem a u povrchu hutnénym zasypo-
vym materidlem. Zdval byl zmédhdn se svislym ¢lenénim vyrubu pod
ochranou mikropilotového destniku délky 12 m, ktery byl navic pou-
Zit pro provedeni injektdZ{ rozvolnéného prostoru. Dal§ich 35 m
razby probihalo stéle se svislym ¢lenénim pod ochranou jehel, s co
nejdel§im zachovédvanim docasného osténi mezi obéma vyruby. To
bylo uréeno velikosti a dosahem razicich mechanisma.

Po fad¢ jedndni, tykajicich se mimofddné uddlosti, byl upraven
zpusob zajisténi vyrubu dle doposud ziskanych zkusenosti modifika-
ci technologické tfidy NRTM 5 na tfi tfidy 5a, 5b a 5c. Ve vSech
modifikovanych tfiddch byla upravena geometrie doc¢asné spodni
klenby kaloty podle spodni klenby celého tunelu, byly doplnény

Svorniky samozavrtné injektované  ehly pr. 25 mm 4 250 mm, délky 6,0 m,
N, 18O, dI. 6,0m v kazdém tietim zabéru

IBO self-drilling, grouted rock / Spiles 25mm dia, & 250mm, 6m long,

bolts, 6m long at every third round

= u\ \-//
ﬁ Mikropiloty min. 108/10 mm, 81,071, delka 6 9 m

Micropiles min. 108/10mm, & 1,dm, é-gm long
L]

11153

Obr. 5 Technologickd tiida NRTM 5a
Fig.5 NATM excavation support class 5a
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NATM excavation support class 5 was encountered at the beginning. It
required the application of an invert between the left springing of the calot-
te vault and the left sidewall of the old tunnel. Right since the beginning,
deformations of the left side of the top heading reached high values. They
developed rapidly and stabilised very slowly. The old tunnel in its right-
hand part acted as a stabilising element. The remaining part of the calotte
rotated around it, in the anti-clockwise direction (the left springing of the
vault sank most of all). A series of stabilisation measures were immediate-
ly adopted and implemented. The effect was checked by the monitoring.
First of the measures was a longitudinal spreading sill reinforcing the left
bottom corner, and widening of the vault springing toward the rock mass,
the so-called Elephant’s Foot. Further, 6-9m long micropiles, drilled down
through the spreading sill, and self-drilling anchors were installed into the
left side wall of the top heading. Despite temporary improvement, none of
the measures had any long-term effect in the clayey materials. Supporting
the vault by mighty logs approximately on the centre line of the top hea-
ding proved to be the most effective; on the other hand, it obstructed the
work of excavation equipment.

When it seemed that the implemented measures had started to work and
the excavation had arrived at slightly better geology, an incident took place
on 4/5/2008 night, at chainage TM 54.5 (tunnel metre). A collapse happened
during the excavation and installation of the top heading support. The col-
lapse affected the top heading length of about 8m. The primary lining was
damaged and a crater about 10m in diameter appeared on the surface.
Fortunately, nobody was injured. A historic collapse or a large overbreak
which had developed during the excavation of the old tunnel on the right side
of the vault was determined as one of the main causes. A significant local inc-
rease in the loads developed in this location; the primary lining vault structu-
re was not able to carry them. The following measures were adopted after
checking the construction: The collapse material inside the tunnel was stabi-
lised by depositing a pile of muck and applying shotcrete with welded mesh.
Further, the vault was supported by props as close to the collapse location as
possible. Subsequently the bottom of the crater was backfilled with unrein-
forced concrete and compacted soil was placed on it. The collapse was dis-
solved using the side drifts and central pillar sequence, under the protection
of a 12m long canopy tube pre-support, which was, in addition, used for the
work on injecting grout into the loosened space. The next 35m long section
was still excavated using the side drifts and central pillar sequence, under the
protection of spiling. The temporary lining between the side drifts was left
untouched as long as possible. This length was determined by the size and
reach of the excavation equipment.

Many negotiations regarding the incident were held, resulting in
a modification of the excavation support specifications to correspond to the
experience obtained till that time. The NATM excavation support class was
divided into three sub-classes: Sa, 5b and Sc. The geometry of the temporary
invert of the top heading was changed to correspond to the invert of the whole
tunnel; self-drilling anchors were added to the left sidewall and micropiles
were installed into the left-hand springing. Because the micropiles did not
acquit themselves too much, they were installed only in the beginning. The
closing of the temporary invert within as short time as possible yielded the
greatest effect on reducing deformations under acceptable limits.

Class Sc corresponds to the procedure applied to dissolving of the collapse,
while class 5b with spiling is for the side drifts and central pillar sequence,
which was used beyond the collapse location. Starting from chainage TM 90,
the excavation support class 5a was applied, which means full face driving of
the top heading under the protection of spiling umbrellas (of course, with
immediate closing of the invert and using self-drilling anchors). This class was
applied to the major part of the tunnel — 446m in total. Complications were
encountered while passing through several historic overbreaks of various
sizes, and in the section between chainages TM 278-330, in which acts of
sabotage were conducted during World War 2. From TM 482, the closing of
the temporary invert ceased to be carried out because of the fact that very
strong quartzose sandstone was encountered, gradually rising up and filling
the entire top heading face area. At TM 505 even the drill and blast technique
had to be used. The transition from hard sandstone to weathered, locally
decomposed sandstone took place literally within several metres. At TM 530
the decision was made that the mechanical disintegration and closing the
invert according to the specification for class Sa was to be resumed. An overb-
reak happened after a mere 6m. A rather large volume of rock and soil mate-
rial fell inside the excavation. The main cause was determined to be the occur-
rence of disturbed materials in a part of the excavation face, combined with an
unfavourable trend and dip of the bedding. After a thorough assessment of the
whole situation and with respect to the character of the rock mass, the redu-
cing thickness of the tunnel cover and the presence of a road with traffic pas-
sing in the vicinity of the exit portal, the specification for excavation support
class 5a was modified for the excavation of the remaining section ending at
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Legenda / Legend

1 Stévajici komunikce — Existing road
2 Nové komunikace (S011-19-01.1) — New road (S011-19-01.1)
3 Stavajici terén — Existing terrain
4 Upraveny terén — Finished terrain
5 Zapory pro ukonceni tahla IPE 400 — Soldier beam and lagging wall at the end of IPE 400 tie rods
6 SN kotvy pr. 25 mm, dI. 4 m, do vrtu pr. 80 mm, cementova zalivka

SN anchors 25mm dia, 4m long, 80mm dia borehole, cement grout
7 Tahlo sklon 8° celk. dl. 22 m - Tie rod, inclined at 8°, 22m long
8 Stavajici tunel Jablunkovsky | - Existing Jablunkov | tunnel
9 Pramencova kotva 3 pr. 15,5/1800, sklon 30 °, dI. 23 m (kofen 8 m) predp. sila 300 kN

Stranded anchor - 3 strands 15.5/1800, inclined at 30°, 23m long (8m root), pre-tensioning force 300kN
10 Pramencova kotva 4 pr. 15,5/1800, sklon 25 °, dl. 19 m (kofen 8 m) pfedp. sila 500 kN

Stranded anchor — 4 strands 15.5/1800, inclined at 25°, 19m long (8m root), pre-tensioning force 500kN

11 Pramencova kotva 4 pr. 15,5/1800, sklon 22,5 °, dl. 16 m (kofen 8 m) pfedp. sila 500 kN
Stranded anchor - 4 strands 15.5/1800, inclined at 22.5°, 16m long (8m root), pre-tensioning force 500kN

DU | 20
12 Zaporova sténa IPE 400, ocel. tf. 52 — Soldier beam and lagging wall IPE 400, steel grade 52
13 Novy tunel — New tunnel
14 Hydroizolacni souvrstvi — Waterproofing layers
15 Plvodni zajidténi - Zelva (nebude realizovéno) -
Original support — tortoise shell (not to be implemented)
16 Stavajici tunel Jablunkovsky Il - Existing Jablunkov Il tunnel
17 Zaporova sténa IPE 400, ocel tF. 52 - Soldier beam and lagging wall IPE 400, steel grade 52
18 Pramencova kotva 3 pr. 15,5/1800, sklon 22,5°, dI. 22 m (kofen 8 m) predp. sila 300 kN
Stranded anchor - 3 strands 15.5/1800, inclined at 22.5°, 22m long (8m root), pre-tensioning force 300kN
19 Pramencova kotva 3 pr. 15,5/1800, sklon 22,5°, dl. 20 m (kofen 8 m) predp. sila 300 kN
Stranded anchor - 3 strands 15.5/1800, inclined at 22.5°, 20m long (8m root), pre-tensioning force 300kN
20 Pramencova kotva 4 pr. 15,5/1800, sklon 22,5°, dI. 19 m (kofen 8 m) predp. sila 500 kN
Stranded anchor - 4 strands 15.5/1800, inclined at 22.5°, 19m long (8m root), pre-tensioning force 500kN

21 Pramencova kotva 4 pr. 15,5/1800, sklon 22,5°, dI. 16 m (kofen 8 m) pfedp. sila 500 kN
Stranded anchor - 4 strands 15.5/1800, inclined at 22.5°, 16m long (8m root), pre-tensioning force 500kN

Obr. 6 Zména zajisténi vyjezdového hloubeného tiseku P2
Fig. 6 Changes in the means of support of the exit cut-and-cover section, P2

samozdvrtné kotvy do levého boku a mikropiloty do levé paty.
Mikropiloty se vsak prili§ neosvéd¢ily a byly provadény pouze ze
zaCdtku. Nejveétsi dcinek na sniZeni deformaci do pripustnych mezi
mélo jednoznaéné uzavirdni docasné protiklenby v co mozZnd nej-
kratSim Case.

Trida 5c odpovidd technologii zmdhdni zdvalu a tfida 5b razbé se
svislym ¢lenénim a jehlovanim za zdvalem. Od TM 90 byla zahdje-
na realizace dle tfidy 5a, kterd predstavuje razbu na plny profil kalo-
ty pod ochranou jehel (samoziejmé s okamzitym uzavirdnim spodni
klenby a pouZitim samozévrtnych kotev). V této tridé se razila pre-
véaznd Cdst tunelu — celkem 446 m. Komplikace nastdvaly pfi pro-
chdzeni nékolika ruzné velkymi historickymi nadvylomy a v dseku
TM 278-330, ktery byl sabotovén za druhé svétové vilky. Od TM
482 bylo upusténo od uzavirdni doCasné spodni klenby z davodu
vyskytu velmi pevnych prokiemenélych piskovcu, které postupné
vystoupaly do profilu celé Celby kaloty a v. TM 505 musely byt
dokonce zahdjeny trhaci price na jejich rozpojovéni. Pfechod od
pevnych piskoveu k zvétralym, misty aZ rozloZzenym, probéhl doslo-
va na nékolika metrech. V. TM 530 bylo rozhodnuto znovu zacit roz-
pojovat mechanizované s uzavirdnim spodni klenby dle tridy 5a. Po
pouhych 6 m doslo k nadvylomu, pfi kterém z Celby vypadlo vétsi
mnoZzstvi horninového a zeminového materidlu. Hlavni vliv na to
mél vyskyt poruSenych materidli v &dsti Celby v kombinaci
s mnepfiznivou orientaci a sklonem vrstevnatosti. Po dukladném
posouzeni celé situace a s ohledem na charakter hornin, snizujici se
nadloZi tunelu a pritomnost provozované mistni komunikace
v blizkosti vyjezdového portdlu, byla pro razbu zbylého tseku az
k portédlu technologickd tfida 5a upravena. Razba probihd stdle na
plny profil s okamzitym uzavirdnim spodni klenby, ale misto jehlo-
véani je provadén mikropilotovy deStnik s presahem. Dokondeni
razeb kaloty bylo pldnovédno na druhy tyden v Cervnu.

VYJEZDOVY HLOUBENY USEK P2

Stavebni jama vyjezdového hloubeného tseku byla pavodné navr-
7ena jako svahovand, zaji$ténd stejnym zpusobem jako na vjezdo-
vém useku P1. Dvanéctimetrovy dsek u raZeného portdlu mél byt
z duvodu blizkosti provozované mistni komunikace proveden pomo-
ci konstrukce Zelvy. Princip i tvar konstrukce jsou podobné jako
u fale$ného primdru, rozdil je ve zplsobu provadéni. Terén je upra-
ven do tvaru vnitini klenby, pficemz slouzi jako spodni bednéni
a celd konstrukce je provadéna z vrchu. Pak muze byt zasypédna
a tunel se pod jeji ochranou vyrazi.

the exit portal. The full face excavation with closing of the invert continues,
but overlapping canopy tube pre-support fans are installed instead of the spi-
ling. The completion of the top heading excavation is planned for the second
week of July.

THE EXIT CUT-AND-COVER SECTION, P2

The construction trench for the exit cut-and-cover tunnel section was ori-
ginally designed as a trench with sloped sides, with the means of support
identical with those used in the entrance section, P1. Because of the existen-
ce of the local, traffic carrying road, a twelve metres long stretch adjacent to
the mined portal was to be constructed using a top-down (cover and cut) tech-
nique (the so-called tortoise shell technique). The principle and shape is simi-
lar to that of the false primary lining; the difference is only in the constructi-
on procedure. The terrain is excavated and treated to assume the shape of the
inner lining, serving as a mould for the inner vault. Subsequently, the conc-
rete vault is backfilled and the tunnel is excavated underneath.

When the parameters had been determined on the basis of the verification
borehole, the construction trench support was reassessed. The support as well
as the tortoise shell structure were found inadequate. The entire cut-and-
cover section was redesigned according to the modified values. The support

Obr. 7 Vyjezdovy hloubeny iisek P2
Fig. 7 The exit cut-and-cover section, P2




Obr. 8 Vizualizace vjezdového portdlu P1
Fig. 8 Visualisation of the entrance portal, P1

Po stanoveni parametrd z ovéfovaciho pruzkumného vrtu bylo
znovu posouzeno zajisténi stavebni jamy, které bylo shleddno nevy-
hovujicim, stejné jako provedeni konstrukce Zelvy. Cely hloubeny
usek byl podle novych hodnot preprojektovéan. Zajisténi bylo zméné-
no na kotvené zdporové stény rozdélené vyskové na dve &ésti, zvy-
Sené v mist¢ priblizeni ke komunikaci. Zdapory jsou kotveny ve &ty-
fech drovnich pomoci ocelovych prevazek s pramencovymi kotvami
délky az 23 m. Kotveni bylo tfeba vyhnout stavajicimu jednokolej-
nému tunelu. Vzhledem k malé hloubce byla horni fada kotev nahra-
zena subhorizontdlnimi ocelovymi tdhly, kterd byla na druhém konci
upnuta ke kratké zdporové sténé umisténé az za nynéjsi tunel. V elni
sténé jsou zdpory navrzeny tak, aby nezasahovaly do budouciho pro-
filu tunelu. Tento prostor je stabilizovan pomoci rastru laminatovych
kotev s mikropilotovym deStnikem délky 12 m nad obvodem budou-
citho vyrubu.

Proménlivost geologie v oblasti portdlu byla dobfe patrnd pri bera-
néni zdpor, které na nékterych mistech probihalo velmi rychle,
zatimco na jinych s velkymi problémy i po provedeni nékolika pred-
vrtd. V souasné dobé je jama vyhloubena na troven dna a zatim
nebyly zaznamendny Zadné problémy s deformacemi stén.

DALSI POSTUP PRACI

Po prorazeni kaloty bude pokraCovat razba zbyvajictho profilu
tunelu opaénym smérem, od vyjezdového portdlu P2 k vjezdovému
Pl. Za razbou bude s odstupem provddéna féliovd izolace
a sekunddrni osténi v celé razené ¢dsti. Nakonec budou vybudovany
hloubené portély a provedeny zdsypy. V TM 258 bude jesté vyraZzen
zdrodek tnikové $toly smérem do provozovaného jednokolejného
tunelu. Po dokonceni veskerého vybaveni nového tunelu bude tune-
lovy tdsek znovu zdvoukolejnén. AvSak aZz do ukondeni stavebnich
praci v navazujici stanici Mosty u Jablunkova bude jedna kolej vede-
na stdle starym jednokolejnym tunelem a druhd novym dvoukolej-
nym. Po prevedeni obou koleji do nového tunelu bude vyrazen zby-
tek propojky do starého jednokolejného tunelu. Propojka spolu
s &dsti starého tunelu smérem k vjezdovému portélu bude slouzit jako
unikova §tola, zatimco zbyld Cdst smérem k vyjezdovému portélu
bude zruSena.

ING. JIRI MARA mara@metroprojekt.cz,
ING. JAN KOREJCIK, kore]ctk@metropro;ekt cz,
METROPROJEKT Praha, a. s.

Recenzoval: Ing. Ota Jandejsek
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Obr. 9 Vizualizace vyjezdového portilu P2
Fig. 9 Visualisation of the exit portal, P2

system was changed to a system comprising anchored soldier beam and lag-
ging walls, divided in terms of the height into two parts, with the higher wall
designed for the location adjacent to the road. The soldier beam and lagging
wall is supported by four tiers of up to 23m long stranded anchors, passing
through steel walers. The anchors had to be directed outside the existing sing-
le-rail tunnel. Because of the small depth, the upper tier of anchors was repla-
ced by sub-horizontal steel tie rods, which were fixed at the other end in
a short soldier beam and lagging wall, which was constructed as far as bey-
ond the existing tunnel. The soldier beams supporting the front end of the
trench are installed taking into consideration the requirement that they must
not extend into the future tunnel cross section. This space is stabilised by
means of GRP anchors and a 12m long micropile umbrella above the cir-
cumference of the future tunnel excavation.

The variability of geology in the portal area was well obvious when the
soldier beams were being driven in. In some places the driving was very fast,
while it posed serious problems in other places even when several boreholes
had been pre-drilled. Till now, the excavation of the trench has reached the
bottom level and no problems associated with deformations of the walls have
been registered.

FURTHER CONSTRUCTION PROCEDURE

After the top heading breaks through, the excavation of the remaining
cross section will continue in the opposite direction, i.e. from the exit portal,
P2, toward the entrance portal, P1. The installation of the waterproofing
membrane and erection of the final lining will follow at some distance behind
the excavation face, throughout the length of the mined part of the tunnel.
Finally the cut-and-cover portals will be constructed and the tunnels will be
backfilled. In addition, a germ of an escape gallery will be excavated at cha-
inage TM 258, toward the operating single-rail tunnel. When the installation
of all new tunnel equipment is completed, the double-rail trackwork will be
laid. However, the rail running through the old single-rail tunnel will conti-
nue to be in service and the other operating rail will lead through the new
double-rail tunnel until the construction work in the adjacent station, Mosty
u Jablunkova, is finished. When both rails are re-routed into the new tunnel,
the remaining part of the cross passage to the old single-rail tunnel will be
driven. The cross passage, together with the part of the old tunnel leading to
the entrance portal, will serve as an escape gallery, while the remaining part
of the old tunnel (toward the exit portal) will be closed.

ING. JIRI MARA mara@metroprojekt.cz,
ING. JAN KOREJCIK, korejcik@metroprojekt.cz,
METROPROJEKT Praha, a. s.
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KRALOVOPOLSKE TUNELY - ZKUSENOSTI Z DOSAVADNIHO
PRUBEHU VYSTAVBY
KRALOVO POLE TUNNELS - EXPERIENCE OBTAINED
DURING THE CONSTRUCTION TO DATE

JOSEF BACA, VACLAV DOHNALEK

ovob

Jizni a severni Kralovopolsky tunel, Dobrovského tunely (zkrdcené
,.Dobrdk*), tunel I, II anebo projekéni a investi¢ni oznaceni stavebni
objekt C 604.1 a 604.2 jsou pouZivanymi synonymy pro raZzené useky
tunelu stavby silnice 1/42 Brno, VMO Dobrovského B.

Stavba silnice 1/42 Brno, VMO Dobrovského B a zejména jeho
tunelové objekty, se po svém dokonceni stane vyznamnym prvkem
rozsdhlého komplexu staveb velkého méstského okruhu Brno (VMO
Brno), (obr. 1).

Umisténi provizornich portalli — zapadni Zabovfesky a vychodni
Krélovo Pole — i ze situace (obr. 2) patrnd trasa raZenych tseka obou
tunelt pod méstskou zdstavbou prfinaseji nebyvalé naroky na zhotovi-
tele. K ,,béznym* narokim na omezeni hluku, praSnosti, Cistotu
komunikaci se priddvé i ohroZeni zdstavby spojené s poklesovou kot-
linou, kterd pri vySce nadloZi cca 5-20 m zasahuje zejména nadzem-
ni objekty nad ¢i v t€sné blizkosti trasy tuneld. Zcela neofekdvanym
omezujicim faktorem se ukdzaly hluk a seismické otfesy vznikajici
pri bourdni doCasnych betonovych konstrukei, které se $if{ horninou
do zakladd budov. Zména technologie bouréni betonovych konstruk-
ci a zejména efektivni komunikace zdstupcu investora, TDI i vedeni
sdruzeni VMO s obyvateli i zdstupci stitni sprdvy prindSeji obou-
stranné prijatelnd feSeni.

ZAKLADNI UDAJE

Stavba: ............. Silnice 1/42 Brno, VMO Dobrovského B

Stavebni objekt: ...... C604.2 tunel 11

Misto stavby: ........ Brno (k. d. Krélovo Pole, Zabovfeskyz

Investor: ............ Reditelstvi silnic a dalnic CR (RSD),
sprava Brno

DL ............... Brnénské komunikace, a. s. (BKOM)

Generdlni projektant: . ..IS VMO Dobrovského

Projektant: .......... AMBERG Engineering Brno, a. s.

Zhotovitel: .......... SdruZeni VMO Dobrovského B

Utastnici sdruZenf: . ... OHL ZS, a. s., Metrostav a. s., Subterra a. s.

TUNEL Il

V ramci podilu ucastnika Sdruzeni VMO realizuje tento stavebni
objekt spolecnost Subterra a. s., divize 1.

Zakladni tdaje

Razend cast tunelu I je ohranicena zacatkem staniceni v km 0,452
T2 (provizorni portal Zaboviesky) a kon&i v km 1,512 T2 (provizor-
ni portdl Krdlovo Pole). Tunel II je dvoupruhovy a prevadi jedno-
smérnou dopravu z méstské Casti Zaboviesky do sméru
Brno—Kréalovo Pole. Celkova délka razené ¢ésti tunelu II je 1060 m.
Standardni profil raZeného tunelu (cca 130 m2) je doplnén o vyklenky
pro skiiné SOS a rozvodné skiiné, poZarni vyklenky a nouzovy zéliv
(cca 147 m2; rozsiteni 1,5 m; délka 50 bm — st. km 0,812-0,862).
Soucasti objektu C 604.2 je VZT Sachta (st. km 1,120) a jama napo-
jujici tunel II na technologické centrum II.

Smérové vedeni

Osa tunelu se na zac¢atku tunelu odpoji od osy TI dvéma protismér-
nymi oblouky, po primé asi ve tfetiné tunelu je vloZen pravostranny
oblouk. Ndsleduje pfimé ¢dst k poslednimu dseku tunelu, kde se osa
opét dvéma protismérnymi oblouky vraci k ose TI. Nejvetsi osovd
vzdélenost obou tunelt je cca 90 m. Tunely TI a TII jsou propojeny
Etyfmi technologickymi spojkami (tfemi pfimo, jedna vede do TCI),
které jsou navrZeny jako prichozi pro pési. Tunelové spojky jsou
samostatnym stavebni objektem C 604.3.

INTRODUCTION

The Southern and Northern Krdlovo Pole tunnel tubes or the
Krélovo Pole Tunnel, Tunnel I, II or, according to the design mar-
king, structures C 604.1 and 604.2 are synonyms used for mined sec-
tions of the tunnels contained in 1I/42 Brno Road, the Large City
Circle Road Dobrovského B project.

1/42 Brno Road, the Large City Circle Road Dobrovského B pro-
ject, first of all the tunnels which are parts of the construction lot,
will become when completed a significant element of the extensive
complex of construction lots forming the Large City Circle Road
Brno (the LCCR Brno). (see Fig. 1)

GENERAL DATA ON THE CONSTRUCTION:

Project: ................ [/42 Brno Road, the Large City Circle
Road Dobrovského B

Construction lot: . ....... C604.2 Tunnel 11

Construction location: . ...Brno (cadastral district of Krdalovo
Pole, Zaboviesky)

Client: ................ Road and Motorway Directorate of the
Czech Republic, Division Brno

Site Supervision: ........ Brnénské komunikace, a. s.

Generdl Designer: ....... IS VMO Dobrovského

Designer: .............. AMBERG Engineering Brno, a. s.

Contractor: ............. Sdruzeni VMO Dobrovského B consortium

Members of the consortium: .. OHL ZS, a.s., Metrostav a. s., Subterra a. s.

The location of temporary portals (the western portal in Zabovies-
ky and eastern portal in Krdlovo Pole) and the alignment of both
mined sections of the tunnels passing under existing buildings (see
the layout in Fig. 2) make exceptional demands on the contractor.

Legenda / Legend:

® 1 budouci souéasti / future parts

m 2 projekt/ design

m 3 realizace / realisation

= 4 YMO Dobrovského / LCCR Dobrovského

Obr. 1 Mapa VMO Brno s jeho soucdstmi
Fig. 1 Map of the Large City Circle Road Brno and its components




Legenda / Legend:
s ] Usek tunelu s priizkumnymi $tolami / Tunnel section containing exploratory galleries

=== 2 Usek razeného tunelu bez priikumnych stol / Tunnel section without exploratory galleries

Obr. 2 Umisténi tunelu v méstské zdstavbé
Fig. 2 Location of the tunnels within the urban setting

Vy$kové feseni

Osa tunelu IT od Zabovreského portélu klesd ve sklonu 4,5 %, v km
0,763 se nachdzi vrchol vySkového oblouku, niveleta pokracuje
v klesdni 2,3 % a tidolnicovym obloukem s vrcholem v km 1,432 pre-
chdzi do stoupani 4,50 % az k portdlu Kridlovo Pole. Vrchol tdolnico-
vého oblouku je nejniz§im mistem tunelu a jsou zde situovany jak
docasnd, tak trvald Cerpaci jimka pro odvodnéni tunelu.

InZenyrskogeologické a hydrogeologické poméry

AniZ by bylo vhodné sniZovat duleZitost vrchnich vrstev nadloZi
(antropogenni sedimenty, sprase a sprasové hliny, kvartérni fluvialni
hliny), jsou pro raZeni tuneli rozhodujici polohy hlinitych $térka
a pisku (zahlinéné nesoudrzné zeminy s proménnym obsahem $térko-
vych zrn, ulehlé a pod hladinou podzemni vody zvodnélé — tvori
vodni kolektor, netvofi vSak souvislé vrstvy, jsou vyvinuty
v proménnych mocnostech v izolovanych ostrovech; zvrstven{ je cha-
otické, na kratké vzdalenosti se mocnost skokovit¢ méni z nékolika
decimetrt na n€kolik metrtl) a zejména neogennich jili. Neogenn jily
jsou charakterizovdny jako jemnozrnné zeminy s velmi vysokou plas-
ticitou, maji vétSinou tuhou konzistenci, kterd ve vétSich hloubkdch
prechdzi do konzistence pevné a v prostoru tunelu jsou prekonsolido-
vané.

Podzemni voda se vyskytuje jak v kvartérnim souvrstvi — zejména
v nesoudrZznych zemindch, tak i v masivu neogennich jilu, ktery lze
povazovat jen za relativné nepropustny. Hladina podzemni vody neni
obecné souvisld, a to ani v kvartérnim souvrstvi. Jedinou oblasti, v niz
Ize vymezit hydrogeologicky rezim podzemni vody se spojitou hladi-
nou, je oblast fluvidlnich sedimentu v oblasti kralovopolského porté-
lu a ulice Veleslavinovy / Dobrovského (obr. 3).

Koncepce stavebné-technického FeSeni razeného tunelu

Konstrukce razeného tunelu je dvoupldstova s mezilehlou uzavre-
nou tlakovou hydroizolaci ze svarované f6lie PVC (3 mm se signdln{
vrstvou). Sestdvd z primdrniho plasté — primarniho nosného osténi
a sekundérniho plasté — sekundérniho trvale nosného osténi. Stavba
tunelu se provadi Novou rakouskou tunelovaci metodou (NRTM)
s horizontdln¢ i vertikdlné ¢lenénym vyrubem. Jde o metodu, jejiz
nedilnou soucdsti je monitoring a v pripad¢ potieby operativni reakce
na projevy deformaci dpravou kroku razby nebo zpusobu vystroje.
Razba tunelu navazuje na jiz realizovanou razbu pruzkumnych $tol
IIA a IIB (z let 2002-2003).

Samotny vyrub tunelu je ¢lenén vertikdlné a horizontdlné na Sest
dil¢ich vyrubu. Pro razbu je vytyCovén a provadén vyrub teoreticky,
zvétSeny o 60 mm po celém obvodu horni klenby a 0 40 mm na obvo-
du spodni klenby na konvergence a ocekdvané deformace.
Technologicky nutny nadvyrub je uvazovan 100 mm vné teoretického
obrysu vyrubu. Nésledné plati zdsada, Ze pro vzdjemnou vzdéalenost
dil¢ich Celeb tunelu v libovolné kombinaci plati, Ze nesmi byt k sobé
pudorysné bliZe nez 6 m v kterékoli fdzi razby (obr. 4).

Licové kryti profili tuhé vyztuze (HEB, HBX) po obvodu vyrubu je
navrzeno konstantni 80 mm, v docasnych vnitinich Zebrech je licové
kryti pasnice HBX rovnéZ konstantni o hodnoté 40 mm pri dodrZeni
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Legenda: 1 - portél Zabovesky; 2 — provizorni portal Zaboviesky; 3 - provizomi portal
Kralovo Pole; 4 — portal Kralovo Pole; TC — technologické centrum; A — antopogenni sedimenty;
B - kvartémni sedimenty; C — neogenni jil

Legend: 1 — Zabovfesky portal; 2 — temporary ZabovFesky portal; 3 — temporary Krélovo Pole
portal; 4 — Kralovo Pole portal; services centre; A — Anthropogenic sediments; B — Quaternary
sediments; C — Neogene clay

Obr. 3 Geologicky profil
Fig. 3 Geological profile

Apart from ‘common’ requirements for noise and dust control and
cleaning of roads, there is another problem associated with the sett-
lement trough threatening the construction. At the overburden about
5-20m high, the trough affects first of all surface buildings found
above the tunnel route or in close proximity to the route. A totally
unexpected limiting factor appeared, resulting from the noise and
seismic vibrations generated during the demolition of temporary
concrete structures, which propagate through the ground to building
foundations. A modification of the concrete structure breaking tech-
nique and, first of all, effective communication between representa-
tives of the client, client’s site supervision and the contractor consor-
tium with residents and representatives of state administration have
yielded solutions acceptable for both parties.

TUNNEL 1l

This part of the construction is being carried out by Subterra a. s.,
Division 1, representing its member share in the Sdruzeni VMO con-
sortium.

Basic data

The mined part of Tunnel II has its starting point at chainage km
0.452 T2 (the Zaboviesky temporary portal) and the end at km 1.512
T2 (the Krdlovo Pole temporary portal). Tunnel II has two traffic
lanes; it will transfer unidirectional traffic from the district of Zabo-
viesky to the direction of Brno-Krdlovo Pole. The mined part of
Tunnel II is 1060m long. The standard cross section of the mined tun-
nel (ca 130m?2) is supplemented by niches for SOS boxes, switch
boxes and fire equipment, and an emergency lay-by (ca 147m?2;
additional width 1.5 m; 50m long — chainage km 0.812-0.862). Parts
of the construction lot C 604.2 are a ventilation shaft (chainage km
1.120) and a construction trench linking Tunnel II with the Services
Centre II.

Horizontal alignment

At the beginning, the tunnel centre line is set off the Tunnel
I centre line via two counter curves; a right-hand curve is inserted
after a tangent route stretch, roughly at one third of the length of the
tunnel. Then a straight section follows, up to the last tunnel section,
where the route returns to the Tunnel I centre line via a pair of coun-
ter curves. The greatest centre to centre tunnel spacing is about 90m.
Tunnels TI and TII are interconnected by four service cross passages
passable for pedestrians (three provide direct connection, while the
fourth one leads to the Service Centre I. The cross passages form an
independent construction C 604.3.
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Obr. 4 Vertikdlni ¢lenéni vyrubu — celkovd plocha cca 130 m?
Fig. 4 Vertical excavation sequence — total area of ca 130 m’

tloustky SB 350 mm na trvalém primdru a 300 mm na pozdéji boura-
ném vnitinim ostén{ §tol. Samoziejmosti je osazovani rubové i licové
vrstvy KARI sitf (napojeni mezi dil¢imi vyruby pomoci vylamovacich
profila).

Pfiruby rdému tuhé vyztuze pro ndsledné pripojovani dal3ich dilcu
v dal$im kroku razby (razba navazujiciho dil¢iho vyrubu) jsou chra-
nény z obou stran v mistech Sroubu zpusobem zarucujicim pouzitel-
nost prirub pro napojeni dalSich &ésti oblouku tuhé vyztuze. Zdkladni
osova vzddlenost tuhé vyztuze je 1 m (v nouzovém zilivu 0,75 m).

Vyznamnym prvkem stavebné-technického feSeni jsou i mikro-
pilotové ochranné desStniky. MKP destniky jednak zajistuji samotné
portdly (délka 25 m) a ddle pak jsou zhotovované ve znacné délce
trasy tunelu z Celby kaloty. Jeden véjit MKP v podzemi sestava
z 19 ks mikropilot délky 17 m. Projektem uvazované dseky jsou Ctyfi
(oblast kralovopolského portalu 24 véjifu st. km 1,496-1,313; oblast
technologického centra 10 véjifta st. km 1,110-1,038; oblast
»Telefénika™ 12 véjira st. km 0,650-0,562; oblast Zabovieského por-
tilu 4 véjite st. km 0,513-0,489), tedy témer 40 % trasy tunelu.
Jednotlivé MKP véjite jsou zhotovované v kroku 8 m.

Z davodu vedeni trasy tunelu pod méstskou zédstavbou v kombinaci
s geologickou a hydrogeologickou (zejména tsek tvodnich cca 80 m
pti portalu Krélovo Pole, nepravidelné se vyskytujici lokélni pfitoky

" = 36m "

E=-8 [O-9 EE-10

Legenda: 1- Niveleta; 2,3 — Zakladni obrys vyrubu; 4 — N&jezdova rampa; 5 — PfitéZovani lavi-
ce; 6 — Mikropilotovy destnik; 7 — Smér razby; 8 — Horninové prostfedi; 9 — Nevybourané vnitf-
ni zebra; 10 — Hutnény z&syp dna; lla — Horni bocni $tola; lic — Dolni bocni Stola; Ile — Kalota;
|If — Dobirka dna (uzavfeni primarniho osténi tunelu)

Legend: 1- Grade line; 2,3 — Basic excavation contour; 4 — Drive-up ramp; 5 — Toe weight;

6 — Canopy tube pre-support; 7 — Direction of excavation; 8 — Ground environment;

9 — Non-broken out inner ribs; 10 — Compacted backfill on the bottom; Ila — Upper sidewall
drift; llc — Lower sidewall drift; lle — Top heading; IIf — Final bottom excavation

(closing of primary tunnel lining)

Obr. 5 Podélny vertikdlni rez (schéma postupu raZby)
Fig. 5 Longitudinal vertical section (the excavation sequence)

Vertical alignment

The centre line of Tunnel II descends from the Zaboviesky portal
at a gradient of 4.5 %; there is vertical curve with the centre at km
0.763 from which the alignment continues to descend at 2.3% It pas-
ses to a ascending section via a sag at km 1.432, at 4.50%, ending at
the Krdlovo Pole portal. The lowest point of the sag is the lowest
point of the tunnel; there are pumping sumps, both temporary and
permanent, in this location for the tunnel drainage (see Fig. 3).

Engineering geological and hydrogeological conditions

It would not be reasonable to reduce importance of upper layers of
the overburden (anthropogenic sediments, loess and secondary loess,
Quaternary fluvial loams), nevertheless, the layers of loamy gravels
and sand (clayish incohesive soils with a variable content of gravel
grains, dense and bearing water under the water table for an aquifer;
although, they do not form continuous layers; they developed at vari-
ous thickness layers, forming isolated islands; the layering is chaotic
— the thickness changes from several decimetres to several metres in
steps, within short distances) and, first of all, Neogene clays. The
Neogene clays are characterised as fine-grained soils with very high
plasticity. Their consistency is mostly stiff, passing to hard at greater
depths. The clays are preconsolidated in the area of the tunnel.

Ground water is found both in the Quaternary layers, first of all
incohesive soils, and in the Neogene clay mass, which can be consi-
dered to be only relatively impermeable. The water table is not gene-
rally continuous, even in the Quaternary series of strata. The only
area in which it is possible to determine a hydrogeological regime of
ground water with the continuous water table. The only area within
which the hydrogeological regime of ground water with the continu-
ous water table is the area of fluvial sediments around the Krilovo
Pole portal and Veleslavinova and Dobrovského Streets. (see Fig. 4)

Mined tunnel structural design concept

The mined tunnel is a double-shell structure with closed interme-
diate, hydrostatic pressure resistant waterproofing provided by
a welded PVC membrane (3mm thick, with a signal layer). It consists
of a primary shell, i.e. a primary load-bearing lining, and a secondary
shell, i.e. a permanent load-bearing lining. The tunnel has been con-
structed by an observational method, with the excavation face divi-
ded both horizontally and vertically. Monitoring is an inseparable
part of this method, with operative responses to manifestations of
deformations, if required, by modifying the excavation round length
or the system of support. The tunnel excavation follows the excava-
tion of exploration galleries IIA and IIB, which was carried out in
2002 —2003.

The tunnel excavation face is divided vertically and horizontally
into six partial headings. Theoretical excavation cross section incre-
ased by 60mm along the entire circumference of the upper vault to
allow for convergences and expected deformations is set out and
excavated. The allowance along the circumference of the invert is
reduced to 40mm. The unavoidable overbreak limit is considered to
be 100mm beyond the theoretical excavation contour line. A rule
applies to any combination of the partial headings that the mutual
horizontal distance between them must not be shorter than 6m during
any excavation phase. (see Fig. 5)

The design concrete cover over the rigid frame sections (HEB,
HBX) along the circumference of the excavation is constant at
80mm, while, regarding temporary inner ribs, the cover over the
HBX flanges is also constant at 40mm. The thickness of the per-
manent lining and the lining to be subsequently broken out has to
be maintained at 350mm and 300mm, respectively. The installation
of external and internal layers of KARI mesh is a commonplace
(the connection between partial headings is by means of break-off
profiles).

Flanges of the rigid reinforcement frames allowing the subsequent
connection of other elements during the following excavation step
(the subsequent heading) are protected on both sides at the locations
of bolts so that the use of the flanges for connecting other parts of the
rigid reinforcement frames is secured. The basic spacing of the rigid
reinforcement frames is 1m (0.75m within the emergency lay-by).

Canopy tube pre-support is another important element of the struc-
tural design. For one thing, the canopies support the portals (25
long), for another, they are installed from the top heading face along
a significant tunnel length. One canopy tube pre-support fan consists
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Obr. 6 Skladba primdrniho osteni
Fig. 6 Primary lining structure

do 0.2 1/s) situaci jsou projektem navrZena i zvlastni opatfeni pro
stabilizaci primdrniho osténi. Témito opatrenimi jsou:

* horizontdlni ¢lenéni Celby kaloty,

e zkrdceni kroku razby (rozestupu rdmu tuhé vyztuZe na min. vzda-
lenost 0,75 m, mensi vzddlenost ocelovych rdamu neni redlnd, pro-
toze musi byt zastiikdny betonem a spolupusobit s nim),

e kotveni (radidlni kotveni po¢vy vyrubu samozavrtnymi kotvami
TITAN 30/16 mm délky 8 m s injektovanym kofenem dl. 6 m),

e zkraceni délky uzavieni profilu (vzdélenost Celbového rdmu
v kaloté a v opéfi),

e zpevnujici a tryskova injektdZ (zejména $térkové polohy v profilu
kaloty v pocate¢nim dseku razby),

¢ hutnény zasyp spodni klenby,

e zesileni osténi (je nutné pocitat i s pripadnym pfehodnocenim
sekundédrniho osténi),

« zesilen{ osténi vloZenim bretext mezi rdmy tuhé vyztuZe.

Rozhodnuti provadét, ¢i neprovadét tato opatfeni jsou prijimana

zhotovitelem a sprdvcem stavby (doporuceni Rady monitoringu stav-
by) v ramci NRTM.

Realizace razeni tunelu Il - raZzeni a primarni obezdivka

Zédkladnim omezenim pfi rozhodovéni o organizaci vystavby, nasa-
zeni a poCtu pracovniku, strojniho vybaveni a samotné technologie
vystavby byla a je koncepce horizontdlné a vertikalné€ déleného vyru-
bu tunelu, resp. daného rozestupu jednotlivych dil¢ich celeb
v kombinaci s krokem MKP véjite 8 m. Dal§im omezenim organiza-
ce vystavby (zejména pro sekunddrni obezdivky) je pristup pouze
z portélu Kralovo Pole (portil Zaboviesky bude uvolnén jen pro rea-
lizaci kratké zardzky v délce 8 m — ndvaznost na vystavbu hloubené-
ho tdseku tunelu), koncepce tunelovych spojek jako neprujezdnych
a umisténi VZT Sachty cca 400 m od portdlu. Zde je na mist€ pro ori-
entaci pripomenout, Ze raZzeni probihd z portdlu Krdlovo Pole, tedy ze
st. km 1,512 proti sméru stani¢eni.

Hlavni mySlenkou je organizace vystavby na trech dil¢ich Celbéch.
Tyto tii aktivni Celby (b, c,e —a, d, f) se vZdy v technologickém kroku
(8-12 m) stfidaji v ¢asovém cyklu tfi dnu, tzn. Ze béhem Sesti dnu
postoupi o technologicky krok vSechny dil¢i Celby. Neaktivni Celby
(c, d, e, f) jsou zajistény proti vyjeti horniny stfikanym betonem, pfi
del8f odstavee pak vCetné KARI sité nebo i kotveni 6-8 m laminéto-
vymi kotvami (obr. 5).

Obecny pracovni cyklus (1 bm) sestdvd z rozpojovani zeminy tunel-
bagrem (délka otevieni cca 1,5 m od posledniho rdmu vyztuze), do¢is-
téni vyrubu, stabilizaéni ndstiik prefabrikovanou smési betonu (cca
4 c¢m) Celby i obvodu vyrubu, montdZ rubové sité, montaz tuhé vyztu-
7e, nastiik stifkaného betonu mokrou cestou po licové pasnice vyztu-
7e, montdz licové sité a nastiik kryci vrstvy betonu cca 4 cm.
Zbyvajici 4 cm betonu se nandseji aZ jako reprofilacni vrstva pod
mezilehlou izolaci. Na ¢elbdch c—f plati, Ze je nutné propojit rimovou
vyztuZ (napojovaci patky) i betonérské sité (podle projektu vylamo-
vani profily nebo prekryti). Kazdd aktivni Celba je obsazena
v zdkladni sestavé péti pracovniky.

Hledédni ,,optimdlni* strojni sestavy rovnéZ muselo vychdzet
z prostorového uspordddni a velikosti jednotlivych dil¢ich Stol
a zejména ndroku na bouraci prace (vice nez 16 tis. m3 Zelezobetonu).
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of 19 pieces of 17m long pre-support tubes. The design expects four
sections (24 fans in the Krdlovo Pole portal area at chainage km
1.496-1.313; 10 fans in the area of the Services Centre at chaina-
ge km 1.110-1.038; 12 fans in Telefonika area at ch. 0.650-0.562; 4
fans in the Zaboviesky portal area at ch. km 0.513-0.489), to protect
nearly 40 per cent of the tunnel route. The individual canopy tube
pre-support fans consist of 8m long rounds.

The design even contains the following special measures to stabi-
lise the primary lining with respect to the fact that the alignment pas-
ses under urban setting in combination with the given geological and
hydrogeological situation (first of all in the initial about 80m long
section at the Krdlovo Pole portal, where local inflows up to 0.2 L/s
irregularly occur):

* calotte excavation sequence consisting of top heading, bench and

invert,

e reduced length of the excavation round (minimised spacing of
rigid reinforcement frames at 0.75m; tighter spacing of steel fra-
mes in not realistic because the frames must be encapsulated by
shotcrete to provide a composite action with it),

e anchoring (radial anchoring of the excavation bottom by 8m long
self-drilling anchors TITAN 30/16mm, with 6m long grouted
ends),

e reducing the length of the closed profile (the distance between
the reinforcement frame at the top heading excavation face and
that at the bench excavation face),

e stabilisation grouting and jet grouting (first of all into the gravel
layer encountered within the top heading profile in the initial
excavation stretch),

e compacted backfill of the invert,

e increased thickness of the lining (it is even necessary to expect
that the secondary lining may be reassessed),

e reinforcement of the lining by inserting BRETEX lattice girders
between the rigid support frames.

The decisions whether the above-mentioned measures are or are
not to be implemented are made by the contractor and the project
administrator (recommendations of the Monitoring Board) within the
observational method rules for the tunnel excavation.

Tunnel Il excavation process — the excavation
and primary lining

The basic limitation when making decisions on the works organi-
sation, deployment and numbers of workers, mechanical equipment
and the construction technique itself has been the concept of the hori-
zontally and vertically divided excavation sequence or the particular
distances between partial headings in combination with the 8m long
canopy tube pre-support fans. Another limitation on the works orga-
nisation (first of all for the secondary lining) is the access, which is
possible only from the Krdlovo Pole portal (the driving from the
Zaboviesky portal will be allowed only for of a short, 8m long, ope-
ning section, making the construction of the adjacent cut and cover
tunnel possible), the concept of cross passages not passable for
vehicles, and the location for the ventilation shaft at a distance of ca
400m from the portal. It is reasonable to bring back to readers’ minds
the fact that the tunnel is excavated from the Krdlovo Pole portal,
from chainage km 1.512 against the direction of chainage.

The main idea is that the tunnelling will proceed at three partial
headings. The three active headings (b, c, e — a, d, f) regularly take
turns within the technological step (8-12m) within a three-day cycle;
this means that the advance of each of the three headings during six
days is equal to the length of the technological step. The slipping of
rock from excavation faces of inactive headings (c, d, e, f) is preven-
ted by shotcrete; KARI mesh or even 6-8m long GRP anchors are
added in the cases of longer breaks. (see Fig. 6)

The general excavation cycle (1 Im) consists of the disintegration
of ground by a tunnel excavator (up to the distance of 1.5m ahead of
the last support frame), scaling, stabilisation spraying of
a prefabricated concrete mixture (about 4cm) on the face and the cir-
cumference of the opening, erection of rigid support frames, applica-
tion of wet shotcrete up to the internal flanges of the frames, instal-
lation of the internal layer of welded mesh and application of a ca
4cm thick layer of shotcrete covering the flanges. The remaining 4cm
thick shotcrete layer is applied later, during the re-profiling work, to
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Optimdlni je uvedeno v uvozovkdch, protoZe se spi§ jednd
o kompromis mezi velikosti a vykonem, zejména tunelbagra.
K béZnym strojum pouZivanym na jinych tunelovych stavbéch (pra-
covni plosiny, stroje na stiikdn{ betonu, traktorbagry, malé nakladace,
ndkladni automobily) je potieba uvést tunelbagr Liebherr R 900 (pra-
covni vyska vyhovuje ¢elbdm c, d) v dprave s rotaci vyloZniku 360°
pro lepsi kopirovani teoretického vyrubu, déle pak stroje pro préci
v prostoru pruzkumnych $tol, bagr Takeuchi TB 153 s nato&itelnou
hlavou (bourdn{ obezdivky $tol a do¢istén{ vyrubu). Ve stisnéném pro-
storu prazkumnych $tol se osvéd¢il manipuldtoru pro stifkdn{ betonu
Mayco ORUGA. Pro bourdni vnitinich betonovych Zeber je zejména
vyuzivén tunelbagr Terex T210 osazen bouracimi nuzkami (1700 kg).

Jak je vySe uvedeno, raZeni tunelu navazuje na prizkumné Stoly
ITIA a IIB (délka 831 m), které tvori dil¢i Celby Ila, ITb vyrubu tunelu
(zbyvajicich cca 230 m bude dorazeno). Pri realizaci se ukazalo
a ukazuje, Ze technologické vyfeSeni postupu zesilovani ¢i plného
nahrazovani osténi prizkumnych 3$tol je limitujicim faktorem
v rychlosti postupu celého tunelu. RovnéZ presnost montdZe pocvo-
vého prvku tuhé vyztuze (HEB 240) je predurcujici pro postupnou
dokompletaci celého prstence tuhé vyztuze, tedy na smérové
a vySkové vedeni celého dila. Méfi¢skou sluzbu zajistuje Subterra
a. s., divize 12. Pivodni koncepce pocitala se zesilovdnim stévajici
obezdivky prizkumnych $tol (TH vyztuz, 10 cm SB,1x KARI sit) vlo-
Zenim rdamu HEB (pocva dilec HEB 240, boky HEB 140). V piipadé
prostorové kolize rdmu tuhé vyztuZe s obezdivkou pruzkumnych $tol
bylo potfeba obezdivku &dste¢né odstranit (zdfez). Do puvodni obe-
zdivky prazkumnych 3tol byly osazovény kotevni trny pro dokonalej-
§i spoluptisobeni s nové nandsenou vrstvou stifkaného betonu vyztu-
zenou KARI siti (obr. 6, obr. 7).

Shrnuti postupu vystavby

Prace na zesilovani obezdivky pruzkumnych Stol byly zahdjeny
15.9.2007 a ukon&eny 7. 12. 2007 a podle ptvodni koncepce zadé-
vaci dokumentace byl takto zesilen tsek 101 bm v obou Stolach ITA
a IIB. V tomto obdobi z divodu zvySenych pritoka vody (zejména
z pruzkumné $toly IIA) byla postupné v tseku st. cca km 1,512 az
1,450 v obou §toldch provddéna chemickd tésnici a zpeviujici injek-
tdz. Zpevnujici injektaZ byla vedena do prostoru budouci kaloty tune-
lu a méla zejména zpevnit nesoudrzné Stérkové polohy. Hlavnim
dodavatelem téchto specidlnich praci byla spole¢nost Minova
Bohemia, s. 1. 0. (Cldnek VyuZiti chemickych injektaZ{ pro razbu tune-
lu Dobrovského byl publikovéan v Tunel ¢. 3/2008.)

Rok 2007 byl i rokem hore¢nych diskusi nad koncepci razeni
a zhotovovdni primdrniho osténi celého vyrubu tunelu. I z tohoto
duvodu byly préce na zesilovéani prazkumnych Stol zastaveny a déle
byla vSemi dcastniky vystavby pfijata koncepce plného nahrazeni
osténi byvalych pruzkumnych §tol a optimalizace geometrického
tvaru vyrubu (vyztuZze) celého tunelu (prohloubeni protiklenby, zvét-
Seni vyrubu tunelu z divodu zvétSeni prostoru pro oéekdvané konver-
gencni deformace). Dal§im fenoménem, ktery byl akceptovdn vSemi
Ucastniky vystavby, bylo nahrazeni prvka tuhé vyztuze HEB (mimo
po¢vové prvky HEB 240) prvky s pracovnim ndzvem HEBREX 200
(HBX). Tyto svafence s prolamovanou stojinou byly akceptovany
z divodu lepsiho kontaktu (prostifkani stojiny) se stifkanym betonem.

Za datum zahdjenf raZenf tunelu II 1ze tak povaZovat i datum 14. 1.

Legenda: BTX — Pfihradovy svafovany dilec; HEB — Valcovany dilec;

HBX — Kombinace vélcovanych pasnic se svafovanou stojinou

Legend: BTX lattice girder; HEB - rolled element; HBX — Combination of rolled
flanges and welded web

Obr. 7 Vyztuiné prvky
Fig. 7 Reinforcing elements

provide a substrate for the intermediate waterproofing. A rule appli-
es to headings c-f that it is necessary to interconnect the support
frames (coupling flanges) and welded mesh (according to the design
— using break-off profiles or lap splicing). Each active heading is
manned by a basic crew of five.

The selection of an “optimum” set of equipment had to be based,
among others, on the geometric design and dimensions of the indi-
vidual partial headings and, above all, the requirements for demoli-
tion work (over 16 thousand m3 of reinforced concrete). The opti-
mum is marked by inverted commas because it means rather
a compromise between the size and output, first of all as far as tun-
nel excavators are concerned. Apart from common machines which
are used on other construction sites (hoisting platforms, shotcrete
machines, backhoes, small loaders, lorries), it is necessary to menti-
on the Liebherr R 900 tunnel excavator (the operating height is sui-
table for the headings ¢ and d) with 360° rotation capability, allo-
wing better copying of the theoretical excavation contour, machines
for working inside the exploratory galleries, namely Takeuchi TB
153 excavator with a rotating shovel/impactor facility (for breaking
of the lining of the galleries and scaling). A Meyco ORUGA conc-
rete spraying manipulator acquitted itself in the constricted space of
the exploratory galleries. The internal concrete ribs are broken
mainly by a Terex T210 tunnel excavator, with cutting pliers (1700
kg) mounted on it.

As mentioned above, the tunnel excavation operations links to
exploration galleries IIA and IIB (831m long), which form partial
headings Ila and IIB of the tunnel (the remaining length of about
230m is to be excavated). It has turned out during the works that the
technique applied to the increasing of thickness or complete repla-
cing of the lining of the exploratory galleries is a factor limiting the
advance rate of the entire tunnel excavation. Another factor affecting
the step-by-step work on the completion of the assembly of the whole
rigid support ring, thus on the horizontal and vertical alignment of
the whole tunnel, is the precision of the installation of the bottom ele-
ments of the rigid support frames (HEB 240). Survey services are
provided by Subterra a.s., Division 12. The original concept counted
on reinforcing of the existing lining of the exploration galleries (TH
supports, 10cm thick shotcrete layer, 1 layer of mesh) by inserting
HEB frames (HEB 240 for the invert; HEB 140 for side walls). In
the case of spatial collision of a rigid support frame with the lining
of exploratory galleries the lining had to be partially removed
(a slot). Tie bars were inserted into the original lining of the explo-
ratory galleries to improve the interaction with the newly applied
layer of shotcrete, which was reinforced by KARI mesh. (see
Figures 7 and 8)

Recapitulation of the construction procedure

The work on the increasing of thickness of the exploratory galle-
ry linings started on 15th September 2007 and was completed on 7th
December 2007. The section in which the thickness was increased,
according to the original design, was 101m long in both galleries
ITA and IIB. In this period of time it was necessary to carry out che-
mical sealing and stabilisation grouting, step by step within the sec-
tion between chanage km 1.512 and 1.450, to stop increased inflows
(first of all from exploration gallery IIA). The stabilisation grouting
was applied to the space of the future tunnel top heading. It was
designed to stabilise first of all incohesive gravel layers. The main
contractor for the specialised work was Minova Bohemia,
s. 1. 0. (the article entitled ‘The use of chemical grouting during the
Dobrovského tunnel excavation’ was published in TUNEL No.
3/2008).

The year 2008 was also the year of feverish discussions on the
concept of excavation and installation of the primary lining around
the entire tunnel excavation. It was also for this reason that the
work on reinforcing of the exploratory galleries was stopped and
later all parties to the construction accepted the concept of the com-
plete replacement of the lining of the former exploratory galleries
and optimisation of the geometrical shape of the excavation (the
reinforcement) of the entire tunnel (deepening of the invert, incre-
asing the excavated tunnel cross section with the aim of increasing
the space to be able to accommodate the expected convergence
deformations). Another phenomenon which was accepted by all



Obr. 8 Celkovy pohled (vnitrni Zebra HEB)
Fig. 8 General view (HEB inner ribs)

2008, kdy byl realizovén prvni zabér na Celbé I1d. Postupné byly otvi-
rany (v souladu s pozadavky na odstupy jednotlivych celeb) dalsi dil¢i
Celby tunelu IT (21. 1. 2008 ¢elba Ilc, 29. 1 2008 Eelba Ile). Uzavieni
prvnich metrt celého tmelu — Eelby f — bylo uskute&néno 1. 3. 2008.

V tomto obdobi bylo rozhodnuto i o preventivnim zesileni primar-
niho osténi v dseku st. 1,405-1,352 (dsek pod ulici Palackého) vloZe-
nim bretexovych rdmt mezi raimy HBX. Dal§{im vyznamnym omeze-
nim rychlosti postupu tunelu byla i pfiprava a zahdjen{ realizace kom-
penzacni injektdZe (KI) pod objekty v ulici Palackého a PeSinova (cca
st. km 1,360-1,190). Pfipravenost KI byla pldnovédna v 6/2008 (prace
provadeéla spolecnost Zakladani staveb, a. s., jako samostatnou doddv-
ku pro investora stavby), a proto bylo tempo vystavby tunelu koordi-
novéno tak, aby fidici ¢elba e — kalota k tomuto datu dospéla do st.
cca km 1,350. AZ do stanieni km 1,313 byly v kaloté vrtdny véjite
MKP v kroku 8 m (Zakladani staveb, a. s.) (obr. 8).

S postupem celeb c—f a s ohledem na dodrZen{ rozestupu byl dals{
postup na Celbdch a, b zahdjen v dubnu 2008 (od st. km 1,411). Osténi
stavajicich prazkumnych $tol je v celém rozsahu odstranéno
a nahrazeno osténim ,,standardnim“ (350 mm SB, HEB 240, HBX
200, 2 vrstvy KARI siti) v nové geometrii vyrubu. Z divoda omeze-
ni hluku a seismickych projevu na povrchovou zdstavbu je osténi pru-
zkumnych Stol pri¢né fezdno po 0,5 m diamantovymi pilami (CaM
DIAMaC, s. r. 0.). Pfedfezdvani osténi je organizovano v dobé, kdy je
Celba neaktivni na délku technologického kroku (cca 12 m).

Posledni vyznamnou zménou, kterou si opét vyzadal poZadavek na
omezeni hluku a seismickych projevil na povrchovou zdstavbu bylo
nahrazeni tuhé vyztuze HBX vnitfniho bouraného Zebra Celby a, b
bretexovym prvkem (cca od st. km 1,350).

Vsechny zmény v koncepci vystavby tunelu kladly a kladou vyso-
ké ndroky na flexibilitu a vysoce profesiondlni pristup realizacnich
tymu zhotovitele. Diukazem, Ze projektovy tym i kolektiv délnickych
profesi divize 1 spoleCnosti Subterra a. s. se s témito ndroky dosud
beze zbytku vyrovndvaji, je kvalita realizovanych praci a omezen{
viech negativnich projeva vystavby tunelu na povrchovou zdstavbu,
které nedosahuji hodnot ocekdvanych projektem. Za to patii podéko-
vani i v§em obchodnim partnerim podilejicim se na realizaci vystav-
by tunelu II.

ZAVER

D4 se fici, ze rok 2007 byl hleddnim koncepce vystavby tunelu.
O roku 2008 se dd hovorit jako o roku, kdy tato koncepce byla prene-
sena do projekéni podoby a s dspéchem realizovdna (do konce roku
2008 bylo vyrazeno cca 400 bm). Rok 2009 prfinese nutnost organi-
zatn¢ skloubit realizaci raZen{ a primédrniho osténi tunelu se zahdje-
nim vestavby sekundérniho osténi. Rok 2010 pak bude rokem dokon-
¢eni primdrnich i sekunddrnich konstrukci tunelu II (prosinec 2010).

Ke konci kvétna 2009 je vyraZeno vice nezZ 600 m tunelu II a 30 m
sekunddrniho osténi protiklenby. O zkuSenostech s organizaci soucas-
ného provadeni sekunddrnich obezdivek a raZeni tunelu II se podeli-

Yoy

me v nékterych z pristich ¢isel tohoto ¢asopisu.
. ING. JOSEF BACA, Jjbaca@subterra.cz,
ING. VACLAV DOHNALEK, vdohnalek@subterra.cz,
SUBTERRA a. s.

Recenzoval: prof. Ing. Josef Aldorf, DrSc.
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parties to the construction was the replacement of the HEB rigid
reinforcement elements (with the exception of HEB 240 elements
for the invert) by elements with the working name of HEBREX 200
(HBX). These weldments with lattice webs were accepted because
they allowed better contact with shotcrete (spraying concrete
through the web).

The date of 14/01/2008, on which the first excavation round was
carried out at heading I1d, can be considered the date of the Tunnel II
excavation commencement. The work on other partial headings of
Tunnel II started step by step, complying with the requirements for
distances between them heading IIc on 21/01/2008; heading Ile on
29/01/2008). The first metres of the entire tunnel excavation inclu-
ding a primary lining were completed on 01/03/2008 (by completing
the first round of partial heading f).

It was also during this period of time that the decision was made
regarding the preventative reinforcing of the primary lining along the
section chainage 1.405-1.352 (the section under Palackého Street) by
means of inserting BRETEX lattice girders between the HBX fra-
mes. Another significant reduction in the excavation advance rate
was due to the preparation and execution of compensation grouting
(CG) under the buildings in Palackého and PeSinova Streets (ca cha-
inage km 1.360-1.190). The completion of excavation for the com-
mencement of the CG had been planned for 6/2002 (the work was
performed directly for the project owner by Zakladani Staveb a. s.,
under a separate contract). The tunnel excavation advance rate was
therefore coordinated so that the e — top, the controlling heading, rea-
ched chainage ca km 1.350.

The excavation at other headings, a and b, started from chaina-
ge km 1.411 in April 2008, with the headings c-f advancing and with
respect to the requirement for maintaining respective distances bet-
ween the headings. The lining of the exploration galleries has been
cut transversally every 0.5m using diamond disk saws (CaM
DIAMaC, s. r. 0.) so that the noise and seismic effects are reduced.
The pre-cutting of the lining is organised so that it is carried out
during the period of time when the heading is inactive for the length
equal to the length of the technological step (ca 12m).

The last significant change, which was also necessary because of
the requirement for reducing the effect of noise and seismic manifes-
tations on surface buildings, was the replacement of the HBX rigid
reinforcement of the inner ribs being broken out at headings a, b by
a BRETEX lattice girder (roughly from chainage km 1.350).

All changes in the tunnel construction concept put heavy demands
on flexibility and highly professional attitude of contractor’s project
management and construction teams. The fact that the project mana-
gement team and working crews of Subterra a.s. have fully coped
with the requirements has been proved by is the quality of the till
now completed work and the reduction of all negative effects of the
tunnel construction on surface buildings below the values anticipated
by the design. The success has been achieved also thanks to the
efforts of all business partners participating in the Tunnel II con-
struction.

CONCLUSION

We can say that 2007 was the year during which the tunnel con-
struction concept was searched for. The year 2008 can be referred to
as the year during which this concept was translated into the design
form and successfully implemented (the length of about 400m of the
tunnel was excavated till the end of 2008). The year 2009 will bring
the necessity for organisational reconciliation of the excavation ope-
rations and installation of the primary lining with the commencement
of the erection of the secondary lining. Finally, 2010 will be the year
during which both the primary and secondary structures of Tunnel II
will be completed (December 2010).

As of the end of May 2009, over 600m of Tunnel II excavation and
30m of the invert secondary lining have been finished. We are going
to share our experience as regards the organisation of the current
installation of the secondary lining and excavation of Tunnel II in
some of the future issues of TUNEL. (see Fig. 10)

_ ING. JOSEF BACA, jbaca@subterra.cz,
ING. VACLAV DOHNALEK, vdohnalek@subterra.cz,
SUBTERRA a. s.
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VELKOPRUMEROVE MIKROTUNELOVANI V KARVINE - SBERAC CA2
LARGE-DIAMETER MICROTUNNELLING IN KARVINA
- CA2 TRUNK SEWER

KAREL FRANCZYK

uvoD

V Tunelu ¢&. 3/2008 byl uvefejnén Cldnek o prvnich zkuSenostech
s mikrotunelovdnim v Karviné (Prvni zkusenosti s mikrotunelovanim vét-
Sich praméra v Karviné). Cldnek analyzoval zejména zkuSenosti
s realizaci tzv. Kolektoru ALFA, ktery prochdzi ve svétlém priméru
1000 mm centrem mésta. V zdvéru ¢lanku byly uvedeny pouze prvni infor-
mace o sbéra¢i CA2, ktery md vnitini profil 1400 mm a celkovou délku
bezmadla dva kilometry. Tehdy byly prace na sbéraci na zacdtku, a slibili
jsme, Ze se i o tyto provozni zkuSenosti se s étendfi Tunelu podélime.

ZAKLADNI UDAJE

Kanalizaéni sbéra¢ CA2 je stejné jako Kolektor ALFA a dalSich devét
samostatnych staveb soucdsti projektu Karvind — rozsiteni kanalizace finan-
covaného z fonda EU a rozpo¢tu mésta. Realizace byla zahdjena v listopadu
2007 a skon¢i na podzim letoSniho roku. Rozsah bezvykopovych
a tuneldrskych technologii na tomto projektu je obrovsky a zfejmé neméd v CR
obdoby.

Sbéra¢ CA2, ktery je dlouhy 1980 m, se v délce 1936 m provadél techno-
logii mikrotunelovani. A Ize fici, Ze z duvodu tak velkého priméru i celkové
délky se jednalo o nejzajimavéjsi ¢dst projektu v Karviné. Sbéra¢ se nachdzi
v zastavéné Cdsti mésta v blizkosti obytnych domti a v jednom misté podcha-
zi také kolejistém Ceskych drah.

Vzhledem k hloubce a slozitym geologickym podminkdm se projektant
(Hydroprojekt Ostrava) rozhodl pro technologii mikrotunelovani se zatla¢o-
vanim sklolamindtovych trub Hobas o svétlosti 1400 mm.

Zhotovitelem stavby byla firma Subterra a. s. Provadéci technologii byl
stroj Iseki TCC Unclemole 1640 dodany firmou AGD ISEKI. (Pfipomenime
jve§té, 7e celou zakdzku realizovalo sdruzeni firem TCHAS, VOKD a OHL
78.) Price na sbéraci byly zahdjeny v kvétnu 2008 a ukonéeny v prosinci
téhoz roku. Vsechny podstatné technické informace jsou uvedeny v tabulce.

KOMENTAR K TABULCE

Jednak je potfebné zminit, Ze hned v Gvodu razeb doslo ke zméné materi-
alu tlacnych trub. Prvni dsek (3—2-88 m) byl realizovan s kameninovymi
troubami, coz bylo prvni vyuzZiti tak velkych kameninovych trub pii mikrotu-
nelovani na svété. Vzhledem k ur¢itym problémim némeckého vyrobce
(Keramo Steinzeug) jak s kvalitou, ale zejména se zajisténim plynulého zdso-
boviéni stavby, byl projekt zménén na roury sklolamindtové (Hobas). Nutno
fici, Ze tato zména prinesla urité zdrzeni v dvodu vystavby, ale pak také fadu
provoznich vyhod (niz$i hmotnost, snadnéj$i manipulaci, minimalni toleran-
ce v rozmérech, mensi ztratové ¢asy), coZ potvrzuji i zkusenosti ze svéta. Na
zdkladé naSich zkuSenosti by bylo vhodné, aby se pro mikrotunelovéni nad
1000-1200 mm DN pouzivalo sklolamindtovych trub pokud moZno stan-
dardné — samoziejmé, pokud to bude vyhovovat budoucim uZivatelim.

Zv14st’s prihlédnutim k ur¢itym vyse zminénym zpozdénim v rozjezdu mik-
rotunelovéni 1ze konstatovat, Ze dosazené Casy, které jsou patrné z tabulky,

N A

Obr. 1 Pohled do stavebni jamy po ukonceni mikrotunelovdani
Fig. 1 View down a launching shaft

INTRODUCTION

TUNEL issue No. 3/2008 presented a paper on initial experience learned
during the microtunnelling in Karvind (‘Initial experience of larger-diame-
ter microtunnelling in Karvind’). The paper analysed, first of all, the expe-
rience of constructing the 1000mm diameter ALFA Utility Tunnel, which
runs under the centre of the city. In its conclusion, the paper contained only
initial information of CA2 Trunk Sewer, the inner diameter of which is
1400mm and the total length reaches nearly two kilometres. At that time
the work on the sewer was just at the beginning. We promised that we
would share our operating experience with TUNEL readers in the future.

BASIC DATA

CA2 Trunk Sewer as well as ALFA Utility Tunnel and other nine inde-
pendent parts of the Karvind Sewerage Expansion Project are financed by
EU funds and from the municipal budget. The construction started in
November 2007 and is scheduled for completion in the autumn of 2009.
The extent of trenchless and tunnelling technologies at this project is huge
and probably has no equivalent in the Czech Republic.

Alength of 1936m of the total length of 1980m of CA2 Trunk Sewer was
constructed by a microtunnelling technology. It is possible to say that,
because of such a large diameter and the great total length, it was the most
interesting part of the Karvind project. The trunk sewer is found in
a developed part of the city, in the vicinity of residential buildings; it even
runs under Czech Railways’ tracks in one location.

Taking into consideration the depth and the complicated geological con-
ditions, the designer (Hydroprojekt Ostrava) opted for the microtunnelling
technique combined with jacking of DN 1400mm HOBAS glassfibre rein-
forced plastic tubes.

The contractor, Subterra a.s., used an Iseki TCC Unclemole 1640 tun-
nelling machine supplied by AGD ISEKI. (Let us note that the entire pro-
ject was implemented by a consortium consisting of TCHAS, VOKD and
OHL ZS.) The work on the trunk sewer started in May 2008 and was com-
pleted in December 2008. All substantial technical information is presen-
ted in the table on
next page.

COMMENTARY
ON THE TABLE

First of all, it must
be noted that the
material of the pipes
to be jacked was
changed from the
very beginning of the
driving operations.
The initial section
(3-2-88m) was con-
structed using stone-
ware pipes, which
was the first use of
large-diameter stone-
ware pipes for micro-
tunnelling in the
world. Because of
certain problems of
the German manufac-
turer (Keramo Stein-
zeug) with quality
and, above all, kee-
ping fluent supplies
to the site, the design
was changed to the
use of glassfibre rein-
forced plastic pipes
(Hobas). It must be
noted that this change
caused a certain delay

Obr. 2 Spousteni §titu do Sachty — foto: Ing. Jiri
Skupien

Fig. 2 Lowering of the shield into a shaft — photo:
Ing. Jiri Skupien




Pribéh razeb na tseku shérace CA2
The course of excavation of the CA2 Trunk Sewer
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Usek / Section Délka / Length Geologie / Geology Prumérny postup / Average advance rate
3-2 88 m balvanité $térkopisky / Bouldery gravel-sands 7 m/den */ 7m per day *
3--4 124 m balvanité $térkopisky / Bouldery gravel-sands 11 m/den / 11m per day
5-4 170 m balvanité Stérkopisky, raselina / Bouldery gravel-sands, peat 14 m/den / 14m per day
5-7 192 m Stérkopisky / Gravel-sands 17 m/den / 17m per day
8-7 200 m jily, Stérkopisky / Clay, gravel-sands 15 m/den / 15m per day
8-10 140 m jily, Stérkopisky / Clay, gravel-sands 16 m/den / 16m per day

10-11 129 m jily, Stérkopisky, raSelina / Clay, gravel-sands, peat 18 m/den / 18m per day

12-11 103 m jily, Stérkopisky / Clay, gravel-sands 15 m/den / 15m per day

12-13 120 m jily, Stérkopisky / Clay, gravel-sands 17 m/den / 17m per day

19-20 64 m Stérkopisky / Gravel-sands 16 m/den / 16m per day

19-18 114 m jily, piscité jily / Clay, sandy clay 15 m/den / 15m per day

17-8 89 m jily, piscité jily / Clay, sandy clay 18 m/den / 18m per day

17-16 154 m pisky, piscité jily / Clay, sandy clay 14 m/den / 14m per day

15-14 181 m pisky, piscité jily / Clay, sandy clay 16 m/den / 16m per day

15-16 59 m pisky, piscité jily / Clay, sandy clay 15 m/den / 15m per day

* jednosménny provoz

Celkova délka razeb ..... 1936 m

Celkové doba provadéni ... 247 dnu

Pramérny postup v&etné piesunt ... 7,84 m/den

Prumérny podet metrti na jeden mésic provadént ... 242 m

Obr. 3 Mikrotunelovdni umoZiiuje minimdlni zdsah do Zivotniho prostiedi
Fig. 3 The microtunnelling technique makes a minimum environmental
impact possible

byly velmi dobré. Madlokdo v kvétnu véfil, Ze se dd dokoncit zahajovany dvou-
kilometrovy sbéra¢ jesté do Vanoc, ale povedlo se. Nebylo ani nutné vyuZzivat
druhy stroj, coZ se v pocéatku velmi zvazovalo, je ale tfeba fici, Ze velmi
pomohlo nasazeni druhé tla¢né stanice s piislusenstvim, kterd se od zfi mon-
tovala vZdy v predstihu pfed dokon¢enim tseku na dals{ tlacné jamé, takZe po
dojeti bylo moZno téméf ihned bez zbytednych zdrZeni startovat dali dsek.

Z pohledu geologie, kterd je v Karviné velmi proménlivd a pro vétSinu tune-
larskych technologii nepfizniva, lze fici, Ze problémy nebyly ani s balvany,
které stroje o takto velkém pruméru vesmés zdoldvaji bez problému, ani
s podzemni vodou ani s raSelinou. Ur¢ity problém predstavoval vysoky obsah
velmi jemnych pisku, ktery komplikoval a hlavné zdrZoval separacni proces
(z diivodu rychlé a vysoké sedimentace v nadrzich). VSichni G&astnici provo-
zu se shodli na tom, Ze pri§té by se do podobnych podminek patrné mela nasa-
dit i hydrocykldna, se kterou by separace probihala uréité efektivnéji, a tim by
se denni postupy mohly zvednout v pruméru az o 20-30 %.

ZAVER

I tak maZeme ici, Ze realizace sbérate CA2 metodou mikrotunelovani pro-
béhla ve vynikajicim Case a bez vyraznéjsich technickych ¢i provoznich pro-
blému. Stavba vibec neovlivnila norméln{ Zivot v této velmi zabydlené &dsti
Karviné, a to jak z pohledu pripadnych deformaci na povrchu, tak i z pohledu
celkové Setrnosti k prostredi, coZ by bylo tiplné jinak, kdyby se pouZila napf.
vykopovd metoda.

Za to viechno patif dik realizdtorim z firmy Subterra vedenym vedoucim
projektu ing. Drobikem a hlavnim stavbyvedoucim ing. Cenéikem. Nelze
také opomenout operdtora stroje, kterym byl elitni pracovnik firmy AGD
Iseki, pan Jeff Ball. Ten se jist€ vraci domu bohat¥f o fadu zajimavych dojma
z Ceského prostiedi i o pdr Ceskych jadrnych slov.

ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA a. s.
Recenzoval: prof. Ing. Josef Aldorf, DrSc.

* single shift operation

Total length of drives ..... 1936m

Total duration of the work ... 247 days

Average advance rate (including changing of the places) ... 7.84m per day
Average monthly advance rate ... 242m

at the beginning of the construction, however, it even brought several operating
benefits (lower weight, easier handling, minimum dimensional tolerances, smal-
ler losses of time). This has even been confirmed by news from the world.
In our experience, it would be reasonable if glassfibre reinforced plastic
pipes are used for microtunnelling profiles exceeding DN 1000 — 1200mm
as a standard — of course, if it suits requirements of future operators.

It is possible to state, especially taking into consideration the above-
mentioned delays in the commencement of the microtunnelling operations,
that very good times were achieved (see the Table above). Few people beli-
eved in May that the work on the two-kilometre trunk sewer being com-
menced could be completed by Christmas, nevertheless, the effort was
successful. It was even unnecessary to use the other machine, which solu-
tion was seriously discussed at the beginning. On the other hand, it must be
admitted that the application of the second jacking station with accessori-
es, which was always assembled in advance in the next launching shaft,
before completing the particular section, was very helpful. It was therefo-
re possible nearly immediately after the arrival of the machine into the
receiving shaft, without unnecessary delays, to start the work on the next
section.

In terms of geology, which is very variable and unfavourable for most
tunnelling technologies in Karvind, we can even say that problems were
not caused by boulders, which are dealt with without problems by so large
diameter machines, nor by ground water or peat. A certain problem was
caused due to the high content of very fine sands, which complicated and
first of all delayed the separation process (because of a need for quick and
high sedimentation in tanks). All parties to the construction agreed that
a hydrocyclon separator should probably be installed if the conditions are
similar. The separation would certainly be more effective and daily advan-
ce rates could be increased by 20-30% on average.

CONCLUSION

Despite the above-mentioned problems, we can say that the time taken
by the construction of CA2 trunk sewer using the microtunnelling method
was excellent and no significant technical or operating problems were
encountered. The works did not in the slightest influence the normal life in
this populated region of Karvind, neither in terms of contingent deformati-
ons of the surface nor in terms of the overall considerate attitude toward
the living environment. Such a statement would have been impossible if,
for example, open trenches had been required.

Words of thanks for the success are deserved by the construction team of
Subterra a.s. led by Ing. Drobik, project manager, and Ing. Cencik, con-
struction superintendent. In addition, the role of AGD Iseki’s elite worker,
Mr. Jeff Ball, the machine operator must not be forgotten. He must have
returned home enriched with numerous interesting impressions from the
Czech environment and even with several earthy Czech words.

ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA a. s.
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VYSTAVBA KOLEKTORU TRASY B A C NA VACLAVSKEM NAMEST{
CONSTRUCTION OF UTILITY TUNNELS ON ROUTES B AND C
IN WENCESLAS SQUARE

JIRI PATZAK, LIBOR ZAPLETAL

ovob

Vystavba Kolektort Viéclavské ndmésti — Tras C a B — byla
v prostoru spodni Cdsti ndmésti zahdjena ve druhé poloviné roku
2007 prelozkami inZenyrskych siti a pripravnymi pracemi. Hloubenf{
Sachet a zahdjeni raZeb probchlo soubéZné na obou stavbéch zact-
kem roku 2008.

Na Trase B jsou v soucasné dobé (5/2009) v celém rozsahu
dokonceny razby, definitivni osténi je ve stadiu tésné pred dokonce-
nim. Byla zahdjena montdZ ocelovych konstrukci (OCK) pro vystro-
jeni kolektoru.

Na trase C, na useku realizovaném Subterrou, a. s. (mezi Sachta-
mi V2 a S 51 v&etné propojeni tras C a B), byla kompletn& dokon-
¢ena realizace definitivnich obezdivek a zahdjena montaZ OCK.

Faktické ddaje o vystavbé kolektora Vaclavské ndmésti — Trasa B
a C byly podrobné rozebrany projektantem v ¢asopisu Tunel 3/2008.
Nasledujici text proto sleduje predevs§im zhodnoceni razicich praci
na vyse zminénych dsecich zhotovitelem.

ZAKLADNI UDAJE STAVBY

Nizev stavby: Kolektor Viclavské ndmesti — Trasa B

Investor: Hl. mésto Praha, zastoupené odborem méstského
investora (OMI)

Povéfeny mandatdr: Kolektory Praha, a. s.

Technicky dozor investora: Zavos, s. I. 0.

Projektant: Ingutis, spol. s r. 0.

Zhotovitel: Sdruzeni kolektor Viclavské ndmésti B — Subterra,
a. s., Energie stavebni a banskd, a. s.

Nazev stavby: Kolektor Véaclavské ndmeésti — Oprava trasy C
Investor: HI. mésto Praha

Povéfeny mandatdr: Kolektory Praha, a. s.

Technicky dozor investora: Zavos, s. I. 0.

Projektant: Ingutis, spol s r. 0.

Zhotovitel: Sdruzeni Menasu — Metrostav a. s., Subterra a. s.,
Navatyp Group, a. s.

INZENYRSKOGEOLOGICKE A HYDROGEOLOGICKE POMERY

Uroven skalniho podloZi se nalézd v hloubce cca 14—15 m pod
terénem a je tvofena ordovickymi bridlicemi. Konstrukce obou
kolektorovych tras zasahuji do téchto vrstev jen okrajove.
Rozhodujici ¢ést praci byla realizovédna v prostredi terasovych kvar-
térnich sedimentu reprezentovanych pisky, pis¢itymi §térky a Stérky.
Kvartérni vrstvy jsou kryty navdZkami mocnosti cca 4 m.

Hladina podzemni vody se nachdzi v hloubce 12 m pod terénem,
zvoden vysky 1,5 aZ 3 m na bézi Sté€rkopiskovych vrstev, znatnd
pralinové propustnost.

TRASA B

Kolektor Véclavské ndmésti trasa B je nové budovanym kolekto-
rem III. kategorie. Jeho primarnim tikolem je umisténi inZenyrskych
siti vedenych dosud v uli¢ni drovni, napojeni prilehlych povrcho-
vych objekti na tyto sité a propojeni provozovanych kolektoru
v oblasti. Celkova délka dila je véetné odbocek a kolektorovych pri-
pojek 330 m, zdkladov4 spdra je v hloubce kolem 15 m pod terénem,
pramérna hodnota hrubého vylomu hlavni trasy ¢ini 16 m2.

Realizace razeb trasy B zapocala hloubenim 3achty S 49 pied
objekty ¢p. 846/1 (Koruna) a ¢p. 841/3 (Diamant), ktery byl
v rdamci rekonstrukce objektu kompletné bourdn béhem zahdjeni
obou staveb kolektort. Zajisténi Sachty bylo realizovano $ikmymi

INTRODUCTION

The Construction of Wenceslas Square Utility Tunnels — Routes C
and B started in the lower part of the square in the second half of
2007 by relocating utility networks and performing enabling works.
The shafts were sunk and the tunnel excavation started at the begin-
ning of 2008, simultaneously on both routes.

As far as the Route B is concerned, as of today (5/2009), the exca-
vation operations have been completed, the installation of the final
lining is in the stage just before completion. The installation of
metal structures carrying the tunnel equipment has been started.

On the Route C, the section constructed by Subterra a.s. (between
shafts V2 and S 51, including the connection between Routes C and
B), the erection of the final lining has been completed and the instal-
lation of metal structures has started.

Factual data on the construction of Routes B and C of the
Wenceslas Square utility tunnels was presented in detail by the
designer in TUNEL issue No. 3/2008. This article is therefore focu-
sed, first of all, on contractor’s assessment of the excavation opera-
tions performed in the above-mentioned sections.

BASIC CONSTRUCTION DATA

Project name: Wenceslas Square Utility Tunnel — Route B
Project owner: The City of Prague, represented by the City
Investor Department

Authorised mandatary: Kolektory Praha, a.s.

Client’s supervision: Zavos s.r.0.

Designer: Ingutis, spol. s r.o.

Contractor: Sdruzeni kolektor Véclavské ndmesti B consortium,
consisting of Subterra a.s. and Energie stavebni a banska a.s.

Project name: Wenceslas Square Utility Tunnel — Repair to route C
Project owner: The City of Prague

Authorised mandatary: Kolektory Praha, a.s.

Client’s supervision: Zavos s.r.0.

Designer: Ingutis, spol. s r.o.

Contractor: SdruZzeni MENASU consortium, consisting of
Metrostav, a.s., Subterra a.s., NAVATYP GROUP a.s.

ENGINEERING GEOLOGICAL AND HYDROGEOLOGICAL
CONDITIONS

The rock head level is about 14-15m under the surface. The bed-
rock consists of Ordovician shales. The structures of both utility tun-
nel routes extend into these layers only marginally. A substantial
proportion of the work was performed in an environment formed by
Quaternary terrace sediments, which were represented by sands,
sandy gravels and gravels. The Quaternary layers are covered by an
approximately 4m thick layer of made ground.

The water table is found at the depth of 12m under the surface;
a 1.5 to 3m high, significantly interstitial aquifer is found on the
base of gravel-sand layers.

ROUTE B

The Wenceslas Square Utility Tunnel, Route B is a newly built,
category III utility tunnel. The primary purpose of the tunnel is to
provide space for the engineering networks which have been till now
located at the street level, to allow adjacent surface buildings to be
connected to the networks, and make installation of connections bet-
ween operating utility tunnels in the area possible. The total length of
the tunnels, including branches and utility tunnel connections, is



18. rocnik - €. 3/2009

Sv2
I
, 851 C [ e
]-. L V2 K
T ' : EpTII Wi .
=1 BaTA h LI; |
||"|_I1 | i | D : " | \
=1 O L :
Yy - e
|Kolektor Vaclavské namésti/ Wenceslas Square utility tunnel
0 m

Trasa A - provozovany kolektor

Duct A - utility tunnel in operation

Trasa B - v provizornim osténi / novy kolektor
Duct B - in primary lining / new utility tunnel
Trasa C - oprava kruhového kanalu

Duct C - adaptation of circular duct

=
BN
]

Provozované kolektory a
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DP metro (podchody MUstek / Vaclavské nam.)

Metro (underpass MUstek / Vaclavské nam.)

Povrchové zéstavba

Surface development

Obr. 1 Situaéni schéma Kolektoru Viclavské nameésti
Fig. 1 The Wenceslas Square utility tunnel layout

Zelezobetonovymi pilotami. Divodem tohoto feSeni byla minimali-
zace jamového tere (tj. i prostorovych ndroku zafizeni stavenisté)
za souCasného dosazeni pozadovanych rozméru ve spodni &dsti
Sachty pro budouci rozrazeni kolektorovych tras.

Razba hlavnich tras byla ¢lenéna na dvé lavky a byla vedena pod
ochrannymi destniky ze sloupt tryskové injektdZe budovanych
s postupem razby. Objekty povrchové zdstavby ve vzd. cca 6 m
nebyly pred stavbou zajiStovany. Primarni osténi je tvoreno dalni
vyztuzi a stiikanym betonem C 16/20 vyztuZenym dvémi vrstvami
siti.

Vedeni razby obéma sméry ze Sachty S49 se ukdzalo byt
v prubéhu realizace jako zna¢né rozdilné. Razba smérem k horni
¢asti Vdclavského namésti (k ul. Jindri§skd) byla vedena prostiedim
s nizkou soudrZnosti a zvySenou Cetnosti zén oslabeni. Reakci na
zastizeni téchto oblasti bylo rozhodnuti realizovat doplnkova opat-
feni pro bezpecné vedeni raZby a minimalizaci poklest na povrchu
— stabilizace Celby zdmkovymi vrty ze sloupt TI (3 ks na kazdou
Celbu), dusledné sledovani vrtnych praci atd., a to prakticky v celém
tiseku od $49 k objektu Darex, kde bylo proraZeno do stivajiciho

& x T

Obr. 2 Kolektor B, éelba zpevnénd injektdZi Dukol
Fig. 2 Utility tunnel B — excavation face stabilised by Dukol grouting

330m; the foundation base is at the depth of about 15m under the sur-
face; the average excavated cross sectional area of the main route
tunnel is 16m?2.

The excavation on route B started by sinking the shaft S 49 in
front of the building No. 846/1 (Koruna) and building No. 841/3
(Diamant), which was completely demolished within the framework
of reconstruction when the construction of the two utility tunnels
was starting. The shaft support consisted of inclined RC piles. The
reason for this design was the effort to minimise the shaft collar area
(which meant also minimisation of the space for the construction
site facility) and, at the same time, obtain dimensions in the bottom
part of the shaft which were required for the future excavation of the
utility tunnel routes from two points of attack.

The excavation face on the main routes was divided into two ben-
ches, using protective umbrellas consisting of jet grouted columns,
which were installed step by step during the excavation. Surface
buildings, which were at the distance about 6m, were not underpin-
ned prior to the construction. The primary lining consists of collie-
ry frames, C 16/20 shotcrete and two layers of welded mesh.

Obr. 3 Stavajici vodovodni kandl, vychozi stav
Fig. 3 The existing water feeder tunnel — original condition
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Obr. 4 Kolektor C, zmdhdni vodovodniho kandlu strojnim zpusobem
Fig. 4 Utility tunnel C — mechanical demolition of the water feeder tunnel

kolektoru zajisténého provizornim osténim, ktery byl realizovén
jako predstihovd etapa Trasy B v ramci vystavby Kolektoru
Vodickova.

Protirazba smérem k ul. Pfikopy byla specifickd zejména zastiZe-
nim horninového prostiedi zpevnénym chemickou injektdzi
(Dukol). Tato injektdz byla realizovana pro zlepSeni geotechnickych
podminek pro razbu soubézné vedouciho kabelového kandlu v 70.
letech dvacdtého stoleti (nyni Kolektor Véaclavské nam. — Trasa A).
Kabelovy kandl byl v oblasti Mustek budovédn bez primarniho osté-
ni pouze definitivnim vystrojenim z prefabrikovanych Zelezobeto-
novych prstencu. Stav proinjektovaného prostfedi byl hodnocen
odbéry vzorka pfi opravé kabelového kandlu (Trasa A)
s konstatovanim, Ze chemickd injektdZ je zcela zdegradovand, bez
vlivu na razbu Trasy B. Realitou vSak byla razba vedend ve vrstvich
kvartérnich sedimenti zna¢né zpevnénych injektdzi, s podstatnou
zménou rozpojitelnosti. Negativa tohoto faktu lze spatfovat ve zpo-
maleni postupu raZeb, zpusobeného vEtsi Casovou ndro¢nosti na roz-
pojovani horniny s nezanedbatelnym vlivem na ekonomiku vystav-
by. Na druhou stranu zlepSeni prostfedi vyznamné prispélo
k bezpe¢nému prichodu obtiznym tsekem v bezprostfednim kon-
taktu s podchodem metra Mustek (s nadlozim 0,6-1,6 m)
a provozovanym Kolektorem Véclavské ndm. — Trasa A pfi-
blizujicim se k razbé az na vzdélenost 1,8 m.

Pri razbé byla zastiZena fada volnych podzemnich prostor-kave-
ren, jeZz vznikly pravdépodobné vyndSenim jemnych Castic
z horninového prostiedi vodami z kanaliza¢nich a vodovodnich
fadu. Nejvetsi z nich byla kaverna o velikosti 46 m3 (dle spotieby
injekéni smési). Na$tésti byla jeji pritomnost véas indikovéna,
kaverna nebyla vyplnéna zvodnélym materidlem, ktery by mohl pro
razbu predstavovat vyznamny problém, a poloha kaverny vzhledem
k razbé se navic nachézela v relativné priznivé poloze. Pro dalsi bez-
pecné vedenf stavby byl proveden georadarovy prazkum, ktery pre-
dikoval dal3i volné prostory. Razba t€émto okolnostem byla prizpu-
sobena, zastizené prostory byly pred dal§im postupem vzdy vyplné-
ny injekéni smési.

TRASA C

Kolektor Vdclavské ndmésti trasa C vznikd zmdhanim stdvajiciho
vodovodniho kandlu (postaven v letech 1975-1978) kruhového pro-
filu na podkovovity profil kolektoru tak, aby nové dilo bylo schop-
no plnit vSechny poZadované funkce kolektoru III. kategorie
a zédroven vedeni dvojice hlavnich tranzitnich vodovoda DN500.
Cely rozsah praci zajistuje napojeni prilehlych objektd nové budo-
vanymi kolektorovymi pfipojkami celkové délky 160 m a také napo-
jeni na sousedni kolektorové stavby. Celkovd délka hl. trasy je
270 m, hruby vylom &inf 24 m?, hloubka zakladové spéry se nach4-
z{ cca 14,5 m pod trovni terénu.

Razba trasy C byla vedena ze stdvajici Sachty V2 pred ¢. p. 778
(Cukrdrna), kterou bylo pro zefektivnéni praci nutno pudorysné roz-
§ifit, a z nové hloubené Sachty S51 pred &. p. 774 (Bata), obdobné
konstrukce jako Sachta $49 na Trase B.

_ SRS bl
Obr. 5 Kolektor C, postup raZby v prvni ldvce
Fig. 5 Utility tunnel C - first bench excavation procedure

The tunnel drives proceeding in both directions from shaft S 49
showed to significantly differ. The excavation heading toward the
upper part of Wenceslas Square (toward Jindfi§skd Street) passed
through an environment characterised by low cohesion and increa-
sed numbers of weakness zones. As a response to encountering these
zones, the decision was made to implement supplementary measu-
res designed to secure safe excavation and minimise surface settle-
ments. The measures comprised the excavation face stabilisation by
means of jet grouted columns (3 per each face), consistent monito-
ring of drilling operations etc., virtually throughout the length of the
section between shaft S 49 and the Darex Building, where the route
holed into an existing utility tunnel, which was supported by
a temporary lining. This tunnel had been constructed as an advance
stage of Route B, within the framework of the construction of the
Vodickova utility tunnel.

The opposite direction drive, heading toward Na Prikopé Street,
was specific first of all because of encountering a ground environ-
ment which had been stabilised by chemical grouting (Dukol). This
grouting was carried out in the 1970s, with the aim of improving
geotechnical conditions for the excavation of a parallel cable tunnel
(the current Wenceslas Square Utility Tunnel — Route A).  This
cable tunnel was built without a primary lining in the Mustek area.
It had only a circular final lining consisting of precast reinforced
concrete segments. The condition of the ground environment which
had been treated by grouting was assessed during the repair to the
cable tunnel (Route A) on the basis of samples. It was stated that the
chemical grouting was completely deteriorated, without any effect
on the excavation of Route B. However, the reality was that the
excavation had to pass through Quaternary sediments significantly
reinforced by grouting, with the breaking characteristic substantial-
ly changed. Negatives of this fact can be seen in the reduced exca-
vation advance rates resulting from higher time intensity of the rock
disintegration, with a non-negligible influence on the works econo-
my. On the other hand, the improved environment significantly con-
tributed to the safe passage through the difficult stretch, running in
close proximity to the Mustek pedestrian subway (the overburden
height of 0.6-1.6 m), where the operating Wenceslas Square Utility
Tunnel Route A was at a distance of up to a mere 1.8m.

Several underground cavities were encountered during the exca-
vation. They probably developed as a result of transport of fine par-
ticles from the ground environment by water leaking from sewers
and water mains. The volume of the largest cavity was 46m? (esti-
mated according to the grouting mixture consumption). Fortunately,
the presence of the cavern had been indicated in due time. It was not
filled with a saturated material which could pose a significant pro-
blem for the excavation, and the cavern location was relatively
acceptable for the excavation. A ground penetrating radar was used
for surveying to guarantee further safe driving. The survey predic-
ted other cavities. The excavation procedure was accommodated to
these conditions — the encountered cavities were always backfilled
with grout before proceeding further.




Obr. 6 Klasickd razba propoje tras B a C
Fig. 6 Traditional excavation of the connection between Routes B and C

NadloZi kolektoru bylo v predstihu zajisténo tryskovou injektdzi
realizovanou z povrchu, nikoli z podzemi, kde by zajiStovaci prace
silné komplikoval kruhovy kandl.

DemontdZ tybinkového osténi vodovodniho kanélu byla na popi-
sovaném Useku provadéna vyhradné strojnim zpUisobem, bez pouZi-
ti trhacich praci. Vzhledem k omezenym prostorovym podminkdm
ve stdvajicim kandlu bylo moZno pouzit pouze mdlo vykonného
minirypadla s impaktorem, konkrétné typ JCB 8017. S ohledem na
pevnost destruované konstrukce byl jiz tak maly teoreticky vykon
stroje nadéle sniZovdn omezenou moznosti zaujmout ve vét§iné pri-
padt vhodnou pracovni pozici.

Dalsi komplikaci razby predstavovala kvalita a rovnhomeérnost pro-
vedeni vyplné prostoru mezi provizornim osténim a tybinky vodo-
vodniho kanélu. Tento prostor mél byt dle predpokladi projektu
(opirajicich se o podklady z archivu DP metro) cely vyplnén injek-
tdz{. Zastizend skute¢nost vSak byla takova, Ze homogenita vyplné-
ni tohoto prostoru byla s postupem razby zna¢né proménlivd, misty
byla injektdZz nahrazena piskem, dfevem, lokdln¢ nebyla provizorni
vyztuZ dokonce provedena vibec. S touto skuteCnosti byla spojena
nutnost zvySené opatrnosti pii vedeni razby a vznik nezavinénych
nadvylomu. DemontdZ konstrukce vodovodniho kandlu se tak stala
Casové, ale i materidlové velmi ndro¢nou.

Druhym obtiZznym mistem, v rdmci praci Subterra, a. s., na Trase
C, byla razba propojeni obou kolektori z §achty $51 do $49. Razba
klasickym postupem (dalni vyztuz + predrdZené paZnice Union)
byla realizovdna s nadloZim mocnym pouze cca 1,7 m, a to pfi dodr-
Zeni pozadavku zachovani peésiho a automobilového provozu na
povrchu. Razba navic byla znesnadnéna zastizenim velkého poctu
starych inzenyrskych siti (trubni vedeni az DN700, kabelovody)
a rozvolnénych zoén v jejich okoli.

ZAVER

Zavérem lze konstatovat, Ze i pfes naro¢né tkoly, které realizace
musela resit, nedo$lo ani u jedné z popisovanych staveb k zdvaznym
komplikacim, k prekrocen{ limitnich hodnot konvergenci, nivelac-
nich méfeni na povrchu a ani dalSich veli¢in méfenych v rdmci geo-
technického monitoringu stavby.

Dokonéeni obou staveb je pldnovdno v druhé poloviné roku
2009. Po dokonceni montdze ocelovych konstrukci zbyva realizovat

montdz a zprovoznéni viech technologickych celkl a provoznich
soubort kolektoru.

ING. JIRI PATZAK, jpatzak@subterra.cz,
SUBTERRA a. s.,

ING. LIBOR ZAPLETAL, zapletal @ingutis.cz,
INGUTIS, spol. s r. o.

Recenzoval: doc. Ing. Vladislav Hordk, CSc.
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ROUTE C

The Wenceslas Square Utility Tunnel Route C is being developed
by reconstructing an existing circular water feeder tunnel (built in
1975-1978) to a horseshoe shaped profile utility tunnel, so that the
new tunnel can fulfil all required functions of a 3rd category utility
tunnel and, at the same time, house a pair of DN 500mm transit
water mains. The entire scope of work secures the connection for
adjacent buildings through newly built services at the total length of
160m and connection to neighbouring utility tunnels. The total
length of the main route is 270m, the gross excavated cross section
is 24m2, and the foundation base is at the depth about 14.5m under
the surface.

The excavation of Route C started from the existing shaft V2 in
front of the building No. 778 (Cukrdrna), which had to be enlarged
in ground plan to increase the effectiveness of the works, and from
the newly built shaft S51 in front of the building No. 774 (Bata
Building), the design of which was similar to the design for shaft
$49 on Route B.

The utility tunnel overburden was stabilised in advance by jet
grouting, which was carried out from the surface, not from the
underground. The installation of this support from within the tun-
nelwould have been significantly complicated by the existing circu-
lar tunnel.

The segmental lining of the existing water feeder tunnel within
the section being described was carried out solely mechanically, wit-
hout blasting. Because of the constrained space conditions in the
existing water tunnel, it was possible to use only a low-performan-
ce mini-excavator with impact beaker, specifically the JCB 8017
type. Taking into consideration the strength of the structures being
demolished, the theoretical performance of the machine, which was
low on its own, was further reduced because of the limited possibi-
lity to assume, in most cases, a suitable working position.

The quality and uniformity of filling of the space between the
temporary lining and the segments of the water tunnel lining posed
another complication for the excavation. The design expected (on
the basis of documents obtained from DP Metro archives) that this
space had been completely filled with grout. The reality encounte-
red was that the homogeneity of the filling of this space significant-
ly varied with the excavation advancing; locally the grout was repla-
ced by sand, timber or, in some places, it was found that the tempo-
rary support had never been carried out. This reality meant that inc-
reased alertness was necessary and unavoidable overbreaks develo-
ped during the excavation. As the result, the removal of the existing
structure became very demanding in terms of time and material con-
sumption.

Another difficult operation within the framework of the Subterra
a.s. contract on Route C was the excavation of the connecting tun-
nel between the two utility tunnels, from shaft S 51 to shaft S 49.
The excavation using a traditional technique (colliery frames +
Union sheet piles used for forepoling) passed under an only about
1.7m thick cover, meeting the condition that foot traffic and vehicu-
lar traffic on the surface had to be maintained. In addition, the exca-
vation was hindered owing to encountering great numbers of old
engineering networks (pipelines up to DN700, cableways) and loose
ground zones in their surroundings.

CONCLUSION

To conclude, it is possible to state that, despite the difficult pro-
blems which had to be solved during the realisation, none of the
constructions being described experienced any serious complicati-
on, no limit values of convergences, settlement of the surface nor
other quantities measured within the framework of the geotechnical
monitoring of the works were exceeded.

The completion of both constructions is planned for the second
half of 2009. When the installation of metal structures is finished,
assembling and commissioning of all equipment and operating units
of the utility tunnel will remain to be carried out.

ING. JIRI PATZAK, jpatzak@subterra.cz,
SUBTERRA a. s.,

ING. LIBOR ZAPLETAL, zapletal @ingutis.cz,
INGUTIS, spol. s r. o.
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TUNEL PRACKOVICE NA DALNICI D8 - REALIZACE PRAZSKEHO
PORTALU
PRACKOVICE TUNNEL ON D1 MOTORWAY - PRAGUE PORTAL
CONSTRUCTION

ROMAN FUKSA, OLDRICH CEJKA

UvoD

Tunel Prackovice je soucdsti ddlnice D8, stavby 0805 Lovosi-
ce—Rehlovice. Jednd se o posledni nedokonceny délni¢ni tsek mezi Prahou
a Dréidv’any. Soucdsti tohoto udseku, ktery prochdzi chrdnénou krajinnou
oblasti Ceské stredohorf, je pravé tunel Prackovice. Je dvoupruhovy, jedno-
smerny, kategorie T 9,5 m. Pro kazdy dopravni smér mad samostatnou tune-
lovou troubu. Leva trouba je dlouhd 270 m, pravd trouba je dlouha 260 m.

Obge tunelové trouby tunelu Prackovice prostupuji masiv hiebene kopce
Debus (395 m n. m.), a to ve vrcholové partii byvalého Prackovického
lomu nad obci Prackovice. TéZzba v lomu, v prostoru budouciho tunelu,
byla provadéna prevazné pomoci komorovych odstrelt ve 2 tézebnich etd-
Zich. Spodni etdZ se pohybuje v drovni budouci ddlnice, tj. na drovni cca
317-319 m n. m., horni je na drovni cca 340-341 m n. m. Uroven vrcho-
lového hrbetu je cca 360-362 m n. m.

GEOLOGICKA STAVBA UZEMI

Ceské stiedohoii je sopetné pohoii, které vzniklo v palogénu, kdy vul-
kanickd centra prorazila ¢eskou kiidovou tabuli. Déle bylo tzemi vyraz-
né formovédno erozi. Sopecnd télesa jsou tvorena mnohymi vylevy
a podpovrchovymi intruzemi. Petrograficky se jednd prevazné o bazalty,
trachyty a fonolity. Déle jsou zde tufy, tufové aglomeraty pripadné
i tufity, jily a bobtnavé jily. Celd geologickd situace je komplikovand
intenzivni tektonickou ¢innosti.

Zavereéna zprava hydrogeologického monitoringu upozornovala, Ze proces
bobtnénf{ jilové slozky — montmorilonitu — se muZe obnovit v souvislosti se
stavbou a nésledné provozem stavby, nebudou-li provedena prislusnd opatre-
ni, kterd zamezi styk horninového prostiedi s vodou. Lze fici, Ze vysledky
laboratornich zkousek bobtnéni vykazuji. Hodnoty zjisténé v pruzkumné $tole
zkouskami in situ vykazuji velikost nabobtndni 0,17 mm, coZ je z hlediska
bobtnacich tlaki hodnota relativné nizkd, kterd by neméla stavbu ohrozit.
Nutno fici, Ze pri vlastni vystavbé zatim Zadné problémy s bobtnacimi tlaky
nenastaly, i kdyZ se vrtné prace provadéji s vodnim vyplachem.

PREDSTIHOVE ZAHAJENI PRACI

Pripravné préce k zahdjeni razby tunelu zacaly jiZz v roce 2005 vystavbou
prazkumné Stoly z jizniho (praZského) portdlu skrz spodni t€Zebni etdZ lomu
Prackovice. Odhalily vyraznou nestabilitu masivu, ktery byl natfesen posled-
nimi komorovymi odstrely. Od horizontdlniho portélu Stoly muselo byt upus-
t€no a razba pruzkumné $toly byla provddéna ze Sachty, kterd byla umisténa na
2. etdzi byvalého lomu. Ndsledné po proraZeni Stoly byly préce zastaveny.
Dalsi obnoveni praci probéhlo aZ v roce 2008, a to s mycenim lesa a mimolesni
zelené. Ukdzalo se, 7e obnazeny terén neodpovidd mapovym podkladim,
a proto bylo nutné provést jeho nové zaméfeni. V tomto okamziku doslo opét

Obr. 1 Stredovy opérny klin zesileny betonovym stabilizacnim blokem zaloZenym
na mikropilotdach

Fig. 1 Central supporting wedge reinforced by a stabilising concrete block
founded on micropiles

INTRODUCTION

The Prackovice tunnel is part of the D8 motorway, construction lot 0805
Lovosice-Rehlovice. It is the last section between Prague and Dresden
which remains to be completed. The Prackovice tunnel lies in the motor-
way section passing through the protected landscape area of Ceské
Stredohori (the Czech Central Mountains). This is a double-lane, unidirec-
tional, T 9.5m category tunnel. Each direction of traffic has its own tunnel
tube. The left tube and right tube are 270m and 260m long, respectively.

Both tubes of the Prackovice tunnel run through the massif of Debus Hill
(395m a.s.l.), in the summit part of a former Prackovice quarry, above the
village of Prackovice. The exploitation of the quarry, in the area of the futu-
re tunnel, was carried out mainly by chamber blasting, at 2 excavation ben-
ches. The lower level fluctuates about the future motorway level, i.e. about
317-319m a.s.l., while the upper level is at the altitude of about 340-341m
a.s.l. The ridge summit is at the altitude of about 360-362m a.s.l.

GEOLOGICAL STRUCTURE OF THE AREA

The Czech Central Mountains originated through volcanic activities in
the Palaeogene period. The Bohemian Cretaceous Plateau was pierced
through at volcanic centres. In addition, the area was significantly moulded
by erosion. The volcanic bodies are composed of numerous effusions and
subsurface intrusions. From the petrographical point of view, they consist
of basalts, trachytes and phonolites. Other rock types to be encountered are
tuffs, tuff agglomerates or even tuffites, clays and swelling clays. The
whole geological situation is complicated by intense faulting.

The final hydrogeological monitoring report warned that the process of
swelling of montmorillonite, a clay component, may resume in the context
of the construction and the subsequent tunnel operation if relevant measu-
res preventing water from getting into contact with the ground environment
are not implemented. It is possible to say that results of laboratory tests
have proved the swelling. The values which were determined by in-situ tes-
ting in an exploratory gallery showed the magnitude of swelling of
0.17mm, which is relatively very small in terms of the swelling pressures.
It should not threaten the structure. It must be stated that no problems with
swelling pressures have been encountered during the construction itself,
despite the fact that the water flush drilling was applied.

ADVANCED WORKS

The works enabling the commencement of the tunnel excavation started
as early as 2005 by driving an exploratory gallery from the southern
(Prague) portal through the lower excavation bench of the Prackovice quar-
ry. Significant instability of the rock mass resulting from the fluffing up
due to the last chamber blasting was revealed. The idea of a horizontal por-
tal of the gallery had to be abandoned and the exploration gallery was car-
ried out from a shaft, which was located at the 2nd bench of the former
quarry. Subsequently, after the gallery breakthrough, the operations were
suspended. They were resumed as late as 2008 when forest clearing and
cutting of the trees and shrubs outside the forest was performed. It turned
out that the exposed terrain did not correspond to the topographical base,
therefore new survey had to be conducted. At that moment the constructi-
on work was again suspended. A significant danger originated that both the
temporary support of the gallery and the whole massif behind the portal
wall would lose its stability. Longer time lags during tunnel excavation
unfavourably affect physical-mechanical properties of the rock mass,
which is mostly composed of volcanic tuffs interlayered by swelling clays.

THE PRAGUE (SOUTHERN) PORTAL — SUPPLEMENTARY SURVEY

In April 2008, based on contractor’s order, a supplementary survey veri-
fying the kind and quality of the tunnel overburden was carried out at the
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where the effectiveness of
the dowels, anchors, consoli-
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a decision was made that the
required loading capacity of
rod-type elements could be
achieved only in an environ-

Obr. 2 Schéma zajisténi praZského portdlu (prof. Ing. Jiri Bartdk, DrSc.)
Fig. 2 Prague portal support system (prof. Ing. Jiri Bartdik, DrSc.)

k preruSeni stavebnich praci. Vzniklo zde velké nebezpedi jak ze ztraty stabili-
ty provizorni vyztuZe pruzkumné Stoly, tak ze ztreity stability celého masivu
portdlové stény. Del§i Casové prodlevy v razbé nepnzmve ovliviuji fyzikdlné-

mechanické charakteristiky horninového masivu, tvofeného z velké Cdsti
sopeénymi tufy s propldstkami bobtnavych jila.

PRAZSKY PORTAL (JIZND - DOPLNUJICI PRUZKUM

V dubnu 2008 byl zpracovan, na zdkladé objedndvky zhotovitele dila,
dopliujici pruzkum pro ovéfeni druhu a kvality tunelového nadloZi
v Prackovickém lomu. Byly provedeny dal{ ¢tyfi pruzkumné vrty, jejichz
dkolem bylo ovéfit mocnost navdzky - nestabilnich kamenitych
a balvanitych zemin nasypanych na &elo lomové etdZe. Vrtny pruzkum byl
doplnén geofyzikalni neprimou prizkumnou metodou — mélkou refrakén{
seismikou. Prizkum ukdzal, Ze z hlediska geologické stavby a morfologie
terénu jde o izemi velmi komplikované. Jednotlivé ldvové vylevy bazaltu
— Cedice se vicendsobné stfidaji se sopeCnymi vyvrZeninami — pyroklasti-
ky (sope¢ny popel). Zaroven znovu upozornil na moznost kiiZeni se starym
dulnim dilem ve stani¢eni cca 55,350-55,360 km.

ment stabilised in advance
by jet grouting. For that rea-
son grouting was applied to
the entire 1st bench. The por-
tal wall was constructed in stages, continually observing deformations
within the framework of geotechnical monitoring.

The support elements used:

Rod anchors — dowels of concrete reinforcing steel —
25mm in diameter, the length of 8, 10 or 12m.

Three-strand anchors pre-tensioned at 300kN, the length of 28,26 or 18 m.

Shotcrete SB C 20/25-X0, 200mm thick.

Shotcrete reinforcement of steel grade 10 505 (R); wire diameter 6mm,
150mm x 150mm grid.

Canopy tubes 114/12 stabilising the slope in the northern part of the 2nd
bench of the quarry.

CANOPY TUBE PRE-SUPPORT

A double canopy tube pre-support system was installed above the cir-
cumference of the mined tunnel tubes during the work on the portal wall.
The 20m long, 114/15.5mm canopy tubes are fixed by grouting. It was pro-
ved again during the grouting that the environment is full of voids since the

2 rods Bst 5008,
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Razba opérové Stoly + bourani prizkumné Stoly, zabér 1 m
(pouze u usteckého portalu pod MP destnikem)

Excavation of abutment gallery + breaking out of exploratory gallery, 1m
round length (only at the Usti portal; under canopy tube pre-support)

@ Jehly Roxor pr. 32 mm nebo samozavrtné svorniky dl. 4 m, pouzit v kazdém zabéru
Roxor spiles 32mm dia or self-drilling rock bolts 4m long; to be used in each round

(@ Hydraulicky upinané nebo samozavrtné svorniky dl. 4 m — Hydraulically expanded
or self-drilling rock bolts, 4m long

@ Sténa SB tl. 200 mm - Shotcrete wall 200mm thick

@ Ochranny véjit — mikropiloty pr. 114/12,5, dl. 20 m v rastru cca 0,55 m ve dvou
fadéach nad klenbou tunelu 20 aZ 25 cm, v poétu 63 ks
Canopy tube pre-support- tube dia. 114/12.5, 20m long, two tiers, 20-25cm above
the tunnel roof, ca 0.55m spacing, 63 pcs

® Primarni osténi — SB C20/25-X0 tl. 300 mm + 2x KARI sité 6/100/6/100 + pfihradovy
vyztuzny rém — Primary lining — SC C20/25-X0 300 mm thick + 2x KARI mesh
6/100/6/100 + lattice girder

® Hydraulicky upinané nebo samozavrtné svorniky dl. 6 m — Hydraulically expanded
or self-drilling rock bolts, 6m long

@ Spodni klenba opérové $toly SB C20/25 tl. 200 mm 2x KARI sit 6/100/6/100
Invert of abutment gallery - SC C20/25 200mm thick, 2x KARI mesh 6/100/6/100

Razba kaloty Stoly + bourani stény opérové Stoly zabér 1,0 m

Excavation of gallery top heading + breaking out of the wall
of the abutment gallery, 1m round length

@ Svorniky pro kotveni pihrad. vyztuze pfi jeji montazi dI. 1,0 m — Rock bolts anchoring
the lattice girders during assembly, 1m long

(@ Hydraulicky upinané nebo samozavrtné svorniky dl. 6 m — Hydraulically expanded
or self-drilling rock bolts, 6m long

@ Zajisténi celby v pripadé potieby — Face support if necessary

@ Spodni klenba kaloty SB C20/25 — X0, tl. 200 mm 2x KARI sit 6/100/6/100
Invert of top heading - SC C20/25 200mm thick, 2x KARI mesh 6/100/6/100

@® Ochranny véjit — mikropiloty pr. 114/12,5, dI. 15,0 m v rastru cca 0,55 m ve dvou
fadach nad klenbou tunelu 20 aZ 25 cm, v poétu 63 ks — Canopy tube pre-support:
tube dia. 114/12.5, 15.0m long, two tiers, 20-25cm above the tunnel roof, ca 0.55m
spacing, 63 pcs

® Primarni osténi — SB C20/25-X0 tl. 300 mm + 2x KARI sité 6/100/6/100 + pfihradovy
vyztuzny rém — Primary lining — SC C20/25-X0 300 mm thick + 2x KARI mesh
6/100/6/100 + lattice girder

@ Kotvy samozavrtné nebo kotvy hydraul. upinané, di. 6 m - Self-drilling anchors
or hydraulically expanded rock bolts, 6m long

Razba jadra dna + bourani protiklenby kaloty zabér 2,0 m

Bottom core excavation + breaking out of top heading invert;
round length of 2m

@ Hydraulicky upinané nebo samozavrtné svorniky dl. 4 m — Hydraulically expanded or
self-drilling rock bolt, 4m long

(@ Svorniky pro kotveni pihrad. vyztuze pfi montazi di. 1,0 m — Rock bolts anchoring
the lattice girders during assembly, 4m long

@ Spodni klenba SB C20/25, t. 300 mm 2x KARI sit 6/100/6/100 - Invert of top heading
- SC C20/25 300mm thick, 2x KARI mesh 6/100/6/100

@ Technologicky nadvyrub — Unavoidable overbreak

@® Ochranny véjit — mikropiloty pr. 114/12,5, dl. 15,0 m v rastru cca 0,55 m ve dvou
fadach nad klenbou tunelu 20 az 25 cm, v poétu 63 ks — Canopy tube pre-support:
tube dia. 114/12.5, 15.0m long, two tiers, 20-25cm above the tunnel roof, ca 0.55m
spacing, 63 pcs

® Primarni osténi — SB C20/25-X0 tl. 300 mm + 2x KARI sité 6/100/6/100 + pfihradovy
vyztuzny rdém — Primary lining — SC C20/25-X0 300 mm thick + 2x KARI mesh
6/100/6/100 + lattice girder

@ Ochranna vrstva $térk nebo recyklat — Protective layer of gravel or recycled muck

Stav. drendz DN 200 ve $térkovém lozi — Construction drainage DN200 in gravel bed

Obr. 3 Postup technologické tiidy NRTM 5a — LTT pod mikropilotovymi destniky cca 20 m u obou portdlit
Fig. 3 Specification for the NATM excavation support class 5a — LTT under canopy tube pre-support reaching about 20m from both portals

ZAJISTENI PRAZSKEHO PORTALU

Zajisténi portédlu bylo dokonceno v prosinci roku 2008. Hlavni statické
schéma zajisténi portdlu tvoif kvazitizna zed. Je vytvorend soustavou
kotevnich trna (hfeb) v kombinaci s plosnou deskovou skofepinou
ze stifkaného betonu vyztuZenou svafovanymi sitémi. Zajisténi je doplné-
no pramencovymi kotvami, a to ve dvou kotevnich trovnich.

grout consumption per borehole was up to 10 times higher than assumed in
the design (up to 5000 1 per borehole).

GEOTECHNICAL MONITORING
Geotechnical monitoring (GTM) is also a part of the construction pro-
cess. It is provided for the client (the Directorate of Roads and Motorways)




S ohledem na velmi Spatné geologické podminky bylo nutné provést zkusebni
pole. Zde byla provéfena G¢innost hiebiku, kotev, sanaci horninového prostiedi
a realizovatelnost zdlivek. Po vyhodnoceni zkousek bylo rozhodnuto, ze poZado-
vanou tnosnost ty¢ovych prvku Ize dosahnout pouze v predem proinjektovaném
prostredi pomoci tryskové injektdZe. Proto byla celd 1. etdZ proinjektovdna.
Vystavba portdlové stény byla provadéna postupné po etdzich za neustdlého sle-
dovén{ deformaci realizovaného v rdmci geotechnického monitoringu.

Pouzité vyztuzné prvky:

Tycové kotvy — hiebiky z betondrské oceli — 2 pruty Bst 5008, prof. 25 mm,
délky 8,10 a 12 m.

Tripramencové kotvy predpinané na 300 kN, délky 28,26, a 18 m.

Stifkany beton tl. 200 mm SB C 20/25-X0.

Vyztuy stifkaného betonu ocel tf. 10 505 (R) ¢ drdtu 6 mm, ¢ ok 150 mm.

Mikropiloty 114/12 tvorici ztuZujici svah v severni &asti 2. etdZe lomu.

MIKROPILOTOVY DESTNIK

Pfi provddéni portdlové stény byl realizovéan zdvojeny mikropilotovy deStnik
nad obrysem razenych tunelovych trub. Mikropiloty jsou ze silnosténné oceli
114/15,5, dl. 20 m, zainjektované. Zde se znovu ukdzalo, Ze prostredi je silné
mezerovité, nebot injekéni spotfeba na jeden vrt byla az desetkrat veétsi, nez pred-
poklddal projekt (az 5000 1 na jeden vrt).

GEOTECHNICKY MONITORING

Soucdstf vedeni stavby je také geotechnicky monitoring (GTM), ktery zajiStitje pro
objednatele dila (RSD) nezévisla organizace AZ Consult, spol. s 1. 0. V realizan{
dokumentaci jednotlivych objekti jsou stanoveny varovné a limitni stavy. Za varov-
ny stav se povazuje dosazeni 3/4 hodnoty limitniho stavu bez zjevné tendence ustd-
len{ deformaci. Pfi varovnych stavech musi zpracovatel vysledki mérent ihned infor-
movat pfedem dohodnutym zpusobem partnery vystavby, svolat RAMO, aby se
odborné stanovila pii¢ina a aby se ndsledné mohla ucinit opatfeni pro stabilizaci
vzniklého stavu. Béhem vystavby portdlové stény doslo 2x ke vzniku varovngch
stavtl, kdy bylo nutné, dle pravidel observacni metody, provést rychlé opatfen.

OBSERVACNI METODA V NEPRIZNIVE GEOLOGII

Na zdklade vysledku zkuSebniho pole doslo nejprve k tpravé zékladnich nos-
nych prvku zajisténi na prazském portéle. Byla provddéna predsanace horninové-
ho prostredi pomoci tryskové injektdze. Teprve v takto upraveném prostredi bylo
mozné zajistit dnosnost kotevnich trnit — hrebiku v prubéhu vystavby. Déle bylo
nutné doplnit zajisténi stény o dalsi 3. kotevni droven pramencovych kotev. Po
zahdjeni raZeb doslo opét k pohybum a bylo nutné realizovat v mistech nejvétsich
pohybu (uprostied stény, kde byl zeminovy klin) stabilizaén{ betonovy blok, zalo-
Zeny na Sikmych mikropilotdch. Tato opatfeni probéhla v prubéhu prosince 2008
a od té doby je portdlova sténa stabilni. Toto potvrdilo podrobné méfeni v ramci
GTM provédéné a vyhodnocované v prubéhu véanocnich svétka.

V prubéhu razeb se ukdzalo, Ze vyznamny stabilizujici prvek portdlové stény
je také rychlé uzavreni celého profilu tunelu v primérnim osténi. Proto bylo nutné
detailné upravovat postup razby jak LTT tak i PTT tak, aby byla zajiSténa bez-
pecnost a ekonomi¢nost vystavby celého banského dila.

RAZBA TUNELU

Razba obou tunelovych trub tunelu Prackovice je provddéna dle zdsad Nové
rakouské tunelovaci metody (NRTM). Druh vyztuZe a doba zabetonovani byly sta-
noveny na zdkladé vysledku pruzkumu realizovaného v predstihu v prizkumné
Stole. Bohuzel v priportdlovém tdseku tato Stola nebyla realizovana, nebot nebylo
mozné bez slozitych zajiStovacich praci realizovat jeji portdl. Toto zajisténi se reali-
zovalo az pri vlastni vystavbé tunelu. Proto razba a predstihové sanace daného tseku
byly slozité a ndkladné. Konstrukei primarniho osténi bylo nutné doplnit dal$imi
opatfenimi pro stabilizaci obrysu vyrubu. Pfi portdle byla razba provadéna dle zdsad
vystrojeni pro technologickou tfidu NRTM Sa — viz prilozené schéma vystavby.
Navic postup realizace byl podfizen chovéni portdlové stény. Byla snaha otevieny
profil co nejdfive kompletné uzavrit a provést zasyp spodni klenby.

ZAVER

Délni¢ni tunel Prackovice, zejména jeho prazsky portal, je budovén podle pra-
videl observaéni metody ve velmi nepfiznivé geologii byvalého zruseného lomu
na Cedi€. Navic se ukézalo, Ze prostiedi je velmi naruSeno seismickymi G¢inky
byvalych komorovych odstieli a jsou zde také zavalené stafiny — byvalé Stoly
loZiskového prizkumu. Toto vie ztéZuje vlastni vystavbu a klade velké néroky
na operativni vedeni stavby a spolupraci se vSemi partnery vystavby. Okamzita
reakce stavby na nepredvidatelné situace je podminkou nutnou pro tspésné pro-
vedeni tohoto dila.

AD, projektant DSP  Pragoprojekt, a. s.

Zpracovatel RDS Valbek, s. r. 0.; Tubes, s. r. 0.; FG Consult, s. r. 0.
Zhotovitel GTM AZ Consult, spol. s . 0.

Zhotovitel dila SdruZeni SSZ, a. s. + Metrostav a. s.
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by an independent organisation, AZ Consult, spol. s r.0. Warning and limit
states are specified in the design of means and methods. A warning state is
achieved when a 3/ value of the limit state is reached without obvious
tendency for the deformations to become stabilised. When a warning state
is reached, the person processing the results of measurements must imme-
diately inform in a pre-agreed way the parties to the project and to call the
Monitoring Board meeting to professionally determine the causes so that
the measures designed to solve the dangerous state could be subsequently
implemented. Warning states during which a rapid application of measures
according to the observational method rules was necessary developed
twice during the construction of the portal wall.

OBSERVATIONAL METHOD FOR UNFAVOURABLE GEOLOGY

Results of the trial field first led to modification of basic support ele-
ments at the Prague portal. The ground environment was pre-stabilised by
jet grouting. Only then, in the treated environment, was it possible to secu-
re the load bearing capacity of anchoring dowels during the course of the
construction. In addition it was necessary to complement the wall support
by adding three tiers of stranded anchors. When the tunnel driving had
commenced, the movements reappeared, therefore it was necessary to
build a stabilisation concrete block, founded on inclined micropiles in the
location of the largest movements (in the middle of the wall, where there
was a supporting rock wedge). These measures were implemented during
December 2008; since then the portal wall has been stable. This fact was
confirmed by detailed measurements within the framework of the GMT
which were carried out during Christmas holidays.

It was proved during the tunnel excavation that quick closing of the
whole tunnel profile by the primary lining is also a significant stabilising
element. Details of the LTT and RTT excavation process had therefore to
be modified so that safety and economy of the construction of the entire
mine working was ensured.

TUNNEL EXCAVATION

The Prackovice tunnel tubes are being constructed by the New Austrian
Tunnelling Method (NATM). The support system and time of casting conc-
rete was determined on the basis of the survey which was conducted in the
exploratory gallery. Unfortunately, the gallery was not performed in the
portal section because of the impossibility to construct the gallery portal
without complicated stabilisation measures. The stabilisation measures
were implemented later, during the construction of the tunnel itself. The
excavation and advanced stabilisation of the particular section was com-
plicated and costly. The primary lining structure had to be complemented
by additional measures designed to stabilise the excavation contour. The
excavation in the portal section was carried out according to the rules app-
lying to the NATM excavation support class 5a — see the construction chart
enclosed. In addition, the construction process was subordinated to the por-
tal wall behaviour. Effort was made to completely close the open profile
and place a fill on the invert as early as possible.

CONCLUSION

The Prackovice motorway tunnel, above all its Prague portal, is con-
structed according to the observational method rules in a very unfavourab-
le geological environment formed by an abandoned basalt quarry. In addi-
tion, it was even found out that the environment was significantly distur-
bed by the effects of previous chamber blasting and there were abandoned
workings there — former deposit survey galleries. All of this complicates
the tunnel construction and puts heavy demands on the operative manage-
ment of the works and collaboration with all parties to the project. An
immediate response of the construction to unpredictable situations is
a prerequisite for successful completion of this project.
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NEMECHANIZOVANE PROTLACOVANI
NA STAVBE LABE - LOUCNA V PARDUBICICH
NON-MECHANISED PIPE JACKING AT THE LABE - LOUCNA
CONSTRUCTION SITE IN PARDUBICE

IGOR FRYC

1. REMINESCENCE

Ve sborniku konference Podzemni stavby Praha 1993 autor, tehdy jeste
velmi mlady, publikoval ¢ldnek na téma Kombinace technologie protlacovéni
a Stitovani jako optimdlni feSeni problému razby $tol v profilech DN 800-
3000 mm. V ném podrobné popisoval vyhody a nevyhody technologie protla-
Covéni a stejné tak vyhody a nevyhody technologie $titovani pomoci neme-
chanizovanych nebo ¢dsteéné mechanizovanych §titd, tak jak byly tyto tech-
nologie aplikovany u tehdejsi akciové spolecnosti Ingstav Brno. I kdyz se zd4,
Ze neni prili§ vhodné, aby se autor v odbornych publikacich opakoval, presto
povazuje za vhodné nékteré postuléty z tohoto ¢ldnku ve strunosti opétovné
uvést:

Srovndni technologie protlacovani Zelezobetonového potrubi s technologii
Stitovani za vyuZiti Zelezobetonového segmentového osténi.

Nevyhody protlaovéni oproti klasickému Stitovéni:

 Krat$i vzddlenosti moZnych protlatovanych dsekd mezi startovaci
a koncovou Sachtou.

e Mensi presnost razby, resp. protlacovani.

e Nemoznost provadéni razby v obloucich.

o VEtsi rozméry pro startovaci Sachty protlaku.

Vyhody protlacovani oproti klasickému Stitovani:

e Hladky vnitini povrch osténi Stoly, resp. protlaku daného prefabrikova-
nym potrubim. Pro kanalizani stoku nejsou potfebné dalsi povrchové
Upravy.

¢ Mnohondsobné vetsi vodotésnost osténi oproti Stitované Stole
z 7elezobetonovych segmentt, coZ je dano jednak pomérem spdr na 1 bm
Stoly stejného vnéjsiho profilu (Stitovand Stola DA 2000 mm — 18,56 m
spéar/bm Stoly vuci 3,14 m spdr/bm protlaku) a jednak technickym feSenim
utésnéni spary.

* Nizsf poklesy nadloZi oproti §toldm z Zelezobetonovych segmentu, kde je
vzdy nutné pocitat s dotvarovanim osténi vlivem zatiZeni okolnim horni-
novym prostredim.

 Rychlost vystavby je obecné vyssi neZ pii pouZiti segmentového osténi.

e Préce v protlacich jsou bezpe¢néjsi a na lidskou praci méné naro¢néjsi,
protoZe odpadd horizontdln{ doprava a prekladéni Zelezobetonovych seg-
mentu osténi.

,,Objevnym* vyusténim tohoto ¢lanku bylo, Ze nejlepsi je tyto technologie

zkombinovat, vyuzit vyhod protlaovéani spolu s vyhodami technologie Stitovéni.

Na nemechanizovaném Stitu byl plast’stitu zkracen o 0,8 m a byl vymonto-
vén pdkovy uklada¢ prefabrikdtu segmentového osténi. Ddle byl na §tit nava-
fen prechodovy kus pldste, aby byl vyrovndn nepatrny rozdil mezi Stitem
a troubou.

Postup vystavby pak byl takovy, Ze do ,kolibky* ze Zelezobetonovych seg-
mentu, piipravené ve startovaci Sacht€, byl nejdiive spustén razici nemechani-
zovany §tit. Ten se po otevieni elby v celé své délce zapichl. Nésledné byla
demontovina ,kolibka“ a na podkladni beton v Sacht¢ byla osazena protlaceci
stanice. Po zabetonovani opérnych patek bylo zahdjeno vlastni protla¢ovani.
Postup razby probihal tak, Ze §tit vyrazil jeden postup v délce cca 0,6 m. Posun
Stitu byl zajiStovan pisty po obvodu Stitu, které se zapiraly o Zelezobetonové
potrubi. V okamziku, kdy se stdhly pistnice Stitu, bylo zapocato ve startovaci
Sacht¢ se zatlatovanim Zelezobetonové trouby, resp. kolony trub smérem do
plaste stitu. Cyklus se pak pravidelné opakoval.

Timto postupem pak bylo mozné protlaky provést v podstatné vétSich dél-
kéach a s vetsi presnosti. Rekordnim po¢inem byla realizace protlaku v Brné na
Novych Sadech, kde se podafilo protlacit 96 bm. Planovand délka byla sice
102 bm, ale zbyvajicich 6 m se (pomérné jednoduchou tipravou — do Stitu byl
zpétné namontovén pdkovy uklada€) dorazilo pomoci tybinkového osténi. To
byla dal$i vyhoda této technologie, protoze pokud nutné tlaéné sily prekro¢i
kapacitu protladeci stanice a nelze dal pokraCovat v protlatovani, neni potieba
kopat dodate¢nou ,,zdchranou® Sachtu nebo ¢init jind krkolomnd opatreni.

Pro protlacovédni se pouZivaly Zelezobetonové trouby IZX DN 1700 mm
(délky 3,25 m) spolu se Stitem DN 2000 mm a Zelezobetonové trouby 1ZX
2200 mm (délky 2,25 m) spolu s $titem DN 2560 mm.

1. REMINESCENCE

As a very young author, I published a paper in the proceedings of the
Underground Constructions Prague 1993 conference, on the topic of
Combination of jacking and shield driving as an optimum solution to the pro-
blem of driving DN 800-3000mm profile galleries. In this paper I gave
a detailed description of advantages and disadvantages of the pipe jacking
technique, as well as advantages and disadvantages of shield driving using
non-mechanised or partially mechanised shields, in the systems which were
applied at that time in former Ingstav Brno, joint-stock company. Despite the
fact that I do not consider too reasonable for an author to repeat himself in
technical papers, I would like to repeatedly, briefly mention some postulates
contained in this paper:

A comparison between reinforced concrete pipe jacking technique and shi-
eld driving technique using a reinforced concrete segmental lining:

Disadvantages of pipe jacking compared with traditional shield driving:

o Shorter lengths of the stretches between launching and end shafts which

can be carried out by the pipe jacking technique.

* Lower precision of the excavation (jacking).

* Impossibility of driving on curves.

o Larger dimensions of launching shafts for pipe jacking.

Advantages of pipe jacking compared with traditional shield driving:

* A smooth inner surface of the gallery lining (the precast pipes being jac-
ked). No additional treatment of the surface is required for the needs of
the sewer.

Many times greater waterproofing capacity of the lining compared with
a shield-driven gallery lined with reinforced concrete segments, which
follows from the proportion of joints per one linear metre of the gallery
with the same outer diameter (a DA 2000mm shield-driven gallery has
18.56m of joints per one metre of the gallery, while a pipejack gallery has
3.14m of joints) and the technical design of the joint sealing.

Smaller settlement of ground surface compared with segmentally lined
galleries, where creeping of the lining due to loads exerted by the sur-
rounding ground environment must always be counted on.

The speed of construction is generally higher than when a segmental
lining is used.

Working in pipes being jacked is safer and less labour demanding becau-
se horizontal transport and reloading of RC segments is not required.

The ‘innovative’ conclusion of that paper was that the best solution would
be to combine the two techniques, using the advantages of pipe jacking toget-
her with advantages of the shield driving technique.

The mantel of the non-mechanised shield was shortened by 0.8m and the
segment erector arm was removed. In addition, a transition piece was welded
to the shield mantle so that the tiny difference between the shield and the pipe
was removed.

The construction procedure was as follows: First, the non-mechanised dri-
ving shield was lowered to the shaft bottom and placed to a ‘cradle’ formed
by reinforced concrete segments, which had been prepared in advance. When
the excavation started, the entire length of the shield was stuck into the face.
Then the ‘cradle’ was dismantled and the jacking station was installed in the
shaft on a concrete bed. The jacking itself started when casting of concrete
support blocks had been finished. The excavation proceeded in the following
way: the shield excavated one about 0.6m long round. Shifting of the shield
was by hydraulic cylinders installed around its circumference, which pushed
from the reinforced concrete pipeline. At the moment when the piston rods of
the shield were retracted, the jacking started from the launching shaft, pushing
the reinforced concrete pipe (or the string of pipes) inside the shield skin. The
cycle was regularly repeated.

Owing to this technique, it was possible to carry out significantly longer
pipe jacks, with higher precision. The pipe jacking in Brno, Nové Sady, where
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Ve svém principu se jednalo o pomémé jednoduché technické resent, které
si nevyzadovalo masivnéjsich investic, a dspéch se opravdu dostavil, protoze
v letech 1994-1997 takto byla realizovdna fada zdafilych protlaku napiiklad
v Brné, Ostravé a ve Vyskove.

Rozpadem tehdejSi akciové spoleCnosti vSak tato metoda upadla
v zapomnéni a podobné realizace se jiZ neopakovaly.

Z dnesniho pohledu, kdy uZ v naSi republice byly nekolikrdt dspésné
odzkouSeny sofistikované mikrotuneldZni technologie s nasazenim plnoprofi-
lovych §titt, se vysledek a zdvér tehdejsiho ¢ldnku jevi jako ponékud ana-
chronicky ¢i neaktudlni. Jak bude patrné z niZe uvedeného, opak se vSak stal
pravdou.

2. PROJEKT LABE - LOUCNA
RAZENA KANALIZACE V CASTECH FABLOVKA A POLABINY
NAVRH ZMENY TECHNICKEHO RESENI

V prubéhu roku 2007 probéhla vefejnd obchodni soutéZ na projekt
Labe-Lou¢na a nasledovné se konala obchodni jednani, kde byl hledan doda-
vatel razenych &dsti predmétného projektu. Ve vétsiné takovych pifpadi je
podstatnym kritériem vyberu cena bez vyraznéjsiho ohledu na technické fese-
ni. Nicméné situace na tomto projektu byla odlisnd.

Zadavaci projektova dokumentace byla zpracovéna jiz v driveéjsim obdobi
na zdkladé historickych projektu, které byly pro aktudlni potfeby projektu
pouze aktualizovany. Zadani tedy vychdzelo z diive béZné uplatiovanych zvy-
klosti. Realizace kanalizaénich sbératu byla navrzena pomoci klasické techno-
logie §titovani za vyuziti segmentového osténi. Uprava dna byla feSena pouze
jednoduchou betonovou kynetou. Zajisténi vodotésnosti dila bylo navrzeno
pomoci tésnici injektdze.

Bylo nabiledni, Ze takto realizovana Stitovand $tola (byt'by byla provedena
sebelépe), nemuZe naplnit pfisné poZadavky zadavatele a provozovatele na
vodotésnost dila, coZ bylo navic umocnéno skutecnosti, Ze hydrogeologické
podminky avizované IG pruzkumem a archivnimi sondami v zdjmové lokalité
byly nepfiznivé.

Zijmové dzemi je geologicky jednoduché, jednd se o labskou nivu vyplné-
nou vrstvou povodniovych hlin a niZe Stérkopiskovou terasou, kterd nasedd na
nepropustné vrstvy slinovee. Po celé trase obou raZenych sbéracu se tedy pred-
pokladal vyskyt silné zvodnélych Stérkopiskovych vrstev s mélkou hladinou
podzemni vody, kolisajici v intervalu 2,0-2,5 pod povrchem terénu. Mozné
pritoky byly odhadovdny az 3040 vtefinovych litri. Z nékterych archivni
sond dokonce vyplyvaly informace, Ze transmisivita (pratocnost) zvodnénych
Stérkopiska muze dosahovat hodnot az x.10-2 m?/s.

Na zédkladé téchto vstupnich informaci se muselo nalézt néjaké schudné
technické feSeni, které by zabezpecilo zddrnou realizaci vlastnich razeb ve
vysoce slozitych hydrogeologickych podminkdch, a zdroven aby osténi Stoly
splnilo poZadované kvalitativni podminky. Tfetim a nejduleZitéj§im kritériem
pro technické feseni bylo vejit se do ceny, kterd byla ddna vybérovym fizenim.
A to byl tikol véru nejsloZit€jsi.

Mozné varianty feSeni:

a) Provést Stolu ve shodé se zaddnim pomoci §titu DN 2000 mm a pomocf
tésnici injektdZe zajistit vodotésnost Stoly. ReSeni zamitnuto na zdklade
empirickych zkuSenosti. Vodotésnost nelze timto zptsobem garantovat
v celém rozsahu dila. Nelze stanovit kone¢né ndklady na jilocementovou
tésnici injektdZz. MoZnd chemickd injektdZ na bazi polyuretanovych hmot
byla predem vylougena z cenovych davoda.

b) Do stitované Stoly zatdhnout plastové nebo sklolamindtové potrubi DN
1400 mm a mezikruzi vyplnit popilkocementem. Vodotésnost by byla
takto bezproblémové zajisténa. Varianta zavrzena z divodu vyS3i ceny
a snizeni pruto&ného profilu. RovnéZ zatahovani potrubi DN 1400 mm
s objimkami do §toly o jmenovité svétlosti DN 1680 mm je sice provedi-
telné, ale velmi ndrocné na presnost prvotni razby.

¢) Nasazeni plné mechanizovaného $titu s otevienou Celbou firmy TAU-
BER. S touto aplikaci m4 Ingstav Brno velké zkuSenosti a realizoval touto
technologii velké akce v Pisku a Strakonicich (viz ¢lanek v Casopisu
Tunel ¢. 2/2005). Idedlni aplikace pro dané podminky vSak narazila na
cenovy strop a s tézkym srdcem byla zamitnuta.

d) Vyuzit technologii mikrotunelovani — fizeného protlacovdni kamenino-
vych, sklolamindtovych nebo Zelezobetonovych trub. I kdyZz v profilu
2 m lze jiz 1épe hovorit o plnoprofilovém razicim §titu. Varianta opusté-
na z divodu nednosné vysoké ceny bez ohledu na pouZité potrubi.
Technickym tskalim této varianty bylo velmi nizké nadloZ{ Stoly. Ne
vsak z obavy moznych nadmérnych poklest nadloZi, ale z pritomnosti
velkého mnoZstvi podzemnich siti s nékdy téZko identifikovatelnou
hloubkou uloZeni, které by mohl razicf stroj nekontrolovatelné poskodit.

e) Oprasit zapomenuté znalosti a dovednosti a vyuzit kombinace technolo-
gie klasického Stitovan{ a protlacovani. Tato varianta byla zvolena jako
kone¢né reseni.

the jacking length of 96m was successfully completed, was a record deed. The
truth is that the planned length was 102m, however, the remaining 6m length
of the drive was finished (by means of a relatively simple adjustment of the
shield - the erector arm was installed back), using segmental lining. This solu-
tion is another advantage of this technique. If the thrust required for the jac-
king exceeds the capacity of the jacking station and further continuing of the
jacking is impossible, there is no need for sinking any additional ‘rescue’ shaft
or adopting other breakneck measures.

The jacking was performed using RC tubes [ZX DN 1700 mm (3.25m
long) together with a DN 2000mm shield and RC tubes [ZX 2200mm (2.25m
long) together with a DN 2560mm shield.

The principle of the technique was relatively simple, requiring no bigger invest-
ment. It met success; a number of pipe jacks was completed using this method
during the period from 1994 to 1997, for example in Brno, Ostrava and VySkov.

After the dissolution of the joint-venture company of that time, this method
fell into oblivion and similar operations have not been repeated.

In hindside, because sophisticated microtunnelling techniques using tunnel
boring machines have been several times successfully tried in the Czech
Republic, the result and conclusion of the paper published in 2003 appears to
be a little anachronistic or non-topical. It will be proved below that the con-
trary is the case.

2. LABE - LOUCNA PROJECT - MINED SEWERS
IN DISTRICTS OF FABLOVKA AND POLABINY
— CHANGED METHOD DESIGN

A public tender for the Labe-Loucnd (the Elbe-Louc¢nd) project took place
during 2007. It was followed by trading negotiations with the aim of choosing
a contractor for the mined parts of the project. In most of such cases,
a substantial criterion for selection is the price, no matter which excavation
method is used. Nevertheless, the situation at this project was different.

The final design was developed earlier, on the basis of historic designs,
which were only updated to suit the topical needs of the project. Thus the final
design was based on habits which had been commonly applied in the past. The
construction design for the sewers comprised the traditional shield driving
technique, using a segmental lining. The bottom design required only the
installation of a simple concrete bottom duct. Sealing grouting was designed
to provide the waterproofing of the tunnel.

It was obvious that a shield-driven tunnel constructed in this way (no mat-
ter how well the work is carried out) could not meet strict client’s and opera-
tor’s requirements for the waterproofing capacity, moreover with respect to
the fact that the hydrogeological conditions signalled by the EG survey and
archive boreholes within the area of operations were unfavourable.

From the geological point of view, the area of operations is simple. It is
a flood plain of the Elbe River, which is filled with a layer of flood loams,
underlain by a gravel-sand terrace having impermeable sandstone underneath.
Heavily saturated gravel-sand layers with the water table found shallow under
the surface (the depth ranging from 2.0 to 2.5m) were predicted to be encoun-
tered throughout the length of both sewerage routes. The possible inflows
were estimated at up to 30 — 40 litres per second. Some archive boreholes even
indicated the possibility that the transmissivity of the water-bearing gravel-
sands may reach values up to x.102 m?/s.

With the above-mentioned input information available, a viable technical
solution had to be found which would guarantee successful execution of the
tunnel excavation through extremely complicated hydrogeological conditions
and, at the same time, the tunnel lining would meet required quality conditi-
ons. The third, the most important criterion for the technical design was the
fact that exceeding of the bid price was not allowed. This particular task was
the most difficult of all.

Possible variants of the design:

a) Driving a gallery in compliance with the tender conditions, i.e. using

a DN 2000mm shield, with the waterproofing capacity provided by
means of sealing grouting. This design was rejected on the basis of empi-
rical experience. The waterproofing capacity cannot be guaranteed for
the whole extent of the working. The final cost of the clay-cement grou-
ting cannot be determined. The other possibility, chemical grouting
based on polyurethane materials, was excluded in advance for cost-rela-
ted reasons.

b) Pulling DN 1400mm plastic or glassfibre reinforced plastic pipes into the
shield-driven gallery and backfill the annulus with cinder concrete. The
waterproofing was secured without problems in this way. This variant
was discarded because of higher costs and a reduced flow cross-section.
Pulling DN 1400mm tubes with sleeves into the DN 1680mm gallery is,
on the one hand, viable, but on the other hand, it is very demanding in

terms of the precision of the initial excavation.



Obr. 1 Razici stit upraveny jako protldceci stanice
Fig. 1 Driving shield modified to a jacking station

Varianta byla vybréna, ale k jejimu naplnéni vedla je$té trnitd cesta, protoZe
odstépny zdvod INGSTAV Brno spole¢nosti TCHAS zdaleka nedisponuje
takovou materidlné-technickou zdkladnou jako v dobéch zaslé sldvy. Bylo
nutné pro dané tcely upravit stavajici protlaCeci zarizeni a poridit i jedno zbru-
su nové. Konstatovani zbrusu nové je ale zavadéjici, protoze z dspornych
divodu (jak jinak) jsme se rozhodli upravit starsi razici $tit do podoby svébyt-
né protlaeci stanice; 12 pistt umisténych po obvodu tak vytvorilo tla¢ny agre-
git (obr. 1 a 2).

Nevyhodou bylo, Ze tlatnd sila téchto pistu (cca 250 t) tplné nevyhovovala
na$im predstavam. Na druhou stranu se vSak podarilo minimalizovat rozmery
startovaci Sachty na 3,5x5,2 m.

Jako dodavatel Zelezobetonovych trub byla vybrana firma ZIPP Bratislava,
spol. s r. 0. Dodévané trouby typu IZX 131-160 OPX o vnitini svétlosti DN
1600 mm a délce 2 m pIné vyhovovaly poZzadovanym parametram (obr. 3). Na
pozadavek investora bylo pouze nutné zvetsit kryti vyztuze z 3 cm na 5 cm.
Vodotésné spoje trub byly feSeny béznym zplsobem pomoci pryzového tésné-
ni a ocelového prstence. Pro zamezeni drceni trub bylo mezi jednotlivé trouby
vklddano drevotiiskové mezikruzi.

Trouba umisténa bezprostiedné za Stitem musela byt jesté v délce cca 15 cm
opatfena vybranim o tloustce 2 cm, aby se dostala pod ochranny pancit. Piimo
ve vyrobnim zavode toto opatfeni bylo bezproblémove realizovano.

3. ZAKLADNI A TECHNICKE UDAJE O STAVBE

Zadavatel: ...............vivinininnn. Vodovody a kanalizace Pardubice, a. s.
Objednatel: ............. Metrostav a. s. a PSVS, a. s.
Generdlni projektant: ... VIS, spol. s r. 0., Hradec Krdlové
Projektant: ... VISSO Olomouc a ing. Vladimir Vaca
Zhotovitel: ................. TCHAS, spol. s 1. 0., odstépny zdvod INGSTAV Brno
Celkovd Cena praci: .........coconeccnecneecnenencnen 81,9 mil. K¢ (bez DPH)
LAGHG VISTAVDY: oo 17 mésicii (04/08-09/09 )
Celkovd délka protlacované kanalizace:

Kanalizace Fablovka (lisek SK13-0K5A ) e 704,68 bm
Kanalizace Polabiny (iisek S‘8-OK4A) ........................................... 660,26 bm
Priimérnd hloubka nivelety protlacované stoky: ............ceceereeenne. 39m
Fablovka

MinimdIni vySka RAALOZE: ..........cooeovueueeriiieerniieeee s 151 m
Maximding vyska RAAIOZL: ........c.coeeeeeeeeeeneesiseneseresesess s 2,57 m
Polabiny

MinimdIni vySka RAALOZE: ..........cooeoeueuvereriieernieeee s 123 m
Maximdlni vyska nadloZi: 225m
Spdd protlacovanych USEKii: ...........oeorevereeeereenreenn. 0,6 promile (Fdblovka)

a 045 promile (Polabiny)
Typické hydrogeologické podminky:
0,0-1,0 m nesourodé navdzky
1,0-1,9 m povodriové hliny
1,942 m fluvidlni pisky a Stérkopisky
4,2 m sliny a jily, slinovce zvetralé a navétralé
Hladina podzemni vody zastiZena v horizontu 1,4 aZ 3,5 m pod rostlym teré-
nem. Projektem predpoklddany reZimni rozkyv hladiny + 0,5 az 10 m
a predpokladany piitok podzemnich vod do téZnich Sachet 0,8 m/min. tj.
13,33 I/s.
Zatridéni: tiidy téZitelnosti 2 az 3, stupen raznosti 11T
Celkové bylo mozné konstatovat, Ze hladina podzemni vody a hy-
drogeologické podminky byly siln¢ ovlivnény tokem feky Labe a byly vyraz-
né proménlivé, hlavné co se tykd pritoku podzemnich vod.
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¢) Using a fully mechanised, open-face TAUBER shield. Ingstav Brno has
lots of experience with this application. It completed large projects in Pisek
and Strakonice by this technique (see an article in TUNEL No. 2/2005).
However, the application, which was ideal in terms of the work, hit a price cei-
ling and was, with a heavy heart, rejected.

d) Applying a microtunnelling technique — directional jacking of stonewa-
re, glassfibre reinforced plastic or reinforced concrete pipes (it is better pos-
sible to speak about a TBM when 2m diameters are concerned). This variant
was discarded because of an unacceptably high cost, no matter which pipe is
used. A technical difficulty contained in this variant was the very low over-
burden of the gallery. The reason was not the fear of potential excessive sur-
face settlement. The reason was the existence of numerous utility networks the
depth of which was sometimes hard to identify, which could be uncontrollab-
ly damaged by the machine.

e) Brushing up knowledge and skills and using a combination of classical
shield driving and jacking. This variant was chosen as the final solution.

The variant was selected, but there were problems to be encountered during
the preparation of the application. The material and technical basis of ING-
STAV Brmno, a branch of TCHAS, spol. s r.0., is far from sufficient as it used
to be in the glorious past. To suit the particular purposes, an existing jacking
set had to be adjusted and one brand new set had to be obtained. However, the
term ‘brand new’ is misleading because, for reasons of saving (what else), we
decided to convert an older driving shield into a little peculiar jacking station:
the jacking unit consisted of 12 cylinders installed around the circumference
of the shield (see Figures 1 and 2).

The fact that the thrust developed by the cylinders (about 250 ton) did not
fully satisfy our needs was a disadvantage. On the other hand, we managed to
minimise dimensions of the launching shaft to 3.5x5.2 m.

ZIPP Bratislava, spol. s r. 0. was chosen to be the supplier of reinforced
concrete pipes. The DN 1600mm, 2m long 1ZX 131-160 OPX type pipes
which were selected fully complied with the required parameters (see Fig. 3).
The only modification was the increased cover over the reinforcement from
3cm to Scm, as required by the client. Watertight joints between pipes were
achieved by a common method, using rubber gaskets and steel sleeves.
Chipboard rings were inserted between individual pipes to prevent crushing of
the pipes.

An about 15cm long section of the pipe which was found immediately
behind the shield had to be provided with a 2cm thick recess to allow the pipe
to get under the protective armour. This recess was carried out without pro-
blems directly in the manufacturing plant.

3. BASIC DATA AND TECHNICAL DATA ON THE PROJECT

Project OWREr: ........ceveeveernrnnns Vodovody a kanalizace Pardubice, a. s.
CUERL: oo Metrostav a. s. and PSVS, a. s.
General deSigner: ............veoveeeveenenn. VIS, spol. s r. 0., Hradec Krdlové
Consulting engineer: ... VISSO Olomouc and Ing. Viadimir Vaca
CONFACIOL ! .o TCHAS, spol. s r. 0., INGSTAV Brno plant
Total contract COSt: ......uuuuereeerererernnn. CZK 81.9 million (without VAT)
Construction CONtract me: .............eeweeceereennen 17 months (04/08-09/09)
Total length of the pipejack sewerage:

Fdblovka sewer (section between shafts SK13-OK5A) oo 704.68m
Polabiny sewer (section between $8-OK4A................ ... 660.26m
Average depth of the jacked sewer (pipe) bottom: ..............cooovveeene. 3.9m
Fablovka

Minimum overburden Right: ..............cvvionenionininineeieeeesisenn 1.5Im
Maximum overburden REIGRL: .............oeeeeveeereereereeeseeseeseeeees 2.7m
Polabiny

Minimum overburden REIght: ...............ccovcevioenioeneceneeresreennens 1.23m
Maximum overburden Reight: .............vnionenionininineeiseeeeisenn 2.25m
Gradient of the pipejack SECtions: ............ccveeeunenn 0.6 per mille (Fdblovka)

and 045 per mile (Polabiny)
Typical hydrogeological conditions:
0.0-1.0m heterogeneous made ground
1.0-1.9m flood loams
1.9—4.2 m fluvial sands and gravel-sands
4.2m marl and clay, marlstone, weathered and slightly weathered
The water table was encountered at the depth of 1.4 to 3.5m under the natu-
ral ground surface. Water table regime fluctuation ranging from + 0.5 to 1.0m
was anticipated by the design; the groundwater inflow into hoisting shafts of
0.8 m¥/minute, i.e. 13.33 I/s was assumed.
Categorisation: excavation classes 2 to 3; driving facility class 11
In general, it was possible to state that the water table level and hydrogeo-
logical conditions were seriously affected by the Elbe River flow; they were
significantly variable, first of all as far as groundwater inflows are concerned.
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Obr. 2 Pohled do startovaci Sachty - protldceci zafizeni s vyjimatelnymi ndstavci
Fig. 2 View down a launching shaft - a jacking set with removable attachments

4. PRIPRAVA VYSTAVBY

Projekt zadén{ stavby uvazoval v ¢4sti Fablovka s realizaci 9 ks Sachet a 2 ks
komor (rozdélovaci a odlehovaci). Celkem tedy 11 Sachet rozdélovalo raze-
nou ¢4st na 10 dsekt o pramérné délce cca 70 bm (maximélni délka dseku pred
tpravou 143 bm, po tpravé 68,9 bm).

Stejné tak zaddvaci projektovd dokumentace podprojektu Polabiny uvazo-
vala s realizaci celkem 9 ks Sachet a jedné velké odlehcovaci komory. Tj. 10
kust Sachet délilo raZenou Cdst na 9 dseku s pramérnou délkou cca 75 bm
(maximdlni délka dseku 135 bm, po dprave 67,5 bm).

Pfi ndvrhu zdmény technologie protladovdni za §titovéni se peclivé posuzo-
valy moznosti protlaceci stanice, co se tykd délky maximdlné moznych protla-
Covanych dseku. Vypolet nebyl zdaleka jednoduchy, piestoze nebylo nutné
pocitat s odporem zeminy pfi vtlaCovani predstitku do rostlé zeminy (soustava
Zelezobetonovych trub je pouze dotlatovand do ochranného pancite razictho
Stitu). Teoreticky vypoCet urcil maximdlni délku protlatovanych dseku na
72 bm pii maximélni tlaéné sile 25 MPa. Po technickém a pragmatické posou-
zeni bylo uvazovano s redlnou délkou protlatovanych tseku 60 bm.

Vzhledem k tomu, Ze délka cca 30 % useku byla delsi, pocitalo se s vyse
zminénou variantou, Ze pokud jiZ nebude mozné pokraCovat v protlacovani,
jednoduse se do raziciho $titu zpétné osadi pdkovy erektor a zbyvajici &dst
tiseku se doraz{ klasicky pomoci tybinkového osténi. Potom je schudnéjsi zaji-
stit prukazné vodotésnost relativné krétkého dseku s velkym mnoZstvim podél-
nych a piiénych spar, neZli tak ¢init po celé délce kanalizaéniho sbérace.

Technicky tedy vymysSleno do dusledku, nicméné investor a provozovatel
tento postup shodili ze stolu s celkem logickym oduvodnénim, Ze nechtéji
kombinovany hybrid stoky s ruznou konstrukéni skladbou, ale Zelezobetonové
trouby po celé délce nové budované stoky. Pro splnéni tohoto pozadavku bylo
nutné do trasy raZzené kanalizace vkomponovat dalsi mezilehlé t€Zni Sachty, do
kterych bude po ukonceni protlacovani vloZzeno Zelezobetonové potrubi
a proveden zpétny zdsyp bez realizace revizni Sachty. Na dseku Fablovka bylo
nutné pridat 3 ks mezilehlych Sachet a do dseku Polabiny dalSich 5 ks mezi-
lehlych Sachet. Timto zpisobem se zkritily protlatované dseky na maximdlni
délku 70 bm. Ke cti investora je nutné dodat, Ze si byl védom opodstatnénosti
dodate¢né vlozenych Sachet a tyto prace byly klasifikovany jako uznatelné
vicendklady.

5. PROVADENI RAZICICH PRACI

Préce na Cdsti Fablovka byly zahdjeny 21. 4. 2008. Hned pri vykopu, paze-
ni a roubeni prvni startovaci Sachty se potvrdily ty nejéernéjsi obavy a pritoky
podzemnich vod do Sachty se pohybovaly v avizovaném rozsahu, tj. 30 a vice
vtefinovych litri. Situace se piili§ nezlepsila ani bezprostiedné po provedeni
odvodiiovacich hydrovrtu. Zahdjenf praci v nestabilni zvodnélé Celbé tak bylo
velice komplikované, ale pfiroda se nakonec umoudfila a po 3 tydnech inten-
zivniho Cerpéni i v dalSich téZnich Sachtéch se podarilo v zdjmovém dzemi ani
ne tak stdhnout hladinu spodnich vod, jako sniZit vydatnost pfitoka na prijatel-
né mnozstvi 2-5 1/s. PisCité Stérkopisky se staly stabilnimi (obr. 4) a nehrozilo
jejich ujizdéni do Celby a ndsledné kominovéni, coz by mélo vzhledem k velmi
nizkému nadloZf fatdln{ disledky na stav komunikaci v nadloZi.

Prvni protlacované tseky byly situovany mimo frekventované komunikace
a bylo tak moZné odzkouset ti¢innost zvolené technologie. V mistech postupu-
jictho Cela §titu bylo vzdy umisténo posuvné oploceni, aby se eliminovaly
dynamické d¢inky zatiZeni na otevienou Celbu. S ohledem na jeho rozméry cca
3x5 m se jednalo o minimdln{ dopravni omezeni.

4. CONSTRUCTION PLANNING

The final design assumed that 9 shafts and 2 chambers (flow splitting and
overflow ones) would be constructed in the Fablovka part. The total of 11
shafts divided the mined part into 10 sections at the average length of about
70m (the maximum length before the change reaching 143m was reduced to
68.9m after the change).

The final design for the Polabiny sub-project comprisec 9 shafts and one
large overflow chamber, which means that a total of 10 shafts divided the
mined part into 9 sections at the average length of about 7°m (the maximum
section length of 135m was reduced to 67.5m after the change).

When the proposal for changing the shield driving technicue to pipe jacking
was being prepared, the capacity of the jacking station as far as the maximum
possible length of the sections to be jacked was thoroughly analysed. The cal-
culation was far from simple despite the fact that it was not necessary to allow
for the resistance of ground during pressing the front end of the shield into the
natural ground (the set of reinforced concrete pipes is only to be forced into
the protective armour of the driving shield). The theoretical calculation deter-
mined the maximum length of the pipe jacking sections to b¢: 72m at the maxi-
mum thrust of 25Mpa. The realistic length of the pipejack sections of 60m was
expected after a technical and pragmatic assessment.

Because the length of about 30% of the sections was greater, the above-
mentioned variant was counted on, which means that the erector arm would
be reinstalled in the shield in the cases where the further jacking would be
impossible; the remaining part of the section would be excavated using the tra-
ditional technique with segmental lining. It was more feasible then to ensure
the waterproofing within a relatively short section containing many longitudi-
nal and transverse joints than it would have been if this system had been app-
lied throughout the sewer length.

Even though this solution was thoroughly thought over, the project owner
and operator rejected it for a totally logical reason. They did not wish to have
a hybrid sewer consisting of different components. They required reinforced
concrete pipes throughout the length of the newly built sewer. To meet this
requirement, it was necessary to incorporate additional intermediate hoisting
shafts into the design. When the pipe jacking operations are completed, the
reinforced concrete pipes will be installed in the shafts and the shafts will be
backfilled, without constructing manholes. The Fablovka section required 3
intermediate shafts, other 5 additional intermediate shafts were necessary for
the Polabiny section. Owing to this measure, the lengths of the jacked secti-
ons were reduced to the maximum of 70m. To the project owner’s credit, we
must add that they were aware of the fact that the incorporation of additional
shafts was necessary and the work was classified as acknowledgeable additi-
onal cost of the project.

5. TUNNEL DRIVING OPERATIONS

The work on the Fablovka part started on 21/4/2008. The worst fears were
confirmed from the very beginning, during the sinking (excavation, shoring
and timbering) of the first launching pit. Groundwater inflows into the shaft
varied within the anticipated range, i.e. 30 and more litres per second. The
situation did not improve even immediately after drilling of dewatering bore-
holes. The beginning of the work on the instable, water-bearing excavation

Obr. 3 Zelezobetonové trouby IZX DN 1600 mm — pohled z &ela §titu smérem
k tlacné stanici
Fig.3 IZX DN 1600mm reinforced concrete pipes — a view from the front end

of the shield toward the jacking station



Obr. 4 Pohled do celby stitu DN 2000 mm - hydrogeologické podminky témér idylické
Fig. 4 View of the DN 2000mm shield heading — nearly idyllic hydrogeological
conditions

Jeden z problému, ktery se pied zahdjenim praci dal predpokladat,
nastal v okamzZiku dotlatovéni nékterych delSich dseku. Kvuli velkym
tlaénym sildm dochdzelo ve vyjime¢nych piipadech k posunu paZeni
a rouben{ startovacich Sachet z divodu ,,vytlaeni* zeminového klinu za
tla¢nou sténou protlaceciho zafizeni. Tyto potiZze nastdvaly logicky
v mistech nejmensiho nadloZi, resp. nejmensi hloubky startovacich
Sachet. Jako protiopatfeni se pouZilo dodate¢né pritizeni nadlozi za
opérnou sténou pomoci silni¢nich paneld. Pokud toto opatfeni nepo-
mohlo a ddl pokracovala destabilizace Sachty, bylo nezbytné protlaco-
vani ukonlit a vykopat dodatené mezilehlou startovaci Sachtu
a pokraCovat v protlacovani z mezilehlé Sachty. Jak jiz bylo uvedeno
vyse, nebylo mozné dokondit dsek Stoly za vyuZiti segmentového osté-
ni. Zde je nutné poznamenat, Ze ackoli jsme tyto potize predpokladali,
nepovazovali jsme za nutné je predem néjak detailnéji projekéné
a staticky fesit. Davody byly hlavné ekonomické, protoZe opatfeni pii-
padajici v udvahu (kotveni, Stétové stény apod.) by byla drahd
a v projektu na n¢ nebyly penize navic. Proto se problém fesil az
v okamZiku, kdy nastal. CoZ nékomu muze pripadat az piili§ fatalistic-
ké a netechnické, ale ve vysledku se tento vyckdvaci pragmaticky postoj
ukdzal jako velmi ekonomicky. K nutnosti vykopu mezilehlé Sachty
doslo nastésti v prab&hu vystavby pouze dvakrit.

Primérny postup razby Cinil 2 bm (tj. zatlateni jedné trouby) za
sménu. Price po vétSiné probihaly ve dvousménném nepretrzitém pro-
vozu. Principem bylo hlavné neprerusit protlacovani v druhé poloviné
tlaCeného dseku. Nejdelsi z protladenych dsekd méfil 70 bm (obr. 5).

Findln{ dpravy v protlacich spocivaly v provedeni jednoduché kynety
(kameninové nebo Cedi¢ové pozldbky s betonovou bermou, obr. 6).
TéZni, resp. startovaci a koncové Sachty byly po ukonéeni razeb vyuZzi-
ty pro realizaci atypickych monolitickych reviznich Sachet (obr. 7).

Metoda Zabich skoki
Behem vystavby doslo k nekolika stresovym situacim, které plynuly
z potieby drZet planovany harmonogram postupu praci. Harmonogram

Obr. 5 Nejdelsi z protlacenych usekii — 70 bm
Fig. 5 The longest of the pipejacking sections — 70m
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face was therefore very complicated. Fortunately, nature eventually turned fair
and, after 3 weeks of intensive pumping even from other hoisting shafts, even
though the groundwater lowering was not successful, the groundwater dis-
charge was reduced to acceptable 2 — 5 L/s. The sandy gravel-sands became
stable (see Fig. 4) and did not threaten that they would slip to the excavation
and subsequently form cave-ins, which would have, because of the low over-
burden, fatal impacts on the condition of roads above the headings.

The first of the pipe jacking sections were located outside busy roads, the-
refore, it was possible to try effectiveness of the selected technique. Movable
fencing was erected in the locations above the advancing driving shield face
with the aim of eliminating effects of dynamic loading on the unsupported
face. Because of the small dimensions about 3x5m, this meant a minimum
restriction to traffic.

One of the problems which could be anticipated before the work commen-
cement was encountered at the moment when the jacking of some longer sec-
tions was to be finished. Because of big pushing forces, the shoring and tim-
bering of launching shafts was sometimes displaced as a result of the ground
wedge being ‘pressed’ behind the support wall which is part of the jacking set.
Logically, these problems originated in the locations where the overburden
was the lowest (or where the depth of launching shafts was the smallest). The
countermeasure which was used consisted of additional loads acting on the
overburden behind the support wall, which were induced by road panels. If the
measure did not help and the destabilisation of the shaft continued, the jacking
had to be terminated and an additional intermediate shaft had to be sunk, from
which the jacking could continue. As mentioned above, a section of the galle-
ry could not be finished using a segmental lining. It must be noted that despi-
te the fact that we had anticipated these problems, we did not consider neces-
sary to solve them in advance in more detail by the design and a structural ana-
lysis. The reasons were first of all economic because the possible measures
(anchoring, soldier beam and lagging walls etc.) would have been expensive
and no additional money was available for them. For that reason the problem
was solved only at the moment when it occurred. This approach may seem to
somebody too much fatalistic and non-technical. Nevertheless, it eventually
turned out to be very economic. Fortunately, the necessity for sinking an inter-
mediate shaft was encountered only twice during the construction.

The average excavation advance rate was 2m per shift (i.e. one length of
pipe being jacked). The round-the-clock work was mostly organised in two
shifts. The principle was that the jacking was not allowed to be interrupted
above all in the second half of the jacking section. The longest of the pipe-jac-
king sections was 70m long (see Fig. 5).

The final work in the pipejacks comprised installing a simple bottom duct
(stoneware or basaltic gutters with a concrete berm (see Fig. 6). The hoisting
shafts (or starting and terminal shafts) were used after the completion of dri-
ving for construction of atypical cast-in-situ manholes (see Fig. 7).

Frog leaps method

Several stressful situations were experienced during the construction that
followed from the necessity to keep to the construction works programme.
Despite the initial delay, the construction programme was planned realistical-
ly. However, as it from time to time happens in the construction industry, anot-
her unplanned contract of the same character had to be carried out in parallel
and it was necessary to distribute production capacities between two directi-
ons. When the basic jacking station had been withdrawn and sent to the other

Obr. 6 Provddeni kynety v protlaku do poZadovaného promilového spddu
Fig. 6 Construction of the bottom duct at the required gradient
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Obr. 7 Definitivni tipravy stavebni cdsti Sachet
Fig. 7 Finishing civil works on the shafts

stavby byl i pres pocate¢ni zdrZeni realisticky napldnovdn, ale jak uz
tomu ve stavebnictvi byvd, do§lo k nepldnovanému paralelnimu soubé-
hu dvou akcf stejného charakteru a bylo nutné rozloZit vyrobni kapacity
do dvou sméra.

Po nezbytném stazeni zdkladn{ tla¢né stanice na jinou zakdzku se nece-
kané projevila ,,zdzracnd* vlastnost protldceci stanice vyrobené ze starého
raziciho Stitu. Jeji osazeni bylo vcelku jednoduché a ve startovaci Sachté
ji nebylo nutné pevné fixovat. Po zatlaeni Zelezobetonové trouby na pro-
tlaku &. 1 bylo mozné tla¢nou stanici po staZen{ pisti vyjmout (na obr. 1
je patrné, jak je protlaceci stanice opatfena manipulaénimi tdchyty) a ihned
osadit do dalsf startovaci Sachty protlaku ¢. 2. SoubéZné pak pokracovalo
zatlaCovani kolony trub v protlaku ¢. 2 smérem do Celby raziciho Stitu,
zatimco v protlaku €. 1 razil §tit, jehoZ pisty se opiraly o dotlacené Zele-
zobetonové potrubi. Tento postup se pak opakoval 4x denné. Jinymi slovy
jedna protldcect stanice tlacila soubézné na dvou protlacich.

Vyse uvedené provizorni opatfeni skute¢né po nezbytnou dobu fun-
govalo a nedoslo k zdsadnim odchylkdm ve smérovém a vyskovém
vedeni protlaku. S jednou protlaceci stanici pracovaly tak béhem 24
hodin &tyfi smény pii primérném dennim vykonu Sest metra.

K datu 31. 5. 2009 bylo na stavbé tspésné provedeno jiz cca 95 %
protlaku z celkové délky 1365 bm, a tudiZ je mozné konstatovat, Ze se
staronovd metoda plné osvédcila.

Soubézné byly pomoci kombinované technologie protlatovéani
a §titovani provedeny dva podchody pod dalnici D1 v ramci akce Virsky
oblastni vodovod — 3. etapa, privadé¢ Leskava—Moravany. Jednalo se
o Zelezobetonové protlaky délky 60 bm pod télesem délnice, které slou-
7 jako prulezné chrani¢ky pro litinovy vodovod DN 600 mm. Realizace
probéhla tspésn€ a pii vySce nadlozi asi 5 m nedoslo k Zddnému méfi-
telnému poklesu nadloZi.

Na konci tohoto ¢ldnku chce autor podékovat svym kolegiim, bez kte-
rych by nebylo mozné tuto akci zddrné zrealizovat, za spoluprdci na
tomto zajimavém projektu. Jmenovité Zdefiku Zabenskému jako duchov-
nimu otci protldceciho zafizeni, které vzniklo doslova ,,na kolené*“ a za
velmi skromnych podminek. Ddle pak vedoucimu projektu Pavlu
Karéskovi a stavbyvedoucim Pavlu Zabenskému a Stanislavu Blazkovi.

6. CENOVE SROVNANI

Zavérem je uvedeno cenové srovndni jednotlivych technologii for-
mou sloupcového grafu (obr. 8). Jako zdkladnu 100 % jsme stanovili
kone¢nou variantu feSeni, tj. kombinaci Stitovdni a protlacovdani.
Procentudlni srovnani se tykd jednotkovych cen za kompletn{ realizaci
jednoho bézného metru Stoly, resp. protlaku.

Nejlevnéji vychdzi samoziejmé puvodni zadéni, ale jak jiz bylo zdu-
vodnéno, nebylo moZné garantovat poZadované parametry s dirazem na
vodotésnost a tvorbu poklesové kotliny.

Srovnéni Ize brét pouze jako orienta¢ni, které vychazi se znalosti véci
v okamziku, kdy jsme se rozhodovali, jakym zpusobem projekt fesit.
Kolegové z jinych spriznénych firem a s jinymi zkuSenostmi a znalostmi
by mozné dospéli k jinym ddajom.

ING. IGOR FRYC, fryc@tchas.cz, TCHAS, a. s., o. z.,
INGSTAV BRNO

Recenzoval: doc. Ing. Vlastimil Hordk, CSc.
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Obr. 8 Grafické srovndni cen za 1 bm §toly pro jednotlivé varianty provddéni
Fig. 8 Graphical comparison of costs per 1 metre of the gallery for individu-
al variants of the procedures

contract, a ‘miraculous’ property of the jacking station which was produced
using the old driving shield unexpectedly surfaced. Installing the station was
relatively simple and it was not necessary to fix it firmly in the launching shaft.
Once the pushing of a reinforced concrete pipe at the pipejack No. 1 had been
completed, the cylinders were retracted and the jacking station could be remo-
ved (the handling hangers the jacking station is provided with are shown in
Fig. 1) and immediately be lowered into another launching shaft on the pipe-
jack No. 2 route. Pushing of the string of pipes at the pipejack No. 2 continu-
ed concurrently, whilst the shield was driving at the pipejack No. 1 (hydraulic
cylinders of the shield pushed from the reinforced concrete pipeline which had
been forced into the shield mantel). This procedure was repeated four times
a day. In other words, a single jacking station pushed concurrently at two pipe-
jacks.

The above-mentioned temporary measure really functioned for a certain
time and no significant deviations from the horizontal and vertical alignment
of the pipejacks were registered. This system meant that four shifts worked
with a single jacking set during 24 hours, reaching an average advance rate of
six metres per day.

As of 31st May 2009, about 95% of the total pipejacking length of 1365m
have been completed. It is therefore possible to state that the old-new method
has acquitted itself well.

Concurrently, two passages under the D1 motorway were carried out wit-
hin the framework of the Vir Regional Water Main Project (stage 3, the
Leskava — Moravany water feeder). Reinforced concrete pipes were jacked
under the motorway embankment, forming crawlways housing a DN 600mm
cast iron water pipeline. The construction was successful; no measureable sett-
lement of the ground surface occurred (the overburden height was about Sm).

At the conclusion of this paper, I would like to thank my colleagues for their
collaboration, without which I would not have been able to realise this event.
In particular my thanks go to Zden¢k Zabensky, who is the father of the idea
of creating the jacking set, literally in the ‘do-it-yourself” way, under very
modest conditions. Further, thanks to Pavel Kardsek, contractor’s project
manager, and Pavel Zabensky and Stanislav BlaZek, site engineers.

6. COST COMPARISON

The comparison of costs of individual techniques in the form of a bar chart
is presented in the conclusion (see Fig. 8). We used the final variant of the
solution, i.e. the combination of shield driving and pipe jacking, as the 100%
basis. The comparison of percentages deals with unit prices for complete con-
struction of one linear metre of a gallery or pipejack.

Of course, the original design turns out to be the cheapest. However, as
mentioned above, it was not possible to guarantee the required parameters in
terms of the waterproofing capacity and development of a settlement trough.

The comparison can be taken only as guidance information. It is based on
the knowledge of the problem we had at the moment when we were deciding
on the method to be applied to the design. Colleagues from other related com-
panies, even having different experience and knowledge, would have possib-
ly come to different data.

ING. IGOR FRYC',fryc@tchas.cz, TCHAS, a.s., 0. 7.,
INGSTAV BRNO
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SILNICNI TUNELY NA ISLANDU DORAZENY
EXCAVATION OF ROAD TUNNELS IN ICELAND FINISHED

STEFAN IVOR, VACLAV PAVLOVSKY, VAN PIRSC, ERMIN STEHLIK

(1)[o])

V roce 2007 byl v €. 2 Casopisu Tunel publikovén ¢lanek Vystavba
silni¢nich tunelt Hédinsfjordur na Islandu, ve kterém byly podrobné
popsany detaily zakdzky, kterou Metrostav a. s. spole¢né s mistni fir-
mou Haffel ehf. realizoval od zafi 2006. V tomto ¢lanku jsou proto
popsdny ¢innosti a udalosti, které ovlivnily pribéh vystavby od druhé
poloviny roku 2008 aZ do proraZeni tuneli. Razba tunelu Siglufjordur
o délce 3,65 km byla dokoncena v bfeznu 2008 a v dubnu 2009 byl
proraZen i tunel Olafsfjérdur o délce 6,9 km (obr. 1). Hlavnim problé-
mem celé vystavby byly neofekdvané pritoky studené vody o vysoké
vydatnosti a tlaku, se kterymi se pracovnici Metrostavu a. s. potykali
zejména pfi razbé tunelu Olafsfj('jrdur. Této problematice je proto
vénovdna v ¢lanku zvySend pozornost a je podrobnéji popsdna.

TUNEL SIGLUFJORDUR

Razba tunelu zacala v zafi 2006 a prorazen byl v breznu 2008.
Primérné mési¢ni postupy v&etné uvazovanych dvoutydennich vénog-
nich prestavek byly 200 m, nejlepsi mési¢ni vykon byl 302 m tunelu
zajisténého primdrnim osténim ze stiikaného betonu a ocelovych svor-
niku. Razba probihala v relativné dobrych geologickych podminkach,
bez vyskytu extrémnich pritoka vody. Velky rozdil byl, v porovnan{
s tunelem Olafsfjordur, zejména v jeji teploté, kterd se pohybovala
mezi 8 °C az 20 °C. Z tohoto davodu bylo moZné pro sanace predpoli
Celby (systém pre-grouting) pouZivat cementové injektdZe. V zacatku
razby tunel prochézel v blizkosti geotermdlnich zén, ze kterych je Cer-
pana voda pro méstecko Siglufjordur, nastésti nedoslo k Zadnému
ovlivnéni rezimu podzemnich vod. Pfi dovrchni razbé v délce cca
1,6 km pritoky vody nebyly vyznamné, ale poté co razba dosdhla
vrcholového bodu a razilo se tipadné na délku cca 2 km, objevily se
velké pritoky vody pod vysokym tlakem. Bylo proto nutné instalovat
systém Cerpacich jimek s automaticky spousténymi Cerpadly
a zéaloznimi dieselagregaty. Nékolikrate, v pripadech velkych pritoka
z pruzkumnych piedvrta (obr. 2), byla situace tak kritickd, Ze bylo
nutné od Celby stéhovat vrtaci viiz Tamrock Axera T11. Dosahované
postupy za téchto podminek byly obdivuhodné a tymy technikd
a razi¢u zaslouZ{ plné uznéni.

Zminované zastizené pritoky vody byly sanovany vétSinou pomoci
cementovych injektaZi pfi pouZiti ¢erpadla UniGrout E 45 H 2x100 od
Atlas Copco (obr. 3), celkem bylo pouzito 460 tun cementu.
V pripadech, kdy se voda objevila v blizkosti Celby (a to i pfes prova-
déné dlouhé predvrty), bylo nutné pouZit chemickych injektdzi pomo-
ci polyuretanovych pryskyftic (PU), kterych bylo celkem aplikovdno
40 tun. Nejvetsi problémy pfi dpadni razbé zpusobovala voda, kterd
vytékala po provedeni trhacich praci z puklin. Pfi vétSich pfitocich
bylo nutné razbu zastavit a pukliny v Celbé utésnit. K této obtizné

Obr. 1 Trasa tuneli
Fig. I Tunnel route

INTRODUCTION

The paper named ‘Construction of Hédinsfjordur road tunnels in Iceland’,
which was published in TUNEL issue No. 2/2007, contained a detailed
description of the contract, which was carried out by Metrostav a.s. together
with Héffel ehf., a local company, from 2006. This particular paper therefo-
re describes the activities and events which affected the course of the works
in the period from the second half of 2008 to the tunnel breakthroughs. The
excavation of the 3.65km long Siglufjordur tunnel was finished in March
2008, while the 6.9km long Olafsfjérdur tunnel broke through in April 2008
(see Annex No. 1). The main problem of the entire construction was posed
by unexpectedly high rate and high pressure inflows of cold water, which
had to be dealt with by Metrostav crews, in particular during the excavation
of the Olafsfisrdur tunnel. This problem is therefore paid special attention
and is described in more detail.

THE SIGLUFJORDUR TUNNEL

The tunnel excavation started in September 2006 and the breakthrough
took place in March 2008. The average monthly advance rates, including the
two-week Christmas holidays which had been planned, amounted to 200m;
the best monthly performance was 302m of the tunnel provided with
a primary support consisting of shotcrete and rock bolts. The excavation
passed through relatively favourable geology, without encountering extreme
water inflows. Compared with the Olafsfjordur tunnel, there was a big dif-
ference above all in water temperatures, ranging from 8°C - 20°C. For that
reason it was possible to apply cement grout for the pre-grouting operations
designed to stabilise the rock mass ahead of the face. At the beginning of the
excavation, the tunnel ran in close proximity of the geothermal zones from
which water is pumped for the small town of Siglufjordur. Fortunately, the
excavation had no impact on the groundwater regime. When the excavation
proceeded uphill (about 1.6km), the water inflows were not significant.
When the excavation had reached the summit and the downhill excavation
started (about 2km), extensive inflows of high-pressure water appeared. It
was therefore necessary to install a system of pump sumps with automati-
cally switching pumps and standby diesel generating sets. In several cases
of large inflows from probe holes (see Photo No. 1) the situation was so cri-
tical that the Tamrock Axera T11 drilling rig had to be moved from the face.
The advance rates which were achieved in these conditions were admirable
and the teams of technicians and mining crews deserve full appreciation.

The above-mentioned water inflows encountered were sealed mostly by
injecting cement grout, using Atlas Copco’s UniGrout E 45 H 2x100 pump
(see Photo No. 2). The total consumption of cement amounted to 460 tons.
When water appeared in the vicinity of the excavation face (even despite

Obr. 2 Zatopend Celba pri vipadni razbé
Fig. 2 Inundated face during the downhill excavation
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Obr. 3 Zarizeni UniGrout pro cementové injektdze
Fig. 3 UniGrout cement grouting set

¢innosti se pouzivaly hadry namocené v PU, které se zarazely do puk-
lin §fiky v fddech mm pomoci dfevénych klinu, pfi vétsich puklindch
v fddu cm pomoci ,,polstdia‘ vyplnénych hadry a plechu prikotvenych
do Celby (obr. 4). U takto utésnénych puklin se navrtal v blizkosti zdro-
je vody vrt, do kterého se osadil hydraulicky rozpinany obturdtor
a pres n¢j se puklina v oblasti Celby vyplnila PU hmotou tak, aby bylo
mozné ndsledné vrtani delSich vrti pro aplikaci cementové injektdZe.
Timto zpusobem bylo zabrdnéno volnému vytékdni cementové sus-
penze.

PRACE VE FJORDU HEDINSFJORDUR

Pred vlastni prordZkou tunelu Siglufjordur do prekrdsného a obtizné
pristupného fjordu Hédinsfjordur, ktery byl obydlen do padesatych let
minulého stoleti, bylo nutné v predstihu udélat pripravné préce na por-
tdlovych dsecich a na provizorni spojovaci cest¢ mezi portély.
Mechanizace pro tyto prdce musela byt dopravena do fjordu pomoci
,invaznich“ ¢lund, pfitom se muselo dva tydny &ekat na vhodné pod-
minky, kdy vyska vin byla pod 40 cm. Po vylodén{ byla mechanizace
slozitym zpusobem pomoci prekladanych dievénych rostu prepravena
pres mocdlovity terén az do mista portala. Teprve po prordzce do fjor-
du byla k dispozici veskerd t¢zkd mechanizace a prdce na portalech,
provizornim mosté a spojovaci silnici umoznily zahdjit protirazbu
tunelu Olafsfjordur v délce cca 1,9 km na za¢atku kvétna 2008.

Obr. 4 Utésnéni puklin pro cementovou injektdz
Fig. 4 Sealing of fissures before injecting cement grout

long probe holes drilled ahead of the face), chemical grouting had to be app-
lied, consuming a total of 40 tons of polyurethane (PU) resins. The biggest
problems encountered during the downhill excavation were caused by water
which flew out of fissures after blasting. The excavation had to be suspen-
ded when bigger inflows were encountered and the fissures in the face had
to be sealed. This difficult operation was carried out using PU soaked rags,
which were driven into the fissures by means of wooden wedges when the
width was in the order of millimetres or, in cases of wider fissures, by means
of “cushions” stuffed with rags, and steel sheets anchored to the face (see
Photo No. 3). A borehole was drilled at the fissures sealed in this way, near
the water source, and a hydraulically expanded packer was inserted into it.
A fissure in the face area was filled with a PU material through the packer
so that the next step, drilling of longer boreholes for the application of
cement grouting, could be performed. This method prevented the cement
suspension from freely flowing out.

WORK IN THE HEDINSFJORDUR FJORD

It was necessary prior to the Siglufjordur tunnel breaking through into the
magnificent but hard to access Hédinsfjordur fjord, which was inhabited
until the 1950s, to carry out enabling works on the portal sections and
a temporary road linking the two portals. The equipment for this work had
to be transported to the fjord by means of ‘invasion’ boats. In doing so, it
was necessary to wait for two weeks for suitable conditions with waves
lower than 40cm. After disembarkation the equipment was moved over
marshland to the portals using a complicated method — grids of wooden slats
which were moved alternately ahead. Only after the breakthrough into the
fjord was all heavy equipment available and the work on the portals,
a temporary bridge and the connecting road were completed (the beginning
of May 2008) and it was possible to start the about 1.9km long counter-hea-
ding of the Olafsfjordur tunnel.

THE OLAFSFJORDUR TUNNEL

The excavation of the 6.9km long Olafsfjordur tunnel started from a site
in the vicinity of a little town of the same name in November 2006 and the
slightly over Skm long uphill driving was finished by a breakthrough on 9th
April 2009 (see Photo No. 4). The amount of the inflows which were
encountered during the excavation of the initial kilometre of the tunnel was
acceptable, without significant impact on the excavation advance rates.
However, later the conditions dramatically changed and water became the
main problem in the following 3km long stretch, causing reduction in the
average monthly advance rate at this heading under 180m (see Annex No.
2), with the highest monthly performance of 330m. The unexpectedly
encountered high yield and high pressure cold water (2°C — 4°C) (see Photo
No. 5) required supplies of large amount of chemical grouting materials and
accessories. This was the first cause of delaying the works. The other delay
against the planned advance rates resulted from the necessity for the pre-
grouting designed to reduce the inflows from the advance boreholes to the
limit values prescribed in the tender documents or values determined by cli-
ent’s supervising engineer.

The Olafsfjérdur tunnel excavation also passed at the beginning in close
proximity of the geothermal zones supplying water for the town of Olafsf-
jordur. In this particular case, the situation was more complicated by the fact
that hot water for the town is not pumped from boreholes. It flows under
hydrostatic pressure, therefore there were serious fears that the large water

Obr. 5 Slavnostni prordzka
Fig. 5 Breakthrough celebration
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MESICNI VYKONY
TUNEL OLAFSFJORDUR EAST

inflows into the excavation could influence the natural condi-
tion. Fortunately, no problems occurred in this respect. As
mentioned above, the temperature of water within this section
was 2°C —4°C (with the exception of final tens of metres befo-
re the breakthrough into the counter-heading section, where

the temperature rose to 9°C).

With respect to the experience from the downhill excavation
of the Siglufjordur tunnel and an assessment of the excavation
plan, the contractor requested the client for a design change; the

EEEREE

original longitudinal tunnel profile was modified — the length of
the uphill excavation section from Hédinsfjord was extended
by about 0.7km, to 1.9km. The counter-heading operations star-
ted at the beginning of May 2008 and were finished in January
2009, with the average monthly advance rate exceeding 210m.
Geological and hydrological conditions were suitable, without
a need for injecting grout by the pre-grouting method.

STRUGGLING AGAINST WATER
IN THE OLAFSFJORDUR TUNNEL

Hydrogeological conditions were verified for a 15m long
excavation section by drilling a pair of 25.2m long, 51mm dia-
meter probe holes ahead of the face. This system guaranteed
sufficient overlapping. The drilling tool advance rate was

Obr. 6 Mési¢ni vykony ovlivnéné vyskytem podzemnich vod
Fig. 6 Monthly advance rates affected by occurrence of ground water

TUNEL OLAFSFJORDUR

Razba 6,9 km dlouhého tunelu Olafsfjordur zalala ze staveniité
v blizkosti méstecka stejného jména v listopadu 2006 a néco malo pres
5 km dovrchni razby bylo dokonceno prordzkou dne 9. 4. 2009 (obr.
5). Béhem razby prvniho kilometru tunelu nebyly pritoky takové, aby
dochdzelo k vyraznému ovlivnéni postupu razby. Potom se ale pod-
minky dramaticky zménily a v ndslednych cca 3 km byla voda hlav-
nim problémem, ktery zpusobil, Ze pramérné mesi¢ni postupy na této
razb¢ byly pod 180 m (obr. 6), s nejvy$§im vykonem 330 m za mésic.
Neocekdvany vyskyt studené vody (2 °C az 4 °C) s velkymi vydat-
nostmi a pod vysokym tlakem (obr. 7) si vyzddal doddni velkého
mnozstvi chemickych injektdZnich materiala a prisluSenstvi, coz zpu-
sobilo prvni zdrZeni praci. Dalsi zdrZeni proti pldinovanym postuptim
bylo zpusobeno provadénim injektdZi metodou ,,pre-grouting* za ice-
lem sniZenf pritoka vody z predvrtl na limitni hodnoty podle zadéva-
cich podminek, nebo hodnoty urcené stavebnim dozorem.

Rovnéz u tunelu Olafsfjsrdur se na zalitku razby prochdzelo
v blizkosti geotermdlnich z6n, kterymi je zdsobovdno méstecko
Olafsfjordur. Zde byla situace komplikovandjii faktem, Ze horkd voda
z vrta neni Cerpdna, ale vytékd pod hydrostatickym tlakem, a proto
byly zna¢né obavy, aby velké pritoky vody pfi razbé neovlivnily tento
prirozeny stav. Nastésti v tomto ohledu k Zadnym problémim nedoslo.
Jak jiz bylo uvedeno, voda v tomto dseku méla teplotu 2 °C az 4 °C,
kromé poslednich desitek metra, nezli doslo k proraZce do dseku pro-
tirazby, kdy teplota stoupla na 9 °C.

Na zdkladé zkuSenosti s upadni razbou v tunelu Siglufjordur
a posouzeni pldnu raZzeb byl investor pozddidn o zménu projektu
a puvodni podélny profil tunelu byl upraven tak, Ze dovrchni razba
z Hédinsfjordu byla prodlouzena o cca 0,7 km na 1,9 km. Protirazba
zaala na zaldtku kvétna 2008 a byla dokonfena v lednu 2009
s prumérnym mésiénim postupem pres 210 m. Geologické
i hydrologické podminky byly dobré, bez potieby provadéni injektdz-
nich praci metodou pre-grouting.

BOJ S VODOU V TUNELU OLAFSFJORDUR

Ovérovéni hydrogeologickych poméru pro 15 m razby bylo prova-
déno odvrténim dvou prazkumnych predvrti pruméru 51 mm a délky
25,2 m, tim je zaru¢eno dostate¢né prekryti. Béhem vrtdn{ byla sledo-
véna rychlost postupu a néhlé propady vrtného ndradi, barva vrtného
vyplachu (pro stanoven{ horninového typu) a v pripadé zachyceni pod-
zemni vody 1 jeji teplota, tlak a vydatnost.

V zdsadé lze rozlisit tfi zdsadni faktory pro zahdjeni injektdZnich
praci:

1) mnozstvi a tlak vody vnikajici do tunelu nedovoluje bezpecné

provadét trhaci préce,
2) je ohroZena stabilita ndsledujictho vyrubu,
3) limity pro kapacitu drendZntho systému tuneld.

monitored during the course of the drilling, as well as abrupt
hitting of voids, colour of the drilling fluid (for determination of the rock
type) and, in the case of encountering ground water, also its temperature,
pressure and yield.

Basically, the following three fundamental factors can be distinguished
regarding the decision to commence grouting operations:

1) the amount and pressure of water flowing into the tunnel does not

allow safe execution of blasting operations

2) the stability of the following excavation is threatened

3) limits for the tunnel drainage system capacity are reached.

The further procedure was designed in collaboration with client’s super-
vising engineer on the basis of the amount of water, extent and type of the
fault, in accord with the rock mass quality. Faults with the yield lower than
600L/minute and pressure under 15bar were usually broken through without
the grouting. When the above-mentioned values were exceeded, the exca-
vation surroundings had to be improved. An occurrence of tectonic breccii
was a special case, in which the grouting fulfilled not only a sealing functi-
on but also, first of all, the rock mass stabilising function (see Photo No. 6).

Traditional cement grout could not be used in the Olafsfjordur tunnel
because of low temperatures of ground water. The cement suspension was
replaced by a two-component polyurethane grouting mixture. This material
was used for creating a sealing protective envelope around the excavation
ahead of the excavation face (the pre-grouting method). The grouting umb-
rella consisted of boreholes drilled around the tunnel contour, splaying out
at an angle of 15°. Their length varied, depending on the distance of encoun-
tered water; the number and positions were adjusted according to the cha-
racter of the particular fault. When the grouting had been completed, testing
boreholes were drilled ahead of the face with the aim of verifying its effec-
tiveness. In complicated cases the whole process had to be even several
times repeated. The verification boreholes had to confirm quality of the

Obr. 7 Tlakovd podzemni voda
Fig. 7 Pressure ground water
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Obr. 8 Klenba stropu je stabilizovdna pomoci PU
Fig. 8 Roof vault is stabilised by PU injections

Na zékladé mnozstvi vody, rozsahu a typu poruchy v souladu
s kvalitou horninového masivu byl navrZen, ve spoluprici se staveb-
nim dozorem investora, dal$i pracovni postup. Obvykle pri vydatnosti
men$i nez 600 1/min a tlaku pod 15 bara byla porucha proraZena bez
zahdjeni injektdzi. Pii prekroCeni vySe uvedenych parametri muselo
byt okoli vyrubu sanovéno. Specidlnim ptipadem byl vyskyt tektonic-
kych brekcif, kdy injektdZ neplnila pouze tésnici, ale predev§im stabi-
liza¢ni funkci (obr. 8).

Z davodu nizkych teplot podzemni vody v tunelu Olafsfjsrdur neby-
lo mozné pouzivat klasickou cementovou injektdz. Cementovd sus-
penze byla nahrazena dvousloZkovou polyuretanovou injektdzn{
smési. Pomoci této hmoty byla vytvdrena tésnici ochrannd obélka
okolo vyrubu v predpoli tunelu — metoda pre-grouting. InjektaZni
,»destnik* se sklddal z vrtl zasazenych do obrysu tunelu, které se roze-
viraji vné pod tihlem 15°. Jejich délka se pohybovala v zdvislosti na
vzdalenosti zachycené vody, pocet a umisténi byl vzdy upraven dle
charakteru zastizené poruchy. Po ukonceni injektdZe byly provedeny
zkuSebni predvrty, kterymi byla ovéfena jeji i¢innost. Ve sloZitych pri-
padech bylo nutné cely proces i nékolikrdt opakovat. Ovéfovaci vrty
musely kvalitativné injektaz potvrdit tak, aby bylo zaruceno bezpecné
provedeni trhacich praci a na ndsledujici vyrub mohl byt proveden
ndstiik betonu primédrniho osténi, popf. moZnost pokratovani injekta-
ze. Z naSich zkuSenosti bylo postacujicim kritériem injektovani pro-
storu ochranné obdlky tunelu a predpoli ¢elby do vzdélenosti 10 m.
V takovémto ptipadé jsme byli schopni pfistoupit k trhacim pracim
bez ohroZeni stability vyrubu a bez vétsiho rizika znovuotevieni jiz
zainjektovanych diskontinuit.

TECHNICKE VYBAVEN(

Na obou stavbach byla k dispozici pistovd erpadla GX-45 II, kte-
rymi je mozné zajistit transport injektazni smési i v pfipadé znaénych
tlakt podzemni vody. Pii pozadavku na vysoké mnozstvi precerpané
smési byla nasazena rota¢ni zubovd Cerpadla typu SK-90. Pro piipad
mimoradné situace bylo na stavbé také pfipraveno vysoce vykonné
elektrické Cerpadlo CT-PM, které vsak nebylo nutné vyuZzit. Pro upnu-
ti injektdznich ty¢i ve vrtu slouzily hydropneumatické obturdtory
BVS-40K.

PouZivanym tésnicim materidlem byly dvouslozkové polyuretanové
pryskyfice CarboPur WF, WFA, spolu s aditivy CarboAdd Thix 2
a CarboAdd Fast (obr. 9). Pro vyplné vétsich dutin a kaveren byla vyu-
Zita vysocepéniva dvouslozkova hmota GeoFoam.

Kompletnim dodavatelem injektdznich hmot a cerpadel
s prislu§enstvim byla Minova Bohemia, s. 1. 0., kterd rovnéZ poskytla
technickou pomoc pri nasazeni nové technologie.

Priklady pouziti chemickych injektazi na tunelu Olafsfjérdur

Priklad €. 1

Pri razbé v zdbérech &. 467 (km 11,715) a €. 468 (km 11,711) byla
zastizena porucha vyplnénd vyraznou tektonickou brekcii tvorenou
kameny o velikosti do 0,5 m s jilovito-pisCitym tmelem. Brekcie
nastoupila do vyrubu z levé strany a v ndsledujicim kroku se rozsitila
na celou levou polovinu Celby. V pravé Casti vyrubu byl alterovany
struskovity, porézni basalt s rudé zabarvenou sedimentdrni mezivrst-
vou (obr. 10). Z posledni elby v km 11,711 byly provedeny 4 pru-

Obr. 9 Puklina vyplnénd CarboPurem WF
Fig. 9 Fissure filled with CarboPur WF

grouting so that the safety of drill and blast operations was guaranteed and
the newly excavated opening could be provided with a primary shotcrete
lining, or the grouting could continue. In our experience, grouting into the
space of the protective envelope and ahead of the face up to the distance of
10m was a sufficient criterion. In such the case we were able to start the drill
and blast operations without threatening the excavation stability and without
a greater risk that the discontinuities which had been previously treated with
grouting would reopen.

TECHNICAL EQUIPMENT

Both sites had GX-45 II piston pumps available. They were capable of
ensuring the transport of grout even in the cases of very high groundwater
pressures. SK-90 type rotary gear-wheel pumps were applied when large
amount of grout had to be pumped. In addition, a CT-PH high-performance
electric pump was prepared on site; it did not have to be used. BVS-40K hyd-
ropneumatic packers were used for fixing the grouting rods in boreholes.

The grouting was carried out by CarboPur WF and WFA two-component
polyurethane resins, together with CarboAdd Thix 2 and CarboAdd Fast
additives (see Photo No. 7). Larger cavities and caverns were filled by
FeoFoam, a high foaming two-component material.

The overall supplier of grouting materials and pumps with accessories
was Minova Bohemia s.r.0., which also provided technical assistance during
the introduction of the new technology.

Examples of the application of chemical grouting
in the Olafsfiordur tunnel

Example No. 1

A fault filled with pronounced tectonic breccia consisting of stones with
sizes up to 0.5m, joined by clayey-sandy binder, was encountered during the
excavation rounds No. 467 (km 11.715) and 468 (km 11.711). The breccia
first appeared on the left side of the excavation and subsequently expanded,
covering the entire left half of the excavation face. Altered scoriaceous
basalt with a red coloured sedimentary interlayer (see Photo No. 8) was on
the right side of the excavation. Four 25.2m long probe boreholes were dril-
led from the last excavation face at km 11.711. The drilling operations were
attended by serious technical difficulties which were mainly caused by plug-
ging of drill bits by the clayey fill. The probe boreholes encountered ground
water at various distances from the face (10 — 17m) and with various yields
reaching 1200, 1400, 600 and 700 L/minute. Large inflows were also detec-
ted during the preceding installation of rock bolts.

For the above—mentioned reasons it was necessary to approach the mate-
rial in the fault as soil. The Rock Quality Designation determined using
Barton’s Q-system was 0.72 (very poor) and 0.03 (extremely poor). The
subsequent development of the discontinuity could not be guessed taking
into consideration the known facts.

The steel fibre reinforced shotcrete could not be applied to the left side-
wall of the tunnel during the installation of the excavation support at round
No. 468 because of heavy inflows running down the excavation surface.
There were no concentrated inflows which could be collected by a drainage
system. Instead, there was a continuous, very wet surface. With respect to
the water temperature of 3°C and the interstitial character of the tunnel wall
permeability, it was necessary to start the grouting. With the aim of reducing
the inflows, nine 12.6m long, 51mm in diameter boreholes were drilled from
chainage 11.723.0, splaying at 20° outside the tunnel contour. The injections



zkumné predvrty o jednotlivé délce 25,2 m. Vrtaci prace provizely
znatné technické obtiZe zpusobené zejména ucpavdnim vrtnych koru-
nek jilovitou vyplni. Pruizkumnymi vrty byla zachycena podzemni
voda — v ruznych vzddlenostech od &elby (10-17 m) a vydatnostech
1200, 1400, 600 a 700 1/min. Pfi pfedchozi instalaci horninovych svor-
nikl byly také detekovany vydatné pritoky vody.

Z téchto pricin bylo nutné pristupovat k materidlu poruchy jako
k zeming. Kvalitativni zatfidéni poslednich dvou vyrubu vyjddrené
hodnotou Q (Barton) bylo 0,72 (velmi $patnd) a 0,03 (extrémné Spat-
nd). Dalsi vyvoj poruchy nebyl mozny vzhledem k stdvajicim faktim
odhadnout.

Pri zajisténi vyrubu zébéru ¢. 468 nebylo mozné aplikovat néstrik
drétkobetonu na levou sténu tunelu z duvodu silnych pritokt vody po
osténi. Nejednalo se o soustfedéné vytoky, které by bylo mozné odvést
drendZnimi svody, ale o souvislou velmi zavlhlou plochu. Vzhledem
k teploté vody 3 °C a charakteru prulinového vnikdni vody do tunelu
byla zahdjena injektdZ. Pro redukci pfitoku bylo odvrtdno 9 vrtd
@ 51 mm ze staniceni 11 723 v délce 12,6 m a odklonem 20° vné tune-
lu. Injektovani pomoci polyuretanové pryskyfice CarboPur WF vedlo
ke znadnému sniZeni pfitoku vody z osténi. Pro odvedeni zbylé vody
byly odvrtdny mezilehlé vrty identickych parametru, které nebyly uza-
virdny obturdtory a nechaly se volné odtékat. Nyni jiz bylo mozné
aplikovat ndstrik betonu primdrniho ostént, které bylo pro zvySeni sta-
bility vystrojeno ocelovymi sit¢émi. Nékolika vrty pro instalaci CT
a SN svorniku délky 4 m byla rovnéz zachycena voda, kterd branila
zaplnén{ vrtu maltovou zdlivkou. V téchto pfipadech bylo mozné odvr-
tat paralelni vrt do vzddlenosti cca 0,5 m od protékajictho svorniku
a osadit jej obturdtorem. Pfi vysokém procentu dspé$nosti byl pfi
ndsledné injektdZzi svornik zaplnén injektdZni hmotou a vytok vody
zcela zastaven. PouZitim vhodnych aditiv bylo mnoZstvi smési potieb-
né pro utésnéni svorniku minimalizovano.

Priklad ¢. 2

Trasa tunelu prochdzela skrz vyznamné tektonické padsmo. Systém
poruch byl extrémné zvodnély, s vysokym tlakem vody, pohybujicim
se v rozmezi 24-29 bart. Vydatnost vody zméfend na vytoku
z jednotlivych prizkumnych vrtt dosahovala az 2500 1/min/vrt (obr.
11). Tlak vody byl relativné konstantn{ a korespondoval s infiltraén{
bazi dna udoli Sydridrdalur, pod kterym tunel prochdzel. Mocnost
porusené zény dosahovala 60 m. Horninovy masiv bylo mozno defi-
novat jako stfedné alterovany basalt, intenzivné poruSeny tektonickou
¢innosti. Pukliny byly silné zvodnélé a jejich mocnost se pohybovala
mezi 2-50 mm. Pfitomnost jilovité vyplné byla mald. Souddsti tohoto
systému byly rovnéZ podrcené z6ny s jasné uréenymi smykovymi plo-
chami. Nepriznivy tsek byl zakonfen ndstupem tektonické brekcie,
sklddajici se z jednotlivych kament velmi slabé spojenych jilovito-pis-
¢itym tmelem. Z pohledu klasifikace horninového masivu dle Bartona
Slo zastizenou horninu popsat jako velmi $patnou, lokdlné a7 extrém-
n¢ $patnou. Znacné nepfiznivé geologické podminky v soucinnosti
s vSude pritomnou podzemn{ vodou predstavovaly jednu z nejhorSich
situaci zastizenych razbou tunelu Olafsfjordur. Vrtaci préce v porusené
z6né doprovdzely technické obtiZe zpusobené $patnou kvalitou horni-
ny a vysokym hydrostatickym tlakem podzemni vody pusobicim proti
tlaku vrtného vyplachu.

Sanace celého tdseku byla provddéna chemickymi injektaZzemi.
V kazdém zabéru byl odvrtdn v&jii 20 vrtl, vzdjemné se rozevirajicich,
které byly injektovdny dvojici pistovych cerpadel GX 45-11. Po dosa-
Zeni pracovniho tlaku, a tfm ukonceni injektaZe byla ovérovdna tésnost
ochranné obdlky. Cely postup v&etné odvrtdni novych vrta byl opako-
van az do vyznamného sniZenf pritoka vody (obr. 12), kdy bylo mozné
pristoupit k trhacim pracim a oteviit zkraceny zabér na 3 m. Po vystro-
jeni primérntho osténi bylo nutné znovu ovéfit zménu hydrogeologic-
kych podminek a zahdjit injektdZ pro novy krok razby. Touto metodou
bylo mozné pod ochranou vzajemné se prekryvajicich ,,destniku* bez-
pecné razit i ve velmi dlouhych nepfiznivych dsecich, samoziejmé
vSak s dopady na rychlost postupu razby.

SHRNUTI POZNATKU Z PROVADENI CHEMICKYCH INJEKTAZI

N4

Za nejvetsi prednosti Ize povazovat:

e schopnost pracovat za podminek velmi studené podzemni vody
a vysokych tlaku,

e okamzitd zpétnd vazba — moZnost rychle reagovat na zménu pod-
minek,

* moZnost rychlé mobilizace injektdZniho vybaveni,
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Obr. 10 Tektonickd brekcie v levé cdsti vyrubu
Fig. 10 Tectonic breccia on the left side of the excavation

of CarboPur WF polyurethane resin resulted in significant reduction in
inflows of water from the excavated surface. Remaining water was drained
by means of intermediate boreholes with identical parameters, which were
not closed by packers so that water could flow freely out. Now it was alre-
ady possible to apply the primary lining shotcrete with steel mesh increasing
the stability of the support. Several boreholes for the installation of 4m long
CT and SN rock bolts encountered water, which prevented grout from fil-
ling the boreholes. In these cases it was possible to drill a parallel borehole
up to the distance of about 0.5m from the rockbolt with water running
through it, and install a packer in it. In high percentage of successful cases,
the rockbolt was filled with grout during the subsequent grouting operation
and the outflow was terminated. The volume of grout which was required
for sealing of a rock bolt was minimised by using appropriate additives.

Example No. 2

The tunnel route passed through a significant fault zone. The system of
faults contained extreme amounts of high pressure water, with the head vary-
ing between 24-29 bar. The yield measured at the outlets of individual probe
boreholes reached up to 2500L/minute (see Photo No. 9). The water pressure
was relatively constant and corresponded with the infiltration base of the bot-
tom of the Sydridrdalur Valley, under which the tunnel passed. The thickness
of the disturbed zone reached 60m. The rock mass could be defined as medi-
um altered basalt, intensely disturbed by faulting. Fissures were filled with
water; the aperture varied between 2 — S0mm. The occurrence of clayey fill
was insignificant. Parts of the system were also crushed zones with clearly
defined slickensides. The difficult section was terminated by the beginning of
a tectonic breccia, consisting of individual stones very weakly bound together
by clayey sand binder. In terms of Barton’s Q-system, the encountered rock
mass quality can be described as very poor, locally even extremely poor. The
very unfavourable geological conditions, combined with the pervasive pre-
sence of groundwater, created one of the worst situations encountered during
the Olafsfjordur tunnel excavation. The drilling operations within the fault
zone were accompanied by technical difficulties resulting from poor quality of
the rock mass and high hydrostatic pressure of ground water acting against the
pressure of the drilling fluid.

Obr. 11 Zvodnéld zéna o mocnosti 60 m
Fig. 11 Water bearing zone, 60m thick
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Obr. 12 Celba po provedeni injektdzi
Fig. 12 Excavation face after the grouting

* po tspésné injektdzi lze témér ihned, bez delSich prestavek, pro-
védet trhaci prace.

Jako kazda technologie md i tato své zdpory:

¢ zna¢né navyseni vymer vrtacich praci,

¢ jednordzové nevratné pouziti injektdznich ty&i a obturdtoru,

. zvysena ndroc¢nost na flexibilitu persondlu,

e pomérné vysoka cena injektdZich materidli a vybaveni.

AKTUALNI STAV

V soucasné dobé jsou jiz oba tunely prorazeny. Z vyraZenych 5 km
tunelu Olafsfjordur vychod bylo nutné celych 1007 m (20 %) sanovat
prevazné chemickymi injektdZemi. Na obou tunelech bylo celkem
vyuzito 633 t chemickych injekénich hmot, z tohoto mnoZstvi bylo pro
stavbu Olafsfjordur vychod vyuZito plnych 590 t. Primérna spotieba
injektdzni smési na bézny metr razby tunelu Olafsfjordur vychod &ini
117 kg. Pro zpresnéni je tfeba uvést prumérnou spotiebu hmoty
v sanovanych usecich tunelu, a to 555 kg/bm. Pro dspésné provadéni
injektazi bylo nutné odvrtat 40,6 km vrtd, z toho na tunel Olafsfjordur
pfipada 37,5 km.

ZAVER
ZkuSenosti z provadeéni injektdZnich praci pomoci polyuretanovych
pryskyfic ukdzaly, Ze pouZiti této metody nepomdahd pouze k redukci
velkych pritoku vody vnikajici do tunelu, ale m4 i zdsadn{ vyznam ve
zlepSeni geotechnickych podminek v okoli vyrubu, a tim ke zvySeni
bezpecnosti na pracovisti. Technologie pre-grouting za pouZiti polyu-
retanovych pryskyfic se tak stala nedilnou souddsti razictho cyklu, kdy
zastiZen{ silnych pfitokd vody s vysokym tlakem nebylo duvodem pro
prerusovani razby na del§i dobu. Nutno pak poznamenat, 7¢ puvodné
navrzené feSeni injektdZi pomoci cementovych smési se z diavodu
zastizenych podminek na tunelu Olafsfjérdur ukézalo jako nedinné.
PouZité chemickych materidly a vybaveni umoZnily, i pres obrovské
investi¢ni ndklady ze strany investora a usili vSech stran, zdarné
dokoncit razby ve velmi obtiZnych podminkach.
Za to se patii podékovat vSem zicastnénym pracovnikim
v technickych a délnickych profesich, ktefi prokdzali a prokazuji, ze
i pres velkou nepiizen prirodnich podminek jsou schopni se jim pfi-
zpusobit.
ING. STEFAN IVOR, stefan.ivor@metrostav.cz,
ING. VACLAV PAVLOVSKY, vaclay. pavlovsky@metrostav cz,
ING. IVAN PIRSC ivan.pirsc @metrostav.cz,

ING. ERMIN STEHLIK, ermin.stehlik@metrostav.cz,
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Recenzoval: doc. Ing. Richard Stiupdrek, CSc.
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The entire section was stabilised by chemical grouting. A fan consisting of
20 splaying boreholes was drilled for each excavation round. A pair of GX
45-11 piston pumps injected the grout. When the working pressure had been
reached, thus the grouting had been finished, the tightness of the protective
envelope was verified. The entire procedure, including the installation of new
boreholes, was repeated until a substantial reduction of the water inflows was
achieved (see Photo No. 10) and the drill and blast operations could com-
mence, with the round length reduced to 3.0m. When the primary support
installation had been completed, it was again necessary to verify changes in
the hydrological conditions and start the grouting operations for the new
excavation round. This method allowed the miners to work safely, under the
protection of overlapping ‘umbrellas’, even through very long unfavourable
stretches; of course, with the excavation advance rates negatively affected.

SUMMARY OF THE EXPERIENCE IN CHEMICAL GROUTING

The following features can be considered the greatest advantages:

« the ability to function under very cold ground water and high pressure
conditions,

* immediate feedback — a possibility of quickly responding to changed
conditions,

* a possibility of quickly mobilising the grouting equipment,

e blasting operations can start nearly immediately after the successful
grouting, without longer breaks.

As any technology, even this one has its negatives:

* significant increase in the quantities of drilling operations,

* single-shot use of (sacrificial) grouting rods and packers,

¢ increased demands for flexibility of personnel,

e relatively high cost of grouting materials and equipment.

CURRENT CONDITION

As of today, both tunnels have broken through. Of the nearly Skm long
excavation of the Olafsfjordur-East tunnel, the length of 1007m (20%) had to
be stabilised, mostly by chemical grouting. A total of 633t of chemical grou-
ting materials was consumed in both tunnels; as much as 590 tons of that total
were used for the Olafsfjérdpr—East section. The average consumption of
grout per linear metre of the Olafsfjordur-East tunnel excavation amounts to
117kg. To refine the information, it is necessary to present the average con-
sumption on the tunnel sections which had to be stabilised, which amounted
to 555kg/m. The successful execution of the grouting required 40.6km of
boreholes to be drilled; the Olafsfjérdur tunnel took 37.5km of that quantity.

CONCLUSION

The experience gained during the grouting by means of polyurethane
resins shows that the application of this method not only helps to reduce
large water inflows into a tunnel, but also is crucial for improving geotech-
nical conditions in the vicinity of the excavation, thus for improving safety
at work. The injection of grout ahead of the face (the pre-grouting techni-
que) using polyurethane resins therefore became inseparable part of the
excavation cycle and encountering heavy inflows of high pressure water
was no reason for suspending the excavation for a longer time. It is neces-
sary to say that the originally designed grouting system using cement mix-
tures turned up ineffective because of the conditions encountered at the
Olafsfjordur tunnel. The chemical materials and equipment which were
used made the completion of the excavation through the difficult conditions
possible. The excavation was successful, even though the immense invest-
ment cost was incurred by the client and all parties to the project had to
make all possible efforts.

All technicians and workers who participated in the process deserve
appreciation. They proved and are proving that they are capable of adapting
themselves even to so much unfavourable conditions.
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CROSSRAIL - NOVE ZELEZNICNI TUNELY POD CENTREM LONDYNA
CROSSRAIL - NEW RAILWAY TUNNELS UNDER THE CENTRAL LONDON

ARISTOTELIS CARAVANAS, PETR SALAK

ovob

Crossrail je projekt na vystavbu nového Zelezni¢niho spojent, které popr-
vé propoji jihovychodni a jihozdpadni Zelezni¢ni sit’ Anglie pfimo pres cent-
rum Londyna. Trasa povede ze zdpadu z Maidenheadu a z letisté Heathrow
smérem na vychod, kde navédze na stdvajici Zelezni¢ni sit’ u Shenfieldu
a Abbey Wood (obr. 1). Pod centrem Londyna bude trat’ vedena dvéma
21 km dlouhymi jednokolejnymi Zelezni¢nimi tunely. Crossrail spoji klico-
vé londynské stanice Paddington, Bond Street, Tottenham Court Road,
Farringdon, Liverpool Street, Whitechapel a Canary Wharf (Isle of Dogs).

S plénovanou cenou ve vysi 15,9 miliardy britskych liber bude Crossrail
pravdépodobné nejvetsi stavebni projekt v Evropé. Hlavni stavebni price
zacnou v roce 2010 a jejich ukondeni se predpoklddd v roce 2017 (obr. 2).
Uvedenim Crossrailu do provozu se zvysi prepravni kapacita londynské
Zelezni¢ni hromadné dopravy priblizné o 10 %. Projekt ma pod sprivou
Crossrail s. 1. 0. (CRL), kterd je dcefinou spole¢nosti Transport for London.

VSEOBECNY POPIS PROJEKTU

Prvni névrh Zelezni¢niho spojeni vychodu se zdpadem pres Londyn byl
predloZen britskym inZenyrem I. K. Brunelem v roce 1840, av§ak vétsiho
rozvoje se dockal aZ v obdobi poslednich tficeti let. Crossrail ma radu etap
a projektovych stupit, z nichZ hlavni jsou Hybrid Bill (projedndvani ndvr-
hu zédkona), Initial Reference Design (IRD, vychozi ndvrh) a tfi stupné
Scheme Design (SD). Od stupné IRD byl projekt Crossrail rozdélen na
nékolik ¢dsti. Na kazdou Cést se konalo vybérové fizeni na projektanta
(MDC) s nasledujicimi vysledky:

e MDC 1 (povrchové objekty na zdpadé a severovychodé mésta)

— spole¢nost Scott Wilson Railways;

e MDC 2 (tunely v centralni oblasti a stanice na zdpadg, osténi mezista-

ni¢nich tunelt) — sdruZeni spole¢nosti Arup a Atkins;

¢ MDC 3 (tunely v centrdlni oblasti a stanice na vychod€) — spole¢nost

Mott MacDonald;

* MDC 4 (jihovychodni{ vétev trasy) — spole¢nost Halcrow.

V dobé uzédvérky tohoto &isla Casopisu byl projekt ve fazi vyhodnocové-
ni nabidek na tvorbu realizacni dokumentace. Vzhledem k rozsdhlosti
a slozitosti projektu muze jeho kone¢nd podoba doznat zmén.

INTRODUCTION

Crossrail is the project to build new railway system which provides,
for the first time, a connection of the South-East and the South-West
railway network through the centre of London. Crossrail route will run
from Maidenhead and Heathrow in the west through 21 km long twin
tunnels under central London — connecting key London stations inclu-
ding Paddington, Bond Street, Tottenham Court Road, Farringdon,
Liverpool Street, Whitechapel and Canary Wharf (Isle of Dogs) — and
out to Shenfield and Abbey Wood in the east, see Figure 1.

The cost of the project is going to be £ 15.9 billion. Becoming
Europe's largest civil engineering project, major works are due to
begin in 2010, with the first service trains expected to run in 2017 (see
Figure 2), effectively adding 10 % to the capacity of London's rail
based public transport. Crossrail has been promoted by Crossrail Ltd
(CRL), a wholly owned subsidiary of Transport for London.

GENERAL PROJECT DESCRIPTION

Crossrail has a very long history, with the idea for an east-west rail
route across London first mooted by I. K. Brunel in 1840. The main
development of the project has been undertaken within the last
30 years. The design of the Crossrail Project has been through many
phases notably the Hybrid Bill, Initial Reference Design (IRD) and
three phases of Scheme Design (SD). At the IRD stage the project
was split into three separate design packages. For each of the packa-
ge the multi-disciplinary design consultant (MDC) was tendered as
follows:

e MDC 1 (Surface West and North East) - Scott Wilson Railways;

* MDC 2 (Central Tunnels & Stations West, running tunnel lining)

- Arup / Atkins JV;

e MDC 3 (Central Tunnels and Station East) - Mott MacDonald;

e MDC 4 (South-East branch) - Halcrow.

The article reflects the project status in the stage of the Detailed
Design tendering procedure. Considering the scope and complexity of
the project, the final solution can get modifications.
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Obr. 1 Mapa projektu Crossrail s vyznaéenim raZeb tunelii pomoci tunelovacich stroji

Fig. 1 Crossrail layout plan showing TBM construction sequence
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Tab. 1 Hlavni charakteristiky projektu Crossrail
Celkova délka trasy 118,5 km

celkem 415 km (dve jednokolejné
tunelové trouby kazda v délce 20,75 km)

Délka tunelt pod centrem Londyna

Celkovy pocet stanic (z toho novych
podzemnich stanic)

38 (8)

Navrhova rychlost 160 km/h (96 km/h v tunelech)

Max. kapacita vlakovych souprav 1500 cestujicich pfi 12 vozech v jedné

soupraveé
Max. délka vlakovych souprav 240 m
Rozchod kolejnic 1435 mm

Intenzita dopravy v prabéhu
dopravni $picky

24 vlakovych souprav za hodinu
v kazdém sméru
Predpoklddany pocet cestujicich za rok 200 miliont

El. napdjeci systém 25 kV, stiidavy proud

Minimadlni navrhovy podélny sklon  1:200
Maximadlni navrhovy podélny sklon 1:30

v tunelech

Min., max. navrhové poloméry 2650 m;
vyskovych oblouku 10 000 m

Min. ndavrhové poloméry 300 m — 80 km/h

smérovych obloukt 455 m — 100 km/h

Crossrail bude sou¢dsti integrované mestské hromadné dopravy a umozni
prestup na 9 linek metra. V prubéhu dopravni $picky budou vlakové soupra-
vy s kapacitou 1500 cestujicich jezdit v kazdém sméru ve 2,5 minutovych
intervalech. Pro tento projekt je pldnovdna vyroba 65 novych vlakovych
souprav (obr. 3). Trasa je primarné uréena pro prepravu cestujicich.

GEOLOGICKE POMERY

Tunely v centrdlni ¢4sti Londyna budou raZeny s nadloZim 20 aZ 50 m
a postupné budou prochdzet nasledujici geologické vrstvy (obr. 4):

Crossrail will be integrated with the Tube and national rail net-
works and will include interchanges with nine London Underground
lines. Crossrail trains, capable of carrying up to 1,500 people, would
run at metro-style frequencies of every two and a half minutes, in
each direction, during the peak periods. About 65 new trains are plan-
ned to be constructed for use on Crossrail, see Figure 3. The route is
going to serve primarily for the passenger transportation.

GEOLOGICAL CONDITIONS

The tunnel tubes are to run generally with 20 to 50 m overburden
and are to cross gradually the following layers (see Figure 4):

e Superficial Deposits. These are formed by Made Ground - depo-
sited during hundreds of years of human occupation - and by

¢ Alluvium Deposits - formed by slightly sandy clay;

e River Terrace Deposits which were deposited during the last ice-age;

e London Clay Formation, which is formed by classic stiff high-
plastic clays and was deposited in the Tertiary sea during the
Eocene era. This supports most of the deep foundations under
London;

e Lambeth Group, which was deposited in the Tertiary sea during
the Paleocene era. Within the Lambeth Group clay layers and
water bearing cohesionless clayey sands are interchanging;

e water bearing cohesionless silty fine Thanet sands;

e and Chalk Group in the section under the River Thames.

The hydrogeological regime in the central London area is broadly
consistent comprising a variable shallow aquifer in the Quaternary
and River Terrace Deposits and a deep aquifer in the Lambeth Group,
Thanet Sand Formation and Chalk Group. These two aquifers are
separated by the low permeability soils of the London Clay
Formation.

Cohesionless strata of Thanet Sands and Lambeth Group are likely
to be water bearing with potential for high pore water pressures
giving rise to hazards associated with groundwater inflow and run-
ning sand causing instability in the tunnel face.

Detail information on London geology can be found in the Czech
Tunnel Magazine articles [2] and [3].

UNDERGROUND STATIONS

Seven stations within the central London area are all underground.
Bond Street Station, Tottenham Court Road Station, Farringdon
Station, Liverpool Street Station (Figure 5) and Whitechapel Station

2005 | 2006 I 2007 I 2009 2010 I 2011 l 2012 I 2013 | 2014 2015 2016 2017 | 2018
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Obr. 2 Harmonogram projektu Crossrail
Fig. 2 Crossrail construction schedule




Obr. 3 Vizualizace vlakové soupravy pro Crossrail
Fig. 3 Planned Crossrail rolling stock

* navazky, které se vytvaiely jako pozustatek lidské Cinnosti v pribéhu

osidlovan{ Londyna;

* pistito-jilovité povodnové naplaveniny;

o piscité a §térkovité ri¢ni sedimenty feky TemZe, vytvofené v prub&hu

posledni doby ledové;

e vrstvy londynského jilu“, tvorené sedimenty tfetihorniho mote

v prubéhu eocénu. Jednd se o klasické tuhé, vysoce plastické jily,
ve kterych se nachdzi vétsina hlubinnych zdklada soucasné londynské
zastavby;

¢ lambethské souvrstvi, tvorené sedimenty tretihorniho mofe v prubéhu

paleocénu. V tomto souvrstvi se stiidaji vrstvy jili a zvodnénych
nesoudrznych zemin (pisku, pis¢itych jil);

* vodonosné nesoudrzné a jemné zrnité thanetské pisky;

o kridové souvrstvi v tiseku pod fekou TemZi.

Z hydrogeologického hlediska lze v centrdln{ oblasti Londyna v zdsadé
vymezit svrchni zvoden vazanou na kvartérni a ficni sedimenty a nize polo-
Zenou zvoden vézanou na lambethovo souvrstvi, thanetské pisky a kiidové
souvrstvi. Tyto dva horizonty podzemni vody jsou oddéleny nizko pro-
pustnou vrstvou londynskych jila.

Z hlediska stability Celby a oekdvanych vysokych pritoku podzemni
vody bude raZba v prostiedi vodonosnych thanetskych piska a vrstev lam-
bethova souvrstvi ndro¢na.

Podrobnéjsi informace o londynské geologie 1ze nalézt v ¢ldncich [2]
a [3] Casopisu Tunel.

PODZEMNI STANICE

Vsech sedm stanic v centrdln{ ¢4sti Londyna bude podzemnich. Stanice
Bond Street, Tottenham Court Road, Farringdon, Liverpool Street (obr. 5)
a Whitechapel obsahuji razené podzemni objekty — ndstupistni, eskaldto-
rové, vzduchotechnické a piistupové tunely, které budou zhotovené
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Table 1 Key Data of the Crossrail Project

Service Length
Tunnel length in Central London
Number of stations in total (from
which new underground stations)
Line speed max

Train Capacity

Train Length

Gauge

Peak Service Frequency
Expected Usage

(passengers per year)

Power Supply

Gradient minimum

Gradient maximum in tunnels
min.; max. Vertical Curve Radius

min. Horizontal Curve Radius

118.5 km

totally 41.5 km of tunnel tubes
(20.75 km twin bored tunnels)

38 (8)

160 km/h (96 km/h in tunnels)

1,500 seated and standing for
12 cars trains

240 m
1,435mm

24 trains
per hour each way

200 million

25 kV ac overhead
1:200

1:30

2,650 m; 10,000 m

300 m — 80 km/h
455 m — 100 km/h

all have mined platform, escalator and passenger tunnels constructed
using sprayed concrete lining (SCL) techniques. Paddington and
Canary Wharf (Isle of Dogs, Figure 6) stations are to be constructed
from the surface as cut and cover structures. Another cut and cover
underground station Woolwich is located on the right bank of the
River Thames, outside the central area.

The plan is to have the SCL station platform tunnel (Figure 7) pri-
mary lining completed in advance of the arrival of the running tunnel
TBMs. This will allow the tunnel boring machine to be slid through
the completed platform tunnels and re-start the running tunnel drive
to the next station except Farringdon station where TBMs from both
east and west directions are to finish.

Some of the characteristics of all three underground stations within
MDC 3 part are listed in the Table 2.
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Fig. 4 Crossrail longitudinal scheme and geology in the central London area
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Tab. 2 RaZené podzemni stanice v ¢dsti MDC 3 a jejich struc¢nd charakteristika

Planované zahajeni
a ukonceni stavebnich praci

bz et Hlavni stavebni objekty

Objem vytéZeného materidlu se
zahrnutim koeficientu nakypreni 1,8 [m3]

2011 az 2016 — zdpadn{ vestibul a dvé Sachty kruhového pudorysu
(vnéjsi primér 20 m a hloubka 28 m;
vnéj§i prumér 17 m a hloubka 34,5 m);

— stavebni jdma pro vychodni vestibul
(dl. 29 x §. 13 x hl. 11 m) a Sachta kruhového
pudorysu (vnéjsi prumér 9,5 m a hloubka 37 m);

— stani¢ni tunely (ndstupistni, eskaldtorové, pristupové,
propojovaci, inikové a vzduchotechnické tunely)

Farringdon

2011 az 2015 — vestibul Moorgate a Sachta kruhového pudorysu

(vnéjsi prumér 33 m a hloubka 39 m);
— Sachta na Finsbury Circus (vnéjsi prumér 13,5 m
a hloubka 42 m);
— Sachta Blomfield (dl. 31,5 x §. 20 x hl. 38 m);
— stavebni jdma Liverpool Street a vestibul Broadgate;
— stani¢ni tunely (ndstupitni, eskaldtorové, pristupové,
propojovaci, inikové a vzduchotechnické tunely)

Liverpool Street

Whitechapel 2011 az 2016 — stavebni jama Durward Street (dl. 60 x §. 21,5 x hl. 30 m);

— Sachta West Stair (dl. 25 x §. 12 x hl. 14 m);

— stavebni jdma a vestibul Fulbourne Street;

— Sachta Cambridge Heath Road kruhového pudorysu
(vnéjsi pramér 30 m a hloubka 33 m) a ventila¢n{ Sachta
(vnéjsi pramér 13,2 m a hloubka 33 m);

— stani¢ni tunely (ndstupistni, eskaldtorové, pfistupové,

propojovaci, inikové a vzduchotechnické tunely)

TUNNELS

s pouzitim osténi ze stifkaného betonu. Stanice Paddington a Canary
Wharf (Isle of Dogs - obr. 6) jsou navrzené jako hloubené z povrchu. Dals{

4503 tis.

415,0 tis.

2990 tis.

hloubenou podzemni stanici, nachdzejici se jiz mimo centrdln{ oblast, je
stanice Woolwich na pravém biehu feky TemZe.

Stani¢n{ tunely budou vyraZeny a vystrojeny primdrnim osténim (obr. 7)
v predstihu pred pifjezdem plnoprofilovych tunelovacich stroji. Stity
budou po prordzce do stani¢nich tunelt presunuty na jejich druhy konec,
kde zahdji razbu ve sméru do dalsi stanice. Vyjimku tvoi{ stanice

Tunnels will be driven through the central London area and will
run from the west portal at Royal Oak towards the Whitechapel
Station. They will split into two branches at Stepney Green — the
North-East line to the Pudding Mill Lane portal continuing further
as a surface line to Shenfield; and the East line to Victoria Dock
portal continuing further through Docklands, crossing the River
Thames in tunnels and to Abbey Wood (see Figure 1). There will

-

o - S
R g
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_ also be a mostly tunnelled spur to

Heathrow.

-~ The extensive underground
! infrastructure and location of exis-
M ting deep building foundations
' have been identified as being of
particular importance for determi-
nation of the tunnel route align-
ment. The tunnel tubes are to run
generally 20 to 25 m deep,
and at most 50 m in east London.
The centreline to centreline separa-
tion is between bored running tun-
nels from a minimum of 8 m to

a maximum of 66 m.

The running tunnels are going to
be of a circular profile (TBM exca-
vation method) of 6.2 m internal
— i diameter (Figure 8). In comparison
B versan i to Crossrail running tunnel id.,

Glrain, Diwieic, already built Channel Tunnel Rail

ly o

ey

A

i .

-'_,_-"'.'_._...-:nf;;.. Y
e
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LIF matnting nlation

Hammersmih snd Crtyp . N R

Poul DHfce ey Link CTRL is of 7.15 m id.,
I P Coplis Syl Jubilee Line tube tunnels are of
Bl crovena

4.35 m i.d. and Victoria Line tube
tunnels are of 3.81 mi.d.

1 — ndstupistni tunel; 2 — trathvy tunel; 3 — eskaldtorovy tunel; 4 — pristupovy tunel; 5 — vzduchotechnicky
tunel; 6 — provizorni stavebni Sachta; 7 — Sachta Blomfield; 8 — Sachta Moorgate; 9 — vestibul; 10 — stdvajici
stanice metra; 11 — stdvajici tunel metra; 12 — stdvajici postovni tunel; 13 — stdavajici Zeleznic¢ni tunel

1 - station platform tunnel; 2 — running tunnel; 3 — escalator tunnel; 4 — passenger tunnel; 5 — ventilation
tunnel; 6 — temporary construction shaft; 7 — Blomfield shaft; 8 — Moorgate shaft; 9 — vestibule; 10 — existing
London Underground station; 11 — existing London Underground tunnel; 12 — existing post tunnel; 13 — exis-
ting railway tunnel

Obr. 5 Uspordddni podzemni stanice Liverpool Street
Fig. 5 Liverpool Street underground station arrangement

Running tunnels are going to be
excavated by TBMs. It is likely
that the TBMs used to construct the
tunnels in London Clay, Lambeth
Group and Thanet Sands will be
earth pressure balance machines
(EPB). Slurry type machine (SPB)
is planned to excavate through




Table 2 Crossrail Underground Stations characteristics within MDC3 part

Underground Stations Works Start

— Works Completion

Main Structures
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Excavated Material (bulking factor
of 1.8 applied to all excavated materials)
[m3]

Farringdon Station 2011-2016

- Western Ticket Hall and two piled shafts (external

450,300

diameter e.d. 20 m x depth 28 m;
e.d. 17 m x depth 34.5 m);
- box for East Ticket Hall (29 x 13 x 11 m)
and Shaft (e.d. 9.5 m x depth 37 m);
- station tunnels (platform, escalator, cross, access
and escape passages, ventilation adits)

Liverpool Street Station 2011-2015

- Moorgate Ticket Hall and Shaft

415,000

(e.d. 33 m x depth 39 m);

- Finsbury Circus construction shaft
(e.d. 13.5 m x depth 42 m);

- Blomfield Box (31.5 x 20 x 38 m);

- Liverpool Street Box / Broadgate Ticket Hall;

- station tunnels (platform, escalator, cross, access
and escape passages, ventilation adits)

Whitechapel Station 2011-2016

- Durward Street Box (60 x 21,5 x 30 m);

299,000

- West Stair Shaft (25 x 12 x 14 m);

- box for Fulbourne Street Ticket Hall;

- Cambridge Heath Road Shaft
(e.d. 30 m x depth 30 m) and draught relief shaft
(e.d. 13.2 m x depth 33 m);

- station tunnels (platform, escalator, cross, access
and escape passages, ventilation adits)

Farringdon, v které §tity z vychodniho i zdpadniho sméru ukonéi razbu (viz
obr. 1).

Nekteré z charakteristik podzemnich stanic v centrdln{ oblasti Londyna
v ¢asti MDC 3 jsou uvedeny v tab. 2.

TUNELY

Razené tunely pod centrem Londyna povedou ze zdpadniho portdlu Royal
Oak smérem ke stanici Whitechapel. Za stanici Whitechapel se tunely rozdé-
Ii ve Stepney Green do dvou smérdl — na severovychodni trasu pokracujici
k portdlu Pudding Mill Lane a déle po povrchu do Shenfieldu; na vychodn{
trasu smérujici k portdlu Victoria Dock a déle pres oblast Docklands do
Abbey Wood s tunely pod fekou Tem?Zi (viz obr. 1). Odbocka od hlavni Zelez-
ni¢ni trasy smérem k letisti Heathrow bude rovnéz vedena v tunelech.

Stavajici rozsdhld podzemni zdstavba spolu s hlubinnymi zdklady budov
predstavuji hlavni limitujici prvky pro ndvrh trasy tunelt. Niveleta Zelez-
niénf trasy je pfevazn¢ vedena v hloubce 20 aZ 25 m, s maximdlni hloub-
kou az 50 m ve vychodni ¢4sti Londyna. Osovd vzdélenost navrhovanych
tunel se pohybuje v rozmezi 8 az 66 m.

Tratové tunely maji kruhovy profil (vystavba pomoci tunelovacich stroji)
s vnitinim primérem 6,2 m (obr. 8). Pro porovnédni tunely na jiz
realizovaném Zelezni¢nim projektu Channel Tunnel Rail Link jsou vnitiniho

Tab. 3 Predpoklidané prumérné rychlosti razeb a typy tunelovacich stroju

Tunelové dseky

!

Obr. 6 Vizualizace stanice Canary Wharf (Isle of Dogs). Obchodni prostory
o rozloze 9290 m? budou postaveny ve dvou ze sedmi pater stanice

Fig. 6 Canary Wharf (Isle of Dogs) station visualization. The 9.290 m? retail
space will be built above the station, occupying two of the station's seven levels

Délka (km) Prumérn4 rychlost razby Doba razby (tydny) Typ tunelovaciho stroje
(m/tyden)
Portél Royal Oak 6,16 90 68 2x EPB
— stanice Farringdon
Sachta Limmo Peninsula 8,30 90 92 2x EPB
— stanice Farringdon
Sachta Limmo Peninsula 093 65 12 1x EPB (jeden
— portdl Victoria Dock z 6 nasazenych)
Sachta Stepney Green 2,72 90 31 2x EPB
— portdl Pudding Mill Lane
Portal Plumstead 2,64 60 29 1x SPB
— portdl North Woolwich
Celkem 20,75 km tratovych tunelt 6x EPB,
(dve tunelové trouby: 41,50 km) 1x SPB
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Table 3 Anticipated average tunneling rates and TBM types

Tunnel Drive Tunnel Drive Length Planned Average Tunneling Duration of tunnel driving Expected type of TBM
(km) Rate (m / week) (weeks)
Royal Oak portal 6.16 90 68 2x EPB
to Farringdon Station
Limmo Peninsula Shaft 8.30 90 92 2x EPB
to Farringdon Station
Limmo Peninsula Shaft 093 65 12 1x EPB
to Victoria Dock Portal (one of the six used)
Stepney Green Shaft 2.72 90 31 2x EPB
to Pudding Mill Lane Portal
Plumstead Portal to North 2.64 60 29 1x SPB

Woolwich Portal

Totally 20.75 km of running tunnels 6x EPB,
(twin tube: 41.50 km) 1x SPB
fractured water bearing chalk under the River Thames. TBM con-
2 struction plan is shown in the Figure 1. Anticipated average tunnel-
3 ling rates, see Table 3, were adopted for expected ground conditions,
the length of the tunnel drives, and the location of the drives with res-
4 pect to surface structures and their sensitivity to settlement. An eight
week learning curve was introduced at the commencement of the
tunnel drives where typically 50 % of the advance rate is assumed,
except for Royal Oak to Paddington where a tunnelling rate of 40 m
/ week (44 %) has been assumed. Tunneling operations will be carri-
ed out on a 24 hour, 7 day week basis. Tunneling operations are allo-
wing for maintenance and replacement of equipment; extension of
11
1
1 — primami osténi ze stfikaného betonu; 2 — minimalni profil néstupisté; 3 — vyrobni tolerance
osténi (100 mm); 4 — obloZeni (250 mm); 5 — vzduchotechnicka chodba; 6 — technicka
chodba pro vedeni inZenyrskych siti
1 - shotcrete lining; 2 — passenger zone; 3 - lining tolerance allowance (100 mm);
4 - cladding allowance (250 mm); 5 — UPE duct; 6 — services zone

Obr. 7 Pricny rez ndstupiStnim tunelem
Fig. 7 Typical cross section of the Crossrail station platform tunnel

pruméru 7,15 m, tunely metra linky Jubilee maji vnitini primér 4,35 m
a linka Victoria md vnitin{ pramér tuneld 3,81 m.

Tratové tunely budou razeny pomoci tunelovacich stroju. V prostredi lon-
dynskych jila, lambethské souvrstvi a thanetskych pisku je planovana razba
pomoci zeminovych 3titd (EPB). Pro tunely pod fekou TemZi, které procha-
zeji prostredim zna¢né rozpukanych a vodonosnych kiidovych vrstev, se pred-
poklddd nasazeni bentonitového §titu (SPB). Schéma nasazeni tunelovacich
stroju je znazornéno na obr. 1. Planované pramérné rychlosti razeb tunelova-
cimi stroji (tab. 3) zohledriuji predpoklddané horninové podminky, délky raze-
nych tunelovych dsekd a charakter lokality vzhledem k citlivosti povrchové
zéstavby na seddni. Pro pocatecni tseky razeb se uvazuje s ivodnim osmity-
dennim obdobim, v rdmci kterého budou postupné narustat zkuSenosti doda-
vatele. Prumérnd rychlost razby v tomto obdobi je sniZena na 50 % s vyjimkou
useku mezi Royal Oak a Paddingtonem, kde se uvazuje s pocate¢ni rychlosti
raZeb 40 m tydné (tj. 44 %). Razba tuneld bude probihat nepretr7ité 24 hodin
denné, 7 dni v tydnu. Primémé hodnoty rychlosti raZeb zahrnuji tGdrZby
a vymény zafizeni na Stitech, prodluzovani pasovych dopravnika a obsluzné
kolejové dopravy, rizné odstavky, zpomaleni raZeb v kritickych mistech
a prekondvani prekdzek v trase razby. Doba na vybér, vyrobu a dodéni Stitu na

1 — osténi z prefabrikovanych Zelezobetonovych segmenti (300-350 mm); 2 — prijezdny
profil viakové soupravy ; 3 — tnikova cesta; 4 — nouzova pfistupova cesta;

5 — predpokladany vnitfni prdmér tunelu (6,2 m); 6 — vyrobni tolerance osténi (100 mmy;
7 — osvétleni; 8 — kabely 22 kV; 9 — kabely nizkého napéti (signéini a telekomunikacni);
10 — pozarni potrubi; 11 — koridor pro trakéni vedeni

1 - pre-cast reinforced concrete segments (300 — 350 mm); 2 — train clearance profile;

3 - evacuation walkway; 4 — emergency accesway; 5 — planned tunnel internal diameter
(6.2 m); 6 - lining tolerance allowance (100 mm); 7 — tunnel lighting; 8 — HV cables 22 kV;
9 — LV power cables (signalling and telecomms); 10 — fire main; 11 — space for overhead
line equipment (OHLE)

Obr. 8 Pri¢ny Fez tratbvym tunelem
Fig. 8 Running tunnel cross section
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conveyors and service
railway; further stoppages;
slowing of TBMs through
critical areas; and removal
of obstructions where and
if necessary. The time
required to procure, manu-
facture and deliver a TBM
is approximately one year.
Delivery of a second TBM,
to the same worksite, can
be expected two months
after delivery of the first.
The tunnel linings will
be designed to withstand
loads from the surroun-
ding ground, forces from
TBM, groundwater, a sur-
charge of 75 kN/m?, hand-
ling forces, and to meet

Obr. 9 Ndklady a &asovy plan vystavby vyznamnych londynskych projektu
Fig. 9 Cost and schedule of present and planned big London projects

stavenisté se odhaduje na jeden rok. Dodani druhého §titu na stejné stavenisté
se otekdva do dvou mésict po dodani prvniho.

Tunelové osténi bude navrzZeno tak, aby vyhovelo zatizeni zeminou, pritla-
ku Stitu, tlaku podzemni vody, pfitiZeni povrchu 75 kN/m2, poZadavkam
na pozdmni odolnost a zatéZovacim staviim pfi manipulaci. Sou¢asny ndvrh
predpoklddd, Ze tunely raZené pomoci tunelovacich stroji budou vystrojeny
prefabrikovanym osténim tloustky 300 az 350 mm, které se bude skladat
z deviti Zelezobetonovych segmentu (1x vrchni uzaviraci segment, 2x vrchni
dil a 6x standardni dil). Prostor mezi prefabrikovanymi segmenty
a horninovym masivem bude zainjektovan. Primdrn{ osténf stani¢nich, eska-
ldtorovych, pristupovych tuneli a riznych tunelovych propojek bude zhoto-
veno ze stitkaného betonu. V mistech rozpleta a kifZzeni budou pouZity ocelo-
vé pithradové rdmy se siti.

Odhaduje se, 7e v prubéhu vystavby bude celkem vytéZeno 6,5 milionu m3
zeminy (se zahrnutim nakypreni) a dalSich 1,5 milionu m? bude predstavovat
material z demolic a stavebn{ ¢innosti. Z divodu, aby centrum Londyna neby-
lo prili§ zatiZeno dopravou ze stavby, bude vétSina rubaniny téZena pouze pres
Ctyri portdly a dédle odvéZzena nésledné:

¢ od portdlu Royal Oak po zdpadni Zelezni¢ni siti Great Western Main Line;

¢ od portdlu Pudding Mill Lane po vychodni Zelezni¢ni siti Great Eastern

Main Line;

¢ od Sachty Limmo Peninsula lodni dopravou;

¢ od portdlu v Plumsteadu do Manor Wharf po silni¢ni siti, kde bude pre-

klddand na ndkladni lode¢.

VétSina vytéZzeného materidlu, cca 5,1 mil. m3, bude pouZita na rozsiteni
ptaci rezervace na ostrové Wallasea u pobreZi v Essexu.

ZAVER

V Cervenci 2008 britsky parlament schvdlil zdkon tykajici se vystavby pro-
jektu Crossrail. V soucasné dobé ekonomické krize je stavba projektu prirov-
ndvana k expanzi londynského metra, kterd se odehrdla ve 30. letech minulé-
ho stoleti jako reakce na tehdejsi ekonomickou recesi. Porovnani odhadova-
nych ndkladt a doby vystavby projektu Crossrail s dal$fmi vyznamnymi lon-
dynskymi projekty je uvedeno na obrdzku 9. Predpoklddd se, Ze na projektu
bude pracovat az 14 tisic lidi.

ING. ARISTOTELIS CARAVANAS,

Aristotelis Caravanas @mottmac.com,

ING. PETR SALAK, Petr.Salak@mottmac.com,
MOTT MACDONALD LTD., CROYDON, U.K.

Recenzoval: doc. Ing. Matous Hilar, Ph.D.
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fire and durability require-
ments. The present as-
sumption is that a tunnel
lining will consists of 9
pre-cast concrete segments (one key, two top and six standard) of
300 — 350mm thickness. Segments will be reinforced using steel fib-
res. The annulus between the lining and the excavated ground will
be filled with a grout. The design of the station platform tunnels and
other underground passenger corridors and ventilation ducts is
based on the use of SCL as the immediate and permanent ground
support structure. Lattice arch girders and mesh are to be used at
junctions.

The estimated volume of excavation material is about 6.5 million
m3 (the figure estimates the bulked volume of material allowing for
the increase in volume of material following extraction). The esti-
mated volume of construction and demolition waste material is 1.5
million m3. Most of the spoil will be removed from four portal sites
in order to minimize the disruption impact on central London to
a minimum. The excavated material from the running tunnels is
going to be removed as follows:

e by rail at Royal Oak Portal using the Great Western Main Line;

¢ by rail from the Pudding Mill Lane Portal using the Great Eastern

Main Line;

* by barge from the Limmo Peninsula Shaft; and

e from the Plumstead Portal by road to Manor Wharf where it is

transferred to barges.

Most of the excavated material, some 5.1 million m3, is going to
be used for the development of a Bird Reserve at Wallasea Island on
the Essex coast.

CONCLUSION

The Crossrail Act was passed by the British Parliament in July
2008 which provided the powers to build the railway. Crossrail, in
the current economic recession climate, is compared to the expansi-
on of the London Underground that was kick-started in response to
the depression of the 1930s. Cost and schedule of present and plan-
ned big London projects are presented in the Figure 9. Up to 14,000
people will be employed in the project at the peak period of con-
struction.
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CROSSRAIL: NAVRH SACHET A TUNELU V UZLU STEPNEY GREEN

CROSSRAIL: DESIGN FOR SHAFTS AND TUNNELS
AT STEPNEY GREEN JUNCTION

PAVEL RUZICKA, MICHAL UHRIN, ANTONIN PAUL, LINDA VYDROVA

ovob

Crossrail je jeden z nejvétSich stavebné-inZenyrskych evropskych projektu
posledni doby. Zactek vystavby je planovan na rok 2010 a uvedeni prvnich
Casti do provozu na rok 2017. Celkovy prehled projektu lze nalézt v ¢lanku
autord Caravanas, Saldk: Crossrail — Nové Zelezni¢ni tunely pod centrem
Londyna, ktery je uvefejnén v tomto &isle na str. 55.

UZEL STEPNEY GREEN

Uzel ve Stepney Green je multifunkéni podzemni uzel sklddajici se ze dvou
Sachet, tunellii podzemnich vyhyben a technologickych objekti na povrchu.
Trat se zde bude rozplétat do dvou vétvi ve vychodni ¢asti mésta. Sachty jsou
navrZeny jako vicetdcelové. Pii vystavbé budou slouZit jako startovni pro
NRTM razbu, poté pro spusténi a montdz TBM souprav a po uvedeni do pro-
vozu budou slouZit jako tnikové vychody z podzemi a zdroven jako ventila¢-
nf Sachty. Stavba je situovdna do oblasti Tower Hamlets pobliZ parku Stepney
Green, kde bude zdroven umisténo zafizeni staveniste.

Vystavba bude probihat ndsledovné ([1]): Nejprve bude vytvorena stavebni
jdma pazend doCasnou §tétovou sténou. Z této stavebni jamy bude probihat
hloubeni vlastnich ventilacnich Sachet a z nich budou ndsledné razeny pod-
zemni kaverny a ventila¢ni Stola pomoci NRTM. Skrze podzemni kaverny pro-
jedou TBM soupravy, které budou razit ve sméru od Limo Shaft do uzlu
Stepney Green a ddle budou pokracovat smérem na zdpad do stanice
Farringdon. Poté budou Sachtami spustény a smontovéany dalsi TBM, které
zaénou razit z podzemnich kaveren druhou vychodni vétev smérem k Pudding
Mill Lane Portal. Cely tento proces probihd dudlné pro oba sméry budouci
trasy. Ndsledné bude probihat instalace veskerého vnitiniho vybavent, vystav-
ba technologickych objektt na povrchu a dokoncovaci prace.

GEOTECHNICKE POMERY

PodloZi na lokalité Stepney Green je tvofeno nize uvedenymi zakladnimi
vrstvami (respektive souvrstvimi) zemin a hornin. Vycet je proveden od teré-
nu dold, pfiCemZ v zdvorkdch jsou uvedeny priblizné prevody anglickych
ndzvu geologickych vrstev do Cestiny a jejich orientaéni mocnosti:

* Made Ground and Alluvium (navdzky a aluvium, 3 m)

* River Terrace Deposits (§térky a pisky temZské terasy, 2,5 m)

* London Clay (londynsky jil, 25 m)

* Lambeth Group (lambethské souvrstvi, 21 m)

* Thanet Sands (thanetské pisky, 10 m)

e Chalk Formation (kiidové skalni podloZi)

Razba tuneli bude probihat bud pfevazné v londynském jilu (trasa smér
vychod), nebo na rozhrani londynského jilu a lambethského souvrstvi (trasa
smér zdpad). Sachty budou provddény ze dna rozsdhlé stavebni jamy paZené

Obr. 1 3D schéma uzlu Stepney Green
Fig. 1 Stepney Green junction — 3D chart

INTRODUCTION

Crossrail is one of Europe’s largest civil engineering projects of late. The
works commencement is planned for 2010, with the first parts entering reve-
nue service in 2017. An overall overview of the project can be found in the
article by authors Caravanas, Saldk: Crossrail - new railway tunnels under
the central London, which is published on page 55 of this TUNEL issue.

STEPNEY GREEN JUNCTION

The junction in Stepney Green is a multifunctional underground junction
comprising two shafts, tunnels for underground passing bays and service
facilities on the surface. The rail line will bifurcate there, forming two bran-
ches in the eastern part of the city. The shafts have been designed as multi-
purpose structures. They will be used as starting shafts for the NATM exca-
vation, then for lowering and assembling TBM sets and, after entering reve-
nue service, they will serve as escape exits from the underground and, at the
same time, as ventilation shafts. The project is located in the Tower Hamlets
area, near Stepney Green Park, where there will also be the construction site
facilities.

The construction will proceed in the following sequence ([1]): First,
a construction trench will be excavated, with the sides supported by tempora-
ry soldier beam and lagging walls. This construction trench will be the star-
ting point for the excavation of the ventilation shafts themselves.
Subsequently, underground caverns and a ventilation gallery will be driven
from these shafts using the NATM. TBM sets will pass through the underg-
round caverns, proceeding in the direction from the Limo Shaft toward the
Stepney Green junction and further west to Farringdon station. Then other
TBMs will be lowered through the shafts and assembled. They will start to
drive, from the underground caverns, the other, eastern, branch toward
Pudding Mill Lane Portal. The entire process will proceed dually, in both
directions of the future rail line. Subsequently, the installation of all internal
equipment, construction of the service facilities on the surface and finishing
work will follow.

GEOTECHNICAL CONDITIONS

The subgrade in the Stepney Green location consists of the below-men-
tioned basic soil and rock strata (or series of strata). The sequence is pre-
sented in the top-down order, with approximate thickness of the layers in
brackets:

* Made Ground and Alluvium (3 m)

e River Terrace Deposits (2.5 m)

* London Clay (25 m)

* Lambeth Group (21 m)

¢ Thanet Sands (10 m)

e Chalk Formation

The tunnels will be mostly driven through the London Clay (the eastbound
route) or on the interface of the London Clay and the Lambeth Group (the
westbound route). The shafts will be constructed from the bottom of a large
construction trench braced by soldier beam and lagging walls, which will
support the excavation in the made ground and the water-bearing terrace gra-
vels. Subsequently, the shafts will be sunk through the London Clay and the
Lambeth Group. The situation is more lucidly shown in the geologic section
through the westbound route (see Fig. 4).

The London Clay ([2] and [6]) can be generally described as stiff to hard
(or hard), highly plastic, preconsolidated, fissured Neogene marine clay.
Separation and loosening of individual blocks of clay may be encountered
while excavating larger cross sections through fissured clay layers. Owing to
the fact that extensive surveying and construction activities had been perfor-
med in the London Clay environment in the past, its properties and behavi-
our during excavation were mapped in very great detail. The London Clay is
considered to be a relatively favourable environment for underground exca-
vation, namely for the following reasons:

e It is virtually impermeable in the short term.

* It is lithologically homogeneous; its properties do not too much vary wit-

hin an area; the variability with depth has been well mapped.
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e It can be relatively easily and precisely
disintegrated. Excavating the London
Clay is often compared to “cutting
a cheese”.

* The stand-up time for an opening exca-
vated in this environment is relatively
high, or an adequately large excavated
opening remains stable for the time
which is technologically sufficient for
the installation of a primary lining.

The Lambeth Group ([1] and [2]) is an
environment which is not so favourable for
tunnelling, mainly because of its lithological
) inhomogeneity. It consists mostly of series

iy of clay strata, which are interspersed with
A T areas mixed with sand, sand lenses to chan-
nels, sometimes having the extent which
allows them to be defined as an independent,
distinct layer of sand within the series of

Obr. 2 Schéma razby TBM
Fig. 2 TBM excavation scheme

Stétovymi sténami, které zajisti vykop v navdzkdch a zvodnélych terasovych
Stércich. Sachty pak budou hloubeny pres londynsky jil a lambethské souvrst-
vi. Nédzornéji situaci ukazuje podélny geologicky profil zdpadni trasou (obr. 3).

Londynsky jil ([2] a [6]) 1ze obecné popsat jako morsky neogenni tuhy az
pevny (respektive pevny) vysoce plasticky prekonsolidovany ,,potrhany* jil.
V potrhanych polohdch muZe pii razbé na vétsi profil dochdzet k oddéleni
a uvoliiovani samostatnych jilovych bloku. ProtoZe v prostfedi londynského
jilu probihala v minulosti rozsdhld prizkumnd i stavebni ¢innost, jsou jeho
vlastnosti a chovéni pfi razbé velmi podrobné zmapovény. Londynsky jil je
povazovan za pomérné vhodné prostredi pro razbu podzemnich dél, a to
z nasledujicich divodu:

V kratkodobém horizontu je prakticky nepropustny.

Je litologicky homogennt, jeho vlastnosti se plo$né prili§ neméni a jejich
proménlivost s hloubkou je dobfe zmapovand.

Lze jej pomérne snadno a presné rozpojovat. TéZzba v londynském jilu byva
prirovndvana ke ,.krdjeni syra“.

Vyrub v tomto prostredi vydrzi stabilni pomérné dlouhou dobu bez vystro-
jeni, respektive primérené rozsahly vyrub vydrZi stabilni technologicky dosta-
te¢nou dobu pro instalaci primdrniho osténi.

Lambethské souvrstvi ([1] a [2]) jiZ tak vhodnym prostfedim pro razbu nenf,
hlavné pro svou litologickou nehomogennost. Jednd se o prevazné jilové sou-
vrstvi, které je prostoupené oblastmi smiSenymi s piskem, pisenymi ¢ockami
az kandly, nékdy az v takovém rozsahu, Ze je lze vymezit jako samostatnou

g 10 Limmo
L N Shal'lz

strata. The sand layers within the Lambeth

Group are fully saturated with pressure

water, therefore, they are potentially dangerous in terms of excavation.

A system of controlled pumping from dewatering wells was chosen at

Stepney Green to be the basic countermeasure significantly reducing the
pressure in these layers.

A geotechnical survey ([2]), carried out within the framework of the
Crossrail project, provided a basis for assessments performed for the purpo-
se of designing and mathematical modelling of the excavation, focused not
only on common geotechnical parameters ([3], [4] and [5]) but also on rela-
tively detailed information, such as, for example:

* The undrained shear strength—depth curve for the clays.

e The coefficient of earth pressure at rest-depth curve (expressing

a relative degree of the preconsolidation of clays).

e The pore pressure-depth curve (‘a piesometric profile’) for various
design situations (see Fig. 5).

* Expression of stiffness (modulus of elasticity) of soils with regard to the
dependence on the mean effective stress and the shear strain, including
the small strain stiffness.

It is necessary when excavating through Neogene clays to partly modify
the usual work procedures deduced for the excavation in hard rock conditi-
ons. It is important to realise that the ground arch is fully activated in clay,
thus the shear strength is mobilised even when very small strain has develo-
ped ([6]). When larger strains develop, the softening of the clay mass takes
place and the loads acting on the lining increase in both the short term and
the long term, thus deformations of the lining increase. This is, for example,
the reason why it is necessary during the NATM excavation, first of all to

Obr. 3 Podélny geologicky profil zdpadni trasou ve Stepney Green

Fig. 3 Longitudinal geological section through the westbound route in Stepney Green
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fully close the primary lining, ide-
ally at a distance from the excavati-
on face not exceeding one tunnel
diameter (nearly circular excavati-

s T il LS

Terrace Gravel

Upper London Clay

Lower London Clay

Upper Lambeth Group

LG Basal Clay layer

on geometry is assumed). Closing
the primary lining so soon may
seem to be a procedure contradic-
ting the NATM principles; nevert-
heless, the experience to date
shows ([6]) that it leads to minimi-
sing the loads acting on the lining
and, at the same time, reducing
deformations.

MATHEMATICAL MODELLING

Several models were developed
within the framework of mathema-
tical modelling to identify critical
locations for the lining structure
design. A total of three cross secti-
ons through the caverns were sol-
ved, under the assumption that
plane deformation conditions were
met: two of them for the most unfa-
vourable locations in the cavern
(cross sections WB-01 and WB-02)
and one for the ventilation cross

Upnor Formation

passage (VA-01). A total of two
models were developed for the
shafts. One rotationally symmetric
model was for the 2D solution of
the shaft, while the other one was
a comprehensive 3D model allo-
wing for the step-by-step excavati-
on and construction of the shaft
and, at the same time, for the exca-
vation and construction of adjacent
tunnel  sections. The Finite
Difference Method was applied to

the computation of all models,

Obr. 4 Ndvrhové piezometrické profily ve Stepney Green
Fig. 4 Design piesometric profiles in Stepney Green

pisecnou vrstvu v ramci souvrstvi. Pise¢né polohy v lambethském souvrstvi
jsou plné zvodnélé tlakovou vodou, a tim padem jsou pro razbu potencidlné
nebezpecné. Jako zdkladni protiopatreni na lokalité Stepney Green bylo zvole-
no fizené Cerpani ze sité studni, pomoci kterého se md dosdhnout vyrazného
snizen{ tlaku vody v téchto vrstvéch.

Na zdkladé geotechnického pruzkumu ([2]) v rdmci projektu Crossrail byly
pro dcely projektu a matematického modelovani razby vyhodnoceny ([3], [4]
a [5]) kromé béZnych geotechnickych parametrii pomérné detailni informace,
jako napriklad:

¢ Prabéh neodvodnéné smykové pevnosti jili s hloubkou.

¢ Pribéh koeficientu zemniho tlaku v klidu s hloubkou (vyjadfuje relativn{
miru prekonsolidace jila).

¢ Prabéh porového tlaku s hloubkou (,,piezometricky profil“) pro rizné
navrhové situace (obr. 4).

* Vyjadreni tuhosti (modulu pruznosti) zemin v zdvislosti na stfednim efek-
tivnim napéti a smykovém pretvoreni véetné tuhosti pfi velmi malém pre-
tvoren{ (,,small strain stiffness®).

Pfi razbé v neogennich jilech je tfeba ¢dsteéné modifikovat navyklé postupy
provéadéni odvozené pro raZbu v horninovém prostredi. Je duleZité si uvédomit,
ze v jilu dochézi k plné aktivaci ,horninové klenby* a tim k mobilizaci smykové
pevnosti jiz pfi velmi malych pretvorenich ([6]). Pii rozsahlejSich pretvorenich
dochdzi k méknuti jilového masivu a k ndrtstu zatiZeni na ostén{ v kratkodobém
i dlouhodobém horizontu a k nartstu deformaci osténi. Proto je napiiklad pfi
razbé NRTM nutné co nejdiive plné uzavfit primarn{ osténi, idedlné do vzdale-
nosti jednoho priméru tunelu od Celby, pfi¢em? se predpokldd4 tvar vyrubu bliz-
ky kruhu. Takto brzké uzavieni primarniho osténi se muze jevit jako postup proti
principim NRTM, avSak dosavadni zkuSenosti ukazuji ([6]), Ze vede
k minimalizaci zatiZenf pusobiciho na osténf a zaroven k omezen{ deformaci.

MATEMATICKE MODELOVANI

V rdmci matematického modelovani bylo vytvoreno nékolik modelu tak,
aby vystihovaly kritickd mista pro navrh konstrukce osténi. Celkem byly fese-
ny tfi pficné fezy podzemnimi kavernami za predpokladu splnéni podminek

namely the FLAC 2D and FLAC
3D. Verification calculations were
carried out by the Finite Element Method, using the PLAXIS 2D v9 program.

The strength of soils was entered in the calculations by means of the Mohr-
Coulomb model (gravels, sands and clays in the long term) or the Tresca
model (clays in the short term — undrained), including dilatancy angles in the
cases of gravels and sands. Stiffness of all soils was simulated using Jardine’s
model ([7]), which was modified and generalised for the purpose of numeri-
cal modelling. The original Jardine’s model described changes in the Young’s
undrained modulus of elasticity, normalised by undrained shear strength, with
changes in axial strain. The modified model ([3] and [4]) describes the shear
modulus of elasticity changing with changes in the octahedral shear strain.
The input parameters for the Jardine’s model were obtained by assessing the
results of a series of triaxial tests. The preconsolidation of clays was model-
led using the in-situ determined undrained shear strength-depth curve, the
coefficient of earth pressure at rest-depth curve and the pore pressure-depth

@
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Obr. 5 Zndzornéni FeSenych modelu
Fig. 5 Depicting of the models solved




Obr. 6 Pri¢ny profil s ¢lenénim WB-01
Fig. 6 Cross section with WB-01 sequence

rovinné deformace; dva z nich pro nejnepfiznivéjsi mista kaverny (fezy WB-
01 a WB-02) a jeden pro ventilaéni propojku (fez VA-01). Pro Sachty byly
vytvoreny celkem dva modely. Jeden rotaéné symetricky model pro feSeni
Sachty ve 2D a druhy komplexni 3D model, ktery vystihuje jednak postupné
odtéZovani a vystavbu Sachty, ale zdroven odtéZovani a vystavbu prilehlych
tunelovych &asti. Pro vypocet viech modelu byla pouZita metoda konednych
diferenct, konkrétné software FLAC 2D a FLAC 3D. Ovérfovaci vypocty byly
provedeny metodou koneénych prvki v programu PLAXIS 2D v9.

Pevnost zemin byla ve vypoctech zaddna pomoci Mohrova-Coulombova
(3térky, pisky a jily v dlouhodobém horizontu) nebo Trescova (jily
v krdtkodobém horizontu — ,,undrained*) modelu, u §térkt a pisku véetné thlu
dilatance. Tuhost vSech zemin byla simulovana pomoci Jardinova modelu ([7])
modifikovaného a zobecnéného pro ucely numerického modelovéni. Pavodni
Jardiniv model popisoval zménu neodvodnéného Youngova modulu pruznos-
ti normalizovaného neodvodnénou smykovou pevnosti se zménou osového
pomérného pretvoreni. Modifikovany model ([3] a [4]) popisuje zménu smy-
kového modulu pruznosti normalizovaného stfednim efektivnim napétim se
zménou oktaedrického smykového pomérného pretvoreni. Vstupni parametry
Jardinova modelu byly ziskdny vyhodnocenim série triaxidlnich zkousSek.
Prekonsolidace jili byla modelovéna pomocf in-situ zjisténého prabéhu neod-
vodnéné smykové pevnosti, koeficientu zemniho tlaku v klidu a pérového
tlaku s hloubkou. Do modelt byly zavedeny viechny relevantni fize razby
v odhadovaném casovém sledu. Tuhost a pevnost stifkaného betonu byla
ménéna s asem podle J2 kiivky z dokumentu [8] do stdfi 3 hodin, poté podle
rovnic v [9]. Hodnoty relaxaci byly voleny s prihlédnutim ke zpétné analyze
vypolt a vysledkd monitoringu razby tuneld pro Termindl 5 letiste Heathrow
(podobné rozméry, geologické poméry a i zpusob razby). U tuneld byla povo-
lena plastickd redistribuce vnitfnich sil v primdrnim osténi. Byl modelovéin
krdtkodoby stav (razba) i dlouhodoby stav po probéhnuti konsolidace jili od
zménéného stavu napjatosti véetné vyrazné rezervy pro zménu zatiZeni povr-
chu. Betonové konstrukce byly dimenzovéany podle BS EN 1992-1-1, pricemz
u primdrniho ostén{ ze stifkaného dratkobetonu déle nevyztuZzeného byla zane-
dbdna tahovd pevnost. Vypoctové hodnoty zatizeni byly urceny podle ndvrho-
vého piistupu 1 kombinace 1 normy BS EN 1997-1.

U Sachet byl rotaéné symetricky 2D model pouZit k vypoctu deformaci
a vnitrnich sil primérniho i sekunddrniho osténi. 3D model se zabyval pouze
primdrnim osténim. Byl vytvoren hlavné za dfelem modelovani otvort
v osténi pro rozrézky. Proto byl duraz kladen na vérné prostorové umisténi
tunelt i ventilaéni propojky. Vysledky v ,,béznych* dsecich osténi byly u obou
modelt prakticky shodné, koncentrace napéti v osténi kolem otvort vsak bylo
mozné vystihnout pouze 3D modelem.

VYSLEDNY NAVRH KONSTRUKCI

Rezy WB-01 a WB-02 simulujf nejkritictj3f fezy rozsifujici se kaverny.
Z divodu dostate¢né vzddlenosti mezi VIT a ZTT bylo moZno fesit vzdy pouze
jednu kavernu a vzdjemny ovliviujici se t¢inek byl zanedban. Rez WB-01
Vyrub je zde Elenén na devét dilcich &dsti. V predstihu jsou raZeny dvé bocni
Stoly, které jsou Clenény na kalotu, opéfi a spodni klenbu, pri¢emz levd Stola je
v predstihu raZena oproti pravé. Nésledné je dobrdna kalota mezi bo¢nimi $to-
lami, jadro a spodni klenba a uzavieno osténi spodni klenby. V ramci daného
vertikdlniho vyrubu je vZdy odstup razby kaloty oproti uzavreni spodni klenby
pouhych 6 m. Toto opatfeni je pii dodrzeni uréitych zdsad pii vystavbé tunelu
technicky proveditelné a je zde zdmérmné z divodu omezeni deformaci v osténi,
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curve. All relevant excavation phases were introduced into the models, in
a guessed time sequence. The stiffness and strength of sprayed concrete
were changed with time according to the J2 curve presented in the docu-
ment [8] until the age of 3 hours, then according to equations contained in
[9]. The relaxation values were selected taking into consideration the back
analysis of calculations and results of monitoring of excavation of tunnels
for Heathrow Airport Terminal 5 (similar dimensions, geological conditi-
ons and excavation method). Plastic redistribution of internal forces in the
primary lining was allowed for the tunnels. The modelling was carried out
for both the short-term condition (the excavation) and long-term condition
after the end of the consolidation of clays due to the changed state of stress,
including a significant allowance for changes in the loads acting on the sur-
face. Concrete structures were designed according to requirements of BS
EN 1992-1-1, disregarding the tensile strength in the case of a fibre rein-
forced sprayed concrete primary lining, containing no additional reinforce-
ment. Design values for the loads were determined applying the BS EN
1997-1 standard, design approach 1, combination 1.

As far as the shafts are concerned, the rotationally symmetric 2D model
was used for the calculation of deformations and internal forces in the pri-
mary and secondary linings. The 3D model dealt only with the primary
lining. It was developed first of all for the purpose of modelling of ope-
nings in the lining required for excavation to the sides. This is why the
stress was placed on accurate locations of the tunnels and the ventilation
gallery. The results were virtually identical for both models within “com-
mon” sections of the lining; the concentration of stresses in the lining
around openings could be determined only by the 3D model.

RESULTANT DESIGN FOR STRUCTURES

Cross sections WB-01 and WB-02 simulate the most critical cross secti-
ons of the widening cavern. Owing to the fact that the distance between the
ETT and WTT was sufficient, it was possible to solve always only one
cavern; the interference of the caverns was disregarded. Cross section WB-
01 simulates the widest location in the cavern, which is nearly 17m wide
and 12.5m high. The excavation is divided into nine partial headings in this
location. Two sidewall drifts are driven in advance. They are further divi-
ded into top heading, bench and invert, with the left drift excavation pro-
ceeding in advance of the right drift. Subsequently, the calotte between the
sidewall drifts, the bench and invert are excavated and the invert lining is
closed. The distance between the top heading and the closed invert lining
is always a mere 6m within the framework of the particular top heading-
bench-invert excavation sequence. This measure is technically viable when
certain principles are adhered to during the tunnel construction. It is inclu-
ded into the design purposefully, with the aim of reducing deformations of
both the lining and the terrain surface. Cross section WB-02 is nearly 13m
wide and 10m high. Only one vertically elongated drift is driven in advan-
ce; it is again divided into top heading, bench and invert. Subsequently, the
top heading, bench and invert excavation is completed and the entire tun-
nel lining is closed at the invert. Cross section VA-O1 simulates the venti-
lation adit, for which the excavation sequence is identical with the sequen-
ce applied to cross section WB-02. The adit is 9m high and 7m wide.

The lining design consists of two shells with an intermediate waterproo-
fing system. The primary lining is everywhere in steel fibre reinforced
shotcrete. Lattice girders, which will be used in some parts, are not taken
into consideration in the structural analysis. The lining structure design

Obr. 7 3D numericky model FLAC 3D
Fig. 7 FLAC 3D numerical model
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resp. na povichu. Rez WB-02 je téméf 13 m Siroky a 10 m vysoky. V predstihu
je raZena pouze jedna vertikdlné prevySend Stola, kterd je opét ¢lenéna na kalo-
tu, opéif a spodni klenbu. Nésledné je dobréna kalota, opéff a uzaviena spodni
klenba na cely profil tunelu. Rez VA-01 simuluje ventila¢ni Stolu, kterd ma
shodné ¢lenéni vyrubu, jako je pouZito u fezu WB-02. Tato $tola je 9 m vysokd
a7 m Sirokd.

Osténi je navrzeno dvoupldstové s mezilehlou izolaci. Primdrni osténi je ve
vSech mistech provedeno ze stifkaného drdtkobetonu. V nékterych Cdstech se
pouziji prihradové nosniky, které vSak nejsou uvaZovdny do vypoltu.
Konstrukce osténi je navrzena tak, Ze se vZdy nejprve provede prvotni vrstva
v tloustce 75 mm a nésledné se v nékolika krocich nastiikd primérni osténi do
pozadované tloustky. Pro fez WB-01 je projektovand tloustka obvodové stény
450 mm a stfednich pilifa 350 mm, pro fez WB-02 je projektovand tloustka
obvodového osténi 450 mm a stfedniho pilite 300 mm. Rez VA-01 m4 projek-
tovanou tloustku obvodového osténi 300 mm a stfedniho pilife 200 mm. Pfi
vypoctu priméarniho osténi je vyuZito ¢dste¢né plasticity osténi pii zachovéani
prijatelnych deformaci. Z vypoltu je patrné, Ze objemové ztrity zeminy jsou
predpoklddédny v rozsahu do 1,5 %. Stabilita Celby je posuzovéana v mékkych
tlacivych horninach podle teorie Bromse a Bennemarka a ve vSech piipadech
je vyhovujici, tzn. stupen stability je vetsi nez 2.

Pro vypocet sekunddrniho osténi se neuvazuje prvotni vrstva primérniho
ostén{ tloustky 75 mm a u zbylé spolupusobici tloustky primérniho osténi se
pocditd s CasteCnou degradaci vlastnosti. Sekunddrni osténi je navrZeno tak, aby
preneslo plné pusobeni hydrostatického tlaku podzemni vody (zde se spolupu-
sobeni primédrniho osténi pIné zanedbd). Teplotni zmény nejsou do vypolta
zahrnuty, protoze se predpoklddd, Ze teplota bude v tomto misté stavby velmi
mdlo proménlivd. Osténi je politdno elasticky (plastickd redistribuce vnitfnich
sil zcela vyloucena) a tloustka osténi je projektovand pro fezy WB-01 a WB-
02 400 mm a pro fez VA-01 300 mm. Nad kavernou v tomto misté nejsou
Zddné povrchové objekty, nicméné na sekunddrni osténi se predpoklddd povr-
chové zatizeni hodnotou 75 kPa, které simuluje moznost vystavby do budouc-
na. Sekundérni osténi nebylo moZné navrhnout nevyztuzené, a proto se pred-
pokladd s vyztuz{ v rozsahu 7-25 cm?/m pro jednotlivé fezy.

Primédrni osténi Sachet je navrZeno také ze stitkaného drdtkobetonu.
Projektovand tloustka stény je 400 mm (Gvodni cca 10m dsek), respektive
800 mm niZe a tloustka dna 500 mm. Sekunddrni osténi md tloustku 400 mm.
Sachty maji primér 19,5 m a hloubku cca 30 m, pfi¢emZ jsou provddény ze
dna stavebni jamy hloubky cca 10 m. OdtéZovani probihd po tyfech tvrtindch
s do¢asn¢ ponechdvanym jadrem. Hloubka jednoho zdbéru je 1,5 m.

SHRNUTI

Uzel Stepney Green je pomérné komplikované podzemni dilo. Je navrzeno
podle moderniho pistupu k projektovani tuneld razenych NRTM v neogennich
jilech. Lze jednozna¢né fici, Ze i v takto komplikovanych geologickych pomé-
rech a zdroven pro rozmérove velky piicny profil 1ze v dnesni dobé modernich
vypocetnich metod a numerického modelovani ekonomicky navrhnout tvar
a tloustku osténf pfi dodrZen viech predepsanych pozadavka, platnych norem
a bezpelnostnich predpisi. Zdroven je vSak tfeba respektovat a vychdzet
z praktickych zkuSenosti ziskanych pfi razbé, monitoringu a geotechnickém
pruzkumu v tomto prostiedi.
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comprises an initial 7Smm thick layer of shotcrete, followed by several
steps of applying shotcrete, until the required thickness is achieved.
Regarding cross section WB-01, the design thickness of the external wall
and the central pillars is 450mm and 350mm, respectively, whereas the
design thickness for cross section WB-02 is 450mm for the peripheral
lining and 300mm for the central pillar. As far as cross section VA-01 is
concerned, the design thickness of the peripheral lining and the central pil-
lar is 300mm and 200mm, respectively. The calculation of the primary
lining took into consideration the partial plasticity of the lining, keeping
deformations within acceptable limits. It follows from the calculations that
the volume loss is expected not to exceed 1.5 %. The excavation face sta-
bility is assessed for soft and squeezing ground according to the Brooms
and Bennemark theory; it is satisfactory in all of the cases, which means
that the degree of stability is higher than 2.

The calculation of the secondary lining does not take into consideration
the 75mm thick initial layer of the primary lining; partial deterioration of
properties of the remaining coacting part of the thickness of the primary
lining has been taken into account. The secondary lining is designed to
carry full action of the hydrostatic pressure induced by ground water (in
this case, the composite action of the primary lining is completely disre-
garded). Temperature changes are not incorporated into the calculations
because it is assumed that temperature in this location of the construction
will be very little variable. The lining is calculated as an elastic system
(plastic redistribution of internal forces is completely excluded). The thick-
ness of the lining is designed for cross sections WB-01 and WB-02 at
400mm, while 300mm thickness is designed for cross section VA-01. There
are no surface buildings above the cavern in this location; nevertheless, the
value of the load acting on the surface is assumed to be 75 kPa, which
simulates the possibility of a future development. The secondary lining
could not be designed without steel reinforcement. The reinforcement ratio
for individual cross sections is assumed to be in range 7-25c¢cm? per one
metre of tunnel.

The steel fibre reinforced shotcrete is also designed for the primary lining
of the shafts. The design wall thickness is 400mm and 800mm for the initi-
al, about 10m deep, section and lower, respectively; the bottom is 500mm
thick. The secondary lining is 400mm thick. The shafts are 19.5m in dia-
meter and about 30m deep. They are built from the bottom of an about 10m
deep construction trench. The excavation is divided into four fourths, with
the core temporarily left in place. The depth of one round is 1.5m.

CONCLUSION

Stepney Green Junction is a relatively complicated underground wor-
king. It is designed according to a modern approach to designing tunnels
driven through Neogene clays. It can be unambiguously stated that it is
today possible to design economic geometry and thickness of the lining
adhering to prescribed requirements, valid standards and safety regulations
even for so complicated geological conditions and so large cross sections,
using modern calculation methods and numerical modelling. At the same
time, it is necessary to respect and proceed from practical experience obta-
ined during the excavation, monitoring and geotechnical survey in this
environment.
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PRODLOUZENI STOKY A2 DO KOMORAN
TRUNK SEWER A2 EXTENSION TO KOMORANY

JAN HLAVACEK, JAN FRANTL

ovob

Stav splaskové kanalizace na jiZznim okraji Prahy, konkrétné ve ¢tvrtich
Modrany, Komorany, Cholupice, To¢né atd., byl pred uvedenim nové
Stoky A2 na pocatku roku 2009 do provozu nevyhovujici. Nekterd tizem{
nebyla napojena na méstskou kanaliza¢ni sit’ vibec. Splaskové vody byly
svedeny do staré, dnes jiz nevyhovujici Cistirny v ulici U Skladu nebo indi-
vidudlné do Zump. Tato Cistirna byla pred lety zfizena a provozovéana
Modranskymi strojirnami. Uvedenim nové Stoky A2 do provozu byly téZ
vyreSeny tniky splaskovych vod do vodoteci a destové kanalizace, které
vznikaly netésnostmi stdvajicich Zump a existenci ,,na ¢erno* zfizenych
prepadu a pripojek. To vSe mélo vliv i na neZddouci zne&iStovani Vltavy.

Nutnost posileni kapacity kanalizace vyvolala téZ planovand intenzivn{
bytovd vystavba. Jednd se o projekt spole¢nosti Neocity group (méstecko
s témér dvéma tisici bytu vSech kategorif, obchodnim a kulturnim centrem,
sportovnim aredlem a pfistavi§tém) na pozemcich patficich k dnes jiz
byvalému cukrovaru. Ddle pak projekt nazvany Modransky hdj, situovany
na severnim tboc¢i tdoli Cholupického potoka, ktery je z jihu vymezen
lesoparkem V Hajich, ze severu mistni komunikaci Do Kout a aredlem
byvalych Modranskych strojiren.

PRODLOUZENI KMENOVE STOKY A2 - POPIS STAVBY
A PROVADENI

Bylo rozhodnuto prodlouzit kmenovou stoku A, kterd dosud koncila
v Modranech v kiizovatce ul. Komoranské s ulici Generdla Sisky, az do
Komoran a celé dzemi tim pripojit na systém splaskové kanalizace, kterd
odvadi splasky az do ustredni istirny odpadnich vod.

Investorem akce byl Magistrdt hlavniho mésta Prahy. Stavbu provedlo
sdruzeni firem 0057 ProdlouZeni Stoky A2, kde byl Metrostav
a. s. vedoucim tcastnikem s padestiprocentnim podilem. Firma Cermdk
a Hrachovec, a. s., a firma PRAGIS, a. s., se podilely ve sdruZeni po 25 %.

Stavba byla zahdjena v listopadu 2004 a stavebné dokoncena byla
v listopadu 2008. Kolaudace probéhla na zac¢dtku roku 2009. Postup a délka
vystavby byly ovlivnény nedostatkem financi a sloZitosti dopravnich opat-
feni.

Obr. 1 Detail razby v profilu LB2, paZeni stoly z ocelovych paZnic UNION
kladenych Sachovnicovym zpusobem; aktivace paZnic pomoci klinu (Stoka
A2-1, ul. Komoranska)

Fig. 1 A detailed view of the LB2 excavation profile; excavation support by
UNION steel laggings installed in a staggered pattern. Activation of the lag-
gings by wedges (Trunk Sewer A2-1, Komoranskd Street)

INTRODUCTION

The condition of sewerage at the southern edge of Prague, specifically
in the districts of Modfany, Komorany, Cholupice, To¢nd etc., was poor
before the commissioning of the new Trunk Sewer A2 in 2009. Some areas
were not at all connected to the municipal sewerage network. Sewage was
collected in an old, today already unsuitable treatment plant in U Skladu
Street or individually in sumps. The sewage treatment plant was built and
operated many years ago by Modranské Strojirny machine works. Owing
to the commissioning of the new Trunk Sewer A2, problems with leaks of
sewage into water courses and storm sewers resulting from defective tight-
ness of existing sumps and the existence of unauthorised overflows and
house services were solved. All of this affected the undesired pollution of
the Vltava River.

The necessity for increasing the capacity of the sewerage was also
brought about by the planned intense housing development, namely the
Neocity Group’s project (a small town comprising nearly two thousands of
dwellings of all categories, a commercial and cultural centre, a sports faci-
lity and a landing stage) on the ground belonging to a, today already for-
mer, sugar factory. Another planned project, which is called Modransky
Hdj (Modrany Grove) is located on the northern slope of the Cholupice
Brook valley. It is bordered by V Héjich forest park in the south and Do
Koutu Street and premises of the former Modranské Strojirny in the north.

TRUNK SEWER A2 EXTENSION — CONSTRUCTION
DESCRIPTION AND EXECUTION

The decision was made that the existing Trunk Sewer A, which had so
far ended in Modrany, at the intersection between Komoranskd Street and
Generila Sisky Street, be extended further to Komorany, thus to connect
the entire area to the existing sewerage system diverting sewage to the
Central Sewage Treatment Plant.

The project owner was the City of Prague. The contractor was 0057
Trunk Sewer A2 Extension consortium consisting of Metrostav a.s. (the
leader with a 50% share of the works), Cermédk a Hrachoves a.s. (25%) and
PRAGIS as. (25%).

The construction commenced in November 2004 and civils works were
completed in November 2008. The substantial inspection took place at the
beginning of 2009. The progress and duration of the construction were
affected by the lack of funding and the complicated system of traffic mea-
sures.

The main trunk sewer A2 — 1 leads within the footprint of Komoranska
Street, from its connection to the existing foul sewerage system in the area
of the intersection between Komoranska Street and Generala Sisky Street
up to the end of Kyslikovd Street. HOBAS glassfibre reinforced plastic
tubes with diameters DN 800mm were used for a length of 1044m, DN
600mm for 256m and DN 400mm for 239m. The whole route of the trunk
sewer runs through a tunnel, with the exception of the section where the
sewer crosses under the Cholupice Brook, where it was installed in an open
trench at a length of 36m.

The trunk sewer longitudinal gradient ranges from 047 % to 5 %. The
overburden height varies from 9.40m to 3.10m.

The division of the construction among the consortium members:

Pragis a. s. carried out the downstream section, i.e. the section between
Generdla Sisky and K Vystrkovu Streets, and part of the central section bet-
ween Vzpoury and U Soutoku Streets. Rehabilitation of a part of the
Cholupice Brook channel and installation of a catch basin on a storm sewer
before its connection to the Cholupice Brook were also part of Pragis
a.s. contract portion.

Cermdk a Hrachovec a. s. constructed the central part of the Trunk
Sewer A2 — 1 between K Vystrkovu and Vzpoury Streets. Part of their por-
tion of the contract was the entry of the trunk sewer to K Vystrkovu Street,
which was carried out using a trenchless technology (microtunnelling), and
a 350m long diversion of a water main in Komoransk4 Street.

Metrostav a. s. Division 5 carried out the part at the upper course of the
Trunk Sewer A2 — 1, starting from U Soutoku Street to Kyslikova Street,
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Obr. 2 Detail stoly — pro odtéZeni pouZiviny specidlné upravené bedny
na rubaninu; pro pojezd voziku poufita kolejovd doprava (Stoka A2-1,
ul. Komoranskd)

Fig. 2 A detailed view of the gallery — a rail-bound mucking system with spe-
cially adjusted muck boxes was used (Trunk Sewer A2-1, Komoranskd Street)

Hlavni pétefni Stoka A2-1 je vedena ulici Komoranskou, a to od svého
napojeni na splaskovou kanalizaci v prostoru kfizovatky Komofan-
skd—Generdla Sisky aZ ke konci ulice Kyslikové. Stoka byla navrzena ze
sklolamindtovych trub HOBAS o profilech DN 800 v délce 1044 m, DN
600 v délce 256 m a DN 400 v délce 239 m. Celd trasa stoky je vedena ve
Stole kromé tseku, kde stoka podchdzi Cholupicky potok a je v délce 36 m
vedena v oteviené ryze.

Spad stoky je od 047 % do 5 %. Mocnost nadloZi od 9,40 m do 3,10 m.

Rozdéleni stavby na t¢astniky sdruZeni: .

Pragis, a. s., realizoval dolni dsek, tj. mezi ulicemi Generdla Sisky
a K Vystrkovu a &ést stredniho dseku mezi ulicemi Vzpoury a U Soutoku.
Soucasti jejich tseku byla téZ tprava ¢asti koryta Cholupického potoka
a destova kanalizace, opatfend lapatem splavenin pred zadsténim do
Cholupického potoka

Cermik a Hrachovec, a. s., provedl stfedni ¢dst Stoky A2-1 mezi ulice-
mi K Vystrkovu a Vzpoury. Souddsti byl vybéh stoky do ulice
K Vystrkovu, ktery byl provddén bezvykopovou technologii — mikrotune-
147 a prelozka vodovodu v ul. Komoranské v délce 350 m.

Metrostav a. s., Divize 5, proved] ¢dst na hornim toku Stoky A2-1 od
ulice U Soutoku do ulice Kyslikovd v&etné pripojeni aredlu firmy
Interpharma a Stoku A2-4, na kterou je napojeno sidlist¢ Komofany. Tato
stoka je z&dsti raZzend a z&4sti hloubend. ReSeni prechodu z raZené do hlou-
bené Cdsti je zfejmé z obr. 5.

Soucasti stavby bylo i napojeni pobo¢nych stok, které v budoucnu vyre-
81 odvod splasku z téchto oblasti Prahy. Jednd se o Stoku A2-2, kter4 je pii-
pravou pro budouci odkanalizovani vilové ¢tvrti nad ulici Vzpoury (oblast
ulice Churnajevova a lokalita ,,Baba“) a Stoku A2-3, kterd odvede splasky
z dolni &4sti Komoran. Konec této stoky je planovan v ulici Na Sabatce
u Ceského hydrometeorologického tstavu. Toto tizemi je dosud z4vislé na
staré Cistirné odpadnich vod v ulici U Skladu.

Pouzité potrubi celé stoky je sklolamindtové Hobas DN 800, 600 a 400.
Jen na hornim toku a na bo¢nich stokdch zadsténych do Stoky A2-1
(ul. K Vystrkovu, Vzpoury, Kyslikova atd.) byly pouzity kameninové trou-
by DN 300. Vstupni Sachty jsou betonové s prefabrikovanymi i zdénymi
dny. Pfi poklddce potrubi a stavbé vSech objektl bylo postupovéno podle
Meéstskych standardu kanalizadni sit€ hl. m. Prahy, stoky byly podle poZa-
davku prohlédnuty kamerou. RovnéZ byly provedeny tlakové zkousky
vodotésnosti podle CSN 75 6114, EN 1610 Provadéni stok a kanaliza¢nich
pripojek a jejich zkouseni.

Kromé Stoky A2-4, kterd byla z&asti hloubend povrchové, byla celd
stavba realizovédna hornickym zpusobem. Kanalizaéni stoka byla vedena
ve $tole v hloubce osm aZ deset metra v ulici Komoranska pod jizdnim
pruhem ve sméru do centra. Celkovd délka Stoly je 2085 m. Jako vypli
Stoly po poklddce potrubi byla pouZita popilkocementovd smés, v mens{
mife téZ stifkany beton.

Stola profilu LB2 (cca 4 m2) byla raZena prevazné ru¢n€ za pouZiti drob-
nych mechanismu. K zajisténi vyrubu byly navrZeny rdmy z dulni ocelo-
vé vyztuze korytkového profilu, typu K 21 LB2/1000 a ocelovych paZnic
UNION. RozteCe rdmu se pohybuji od 0,7 do 1 m, podle geologickych

including a connection to the premises of Interpharma company, and the
Trunk Sewer A2 —4 for the residential area of Komorany. Part of this sewer
was built by mining methods and part was constructed by cut-and-cover.
The solution to the transition from the mined part to the cut-and-cover part
is shown in a picture Fig. 5.

Connections of sewer branches which will solve the problem of con-
ducting sewage from those areas of Prague in the future were also part of
the project. These are namely the Trunk Sewer A2-2, which is built within
the framework of preparation for a future system of collecting sewage from
a garden suburb above Vzpoury Street (the area of Churnajevova Street
and the “Baba” locality), and the Trunk Sewer A2 — 3, which will collect
sewage from the lower part of Komorany. The end of this trunk sewer is
planned to be in Na Sabatce Street, near the Czech Hydrometeorological
Institute. Till now, this area depends on the old sewage treatment plant in
U Skladu Street.

HOBAS DN 800mm, 600mm and 400mm GRP tubes were used for the
whole trunk sewer. Clayware tubes DN 300mm were used only for the
upper course and for branches connecting to the Trunk Sewer A2-1
(K Vystrkovu, Vzpoury, Kyslikovd Streets etc.). Manholes are concrete
structures with the bottoms both prefabricated and in brick. The laying of
tubes and construction of all structures was performed according to requi-
rements of Municipal Standards for the sewerage network of the City of
Prague; the sewers were inspected by a camera as required. Hydrostatic
tests according requirements of CSN EN 1610 Construction and Testing of
Drains and Sewers were also conducted.

With the exception of the Trunk Sewer A2-4, which was partly con-
structed by the cut-and-cover technique, the whole construction was carri-
ed out by mining methods. The sewer runs through a gallery, at a depth ran-
ging from eight to ten metres under the traffic lane heading toward the
centre in Komoranskd Street. The gallery is 2085m long in total. When the
installation of tubes had been completed, the gallery space was backfilled
by cinder concrete or, to a smaller extent, also shotcrete.

The LB2 profile gallery (about 4m?2) was mined mostly manually using
small equipment. According to the design, the excavation support consis-
ted of K 21 LB2/1000-type colliery support with a “top-hat” profile and
UNION steel lagging. The frames were installed at intervals ranging from
0.7m to 1.0m. Horizontal sheeting, vertical sheeting and forepoling were
also used, depending on local geological conditions. Rock had to be disin-
tegrated by blasting in the section starting at the Cholupice Brook crossing,
and ending at the intersection with U Klubu Street. The tunnel drainage is
provided by means of drains and gravel ballast at the bottom of the galle-
ry. Water is pumped to the ground surface.

Construction shafts were designed with the support comprising H rolled
sections. Hoisting shafts dimensions are 4.2m x 3.0m, while smaller shafts
2.4m x 2.4m were used only for construction of inspection manholes on
sewers.

Obr. 3 Detail zajisténi potrubi HOBAS ¢ilky z cihel; &ilka se ddle pouZivaji
jako prepdZky proti preteceni popilkocementové smési pri postupném zapla-
vovani (Stoka A2-1, ul. Komoranskd)

Fig. 3 A detail of brick stop ends holding the HOBAS tubes. The stop ends are
further used to hold cinder concrete during the gradual backfilling of the

tubes (Trunk Sewer A2-1, Komoranskd Street)



Obr. 4 Dokondeni vyskruZeni Sachty mezi dvéma $tolami provddénymi pomo-
ci dulni korytkové vyztuze; po obetonovdni potrubi se §tola zaplavi popilkoce-
mentovou smési (Stoka A2-1, ulice Kyslikovad)

Fig. 4 Completion of installation of a manhole between two galleries, which
were driven using “top-hat” profile support elements. When the tubes are
backfilled with concrete, the gallery will be inundated with cinder concrete.
(Trunk Sewer A2-1, Kyslikovd Street)

poméru. Podle mistnich geologickych podminek bylo pouZito té7 paZeni
prilozné, z4tazné nebo hnané. V tseku trasy od kiiZzeni s Cholupickym
potokem do kfizovatky s ulici U Klubu bylo nutno rozpojovat horninu
pomoci trhacich praci. Odvodnéni dila bylo provedeno pomoci drendzi
a §térkového loZe v pocve Stoly s Cerpanim na povrch.

Stavebni Sachty byly navrZeny s vyztuZi z vélcovanych profild "I".
TéZni Sachty o rozmérech 4,2x3,0 m, mensi Sachty o rozmérech 2.4x2.4 m
slouzi pouze pro vystavbu reviznich Sachet na kanalizaci.

Pocet pracovist razi¢i byl vzdy ddn moZnostmi danymi dopravnimi
omezenimi v ulici Komoranskd. V dobé maximdlniho nasazeni, tzn. na
konci roku 2004 a v roce 2005, razba probihala na &tyfech Celbédch
v nepretrzitém — turnusovém provozu. Pri obsazenosti ¢tyfmi razi¢i na
Celbé a pri¢tenim pomocného persondlu a pracovniki na turnusovém
volnu byl maximaln{ poCet délnického personalu zaméstnaného na stavbé
kolem 70 pracovniku.

Trasa kanalizace byla vedena znalné frekventovanou Komoranskou
ulici. Razba probihala za pIného provozu, ktery byl regulovdn dopravnim
znaenim se svetelnou signalizaci. Situaci komplikoval soub¢h trasy
s nové budovanou hloubenou destovou kanalizaci. Toto si vyZzadalo
v ramci DIO realizaci panelové komunikace. ProtoZe Sitka poloviny
nynéjsi komunikace nestacila, bylo nutno pomoci panelové vozovky
s Zivicnym povrchem vyuZit pro provoz i chodnik.

Mensi dseky v oblasti Komoran byly realizovany té7 otevienym vyko-
pem. Konkrétné dsek Stoky A2-4 na vyjezdu z Komoran na Zbraslav. Zde
by stdlo za zminku technicky néro¢né kfiZzeni s vodovodem DN 1200 a se
zatrubnénym Komoranskym potokem a prechod $toly do otevieného
vykopu v hloubce 5,5 m. Vykopy na celé stavbe byly paZeny celoplo$ny-
mi boxy Edmunds & Staudinger, které umoznily bezpecnou préici
i v podminkdch silného silni¢niho provozu a nestabilni zvodnélé horniny
v hloubkdch kolem $esti metru.

Souddsti stavby byly také domovni piipojky v trase stoky. P¥ipojky byly
realizovany ve viech pripadech Stolickou — vybéhem z hlavni Stoly, vyz-
tuZeny daln{ vyztuzi LB2 a paznicemi Union. Potrubi piipojek (KT DN
200) i vypln popilkocementem byly provedeny z hlavni Stoly. Jimy na
pozemcich majiteld byly hloubeny v zdvérecné fazi stavby a pomoci spa-
distovych Sachet byly pripojeny domovni kanalizace.

Podrobny inZenyrskogeologicky pruzkum trasy Stoky A2 kombinaci
geofyzikdlntho méfeni a vrtnych praci byl proveden v roce 2001. Celkem
bylo vyvrtano 65 sond, pfevazné v mistech budoucich Sachet, 13 z nich
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The number of headings always depended on traffic restrictions in
Komoranskd Street. During the maximum work volume periods, i.e. at the
end of 2004 and in 2005, there were four headings operating continuously,
with the shifts organised in tours of duty. With 4-strong mining crews per
a heading, with the addition of auxiliary manpower and off-duty workers,
the maximum number of labours employed on the construction site
amounted to about 70.

The route of the sewer runs under very busy Komoranskd Street. The
excavation was carried out while traffic in the street continued to flow. It
was regulated by traffic signs and traffic lights. The situation was compli-
cated by the fact that the route ran in parallel with a cut-and-cover storm
sewer, which was being constructed concurrently. It required a panel road
to be built within the framework of the traffic-engineering design. Because
a half of the existing roadway width was not sufficient, it was necessary to
use even the width of the existing pavement and cover it with the bitumi-
nous surface panel road.

Shorter sections in the Komorany area were also constructed by the cut-
and-cover technique. Specifically, the section of the Trunk Sewer A2 — 4 at
the exit from Komorany toward Zbraslav. In this case a technically com-
plicated crossing with an existing DN 1200mm water main and the cove-
red Komorany Brook, and a transition of the gallery to an open cut at
a depth of 5.5m would be worth mentioning. All trenches were braced by
Edmunds & Staudinger shoring boxes, which made safe working possible
even in the conditions of busy road traffic and instable water-bearing
ground at depths about 6m.

Service connections along the trunk sewer route are also part of the con-
tract. All connections were installed in small galleries branching from the
main gallery. These galleries were supported by LB2 colliery frames and
Union steel laggings. The service connections (clayware pipes DN
200mm) were installed and the cinder concrete backfill was cast from the
main gallery. Pits on properties of house owners were dug during the
final construction stage. House sewerage was connected through drop
manholes.

The detailed engineering geological survey for the Trunk Sewer A2
route using a combination of geophysical measurements and exploratory
drilling was conducted in 2001. A total of 65 boreholes were carried out,
mostly in locations of the future shafts. Casing was installed in 13 of them
so that they could be used as hydrogeological boreholes. The survey resul-
ted in a chart — an overall longitudinal section through the whole route.

Geology, which determines the excavation means and methods and
advance rates, is very variable along the Trunk Sewer A2 route, from
quicksand in the lower part of the Trunk Sewer A2, which had to be imme-
diately stabilised, to the weakly weathered Letnd Shale with quartzite inter-
beds in the area of Komorany, where the drill + blast had to be used for bre-
aking the rock mass.

Obr. 5 Detail prechodu otevieného vykopu v raZenou &dst — ulice
Komoranskd Stoka A2-4

Fig. 5 A detailed view of the transition between an open cut and a mined sec-
tion — Trunk Sewer A2-4, Komoranskd Street
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bylo vystrojeno a byly pouzity jako hydrogeologické sondy. Vysledkem
byl svodny graficky podélny fez celé trasy.

Geologie, kterd urCuje zpusob razby a zaji$téni vyrubu a rychlost
vystavby, byla v trase Stoky A2 velmi rozmanitd — od tekutych pisku
v dolnf &ésti Stoky A2, které bylo nutno mistné sanovat, aZ po slabé zvét-
ralé letenské bridlice s vlozkami kiemencu v oblasti Komofan, kde bylo
nutno naopak rozpojovat horninu trhavinou.

Skalni podloZi zasdhlo do stavby v oblasti od ulice Vzpoury smérem do
Komoran a7 k ulici Kyslikovd. Vychézi zde na povrch letenské souvrstvi
tvorené CernoSedymi jilovitymi bfidlicemi s proplastky slidy a kfemencu.
Z hlediska téZitelnosti byla hornina zarazena do stupné 4 aZ 6, coZ vyZa-
dovalo pouziti trhacich praci pri razbé.

Pokryvné ttvary, nachdzejici se od ulice Vzpoury smérem do centra
Prahy, jsou tvofeny fluvidlnimi terasovymi sedimenty o mocnosti
12-15 m. Béze je tvorena hrubozrnnymi $térky a7 stfedné zrnitymi pisky.
Toto prostiedi vyzadovalo razbu pod ochranou hnaného paZent. V prostoru
mezi kiizovatkami ulic Generdla Sisky a K Vystrkovu bylo nutno horninu
v oblasti prechod Sachta—Stola zpevnit pomoci chemické injektdZe.

Hydrogeologické poméry jsou ddny dvéma prostredimi: ddolni niva
Vltavy a ploSiny tvorené ordovickym podloZim. V oblasti ddolni nivy hla-
dina podzemni vody do stavby nezasahuje. V oblasti ordovického podlozi
je situace slozit€jsi. Jednd se o prostredi s puklinovou propustnosti, takze
hladina podzemni vody zde kolis4 v hloubkdch od 2,5 do 5,5 m.

Vzhledem k rozsahu dila a charakteru zdstavby byla provedena v obdob{
2001-2002 podrobnd pasportizace viech objektt dotéenych stavbou véet-
né vozovek, chodnikd, oploceni apod. V rdmci prazkumu byla provedena
i pasportizace studni. Béhem stavby probihalo sledovéni poklesa
a deformaci na osazenych kontrolnich bodech v poklesové z6né. Ve Stole
probihalo méfeni konvergenci lice vyrubu a pri pouZiti trhacich praci bylo
sledovdno seismické zatiZeni okoli. RovnéZ pri pouziti trhacich praci byly
jejich ucinky na okolni zdstavbu sledovany. Nikde nedoslo k prekroceni
stanovenych hodnot.

Trhaci prace byly provadény ve Stole v délce cca 450 m. Pri zpracovani
projektu trhacich praci bylo pfihlédnuto jednak k mistnim podminkam
geologickym (viz vySe) a jednak k podminkdm danym zdstavbou
a vyskytem inZenyrskych siti. Projekt stanovil maximdlni ndloze tak, aby
nebyly prekro¢eny maximdlni hodnoty dynamického naméhéni vyvolané-
ho otfesovymi t&inky trhacich praci dle CSN 730040 ZatiZeni stavebnich
objektu technickou seismicitou a jejich odezva.

Stavba byla zahdjena v listopadu 2004 a dokoncena byla v listopadu
2008, ackoli stavba méla byt dokoncena jiz v roce 2005. Postup vystavby
byl zpomalen jednak nedostatkem financi a jednak slozZitosti dopravnich
opatreni.

Silni¢ni provoz kvuli stavbé $toly byl prakticky trvale upraven kyvadlo-
vé, fizen semafory. Vzhledem k velké dopravni vytiZenosti ulice
Komoranské nebylo moZno podle rozhodnuti magistritu po vétsinu Casu
vystavby omezit dopravu na vice neZ jednom misté najednou.

Aby se stavba nezastavila, bylo nutno prijmout takovd opatieni, kterd by
eliminovala vliv silni¢niho provozu, tzn. nevyzadovala dopravni omezeni.
Hlavnim takovym opatfenim bylo omezeni poctu téZnich Sachet, coz ale
zvétsilo dopravni vzddlenosti rucni kolejové dopravy v podzemi
a vyzddalo si 1 zvy$ené ndklady. Dal$im opatfenim bylo umisténi nékte-
rych téZnich Sachet mimo vozovku. Toto feSeni umoznilo prici bez nut-
nosti omezit provoz v daném misté. Bez toho by nebyl redlny ani termin
dokoncen listopad 2008, ktery se podarilo splnit.

Zakladni Udaje o stavbé:

Investor: Hlavni mésto Praha — Odbor méstského investora
Magistratu hl. m. Prahy
Zhotovitel stavby: Sdruzeni firem: Metrostav a. s.,
Cermék a Hrachovec, a. s., Pragis, a. s.
Projektant stavby: Dipro, spol. s 1. 0.
Doba vystavby: 2004-2008
Kubatura vyrubu: 13425 m’

Celkovd délka razenych iisekii: 2085 m
Délky potrubi po profilech: ~ DN 800-1044 m
DN 600-256 m
DN 400-239 m
DN 300-903 m
DN 200-254 m (pripojky)

ING. JAN HLAVAC‘EK, hlavacek@metrostav.cz,
ING. JAN FRANTL, frantl@metrostav.cz,
METROSTAV a. s., Divize 5

Recenzoval: doc. Dr. Ing. Jan Pruska, Ph.D.

The bedrock extended into the construction in the area starting at
Vzpoury Street toward Komorany and ending at Kyslikovéd Stree. The
Letnd Member consisting of black-grey clayey shale with mica and quart-
zite interlayers outcrops along this section. In terms of workability, the
rock was categorised as class 4 through 6, which meant that the drill + blast
had to be applied during the excavation.

The cover which was found from Vzpoury Street in the direction toward
the Prague centre consists of fluvial terrace sediments about 12 — 15m
high. The base is formed by coarse-grained gravels through medium-grai-
ned sands. This environment required forepoling during the excavation.
Stabilisation by chemical grouting was necessary in the area between inter-
sections with Generdla Sisky Street and K Vystrkovu Street.

Hydrogeological conditions are determined by two environments: the
Vltava River flood plain and platforms formed by the Ordovician bedrock..
The water table does not reach the level of the works in the flood plain
area. The situation in the Ordovician bedrock area is more complex. This
environment features fissure permeability, therefore the water table level
fluctuates from 2.5m to 5.5m under the surface.

With respect to the extent of the works and the character of the housing
development, a detailed condition survey of all structures affected by the
construction, including roads, pavements, fences etc. was performed in
2001-2002. The survey even comprised recording of conditions of wells.
The development of settlement and deformations of the surface during the
construction was monitored at checking points, which were installed wit-
hin the settlement trough. Inside the gallery, the measurements consisted of
measuring convergences of the excavated ground surface. Monitoring of
seismic loads on buildings in the vicinity of the excavation was conducted
when the drill and blast technique was being used. The effects of blasting
on adjacent buildings were also monitored. The allowable values were
never exceeded.

The drill + blast technique was applied to an about 450m long stretch of
the gallery. The blasting design was developed with local geological con-
ditions (see the description above) and conditions following from the exi-
stence of buildings and utility networks taken into consideration. The
maximum charge weight which was prescribed by the design was deter-
mined with the aim of keeping the maximum values of dynamic loads
induced by vibrations during blasting operations within the limits accor-
ding to CSN 730040 Loads of Technical Structures by Technical
Seismicity.

The construction started in November 2004 and was completed in
November 2008, despite the fact that the completion had been scheduled
for 2005. The progress of the works was checked due to a lack of funding
and complexness of traffic measures.

Public traffic was virtually constantly organised in a one-way-at-a-time
system (traffic lights) because of the construction of the gallery. Because
of the great traffic load in Komoranskd Street, the Municipality decided
that traffic restrictions could not be allowed for more than one location at
a time.

To prevent the construction from stopping, it was necessary to imple-
ment such measures which would eliminate the influence of road traffic,
which means measures which did not require traffic restrictions. One of the
main measures was the reduction in the number of hoisting shafts, which,
on the other hand, increased the distance for hand tramming in the underg-
round and claimed increased expenses. Another measure consisted of loca-
ting some hoisting shafts outside the roadway. This solution allowed the
work to continue without necessity for restricting the operations in the par-
ticular location. The November 2008 deadline for completion, which was
successfully met, would have been impossible without the measures.

Basic project data:

Client: The City of Prague — the City Investor Department

Contractor: Group of companies consisting of: METROSTAV a. s.,
Cermék a Hrachovec a. s., PRAGIS as.

Consulting Engineer: DIPRO, spol. s . 0.

Construction period:  2004-2008

Underground excavation volume: 13 425 m3

Total length of mined sections: 2085 m

Lengths of pipelines in profiles: DN 800 — 1044 m
DN 600 — 256 m
DN 400 — 239 m
DN 300 — 903 m

DN 200 — 254 m (services)

ING. JAN HLAVACEK, hlavacek@metrostav.cz,
ING. JAN FRANTL, frantl@metrostav.cz,
METROSTAV a. s., Divize 5
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METODA URCENI MEZNI UNOSNOSTI KANALIZACNI STOKY

METHODOLOGY FOR DETERMINATION OF ULTIMATE LOAD-BEARING
CAPACITY OF A SEWER

MICHAL SEDLACEK, RADOMIR PUKL, PAVEL DOHNALEK

SOUHRN

Z divodu vystavby protipovodiiovych opatieni doslo k namahdni
kanalizaéni stoky vnitinim pretlakem. Cilem numerické analyzy
bylo vysSetfit, zda je tato stoka schopna prenést poZadovany vnitini
pretlak, pfipadné navrhnout vhodnd sanaéni opatreni.

uvoD

Kanaliza¢ni stoka o vnitinim pruméru 2 m byla vybudovdna
v roce 1979 Cdstedné v pazeném vykopu a ¢dste¢né v raZeném pro-
filu. Stoka se nachdzi v proménné hloubce 3 az 10 m.

Pri¢ny fez je tvofen nosnou konstrukci z prostého betonu
s vlozenymi kameninovymi tvarovkami (obr. 1), které pusobily
béhem vystavby jako ztracené bednéni. Kameninové tvarovky jsou
na sty¢nych spdrach spojeny maltou (obr. 2). Ze statického hledis-
ka je konstrukce stoky navrzena tak, aby odoldvala vnéj§im tlakim,
tzn. zatiZeni zemnim tlakem a pritiZen{ povrchu.

V souvislosti s vystavbou protipovodnovych opatfeni vznikl
pozadavek na zajisténi této stoky proti vnitinimu pretlaku, ktery ve
stoce vznikne pri povodnovém stavu v fece VItavé, kterd se nachd-
z{ v tésné blizkosti — obr. 3. Predpoklddd se, Ze hladina feky Vitavy
bude pfimo ovliviiovat hydraulické poméry ve stokovém systému,
a tim dojde k natlakovdni této stoky.

Cilem numerické analyzy je tedy ur¢it maximélni hodnotu vnitf-
niho pretlaku, kterou je konstrukce schopna bezpecné prenést,
popf. navrhnout sanalni opatfeni.

Obr. 1 Segment CS
Fig. 1 CS segment

SUMMARY

Implementation of flood defence measures resulted in stresses
generated by excessive internal pressure in a trunk sewer. The
objective of the numerical analysis was to examine whether the
sewer was capable of withstanding the required internal pressure
and, if needed, to propose adequate rehabilitation measures.

INTRODUCTION

The trunk sewer with the inner diameter of 20 was constructed in
1979, partially in a braced trench and partially in a mined tunnel
profile. The sewer is located at a depth varying from 3m to 10m.

The cross section consists of a load-bearing structure of unrein-
forced concrete with clayware fittings inserted in it (see Fig. 1),
which acted as sacrificial formwork during the construction. Joints
between the clayware fittings are filled with mortar (see Fig. 2). In
terms of a structural analysis, the sewer structure is designed with
the aim of withstanding external pressures, i.e. the loads induced by
the ground pressure and surface surcharge.

A requirement originated in the context of the implementation of
flood defence measures that the sewer be secured against the exces-
sive internal pressure which will develop in the sewer during

Obr. 2 Stdvajici stav
Fig. 2 Existing condition
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Obr. 3 Podélny profil stoky
Fig. 3 Longitudinal section through the sewer

Obr. 4 Numericky model
Fig. 4 Numerical model
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Obr. 5 Detail spdry
Fig. 5 Detail of a joint

VYPOCTOVY MODEL

Model stoky byl vypracovdn v dostupném komerénim programu
ATENA. Model je rovinny, feSeni je provedeno ve stavu rovinné
deformace (obr. 4 a 5). Pfi vlastnim vypoltu byla konstrukce nej-
prve zatizena vlastni tihou a ndsledné bylo aplikovdno zatiZeni od
vnitiniho pretlaku. Toto zatiZzeni bylo priddvdno postupné,
v jednotlivych vypoctovych krocich. Pro podrobnou analyzu byly
do konstrukce stoky osazeny monitorovaci body, které slouZzily pro
vytvoreni zatéZovaci krivky.

Po provedeni stavebné-technického prazkumu stoky bylo zjisté-
no, Ze nelze spolehlivé zarudit statické parametry (kvalita betonu,
tloustka konstrukce).

Z tohoto divodu byla do vypo&tového modelu zahrnuta pouze
konstrukce z kameninovych tvarovek.

Vypocltovy model kanalizacni stoky se sklddal ze tfi zdkladnich
materidla: kanalizaéni kamenina, malta a horninové prostiedi.

Kanaliza¢ni kamenina: pevnost v tlaku 150 MPa, pevnost v tahu
20 MPa, modul pruznosti 50 GPa, objemova hmotnost 22 kN/m3.

Malta: pevnost v tlaku 5 MPa, pevnost v tahu 1,5 MPa, modul
pruznosti 13,24 GPa, objemova hmotnost 21 kN/m3.

Horninové prostredi: ve vypoletnim modelu je simulovdno za
pomoci radidlnich a tangencidlnich pruzin. Radidlni pruZiny jsou
definovany tak, aby pusobily pouze v tlaku a pfi vlastnim vypoctu
dojde k vylouceni taZenych ¢dsti pruZnych liniovych podpor.
Tuhost radidlnich pruznych podpor je k = 10 MN/m3.

TRHLINY
CRACKS

-

Obr. 6 Deformace stoky pri kolapsu
Fig. 6 Deformation of the sewer during a collapse

Obr. 7 Hlavni napéti (zelend — tah)
Fig. 7 Principal stress (green for tension)

a flood flow in the Vltava River, which is found in close proximity
— see Fig. 3. It is expected that the Vltava River water surface will
directly affect hydraulical conditions in the sewerage system, thus
this sewer will become pressurised.

The objective of this numerical analysis is to determine the maxi-
mum value of internal pressure which can be safely withstood by
the structure and, if needed, design rehabilitation measures.

CALCULATION MODEL

The model of the sewer was developed using a commercial pro-
gram ATENA, which was available. The model is planar; the solu-
tion is carried out in a planar deformation condition (see Figures 4
and 5). During the calculation itself the structure was first loaded
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Obr. 8 ZatéZovaci kfivka pro monitorovaci bod M1
Fig. 8 Loading curve for monitoring point M1

VYPOCTOVE KROKY
LOADING STEPS




Obr. 9 Maximdlni zatiZeni stoky v kN/mb
Fig. 9 Maximum loads acting on the sewer in kN/lm

Tangencidlni pruziny simuluji tfenf na plésti stoky a jsou defino-
vany jako pruzny materidl. Tuhost tangencidlnich pruznych podpor
jek =0,1 MN/m3.

METODA ZJISTENI UNOSNOSTI STOKY

Z hlediska teorie pruznosti se jednd o rovinnou deformaci, nebot’
ve sméru osy dila je zabrdnéno deformaci. Posuny jednotlivych
bodi se mohou uskutenit pouze ve dvou smérech a ve tfetim
sméru souradnych os je posun vyloucen, takZe plati:

£ =Y.=Yy=V,=0

o =0, o,=0, 7 =0

¥

()

Dostdvame tedy ndsledujici rovnice pro napéti Oy, Oy, Txy za
stavu rovinné deformace:

E

o, = m[(l -u)e, + us_‘_] @)
o, = m[yg +(1- Ju)s_‘_] 3)
Ty = 2(15 1) o @
tan(26, ) = ;: fo (5) tan(26,)= i 1_’5 (©)
an(26,) = s ‘_’E M o= ® v, 2y 3—; ©

Vypocet probihd v iteracnich krocich a v kazdém kroku je testo-
véano splnéni okrajovych podminek definovanych konstitutivnimi
vztahy. Okrajové podminky jsou funkci deformace a v kazdém ite-
raénim kroku se mohou meénit.

Soustava rovnic rovnovahy je v maticovém tvaru ddna ndsleduji-
cim vztahem:

[KI{A}={f} (10)
kde znaci: K — matici tuhosti feSeného systému

A — vektor nezndmych deforma&nim parametrt
f — vektor zatiZen{

V nelinedrnim vypoctu je uvaZovdna zdvislost matice tuhosti
K na deformaci konstrukce, kterd je definovand vektorem posunutf
uzlovych bodi A. ReSeni probihd v krocich, které odpovidaji
jistym prirtstkim zatiZeni.
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by its own weight and subsequently the load induced by the inter-
nal pressure was applied. This load was raised gradually, in indi-
vidual calculation steps. Monitoring points were fixed in the sewer
structure for the purpose of the analysis, which made the plotting
of the loading curve possible.

The structural condition survey which was conducted resulted in
a conclusion that structural parameters (concrete quality, thickness of
the structure) could not be reliably guaranteed.

This was why only the structure consisting of the clayware fittings
was incorporated into the calculation model.

The calculation model of the trunk sewer consisted of the following
three constitutive materials: clayware, mortar and ground environ-
ment.

Clayware: 22kN/m3

Mortar: compressive strength of SMPa, tensile strength of 1.5MPa,
elastic modulus of 13.24Gpa, volume weight of 21 kN/m?

The ground environment is simulated in the calculation model
using radial and tangential springs. The radial springs are defined
such that they act only in compression. Tensioned parts of elastic line
supports are eliminated during the calculation. Stiffness of the radial
elastic supports k = 10 MN/m?.

The tangential springs simulate friction on the sewer surface. They
are defined as an elastic material. ~Stiffness of the tangential elastic
supports k = 0.1 MN/m?>.

METHODOLOGY FOR DETERMINATION
OF THE LOAD-BEARING CAPACITY OF A SEWER

In terms of the elastic theory this is the case of planar deformati-
on because deformation in the direction of the tunnel axis is restrai-
ned. Displacements of individual points can take place only in two
directions, while the displacement in the third direction of the coordi-
nate axes is restrained. The following relationships therefore apply:

Emy =y =y =

ey

o =k o =k v_=0

Thus we obtain the following equations for the stress O, Oy, Txy in
the state of planar strain:

E

a =|:1+.”|“_2“}[“—IH:|J + L ] )
E
ot =I:1+_¢r|¢|—2u}['“‘ I B)e ] 3)
X, =i @
201 + )
27, .2y
tan(2, )= ——— (5 tan (26, ) = — (6)
o, —ar, 5, ~8,
g, = el'ru ) 6 m |.'i1- ®) o |.'J v 2 r.-l u )
dx ay A 8

The calculation is carried out in iteration steps, with the tests of
meeting boundary conditions defined by constitutive relationships
conducted in each step. The boundary conditions are a function of
strain. They may be changed in each iteration step.

The matrix-shape system of equilibrium equations is given by the
following relationship:
[K{A}={f} (10)
where: K — stiffness matrix for the system being solved
A - vector of unknown strain parameters
f — load vector

It is assumed in the non-linear calculation that the stiffness matrix
K is dependent on deformation of the structure, which is defined by
the vector of displacement of node points A . The solution takes place
in steps corresponding to certain increments in the loads.
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V mistech pfedpoklddaného poruseni byly definovany monitoro-
vaci body (obr. 5), které nédsledné poslouzily k uréeni vypoctového
kroku, pfi némz dojde k poruseni stoky.

Ze zatézovaci krivky (obr. 9) pak bylo mozné urcit hodnotu zati-
Zeni v prislusném zatéZovacim kroku.

DOPORUCENE ZPUSOBY SANACE

Kazd4 sanace je kompromisnim feSenim mezi rozsahem staveb-
nich dprav nutnych k rekonstrukci a finan¢n{ ¢astkou, kterou si tyto
dpravy vyzadaji.

Pro zajisténi statické dnosnosti stoky budou provéreny nésledu-
jici varianty:

e osazenfi vnitiniho prstence z prostého betonu,

e zesileni vnitfniho povrchu kompozitni tkaninou,

¢ vyvlozkovdni na misté tuhnouci vlozkou,

e nové trubni vedeni: a) vloZenim mensiho profilu do stavajici

stoky,
b) uloZené do otevreného vykopu.

ZAVER

Numericky model jednoznaéné prokdzal, Ze kolaps samostatné
kanalizaéni stoky je zpusoben poruSenim spojovaciho materidlu —
malty. K poruseni konstrukce dojde pfiblizné pfi vnitfnim pretlaku
32,5 kN/mb, to odpovidd hodnoté 3,25 m vodniho sloupce (vztaze-
no ke dnu stoky).

ING. MICHAL SEDLACEK, sedlacek@ko-ka.cz, KO-KA,
s.r. 0., ING. RADOMIR PUKL, CSc., cervenka@cervenka.cz,
~ CERVENKA CONSULTING, s. r. 0.,

ING. PAVEL DOHNALEK, MSCE, dohnalek.p@betosan.cz,
BETOSAN, s. r. o.

Recenzoval: prof. Ing. Jifi Bartdk, DrSc.

Monitoring points were defined in the locations of the expected
failure (see Fig. 5). Subsequently the points were used for the
determination of the calculation step during which the sewer
would fail.

The value of the load during a particular loading step could be then
determined from the loading curve (see Fig. 9).

RECOMMENDED METHODS FOR REHABILITATION

Each rehabilitation is a compromise between the extent of construc-
tion work necessary for reconstruction and the financial amount the
work will require.

The following variants of methods securing sufficient static load
capacity will be analysed:

- installation of an inner ring of unreinforced concrete
- reinforcement of the inner surface by composite fabric
- in-situ relining by a hardening material

- new tubes a) inserting a smaller profile into the existing
sewer
b) lowered in an open trench
CONCLUSION

The numerical model explicitly proved that the collapse of the inde-
pendent trunk sewer is the result of a failure of the joint filling mate-
rial, i.e. the mortar. The structure will fail under the internal positive
pressure of 32.5kN/lm, which corresponds to the value of 3.25 of
water column (related to the sewer bottom level).

ING. MICHAL SEDLACEK, sedlacek@ko-ka.cz, KO-KA,

s. r. 0., ING. RADOMIR PUKL, CSc., cervenka@cervenka.cz,
CERVENKA CONSULTING, s. r. o.,

ING. PAVEL DOHNALEK, MSCE, dohnalek.p@betosan.cz,
BETOSAN, s. r. o.
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FOTOREPORTAZ Z VYSTAVBY TUNELOVEHO KOMPLEXU BLANKA
V PRAZE (SRPEN 2009)

PICTURE REPORT ON CONSTRUCTION OF BLANKA COMPLEX
OF TUNNELS IN PRAGUE (AUGUST, 2009)
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Obr. 1 Stavenisté Myslbekova, vyjchodni sténa s portdly raZenych tunelit
Fig. 1 Myslbekova site, the eastern wall with mined tunnel portals

Obr. 4 Staveniste Letnd, vystavba dilatace D20a severniho tunelu
Fig. 4 Letnd, construction of expansion block D20a of the northern tunnel tube

e

Obr. 3 Stavenisté Letnd, odtéZovdni pod ochranou stropni desky dilatace D11 . Letnd, razba severniho tiipruhového tunelu
Fig. 3 Letnad site, excavation under the roof deck of expansion block D11 Fig. 5 Letnd site, excavation of the northern three-lane tunnel

Obr. 6 RaZeny tunel, bednéni vzduchotechnickych kandlii v klenbé definitivniho Obr. 7 Stavenisté Troja, betondZ klenby hloubeného tunelu pred raZenym
osténi portdlem

Fig. 6 Mined tunnel, formwork for ventilation ducts in the crown of the final Fig. 7 Troja site, casting of the vault of the cut-and-cover tunnel in front of
lining vault the mined portal
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ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

PRAZSKE GEOTECHNICKE DNY 2009
PRAGUE GEOTECHNICAL DAYS 2009

The 14th Prague Geotechnical Days® took place in the Czech Aca-
demy of Sciences building on 20th May 2009. This year, the Technical
Seminar, which is one of the main parts of the Geotechnical Days, was
focused on issues of reinforcing ground structures.

The high point of the Prague Geotechnical Days was, as usual, an
international Prague Geotechnical Lecture. Professor Eisenstein,
a worldwide renowned expert in tunnel engineering, was requested to
deliver the lecture this year. Because Professor Eisenstein was not able
to arrive to give the lecture in person due to a severe disease,
Ing. Karel Rosler, Ph.D. delivered it on his behalf. The lecture was
focused on a classical tunnelling topic: ‘Interaction of ground envi-
ronment with underground structures’.

The topic of the following workshop was also from the field of tunnel
engineering: ‘Surface phenomena during underground construction’.
Professor Ing. Jiff Bartdk took care of the workshop moderation.

MEZINARODNI SEMINAR

Dne 20. kvétna 2009 probéhly v budové Akademie véd jiz Ctrnécté
Prazské geotechnické dny®. Letosni odborny seminaf, ktery je jednou
z hlavnich &sti geotechnickych dnt, byl zaméfen na problematiku vyztu-
Zovéni zemnich konstrukei. Prvni predndska na téma ,,Vyvoj oboru vyztu-
Zenych zemnich konstrukci*, kterou byl semindf zahdjen, byla prednesena
prof. Ing. Ivanem Vanickem, DrSc. Prof. Vani¢ek v ni shrnul, jaké prvky
a materidly se pro vyztuzovani pouZivaji, jaky efekt se od nich ocekava.

Na prednasku prof. VaniCka navdzal Dr. Arnstein Watn, feditel
vyzkumu Sintef z Trondheimu v Norsku. Ten predstavil tfi ukdzkové
piiklady poruch a havdrii vyztuZenych zemnich konstrukci zpusobe-
nych nedodrzenim zdkladnich pravidel jejich navrhovani.

Dal§im prednasejicim byl Ing. Herle, ktery zpracoval spolu
s Ing. Rottem (oba z ARCADIS Geotechnika a. s.) téma ,,Predikce
a skute¢né chovani vysoké vyztuzené zemni konstrukce. Prispévek
predstavil stavbu rozsdhlého logistického parku nedaleko obce
Kunice, béhem niZ byla zhotovena vyztuZend konstrukce dosahujici
v koruné délku témér 2 km a vySku misty az 15 m.

Naslednd predndska Ing. Marca Vicari z Officine Maccaferri
S. p. a. z Boloni v Itdlii pojedndvala o jejich desetileté zkuSenosti
s vyztuZovéani zemnich konstrukci tuhymi ocelovymi sitémi
a geomifZemi. Prezentace obsahovala vysledky numerického modelo-
vani téchto hybridnich konstrukei porovnavané s vysledky naméreny-
mi na jiZz zhotovenych konstrukcich.

Posledni predndska k tématu vyztuzovanych zemnich konstrukci
autort Ing. RubiSarové a RNDr. Kresty se zabyvala ,,Zeminami vyztu-
Zovanymi rozptylenymi vlakny“. Tato technologie dpravy vlastnosti
zemin je relativné novd a v soucasnosti existuje snaha o zji§tén{ okra-
jovych podminek jejtho nasazeni do praxe.

PRAZSKA MEZINARODNI GEOTECHNICKA PREDNASKA

Vrcholem Prazskych geotechnickych dnu byla jako obvykle mezi-
nérodn{ Prazskd geotechnickd predndska. V leto§nim roce byl k jejimu
predneseni vyzvan prof. Zdenék Eisenstein, svétoznamy odbornik
tunelového stavitelstvi. Protoze profesor Eisenstein se kvili své t€zké
nemoci nemohl k prosloveni své predndsky dostavit, prednesl ji jeho
jménem Ing. Karel Rossler, Ph.D. Predndska byla na klasické tuneldr-
ské téma ,,Interakce horninového prostredi s podzemnimi stavbami‘.

Byla zaméfena na problematiku spolupusobeni horninového pro-
stiedi s podzemnimi konstrukcemi zejména mélce uloZenych tuneld,
popiipadé tuneld razenych v mékkych soudrznych zemindch a pod
zastavénym tzemim. Ing. Rossler, ktery jak se ukdzalo, byl hoden
svého ucitele, poukdzal na nebezpecné mezni hodnoty sklonu pokle-
sové kotliny. V predndsce byly ukdzany ruzné aspekty vyvoje pokle-
sové kotliny a zpusoby uréovani poklesu terénu.

Dile byly diskutovdny ruzné pribéhy zdvislosti mezi poklesem
klenby tunelu v jejim vrcholu a povrchu terénu, a to podle razné vysky
nadloZi a typu horninového masivu, ve kterém byla razba provadéna.
Podkladem byly skute¢nd méfeni provddénd na budovanych tunelech
i modelové vypocty.

WORKSHOP

I workshop letosnich Prazskych geotechnickych dni mél tuneldiské
téma. A sice ,,Povrchové jevy pii podzemnich stavbach®.
O moderovani workshopu se postaral profesor Ing. Jifi Bartdk, DrSc.
Na dvod diskuse odeznélo nékolik pripravenych piispévku od vyzva-
nych autori. Prvnim byla pfednéska Ing. Alexandra Butovice, Ph.D.
(Satra s. r. 0.) ,,Deformacni odezva razenych ¢dsti tunelu Blanka
v Praze“. PfedndSka komplexnim zpusobem shrnula dosavadni znalos-
ti o deformacni odezvé horninového prostiedi a primédrniho osténi na
razby. Byly ukdzany pfi¢iny a prubéh dvou mimoradnych udélosti, ke
kterym doslo v roce 2008.

Druhou prednéskou byl prispévek Ing. Vladislava Johna (Metrostav
a. s.) ,,Reakce neogenniho jilu na razbu tunelu Dobrovského v Brné®.
Autor velmi prehledné zhodnotil pozorované deformaéni chovdni neo-
gennich jila pfi razbach z pohledu zhotovitelu stavby. Dal§im prispév-
kem workshopu byla pfedndska prof. Ing. Jifiho Bartdka, DrSc.
»Stabilita prazského portdlu tunelu Prackovice na délnici D8*. Autor
velmi instruktivné popsal nestandardni stabilitni problémy portalu pti
jeho vystavbe i pri razbach tunelu a informoval o zcela aktudlnim
stavu jeho deformacniho chovéni z kvétna 2009.

Uvodni &ist workshopu pak uzaviel spole¢ny piispévek autort
Ing. Tomdse Ebermanna a Ing. Vaclava Veselého, Ph.D. ,,Vliv preru-
Sen{ raZeb na deformaci horninového masivu®. Autofi zajimavym zpu-
sobem prezentovali na prikladech nékolika tunelovych staveb (hoto-
vych ¢i ve vystavbé) negativni vliv del§iho preruseni razeb na defor-
macni odezvu horninového prostiedi a primérniho osténi.

Po predndskéach nésledovala Zivd diskuse. Workshop splnil ofeka-
vani, kterd do ného organizdtofi vlozili, protoze vyvolal intenzivni
vyménu ndzoru a prispél ke sdileni autory ziskanych zkuSenosti
i Sirokou odbornou tunelafskou verejnosti.

CENA AKADEMIKA ZARUBY PRO MLADE INZENYRSKE
GEOLOGY A GEOTECHNIKY

Pravidelnou soucdsti Prazskych geotechnickych dnu je i vyhldSeni
ceny akademika Zdruby pro mladé inZenyrské geology a geo-
techniky.

V leto$nim roce byla cena poprvé oficidlné udilena nejen pro nomi-
nované z Ceské republiky, ale i ze Slovenské republiky. Komise pro
hodnoceni nominaci byla proto rozsifena i o reprezentanty Slovenské
asociace inZenyrskych geologi, RNDr. M. Kopeckého, CSc.
a vedouciho katedry geotechniky Stavebni fakulty VUT Bratislava
prof. RNDr. F. Baliaka, Ph.D.

Komise, ktera hodnotila nominace predlozené za rok 2008, neméla
snadnou dlohu, protoZe se se§lo nékolik nadprumérnych praci. Proto
se komise rozhodla udélit kromé hlavni ceny i dvé zv1a§tn{ uznani.

Hlavni cenu ,,Cenu akademika Quido Zéruby“ udélila komise
RNDr. Marku Lahovi z Univerzity Komenského, Prirodovedecké
fakulty Bratislava, za jeho klicovy podil na préci ,,InZiniersko-geolo-
gicky atlas hornin Slovenska“.

Zvlastni uzndni pak byla udélena Ing. Janu Korejéikovi
z Metroprojektu za zpracovéani geotechnické problematiky v projektu
razené Casti prodlouZeni trasy metra ,,A*, a Ing. Véiclavu Racanskému
ze spolecnosti Keller—specidlni zakldddni, za komplexni zpracovéani
pravidel navrhovani tryskové injektdze.

V leto$nim roce se tak ocenéni dockala i prace z oblasti podzemni-
ho stavitelstvi.

Komise i sponzor gratuluji v§em ocenénym a té§i se na nominace za
préace predloZené v roce 2009.

Pravidla pro udileni ceny a vSechny ostatni informace s cenou
souvisejici, véetné dosavadnich ,,nositelu* ceny, najdou zdjemci na
webové strance ,,www. arcadisgt.cz*

DOC. ING. ALEXANDR ROZSYPAL, CSc.,
rozsypal@arcadisgt.cz,
ARCADIS-GEOTECHNIKA a. s.
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SINOROCK2009 — KONFERENCE MEZINARODNI SPOLECNOSTI PRO MECHANIKU HORNIN (ISRM)
SINOROCK 2009 — INTERNATIONAL SYMPOSIUM ON ROCK MECHANICS (ISRM)

This year’s greatest geomechanical conference was held from 17th
to 22nd May in Hong Kong, jointly with a meeting of the ISRM exe-
cutive bodies and election of the new president of the association. The
symposium was organised by the University of Hong Kong and was
attended by 257 professionals from 41 countries.

The position of China as a country with the largest underground
construction has been reflected even in the activities of the ISRM. It
was decided as long ago as 2005 at a conference in Brno that the next
ISRM world congress would be held in Beijing in 2011 and Professor
Xia-Ting Feng, the Institute of the Chinese Academy of Sciences in
Wuhan, was elected the new president of the association for the term
2011-2015.

Ve dnech 17.-22. kvétna se konala v Hongkongu leto$ni nejvetsi
geomechanickd konference, spojend se zaseddnim fidicich orgdna
ISRM a volbou pristiho prezidenta spolecnosti.

Konferenci organizovala Univerzita Hongkong a ziicastnilo se ji 257
odbornikt ze 41 zemi. Témata konference, predstavujici jednotlivé
sekce, zahrnovala charakterizaci horninového prostredi, geomechanic-
ké a geotechnické modelovéni, inZenyrské projekéni metody, podzem-
ni dlozisté jaderného odpadu a dvé specidlni sekce vénované seCuan-
skému zemétieseni a tunelovym projektum v Hongkongu.

SloZeni t¢astniku, z nichZ bylo pres 80 % z vychodni Asie (prede-
viim Cina, Korea, Japonsko), stejné jako témata prispévki odrdzely
obrovsky boom tuneldfstvi a podzemniho stavitelstvi v této oblasti
svéta. Zejména objem stavénych a projektovanych tuneldrskych praci
v Cing skutedné bere dech. V pristich deseti letech ma byt realizovano
cca 500 km tunelt pro vodni privadéde v rdmci projektu dopravy vody
z jizni Ciny a tibetské plosiny do suchych oblasti severni Ciny.
Vystavba Zelezni¢ni sit€ zahrnuje 2200 tunelt v celkové délce
2270 km a v oblasti silni¢nich a délni¢nich tunelu ini celkova délka
novych tunelovych staveb dokonce 4370 km. K tomu je nutno pripo-
&ist méstské dopravni tunely jakoZ i podmorské tunely (napf. Hong-
kong—Macao) v celkové délce cca 400 km. Celkove zahrnuje pldn do
roku 2020 cca 7500 km tunelovych staveb, pfi¢emz intenzivni vystav-
ba jiz v soucasnosti probih4.

Pozice Ciny jako zemé s nejvétiim podzemnim stavitelstvim se odra-
zila i v ¢innosti ISRM. JiZ v roce 2005 na konferenci v Brné se rozhod-
lo, Ze pristi svétovy kongres ISRM se bude konat v roce 2011 v Pekingu
anovym prezidentem spolecnosti na obdobi 2011-2015 byl zvolen prof.
Xia-Ting Feng z institutu Cinské akademie véd ve Wuhanu.

DOC. ING. RICHARD SNUPAREK, CSc.,
snuparek@ugn.cas.cz, USTAV GEONIKY AVCR

9. MEDZINARODNA GEOTECHNICKA KONFERENCIA V BRATISLAVE 2009
9™ INTERNATIONAL GEOTECHNICAL CONFERENCE BRATISLAVA 2009

The 9th International Geotechnical Conference took place on 15t and
2nd June 2009 at the Faculty of Civil Engineering of the Slovak
Technical University in Bratislava. It was held on the occasion of the
50th anniversary of opening the Department of Geotechnics, the orga-
niser of the Conference.

The main conference topic consisted of Geotechnical Monitoring.
Over 150 conference attendees heard presentations on geotechnical
monitoring in underground constructions, transport-related constructi-
ons (12 papers), water-related constructions, landfills and tailing dams.

The conference proceedings contain 66 papers from 11 countries.
Their authors are from universities, exploration companies, design
bureaus and construction companies.

V dioch 1. az 2. jina 2009 sa na pdde Stavebnej fakulty STU
v Bratislave uskutocnila uz 9. medzindrodnd geotechnickd konferen-
cia. Tohtoro¢nd konferencia mala sldvnostny nddych, pretoZe sa kona-
la pri prilezitosti 50. vyrocia vzniku katedry geotechniky, organizitora
uvedenej konferencie.

Hlavnd téma konferencie bola Geotechnicky monitoring. Viac ako
150 tcastnikov konferencie si vypoculo prednasky o geotechnickom
monitoringu v pozemnych, dopravnych, podzemnych (12 prispevkov),
vodohospoddrskych stavbdch, na sklddkach a odkaliskdch.

Ako hlavni prednasatelia vystupili prof. Pedro Simao Seco e Pinto —
prezident Medzindrodnej spolo¢nosti pre mechaniku zemin
a geotechnické inZzinierstvo (tdto spolocnost’ mad skoro 20000 ¢lenov
z celého sveta), prof. Heinz Brandl — byvaly viceprezident
Medzindrodnej spolocnosti pre mechaniku zemin a geotechniku pre
Eurdpu, prof. Georg Heerten — vyznamny funkciondr Medzindrodnej
spolocnosti pre Geosyntetiku, prof. Dietmar Adam - ndstupca
prof. Brandla, veduci Instititu pre geotechniku Technickej univerzity vo
Viedni, prof. Ivan Vani¢ek — budici viceprezident Medzindrodnej spo-
lo¢nosti pre mechaniku zemin a geotechnické inZinierstvo pre Eurépu.

V zborniku z konferencie je uverejnenych 66 prispevkov z 11 kra-
jin. Autormi st pracovnici z vysokych $kol, prieskumnych, projekto-
vych i stavebnych organizacii.

Konferenciu pripravil kolektiv z katedry geotechniky v zloZeni:
prof. Ing. Peter Turcek, Ph.D. (predseda a garant), prof. RNDr. FrantiSek
Baliak, Ph.D. (veduci katedry), prof. Ing. Emilia Bednérovd, Ph.D.,
prof. Ing. Jozef Hulla, DrSc., Ing. Monika Silovskd, Ph.D., Olza Rikov-
skd, Ing. Tatiana Ledényiovd, Eva Suchdnekova (Clenovia).

Verime, Ze tohtoro¢nd tspe$nd konferencia bude dobrou pozvankou
na ti dalgiu, pripravovani na rok 2011.

RNDr. MILOSLAV KOPECKY, Ph.D.,
miloslav.kopecky@stuba.sk, STU Bratislava, katedra geotechniky

ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

0 CEM SE PISE V ZAHRANICNICH CASOPISECH
FROM FOREIGN JOURNALS

TUNNEL 4/2009

Pokud si nékdo z u&astniki tematického zdjezdu Ceské tuneldrské
asociace ITA-AITES do Svycarska prolistoval &ervnové &islo
Tunnelu, oficidlniho ¢asopisu némecké STUVY, mohl si doplnit infor-
mace, které ziskal na stavenisti gottharského bdzového tunelu v Bodiu.
Hlavni néplni ¢isla je totiZ prehled stavu, ve kterém se toto dilo nachd-
zelo na zacatku roku 2009. V jednom z &lanku se uvddi zdkladni ddaj
o postupu razeb —k 1. dubnu 2009 bylo z celkové délky153,3 km tune-
10, Stol a Sachet vyrazeno 84 %, tj. 129,3 km. Soucasné jsou v ¢lanku
finanéni a Casové rozvahy, ze kterych vyplyva predpoklddany termin
uvedeni tunelu do provozu koncem roku 2017.

V dalgsich ¢ldncich se popisuji tspé$né razby Stity TBM v 7,8 km
dlouhém tseku u Erstfeldu, koncept razeb v poruchové zéné v tseku
u Sachty Sedrun, vnitfni instalace v multifunkéni stanici Faido, poklad-

ka prefabrikovanych dilcu Zelezni¢niho spodku v dseku Amsteg nebo
systém nakladédni s rubaninou (logistika, vyuziti, uklddani na skladky).

Velmi zajimavy je ¢ldnek o GspéSném pruchodu spodni &asti
poruchy Piora (Piora-Mulde) v dseku Faido. Dva razici stroje
TBM postupujici od multifunk&nf stanice Faido poruchu bez vétsich
problému prekonaly v f{jnu 2008 a v lednu 2009. Tim se dspé$né
zavrSily skute¢né desetileti trvajici pruzkumy a rozvahy, zda a jak
bude moZné pruchod touto poruchou zvlddnout.

Jen stru¢né uvedeme zdkladni postupy pfi feSen{ tohoto mimorad-
ného problému. Piora—Mulde je porucha, kterd je vyplnéna zvodné-
lym na prasek rozdrcenym dolomitem (ten prasek se v suchém stavu
podobd mouckovému cukru). Porucha byla geologim zndmd — na
povrchu tzemi je patrnd.

Jeji hlavni pruzkum se provedl v letech 1993 aZz 1998. Zhruba
350 m nad budouci drovni hlavnich tuneld byl smérem k poruse
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vyraZen pomoci TBM od Faido 5,5 km dlouhy prizkumny tunel.
Ten mohli pri pokongresové exkurzi navstivit tcastnici WTC 1995,
ktery se konal ve Stutgartu.

Na konci bfezna 1996 vodorovny jadrovy vrt poprvé pronikl do
poruchy. Nasledné v dusledka S$patné fungujici prichodky a jeji
ucpavky proteklo béhem pouhych tif hodin do prizkumného tunelu
vrtem o pruméru 10 cm 1400 m3 dolomitové zvodnélé moucky.
Razici stroj musel byt potom rozebrdn a jeho dily byly vyvezeny
z tunelu. Po zabezpedeni pracovisté se provedlo do poruchy 19 pru-
zkumnych vrti o celkové délce 7000 m. Pét z nich sméfovalo dolu
do pldnované trovné hlavnich tunelu. K vSeobecnému prekvapent,
jist€ prijemnému, byl v této trovni v poruse zastiZen pevny bezvo-
dy dolomiticky anhydrit. Laboratorni testy prokdzaly jeho relativné
dobré mechanické vlastnosti. Vysledky pruzkumu byly pak pouZity
pfi zpracovéni projektu a pri uzavirdni kontraktu na razbu tuneld
v tseku Faido.

Na zdkladé priznivych poznatka o geotechnickych podminkach
v trase razby bylo mozno prvni TBM zastavit blizko pred poruchou
v zari 2008. Ndsledné se provedl pruzkumny jadrovy vrt ve sklonu
10 ° nad feznou hlavou TBM dlouhy 284 m. Jeho tcelem bylo
potvrdit a zpresnit vysledky pruzkumu provedeného v roce 1998
Sikmymi vrty z prazkumného tunelu.

Vrt prokazal:

e 10 m Sirokou poruchovou zénu na prechodu mezi skalnim

masivem a Piora-muldou;

e pak ndsledovalo 120 m pevného bezvodého dolomitického
anhydritu — ten cca 250 m nad trasou tunelu nastésti oddélova-
la od obdvané zvodnélé dolomitické ,,moucky* jakdsi tésnici
sadrovcovd Cepicka (gipshut);

e severni strana poruchy opét méla charakter poruchové zdény
Siroké 10 m.

Po novém vyhodnoceni vSech poznatki se za hlavni nebezpedi pri
pruchodu stroji TBM Piora-muldou povaZovala moZnost zaklinén{
stroje a znemoznéni daliho postupu v dasledku velkych deformaci
skalniho masivu. Proto byla prijata ndsledujici opatfeni:

e instalace odolné ocelové vystroje hned za feznou hlavou

k zabrdnéni rozvolnéni horniny (ocelové oblouky byly instalo-
vény v rozte¢i 1 m a ihned se provddéla ochrannd vrstva stiika-
ného betonu; cca 25 m za reznou hlavou se ostén{ ze stiikané-
ho betonu doplnilo na tloustku 30 cm);

¢ nepretrZitd razba pres celou $itku Piora-muldy;

e razba s pouzitim maximdlniho pruméru vyrubu, ktery stroj po
tpravé umoznoval (9,5 m).

TBM razici vychodni tunel diky témto opatrenim tdspés$né béhem
14 dnu prorazil poruchu Piora v fijnu 2008, zdpadni tunel prosel
poruchou v lednu 2009. Vzhledem k mohutnému vystrojeni vyrubu
byl prumérny denni postup 10 m. Voda nebyla zastiZena.

Uspéiné prekonani poruchy uspofilo vice nez 100 miliond §vycar-
skych franku, jejichZ vyddni se predpoklddalo v pripadé nepfizni-
vych geotechnickych podminek v poruse v drovni hlavnich tunelg.

Za Piora-muldou pokracuje tGspé$né razba v rulovém gotthard-
ském masivu smérem k dseku Sedrun. V této ¢dsti je nadlozi nad
tunely 1,7 km, coZ je nejvice v celé trase badzového tunelu. Teplota
horniny dosahuje az 50 °C. S ohledem na vysoké nadlozi a Spatnou
piistupnost mist na povrchu tzemi se prizkum omezil na geologic-
ké zmapovan{ terénu a promitnuti zjiSténych skute¢nosti do drovné
tunelu. Proto se pii razbé provadéji prekryvajici se pruzkumné jad-
rové vrty délky priblizné 100 m. Pro pfipad zastiZen{ poruchovych
z6n a vysokych pritoku podzemni vody jsou pripravena opatieni pro
jejich prekondni — od injektdZzi, pres odvodnéni masivu aZ
k provedeni obchvatnych tunelu.
informace, napr.:

Svycarskd Zelezni¢ni spole¢nost Rhitischen Bahn chystéd rekon-
strukci 5,3 km dlouhého tunelu pod sedlem Abdula, ktery je
v provozu od roku 1903. Pro rozhodnuti o zpisobu rekonstrukce se
zpracovavaji dva projekty — rekonstrukce stdvajicitho tunelu a razba
tunelu v nové trase.

Danska konzultaéni firma je zodpovédna za projekt nejdelsiho
naplavovaného a ponofovaného silni¢niho tunelu na svéte, ktery se
pfipravuje v Ciné. Bude dlouhy 5.6 km, ¢im% o dva kilometry pre-
kond dosud nejdel$i tunel tohoto typu v Gziné Oresund mezi
Dénském a Svédskem. I dal§i vidaje jsou impozantni — celkovd §itka
dilct bude 40 m a potdpény a spojovany budou v hloubce 38 m pod
hladinou.

Mnoho problému pfi razbé tunelt pod centrem Lipska na Zelez-
ni¢nim propojeni City Tunnel Leipzich zdrzi jeho dokonceni. To se
puvodné plédnovalo na konec roku 2009, pozdéji na prosinec 2011
a dnes se predpoklddd uvedeni do provozu v roce 2012. ZvySeni
ceny stavby se odhaduje z puvodné planovanych 576 mil. eur na 704
mil. eur.

GEOMECHANIK UND TUNNELBAU / GEOMECHANICS
AND TUNNELLING 3/2009

Tento Casopis, ktery nahradil dfive vyddvany Casopis Felsbau,
vychdzi 6 x za rok, pri¢em?Z tfi ¢isla jsou vzdy dvojjazy¢nd, ¢lanky
jsou tiStény v angli¢tiné a v némdciné. Vydavatelem Casopisu je
Rakouskd geomechanické spole¢nost (OsGG) a kazdé &islo je tema-
ticky zaméreno.

Dvojjazy¢né ¢islo 2/2009 je zamefeno na prognézovani postupu
razicich stroju (Prediction of TBM Performance) a zahrnuje i &ldnek
tykajici se zeminového Stitu.

Tématem opét dvojjazyéného Eisla 3/2009 je monitoring, vyhod-
nocovani a prognézovani (Monitoring, Interpretation and
Prediction).

ING. MILOSLAV NOVOTN Y, ita-aites.cz,
sekretar CzTA ITA-AITES

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA
MESTSKY OKRUH MYSLBEKOVA-PELC-TYROLKA
TUNEL SPEJCHAR-PELC-TYROLKA (SPELC)

S pomoci svislého ¢lenéni kaloty a pod ochranou mikropilotovych
destniku pokracovala a nadéle pokraduje razba v modifikované techno-
logické tridé TT 5a obou tunelovych trub STT a JTT. Jelikoz razby kalot
prochézeji geologickou poruchou na rozhrani fevnickych kfemenct
a letenskych bridlic, byly z téchto divodi nové pouZity i chemické
injektaze dvouslozkovych pryskyfic aplikovanych z Celby tunelu.

Pomyslnou hranici vhodnéj$tho prostiedi pro tunelovaci préce
potom tvoii z pohledu sed4ni povrchu objekt Slechtovy restaurace, od
kterého se bude zvétSovat mocnost horninového nadlozi. Do prekrode-
ni uvedeného rozhrani zbyvd kalotdm tuneli nékolik desitek metra
razeb. Pfi dodrZeni podminky o maximdlni vzdélenosti ¢eleb od dals{
Casti ¢lenéného profilu zbyvd vyrazit dodatedné raZené opéfi tunelu
v délce cca 200 m.

THE CZECH REPUBLIC

MYSLBEKOVA — PELC-TYROLKA SECTION
OF THE CITY CIRCLE ROAD

THE SPEJCHAR — PELC-TYROLKA (SPELC) TUNNEL

The construction of both tunnel tubes, the NTT and STT, has conti-
nued using a vertical excavation sequence in the top heading (side
drifts and a central pillar) and canopy tube pre-support to pass through
excavation support class 5a rock. Because the top headings are driven
through a geological fault, at an interface between the Revnice
Quartzites and Letnd Shales, chemical grouting was newly applied.
Two-component resins have been injected from the tunnel face.

An imaginary border of an environment more suitable for tunnel
construction work in terms of the surface settlement is formed by the
Slechta’s restaurant. The thickness of the overburden will grow from
the restaurant on. Several tens of metres of driving remain for the top
headings to pass the above-mentioned interface. About 200m long




Soucasné s razbou jiz probihaji i prace na definitivnim osténi JTT.
K dneSnimu dni je zabetonovdno celkem 1071 m spodni klenby
a 548 m klenby horni. Probihaji i pfipravné préce k zahdjeni betondzi
definitivniho ostén{ STT.

Dulezitym datem vystavby tunelu se stalo 21. 7. 2009, kdy byla
zahdjena protirazba STT z portdlu Letnd. Pfiblizné s mesi¢nim odstu-
pem je pldnovéna rozrdzka kaloty JTT.

TUNELY MYPRA

S prihlédnutim k rozpracovanosti hloubeni a zajiStovani stavebn{
jamy Myslbekova (realizuje firma Zakladani staveb) je v soucasné
dobé redlny predpoklad zahdjen{ razeb divizi 5 MTS v terminu 10/09.

V prubéhu 3Q/09 bude na stavebnim dvore Myslbekova realizova-
na vystavba objektu zafizeni stavenisté, aby bylo zajisténo odpovida-
jici zézemi pro razbu a betonédZe osténi obou tunelovych trub.

I s prihlédnutim k postupné optimalizaci podminek pro provadéni
této Cdsti dila mestského vnitrniho okruhu zatim stéle plati, Ze tato ¢ast
stavby je z pohledu HMG na kritické cesté vystavby.

TUNEL STAVBY 514 SILNICN[HO OKRUHU KOLEM PRAHY

Betondze definitivni obezdivky tfipruhového tunelu byly komplet-
né dokonceny vetné instalace vSech siti a nyni probihd pfiprava na
betondz vozovky. Na dvoupruhovém tunelu potom chybi k dokonéeni
betondzi definitivy jen posledni prechodovy &tyfmetrovy segment
mezi raZzenou a hloubenou ¢4sti, déle se zde pokladd vodovodni potru-
bi a kanalizace pod vozovku. Mezi obéma tunely se do kone¢ného
stavu také betonuji propojky. V neposledni fadé pokracuje v souladu
s harmonogramem i vystavba provozné-technickych objekta na slive-
neckém a radotinském portélu.

TUNEL STAVBY 513 SILNICNIHO OKRUHU KOLEM PRAHY

V cervnu byla podle oc¢ekdvani dokoncena betondz definitivniho
osténi vletné vSech hloubenych Edsti a tunelovych propojek. V dobé
uzdvérky tohoto &isla probihaly prace na chodnicich, podkladech pro
vozovku, kanalizaci a kabelovodech. Predpokladd se, Ze spole¢nost
Subterra, a. s., tyto priace dokon&i a v poloviné srpna predd dilo vyssi-
mu zhotoviteli — spolecnosti Skanska, a. s., kterd vybavi tunelové trou-
by potfebnou provozni technologii a zabezpe¢i kompletni dokonéen{
dila. Tunel stavby 513 by mél byt preddn do provozu s celou budova-
nou jizni trasou silni¢niho okruhu v dubnu 2010.

TUNELY VMO DOBROVSKEHO

Razby na obou tunelovych rourdch v dobé uzdvérky tohoto Cisla
postoupily na hodnotu cca 700 m pro tunel T II, ktery razi spolecnost
Subterra, resp. na délku cca 600 m pro tunel T I, ktery razi spolecnost
OHL ZS. V tunelu T II byl dokon&en nouzovy zaliv. Soucasné bylo jiz na
obou tunelovych rourdch vybetonovéno pres dvé st€ metrt definitivniho
osténi protiklenby. Na tunelové roure T I je betondZ protiklenby rozdélena
technologicky na dvé &asti, v tunelové roufe T II je provadéna veelku.

Vyvoj poklesové kotliny na obou rourdch je zatim uspokojivy.
Vzhledem k existenci mnoha citlivych povrchovych objektu se pravi-
delné schézi rada monitoringu a vyhodnocuje prubézné zjistované tdaje
meéfeni. S prihlédnutim k ziskanym hodnotdm méfeni bylo nové roz-
hodnuto, Ze pro tsek asi 40 metrt v blizkosti portdlu TR II budou pro-
vedeny tryskové injektdZe do podloZi spodni klenby tunelu. V jednom
kroku tak bylo aplikovdno 40 sloupu tryskovych injektazi délky 10 m.

ZELEZNICNI TUNEL JABLUNKOV €. 2

Podle predpokladu byly v kalot€ jiz dokonCeny razi¢ské prestrojo-
vaci prace ze stdvajiciho jednokolejného tunelu ¢. 2 na bezmdla 600 m
dlouhy novy tunel dvoukolejny. V opa¢ném sméru, tedy od prorazky
zpét k vychodnimu portdlu, nyni probihd vylom opéfi a protiklenby.
V prubéhu téchto praci bude v letnim obdobi vyraZena i spojovaci
Stola k tunelu €. 1, ktery bude po dokonceni dila slouzit jako Stola tni-
kova. Tyto prace provadi Subterra, a. s.

Soucasné jiz pracovnici firmy Firesta zahdjili v misté portdlu prace
na betondZi definitivniho osténi a protiklenby.

DALNICE D8-805 LOVOSICE-REHLOVICE

Na stavb& dalnice D8 Lovosice—Rehlovice pres Ceské stiedohoif byl
zaznamenan vyrazny legislativni pokrok podminujici provadeéni vSech
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tunnel bench sections remain to be excavated, maintaining the maxi-
mum distance between the headings and the other parts of the sequen-
tially excavated cross section.

The work on the STT final lining is carried out concurrently with the
excavation. The length of 1071m of the invert and 548m of the upper
vault have been completed to date. The casting of the NTT final lining
is under preparation.

An outstanding date was the 21 July 2009; the NTT counter heading
started from the Letnd portal on that day. The STT top heading is
planned to commence approximately a month later.

MYPRA TUNNELS

Taking into consideration the degree of completion of the excavati-
on and installation of support of the Myslbekova construction trench
(carried out by Zakladani staveb a.s.), there is a realistic assumption
that Metrostav a. s. Division 5 will be able to start the tunnel excava-
tion in October 2009.

Myslbekova construction site facilities will be erected during third
quarter 2009 to provide an adequate base for the excavation and cas-
ting of both tunnel tubes.

It has still been true, despite the gradual optimisation of the conditi-
ons in which this part of the inner circle road has been constructed, that
this part of the project is, in terms of the programme, on the critical
path.

THE TUNNEL IN CONSTRUCTION LOT 514 ON THE PRAGUE
CITY RING ROAD

Casting of the final lining of the triple-lane tunnel has been finally
completed, including the installation of all networks. The roadway cas-
ting is currently under preparation. As far as the double-lane tunnel is
concerned, the only part of the final lining remaining to be cast is the
last, 4m long transition segment between the mined tunnel and the cut
and cover section. A water main and sewer are installed under the road-
way in this tunnel tube. Cross passages between the two tunnels are
also being completed by casting the lining. At last but not least, the
construction of services structures is underway at the Slivenec and
Radotin portals.

THE TUNNEL IN CONSTRUCTION LOT 513 ON THE PRAGUE
CITY RING ROAD

As expected, June 2009 saw the completion of the casting of the
final lining, including all cut-and-cover parts and cross passages.
When this magazine copy deadline was passing, the work on walk-
ways, roadway sub-base, sewerage and cableways was performed. It is
expected that Subterra a. s. will complete this work and hand the con-
struction over to Skanska a. s., the main contractor, in mid-August.
Skanska will install tunnel services and secure the final completion of
the works. The tunnel in construction lot 513 is planned for opening to
traffic, together with the entire southern route of the Prague City Ring
Road, in April 2010.

DOBROVSKEHO TUNNELS ON THE LARGE CITY CIRCLE
ROAD IN BRNO

On this magazine copy deadline, the length of the excavation of both
tunnel tubes reached about 700m and 600m on the tunnel T II (driven
by Subterra a. s.) and tunnel T I (driven by OHL ZS, a. s.), respective-
ly. The lay-by has been completed in tunnel T II. At the same time, the
casting of over two hundred metres of the final invert lining has been
finished in each tunnel tube. The casting of the invert in the tunnel
tube T II is divided into two parts, while the casting in the tunnel
tube T II is carried out as a single operation.

The development of the settlement trough has been satisfactory till
now. Because of the existence of numerous sensitive surface buildings,
the Monitoring Council meets regularly to continually assess the mea-
sured data. A decision has been recently made, taking into considerati-
on the new measured values, that jet grouting into the tunnel invert sub-
base will be carried out within an about 40m long section at the TR 11
portal. Forty 10m long jet grouted columns were installed in one step.

JABLUNKOV NO.2 RAILWAY TUNNEL

As expected, the work on replacing the support in the calotte of the
existing single-rail tunnel and converting the tunnel into a nearly 600m
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tunelovych praci. Pro objekt tunelu Radej¢in byl podan ndvrh na provede-
ni dopliikového inZenyrskogeologického prizkumu ve formé predrazby
v trase budouciho tunelu. Névrh byl kladné posouzen krajskym tradem
a tak prace na odtéZeni Casti jamy usteckého portdlu mohly byt zahdjeny
na zacatku cervence 2009. Oc¢ekdva se, Ze kompletni stavebni povoleni na
tunelové objekty tunelu Radej¢in bude vyddno v nejblizich dnech.

Obé tunelové roury tunelu Prackovice byly v ¢ervnu 2009 komplet-
né dorazeny, ¢imz byla dokondena dulezitd etapa jeho vystavby.
Prordzka byla situovdna do predem pripraveného a zajisténého porté-
lu. Celkové tak bylo vyraZeno ve zvétralych az navétralych tufech na
LTT 157,4 m a na PTT 148,7 m. PfestoZe se jednd o tunelové trouby
délkove patrici k tém krat$im, byly v8ak vyrazeny v komplikovanych
geologickych podminkdch, a proto za bezproblémové a bezpe¢né pro-
veden{ pracf je tfeba v§em zdcastnénym podékovat.

KANALIZACE KARVINA A MIKROTUNELOVANI

S touto stavbou se v nasi rubrice muzeme jiz definitivné rozloucit,
protoZe vSechny razici prace byly na stavbé v Karviné jiz ukonceny.
Byly provadény mikrotunelovaci price v profilech 300, 1000 a 1400
mm, ddle razby s otevienym Stitem, ale i razby klasické. V soucasné
dobé se provadi jiz pouze tklidové a dokoncovaci prace s tim, Ze dilo
bude preddno do uzivan{ v zaif roku 2009. Stavbu realizovalo sdruze-
ni firem Tchas, OHL ZS a VOKD, hlavnim dodavatelem mikrotune-
lovacich praci byla Subterra, a. s.

KOLEKTOR VACLAVSKE NAMEST( — OPRAVA TRASY C

Stavebni prdce na kolektoru Viclavské ndmésti jsou u konce.
V uplynulém C&tvrtleti byla vyraZena treti lavka véetné vybetonovan{
jejiho definitivniho osténi. Také byly provedeny betonové konstrukce
v Sachté V2. Stavebné dokonéen byl i tinikovy vychod v prostoru
¢.p. 21, Krone“, ktery byl vybudovén technologii hlouben{ v otevrené
ryze. V tomto prostoru byl odstranén zabor v komunikaci a tfm mohl
byt nové obnoven provoz v celé §ifi Véclavského ndmésti, coZ jisté
uvitaji v§ichni ndvstévnici hlavniho mésta Prahy.

V souéasné dobé jsou v kolektoru osazovdny ocelové konstrukce
pro vedeni inZenyrskych sit{ a pochozi pororosty. V soubéhu probihd
poklddka potrubi dvojice vodovodnich fadi DN 500.

ING. KAREL FRANCZYK, k franczy@subterra.cz, SUBTERRA a. s.,
ING. BORIS SEBESTA, sebesta@metrostav.cz, METROSTAYV a. s.

SLOVENSKA REPUBLIKA
TUNEL BORIK

Price na dialhi¢nom tuneli Borik pokracovali ukon¢ovanim staveb-
nych prac na oboch portdloch a montdzou technologického vybavenia
v tunelovych rirach. Usek dialnice D1 Mengusovce-Janovce, ktorého
sticastou je aj tunel Borik s dlzkou tunelovych rir 985 m a 979 m, by
mal byt stavebne dokonceny v oktébri, takZe by mohol byt uvedeny
do prevddzky pred koncom roku 2009. Zhotovitelom stavebnej Casti
tunela je Marti Contractors, resp. jeho dcérska spolocnost’ Tubau,
a. s. Zhotovitelom technologickej Casti je PPA Controll, a. s.

Obr. Vychodny portdl tunela Borik
Picture: Eastern portal of the Borik tunnel

long double-rail tunnel has been finished. In the opposite direction,
from the breakthrough back to the eastern portal, the bench and invert
excavation is currently underway. During this work, in the summer,
a cross passage to Tunnel No. 1 will be driven. It will serve as an esca-
pe adit after the completion of the tunnel. The above-mentioned work
has been performed by Subterra a. s.

Concurrently, Firesta employees started the casting of the final
lining and invert at the portal.

THE D8 MOTORWAY - CONSTRUCTION LOT 805
LOVOSICE - REHLOVICE

An important legislative progress has been achieved on the
Lovosice-Rehlovice construction lot of the D8 motorway, which was
necessary for the execution of all tunnel construction works.
A proposal was submitted for conducting a complementary enginee-
ring geological survey for the Radej¢in tunnel in the form of a pilot
adit following the alignment of the future tunnel. The proposal was
accepted by the regional administration, thus the excavation of a part
of the Usti nad Labem portal was allowed to start at the beginning of
July 2009. It is expected that the complete building permit for mined
structures of the Radej¢in tunnel will be issued shortly.

The excavation of both tubes of the Prackovice tunnel was com-
pleted in June 2009, meaning the end of an important construction
stage. The tunnel broke through a pre-prepared, stabilised portal. The
total lengths of 157.4m and 148.7m of the LTT and RTT excavation,
respectively, passed through weathered to slightly weathered tuff.
Despite the fact that in terms of the length the tunnel can be rated as
a shorter structure, all parties to the construction deserve appreciati-
on because the geological conditions of the excavation were compli-
cated.

SEWERAGE NETWORK IN KARVINA - MICROTUNNELLING

We can once for all say good bye to this construction in our column
as all underground excavation has been completed in Karvind. It con-
sisted of 300, 1000 and 1400mm-diameter microtunnelling, open-face
shield excavation and also traditional tunnel excavation. Currently
only cleaning and finishing work is underway, so that the works are put
into service in September 2009. The project was implemented by
a consortium consisting of Tchas, OHL ZS and VOKD; the main con-
tractor for the microtunnelling operations was Subterra a. s.

THE WENCESLAS SQUARE UTILITY TUNNEL - REPAIR
TO THE C ROUTE

The civil engineering work on the Wenceslas Square utility tunnel
is nearing completion. The third bench excavation was finished last
month, including the casting of the final lining. Concrete structures in
Shaft V2 were also completed. The civil work on the cut-and-cover
structure of the escape exit in the area of the building No. 21 “Krone”
has also been completed. A temporary works area within the road was
vacated, thus it was possible to open the entire width of Wenceslas
Square to traffic. This will certainly be welcomed by all visitors to the
capital, Prague.

Currently, steel structures supporting engineering networks and
metal grill walkways are being installed in the utility tunnel. A pair of
DN 500 water mains is being placed concurrently.

ING. KAREL FRANCZYK, k franczy@subterra.cz, SUBTERRA a. s.,
ING. BORIS SEBESTA, sebesta@metrostav.cz, METROSTAV a. s.

THE SLOVAK REPUBLIC
THE BORIK TUNNEL

The construction of the Borik continued by completing civil engi-
neering works at both portals and installing tunnel equipment in both
tubes. The civil works on the Mengusovce-Janovce section of the D1
motorway, containing the Borik tunnel with the 985m and 979m long
tubes, respectively, are expected to be completed in October, thus it
could be opened to traffic before the end of 2009. The contractor for
the civil works is Marti Contractors, namely its branch, Tubau
a.s. The tunnel equipment installation contractor is PPA Controll, a. s.



PPP PROJEKTY NA VYSTAVBU DIALNIC A RYCHLOSTNYCH
KOMUNIKACII

Jedinym zdujemcom, ktory v mdji predloZil ponuku v tendri na
treti balik PPP projektov na vystavbu a prevadzku dialnice D1, bolo
konzorcium vedené spolo¢nostami Hochtief-Alpine. Sti¢astou dial-
niénych tsekov HriCovské Podhradie-Lietavskd Lucka, Lietavskd
Licka—Visiiové, Lietavska Lucka—Zilina a Visfiové-Dubna Skala
v celkovej dizke 29 km si aj tunely Vistiové (7,5 km), Zilina (0,6
km) a Ov¢iarsko (2,3 km). Vyhodnotenie tendra a uzatvorenie zmlu-
vy s vitaznym uchddzaCom sa oCakdvaji na jesen tohto roku.

REKONSTRUKCIA TUNELA POD HRADOM V BRATISLAVE

Price na rekonStrukcii tunela pod Hradom v Bratislave zacali
v m4ji demontdZou existujicej kolajovej trate a precistenim odvod-
nenia nosnej klenby. V letnych mesiacoch by mala zacat’ demontaz
existujiceho vodovodného potrubia a jeho prelozka do Zelezobetd-
nového kandlu. Tunel diiky 792 m bol vybudovany v rokoch
1943-1949 ako cestny, a v roku 1983 bol po celkovej rekonstrukcii
zmeneny na elektriCkovy. Investorom stavby je Dopravny podnik
Bratislava, a. s., zhotovitelom stavby je zdruZenie tvorené firmami
OHL 7S, a. s., Skanska BS a. s. a Trnavskd stavebn4 spolo¢nost’, a. s.

ING. MILOSLAV FRANKOVSKY, frankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s.
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MOTORWAY AND EXPRESSWAY PPP PROJECTS

The only interested party which submitted its bid for the third PPP
package covering the construction and operation of the D1 motorway
was a consortium led by the companies of Hochtief and Alpine. Parts of
the Hri¢ovské Podhradie—Lietavskd Lucka, Lietavskd Lucka—VisSnové,
Lietavskd Lic¢ka—Zilina and Visiiové—Dubna Skala motorway sections
(the total length of 29km) are the Visnové tunnel (7.5 km), Zilina tunnel
(0.6 km) and Ov¢iarsko tunnel (2.3 km). The tender results and the con-
tract award are expected to be announced in the autumn 2009.

RECONSTRUCTION OF THE TUNNEL UNDER THE CASTLE
IN BRATISLAVA

The work on the reconstruction of the tunnel under the Castle in
Bratislava started in May by removing the existing rail track and clea-
ring the drainage of the load-bearing vault. The summer months
should see the dismantling of the existing water main and diverting it
into a reinforced concrete duct. The 792m long structure was built in
1943 through 1949 as a road tunnel, to be converted after a general
reconstruction in 1983 into a tram tunnel. The client is Dopravny pod-
nik Bratislava, a. s. (a public transit company), the contractor is
a consortium consisting of OHL 7S, a. s., Skanska BS a. s. and
Trnavskd stavebna spolocnost;, a. s.

ING. MILOSLAV FRANKOVSKY, [frankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s.

ZPRAVODAIJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS
www.ita-aites.cz

PRIPRAVA MEZINARODNI KONFERENCE ,PODZEMNI STAVBY PRAHA 2010"
PREPARATION OF THE INTERNATIONAL CONFERENCE “UNDERGROUND CONSTRUCTIONS PRAGUE 2010*

The state of preparations of the 11th International Conference
Underground Construction Prague 2010, which will be held in Clarion
Congress Hotel Prague from 14th to 16th June 2010, were discussed by
members of the Preparatory Committee and Scientific Council during
their meeting on 26th July 2009. Taking into consideration the float,
they decided to extend the deadline for submitting abstracts of
papers until 30th September 2009. Therefore, the last opportunity to
submit the abstract of your paper (via web page www.ita-aites.cz) is
now, when you received this issue of TUNEL journal. The informati-
on regarding the acceptance of the abstract will be sent to authors after
30th September 2009.

All required information on the Technical Exhibition, advertising in
conference documents, possibility of sponsoring of the conference and
others, including a summary of submitted abstracts and instructions for
the preparation of papers, is available at www.ita-aites.cz. In addition,
it will be published in the 2nd Circular, the distribution of which is
planned for October 2009.

Stav piipravy 11. mezindrodni konference Podzemni stavby
Praha 2010, kterd se bude konat v prazském hotelu Clarion
Congress Hotel Prague od 14. do 16. ¢ervna 2010, projednali Cle-
nové pripravného vyboru a védecké rady konference na svém jed-
nani dne 26. ¢ervna 2009. S ohledem na casovou rezervu rozhodli
o prodlouZeni terminu pro zasldni abstraktu prispévku do
30. zari 2009. TakZe ve chvili, kdy dostdvate do rukou tento vytisk
Casopisu Tunel, je posledni moZnost abstrakt prispévku zaslat pres
webové stranky www.ita-aites.cz. O prijeti abstraktu budou autofi
informovani po 30. zaf{ 2009.

Vsechny potrebné informace o technické vystavé, o inzerci
v konferen¢nich dokumentech, o moZznosti podpory konference
(sponzoring) a dal3i v&etné prehledu zaslanych abstraktu a pokynu
pro zpracovéani prispévku je moZno nalézt na www.ita-aites.cz.
Budou také uverejnény v 2. oznamenti, jeho expedice se predpokla-
dé v fijnu 2009.

SLOZENI REDAKCNI RADY CASOPISU TUNEL PRO OBDOBI 2009 AZ 2012
MEMBERS OF TUNEL JOURNAL EDITORIAL BOARD FOR THE 2009 THROUGH 2012 TERM

Members of the Editorial Board of TUNEL journal for the 2009
through 2012 term gathered for the first time at their meeting on
26th June 2009. At the beginning of the meeting they unanimously
elected Professor Ing. Jifi Bartdk, DrSc the new Chairman of the
Editorial Board. The list of members of the EB is presented in the
colophon of this TUNEL issue.

Clenové redakeni rady asopisu Tunel pro funk&ni obdobi 2009
az 2012 se poprvé sesli na svém jedndni dne 26. ¢ervna 2009.

Jedndni redakéni rady mélo slavnostni dvod. Pamétni medaili
Ceské tunelaiské asociace ITA-AITES prevzal nejprve Ing. Jozef
Frankovsky za dlouholetou aktivni praci v redakéni radé a za zéslu-

hy o rozvoj spoluprdce mezi ¢eskou a slovenskou tuneldrskou aso-
ciaci. Clen predsednictva CZTA Ing. Libor Mafik pak medaili pre-
dal také profesoru Ing. Jiffmu Bartdkovi, DrSc., kterému ji pred-
sednictvo CzTA udélilo u prilezitosti jeho sedmdesatin za jeho
mimorddny podil na rozvoji podzemniho stavitelstvi v Ceské repub-
lice i za jeho prdci v asociaci.

Clenové redakéni rady pak jednomysiné zvolili nového piedsedu
redak¢ni rady, kterym se stal profesor Ing. Jifi Bartak, DrSc.
SloZeni RR je uvedeno v tirdzi tohoto ¢isla Casopisu Tunel.

Nasledné podekovali dosavadnimu dlouholetému predsedovi
Ing. Petru Vozarikovi za vSe, &im prisp€l k rastu kvality i prestize
casopisu Tunel.
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TEMATICKY ZAJEZD CLENU CzTA ITA-AITES DO SVYCARSKA
THEMATIC TRIP OF THE CzTA ITA-AITES MEMBERS TO SWITZERLAND

The ITA-AITES Czech Tunnelling Association organised for its
members a thematic trip to significant tunnel constructions in
Switzerland on 9th through 13th June 2009. The trip was attended
by 40 persons. Wednesday the 6th June 2009 was dedicated to
a visit to a Sika plant. The following day was dedicated to a visit to
construction sites on a motorway by-pass around the town of Biel,
comprising two tunnels. The Biittenberg tunnel and Lingholz tun-
nels are 1.46km and 2.5km long, respectively. A visit to the infor-
mation centre of the Gotthard base tunnel in Bodio took place on
Friday.

Ceskd tuneldrskd asociace ITA-AITES uspoiddala pro své Eleny
ve dnech 9. az 13. ¢ervna 2009 tematicky zdjezd na vyznamné tune-
lové stavby ve Svycarsku. Cesty se zicastnilo 40 osob. K jeji pii-
prave vyrazné prispéli Ing. Jiri Ruta z firmy Swissservice s. r. 0., za
coZ mu patii vfely dik, a firma Sika Schweiz AG.

Streda 10. 6. 2009 byla vénovana navstévé zdvodu firmy Sika. Ve
Widenu si dcastnici prohlédli vyrobu stroju pro stitkany beton
Aliva. Pak nasledovaly prohlidka laboratofi a prednasky v sidle
firmy v Curychu. Rozsah vyzkum a vybavenf laboratori firmy uka-
zaly, Ze firma této oblasti pripisuje mimorddnou duleZitost.

Nasledujici den byl vénovan prohlidce stavenist' ddlni¢niho
obchvatu mésta Biel, jeho souldsti jsou dva tunely. Tunel
Biittenberg ma délku 1,46 km a tunel Léngholz je dlouhy 2,5 km.

Obr. 1 Cdstecné zarazeny zeminovy §tit na stavenisti v Bielu
Fig. 1 An EPB shield partially driven into the ground on the Biel construction site

Na tomto tunelu si Gcastnici prohlédli oba portdly a predevsim Cas-
tené jiZz zarazeny zeminovy §tit véetné skladky tybinku (obr. 1),
betonarny, mezideponie rubaniny, kterd sem bude dopravovana
péasovym dopravnikem, a dalSich objektl zafizeni stavenisté.

Po navratu do Curychu se tcastnici jesté zastavili v informaénim
centru nové stavby Zelezniéniho propojeni pod centrem mésta.
Stavba je provddéna v nepfiznivych geotechnickych podminkdch
a jeji soucdsti je predev§im 4 800 m dlouhy tunel Weinberg
a Zelezni¢ni stanice umisténa v druhé podzemni drovni pod curys-
skym hlavnim nddrazim.

V pétek 12. &ervna 2009 probéhla ndvstéva gotthardského bazové-
ho Zelezni¢niho tunelu, konkrétné informacniho centra a stavenisté
v Bodiu (obr. 2). Zde, v misté jizniho portdlu celého tunelu, se tcast-
nici seznamili se sou¢asnym stavem rozestavenosti tohoto grandiéz-
niho dila a prohlédli si usporadani staveni$té. Vstoupili také do
3,2 km dlouhého transportniho tunelu, kterym je dopravovana ruba-
nina z prilehlé sekce tunelu na tlozisté v bo¢nim tdoli.

Tematicky zdjezd pfinesl zajimavé poznatky a Gcastnici jej pova-
7uji za velmi zdarily.

ING. MILOSLAV NOVOTN Y', ita-aites @metrostav.cz,
sekretdr CzTA ITA-AITES

Obr. 2 Uéastnici tematického zdjezdu pied vyfazenou ieznou hlavou TBM na
stavenisti gotthardského bdzového tunelu v Bodiu

Fig. 2 Participants in the thematic trip in front of a TBM cutterhead on the
Gotthard base tunnel construction site in Bodio

SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE
SLOVAK TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.sta-ita-aites.sk

SLOVENSKA TUNELARSKA ASOCIACIA VYHLASILA MESIAC TUNELOV
SLOVAK TUNNELLING ASSOCIATION DECLARED A MONTH OF TUNNELS

Anniversaries of opening two motorway tunnels to traffic, the
Sitina and Branisko, fall on June. Apart from professional public, few
people know about it. In Slovakia, the opinions formed by media
connect tunnels mainly with negatives, such as overpricing of con-
structions or failures to keep to schedules. Benefits of tunnels, for
example saving of time, protecting the environment and, at last but
not least, saving of human lives, are not spoken about too much. This
is also why the Slovak Tunnelling Association (STA) decided to dec-
lare the period from 15th June to 15th July Month of Tunnels. The

objective of this event is to heighten awareness of these structures
and provide the public with more information and, first of all, quali-
fied information.

A touring exhibition showing the best of the Slovak tunnel engine-
ering was prepared for the lay public within the framework of the
Tunnels Month. The exhibition consisted of ten large format display
panels presenting points of interest from the world of Slovak tunnels.

Na jin pripadaji na Slovensku vyrocia otvorenia dvoch dialhic-
nych tunelov, Sitiny a Braniska. Mdlokto mimo odbornej verejnosti



vsak o tom vie. Na Slovensku sa v medidlnom obraze spajaju tunely
najmé s negativami, akymi st predrazovanie ¢i nedodrZanie ¢asové-
ho plénu vystavby. O ich prinosoch, napriklad Setreni ¢asu, Zivotné-
ho prostredia a v neposlednom rade aj ludskych Zivotov, sa velmi
nehovori. Aj preto sa Slovenskd tuneldrska asocidcia (STA) rozhod-
la v obdobi od 15. jina do 15. jila vyhlasit Mesiac tunelov, ktorého
cielom je zvysit povedomie o tychto stavbach a priniest’ verejnosti
viac a najméi kvalifikovanych informdcii. V rdmci mesiaca tunelov
bolo pripravenych niekolko akcii.

Prvou bola tlacova konferencia predstavitelov STA, ktorej hlav-
nym cielom bolo predstavit’ laickej verejnosti tunely, ich prinos
a pohlad na pripravu, realizaciu a prevadzku. S velkym ohlasom sa
stretla najmé téma bezpecnosti prevddzky tunelov a zvlddania kritic-
kych situdcif, ktoré v nich mézu vzniknit. Bola tiez diskutovand pro-
blematika vystavby tunelov na dialnici D1, ktoré si pripravované
v rdmci PPP projektov na Slovensku.

DalSou aktivitou bol dlhodobo pripravovany semindr PoZiarne vet-
ranie a bezpecnost’ dopravnych tunelov, ktorému je v tomto Cisle
venovand samostatna sprava.
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Pre laickud verejnost’ bola v rdmci mesiaca tunelov pripravena aj
atraktivna putovnd vystava, v ktorej sa predstavilo to NAJ zo slo-
venského tuneldrstva. Vystava pozostdvala z desiatich velkoploSnych
panelov predstavujicich zaujimavosti zo slovenského tuneldrskeho
sveta:

* najorigindlne;jsi tunel — Telgartsky

* najdlhsi tunel v prevadzke — Branisko

* najstarsi tunel — Lamacsky

* najsirsi tunel — Horelica

¢ najdiskutovanejsi tunel — Visnové

* najkratsi cestny tunel — Stratena

¢ najradikdlnejSia zmena v tuneli — pod Hradom

e najocakdvanejsi tunel roka 2009 — Borik

* najdlhii Zelezniény tunel — Cremogiansky

* najmodernejsi tunel v prevddzke — Sitina

Vystava bola postupne inStalovand od 15. jina do 5. jila
v obchodnych centrich v Bratislave, Ziline a Kogiciach.

ING. VIKTORIA CHOMOVA, chomovd@dopravoprojekt.sk,
DOPRAVOPROJEKT, a. s.

SEMINAR POZIARNE VETRANIE A BEZPECNOST DOPRAVNYCH TUNELOV
SEMINAR ON FIRE VENTILATION AND SAFETY IN TRANSPORT TUNNELS

A technical seminar dedicated to issues of ventilation and safety in
road and motorway tunnels was held in Bratislava on 18/6/2009. It
was organised by the ITA-AITES Slovak Tunnelling Association.
The objective of the seminar was, apart from exchanging experience
and unifying recommendations for safety in road and motorway tun-
nels, also seeking a model of collaboration with the aim of comple-
ting technical regulations. The seminar had 100 attendees not only
from Slovakia but also from the Czech Republic, Hungary, France
and Portugal.

Seven lectures were given at the seminar, by ventilation and safe-
ty in road tunnels experts from European tunnelling great-powers,
such as Austria, Switzerland and Germany. Apart from them, also
representatives of Slovakia and the Czech Republic presented their
experience.

Dna 18. 6. 2009 sa v Bratislave uskuto¢nil odborny semindr veno-
vany problematike vetrania a bezpecnosti cestnych a dialni¢nych
tunelov. Hlavnym organizdtorom bola Slovenskd tuneldrska asocid-
cia ITA-AITES, pri¢om z4Stitu nad semindrom prevzali Ministerstvo
dopravy, pdst a telekomunikdcii SR, Ministerstvo vnitra SR
a Nérodna dialnicna spolocnost’ a. s. Cielom seminara bolo, okrem
vymeny skisenosti a zjednotenia odporicani pre bezpecnost’ cest-
nych a dialni¢nych tunelov, aj ndjdenie modelu spolupréice za icelom
dopracovania technickych predpisov. Ako motto semindra by bolo

Pohl‘ad na predsednictvo semindra
View of the seminar Board

mozné oznalit' zvySovanie bezpecnostného Standardu cestnych
tunelov pri zachovani ekonomickej efektivity prijatych opatreni.
Semindra sa ztcastnilo viac ako 100 odbornikov nielen zo
Slovenska, ale aj z éeskej republiky, Madarska, Franctzska
a Portugalska. Medzi dcastnikmi boli zdstupcovia oboch rezort-
nych ministerstiev i prevadzkovatela tunelov, projektanti tunelov
a Specialisti na bezpecnost’ a rizikd, prislusnici Hasi¢ského
a zachranného zboru, zastupcovia domadcich i zahrani¢nych zhoto-
vitelskych firiem ako aj zastupcovia vysokoskolskych pracovisk.

Na semindri vystdpili so siedmimi predndSkami odbornici

z oblasti vetrania a bezpecnosti cestnych tunelov z eurdpskych
tuneldrskych velmoci, akymi st Rakiisko, Svajéiarsko a Nemecko.
Okrem nich prezentovali svoje skisenosti aj zdstupcovia
Slovenska a Ceskej republiky. Semindr priniesol zd&astnenym
mnozstvo novych informécii a odhalil viacero otdzok a podnetov,
na ktoré je potrebné o najskor najst odpovede aj s ohladom na
mnozstvo pripravovanych tunelovych stavieb na Slovensku.
Zmysel usporiadania semindra sa potvrdil aj tym, Ze po viacerych
predndskach nasledovala pomerne intenzivna diskusia, v ktorej
zaznievali aj diametrdlne rozdielne ndzory.

Zavery formulované organizdtormi semindru zneli nasledovne:

— Semindr prispel k zintenzivneniu a zlepSeniu komunikacie
medzi stranami zicastnenymi v procese pripravy, odsihlaso-
vania, vystavby a prevadzky tunelov.

— V kratkom Case, na zdklade vyzvy kompetentnych, si zdstup-
covia MDPT SR, MV SR, NDS a STA ochotni nominovat’ svo-
jich zdstupcov do pracovnej skupiny, ktorej cielom bude revi-
zia a dopracovanie existujicich technickych predpisov pre
navrhovanie technologickych zariadeni a pre poziarnu bezpec-
nost’ tunelov.

— Pri revidovani a dopracovani technickych predpisov bude
vhodné okrem doterajSich skiisenosti a poznatkov pri navrho-
vani, realizacii a prevadzkovani tunelov v SR vychadzat tiez
zo skusenosti z krajin s velkym poctom prevddzkovanych
tunelov (Rakisko, Svaj&iarsko a pod.).

— Do procesu zvySovania bezpec¢nosti do velkej miery vstupuje
Iudsky faktor v podobe spravania sa vodicov a cestujicich, ¢i
uz pocas beznej premdavky alebo v pripade krizovej situdcie
v tuneloch.

— V priebehu roku 2010 uskutocnit' podobny odborny semindr so
zameranim na dalSie aspekty bezpecnosti cestnych tunelov.
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