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Mili ¢tenari, vaZeni kolegové,

v dobé¢ vydan{ tohoto ¢&isla Casopisu Tunel je vétSina z vas po zaslouzené dovolené. S létem je velmi asto spojeno i cestovani ,,za hranice vSed-
nich dni a ndsledné porovnévani ,tam* a , tady“. Mnoho véci je stejnych &i velice obdobnych. Ekonomickd krize zasahla nejen Ceskou republi-
ku, ale i znaénou &ast zemi v Evropé (mo7nd se dd uz mluvit i o globéln{ ekonomické krizi) a v prvé fade zpusobila ohromny ttlum stavebnictvi.
V Ceské republice viak nastévé navic krize nejen v politické kultufe, ale tipadek kultury obecné. Dovolte mi podélit se zde s vami o jeden osob-
ni zdzitek. Na zacétku tohoto roku pri placeni ¢lenského prispévku CzTA v jedné bance se urednice za prepazkou rozesméla skoro az k placi a po
chvili fekla: ,,Pardon, Ceska tunelarska asociace... to snad nenf ani mozny.“ Ano, terminy tunelovéni a tunel maji pro vétsinu obyvatel nasi zemé
vyznam hanlivy a nespadajici do stavarské profese. I pres tuto skutecnost otevirdm ¢asopis Tunel v metru na cesté do préace. Aby predchozi nevy-
znélo piili§ pesimisticky, musim konstatovat, Ze véfim v budoucnu v obrat k lep§imu. Presvéd&uje mne o tom kazdy rok i pocet studentt, ktef{ na
katedfe geotechniky CVUT v Praze obhajuji diplomovou praci z oboru podzemni stavitelstvi.

Ale zpet k tomuto Cislu Casopisu Tunel, které je vénovéano dvéma vyznamnym odbornym firmdm, a to Energie — stavebni a banska, a. s., a Mapei,
spol. s. 1. 0. Autori z Ceské spolecnosti Energie — stavebni a banskd, a. s., se prezentuji dvéma ¢lanky. Prvni se tyké preloZzek a nového vedeni inZe-
nyrskych siti v rdmci souboru staveb Strahovsky tunel 2B prevdzné v prostoru mezi ulicemi Myslbekova a Patotkova v Praze (soucdst mestské-
ho okruhu) a druhy popisuje rekonstrukci a dostavbu kanalizace v obci Veseld u Mnichova Hradisté, kterd je dotovand z prostfedki Evropské unie.
Spole¢nost Mapei predstavuje ve svych velmi zajimavych prispévcich nejprve probihajici stavbu trasy C metra v Rime (délky 35 km), jez pove-
de méstem z jihovychodu na severozdpad a bude projizdét pod paldci a pamatkami historického vyznamu, a ddle pouZiti nové vyvinutych prisad
ke zlepSeni vlastnost{ urychlovacu u stifkanych betonu, které umoznuji vyrazné snizeni ddvky cementu. Neméné zajimavy je také Clanek
o zkuSenosti s vyuzitim segmentového osténi z dratkobetonu (které je zkusebné pouZito i na prodlouZeni trasy A prazského metra). O tom, Ze je
vystavba podzemnich dél historickd stavarskd profese, se muZeme presvédCit v Eldnku o Eupalinové Stole na feckém ostrové Samos. T dalsi ¢lén-
ky v tomto Cisle jsou velmi poutavé a tykaji se vystavby kmenovych stok z polymerbetonovych komponenti v centrdlni &dsti mésta Brna
a vodotésnych izolaci fungujicich na zékladé prirodnich bentonitu.

Doufam, ze at’budete Cist toto ¢islo kdekoli, tak vas nezklame a vedle odbornych informaci prinese i potéseni.

DOC. DR. ING. JAN PRUSKA
clen redakcni rady

Dear readers and colleagues,

For the majority of you the well deserved holiday will have been over at the time when this TUNEL journal issue is published. Summers are
often associated with travelling ‘beyond the borders of common days’ and with subsequent comparisons of what was ‘there” and what is ‘here’.
Many things are identical or very similar. The economic crisis has hit not only the Czech Republic but also a significant part of countries in Europe
(possibly, we can even speak about a global economic crisis) and, first and foremost, has caused extensive construction checks. However, the Czech
Republic has experienced a crisis not only in the political culture but also a general cultural decline. The general public started to consider the word
‘tunnelling’ in the name of the Czech Tunnelling Association in a pejorative meaning belonging among other than civil engineering terms. Despite
this fact I always open TUNEL journal in metro, on my way to work. With the aim of preventing the text above to sound too pessimistically, I must
state that I believe in the future, in a turn to better. Even the number of students defending every year their theses in the underground construction
branch of study at the Department of Geotechnics of the Czech Technical University of Prague persuades me of it.

But, back to this issue of TUNEL journal, which is dedicated to two important professional companies, namely Energie — stavebni a banskd,
a. s., and Mapei, spol. s . 0. Authors from Energie — stavebni a banskd, a. s., which is a Czech company, present themselves by two papers. The
first of them deals with diversions and new lines of utility networks within the framework of the Strahov tunnel 2B package of constructions, the
majority of which are located in the area between Myslbekova and Patockova Streets in Prague (part of the inner city circle road), whilst the other
one describes the reconstruction and new construction of sewers in the village of Veseld u Mnichova Hradisté, which is funded from the means of
the European Union. In its very interesting contributions, Mapei company first introduces the construction of the 35 km long Line C of Metro in
Rome being under construction. It will run across the city from the south-east to the north-west, passing under palaces and monuments of historic
importance. In addition, this paper describes the use of newly developed admixtures improving properties of accelerating agents used in the area
of sprayed concrete, which make significant reduction in the batches of cement possible. Not less interesting is the paper on the experience in the
use of steel fibre reinforced concrete segmental lining (the use of which is even being tested on the construction of the Prague metro A extension.
We can convince ourselves of the fact that underground construction is a historic construction profession in the paper on the tunnel of Eupalinos
on the Greek island of Samos. Even the other papers contained in this issue are very catching. They deal with the construction of trunk sewers in
the central part of the city of Brno using polymer concrete components and with natural bentonite based waterproofing systems.

I hope that this issue will not fall short of your expectations and, apart from technical information, will carry even some pleasure.

DOC. DR. ING. JAN PRUSKA
Member of the Editorial Board
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VAZENI CTENARI CASOPISU TUNEL,

prvniho kvétna leto$niho roku tomu jiZ bylo dvacet let od zaloZen{ akci-
ové spolecnosti Energie — stavebni a banskd a. s. Firma je pokracovatelem
podniku Vystavba kamenouhelnych dolt s vice neZ padesdtiletou tradici
v pracich bdnskych, inZenyrského a podzemniho stavitelstvi. Oproti
puvodnimu pfedmétu innosti zménila spole¢nost svou orientaci ze staveb
pro odvétvi téZebni — stavebni price pro vSechny kamenouhelné doly
v Cechich a na Moravé s vyjimkou Ostravska — na stavby univerzalni
povahy, od inZenyrskych po obCanské. Propojeni stavebnich a banskych
Cinnosti se stalo konkuren¢ni vyhodou firmy a pfispelo k realizovani
vyznamného podilu na stavebnim trhu. Dne$ni Energie — stavebni
a banska a.s., je ryze Ceskou akciovou spole¢nosti s vlastnim kapitdlem
262 milioni K&, Sesti sty kmenovymi zaméstnanci a ro¢nim externim
obratem pohybujicim se v poslednich letech kolem 1,5 miliardy K¢.

Dovolte mi v krétkosti se zminit o vyvoji podniku véetné doby pred
jeho transformaci na akciovou spole¢nost Energie Kladno v roce 1992.
V Sedesitych letech doslo k odklonu od téZkého prumyslu, a tedy i od
investi¢nich Cinnosti v bariském pramyslu. Podnik se v této dob€ preori-
entoval na budovéni razenych kolektori v Praze a v jinych méstech
a ndsledné se stal jednim z prvnich dodavatelu prazského metra. Opacnd
zména nastala v sedmdesatych letech, kdy se projevila silnd orientace na
té7ky prumysl vletné zvySenych poZadavku na zajisténi vystavbové ¢in-
nosti pro doly. Po listopadu 1989 se situace opét vyznamné zménila,
nebot’ doslo k obrovskému ttlumu téZby nerostnych surovin, zejména
uhli. Rudné doly byly uzavieny dplné vyjma uranového dolu Rozn4, coz
prineslo vyrazny pokles potfeby stavebni ¢innosti pro doly.

Historie vlastntho podniku Energie Kladno, a. s., zapocala jeho trans-
formaci k 1.5. 1992, kdy byl se souhlasem stdtnich orgéant zpracovén pri-
vatizalni projekt za Gcasti americké firmy Cengas a ndsledné schvélen
vlddou Ceské republiky a Fondem narodniho majetku. Projekt byl posta-
ven na myslence uskute¢nit v Ceské republice t&7bu uhelného metanu,
obdobné jako v USA, kde se v nékterych lokalitdch dspesné realizuje,
a ndvazné na tuto technologii se nyni zkoumd a rozviji i u nds Zivé dis-
kutovand tézba bridlicového plynu. Tento projekt se stal divodem pro
zmény ndzvu spolecnosti z VKD na Energii Kladno. Po letech experi-
mentovani a oveérovani se nepodarilo, aby tento projekt byl dostate¢né
ekonomicky efektivni.

Energie viak zustala a v prubéhu poslednich 20 let navazala na své zku-
Senosti z hornické ¢innosti, ze zajistovan{ sanace podzemi nékterych mést-
skych center, vybudovani fady kolektora, véetné kolektora na Prazském
hradé, vystavby prazského metra, z primyslovych a obcanskych staveb.
To umoznilo dspésné vybudovat stavby jako napiiklad tepelny napaje¢
Stra$nice, kolektor Novd Radnice na Starém M¢sté, technickou vybave-
nost v Radotiné, kolektory pod Vdclavskym ndméstim, kolektor v ulici
V Jamé, podilela se na raZeni prazkumné §toly Blanka a na stavbé mést-
ského okruhu a na jeho propojeni se Strahovskym tunelem.

Podafilo se rozsifit rozsah Cinnosti v oblasti vystavby pozemnich sta-
veb, a to jak pramyslovych, tak ob&anskych a bytovych. Nedostatek praci
v kladenském regionu vedl vedeni spolecnosti v roce 2002 k zakoupeni
funk¢né a logisticky vyhodného aredlu v Praze-Motole a presunuti vede-
ni podniku do Prahy, coz prispélo rovnéZz ke zméné pohledu investort
a obchodnich partnert na dzemni pisobnost spole¢nosti.

Cinnost spole¢nosti doplituji dcefiné spole¢nosti, a to
Hlavni bariskd zdchrannd stanice Praha s pusobnosti pro
celou Ceskou republiku, tak i spole¢nosti Eurogas, a. s.,

RVES CZ,a.s.,alTV.CZ,s.r. 0.

Pfeji viem &tendim Casopisu v soucasnych nelehkych

podminkéch dtlumu stavebn{ ¢innosti mnoho dspéch.
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DEAR TUNEL JOURNAL READERS,

On the first October 2012 it was twenty years since Energie — stavebni a ban-
skd a.s., a construction and mining joint-venture company, had been founded. The
company is the successor of Vystavba Kamenouhelnych Dolt (development of
hard-coal mines) company with an over fifty-year tradition in mining, enginee-
ring and underground construction. Compared with the original subject of activi-
ties, the company changed its orientation from construction for mining (con-
struction works for all hard-coal mines in Bohemia and Moravia, with the excep-
tion of the region of Ostrava) to universal-character construction, ranging from
engineering to community projects. The combination of civil engineering and
mining activities became a competitive advantage of the company and contribu-
ted to the realisation of a significant proportion of works on the construction mar-
ket. Today’s Energie — stavebni a bdnskd a.s. is a purely Czech joint-venture com-
pany with its equity capital of CZK 262 million, 600 regular employees and annu-
al external turnover fluctuating during the past years about CZK 1.5 billion.

Allow me now to briefly mention the development of the company, including
the time before the transformation to the joint-venture company of Energie
Kladno in 1992. In the 1960s, the departure from heavy industry, therefore even
departure from investment activities in the mining industry, was experienced.
During this time the company reoriented itself to constructing mined utility tun-
nels in Prague and other cities and, subsequently, became one of the initial con-
tractors for Prague metro. A change to the contrary happened in the 1970s, when
a strong orientation to heavy industry developed, including increased require-
ments for civil engineering activities for mines. After November 1989, the situ-
ation again significantly changed due to an immense check put on the extracti-
on of mineral raw materials, first of all coal, and all ore mines, with the excep-
tion of the RoZn4 uranium mine, were closed. As a result, requirements for civil
engineering activities for mines significantly declined.

The history of Energie Kladno a. s. itself started on 1st May 1992 by its trans-
formation. At that time a privatisation project was prepared with the approval of
state authorities, with the participation of Cengas, an American company. The pro-
ject was subsequently approved by the government of the Czech Republic and the
National Property Fund. The project was based of the idea of implementing the pro-
ject of extracting coal bed methane in the Czech Republic, similarly to the USA,
where the extraction of shale gas, which is today being lively discussed even in our
country, is being successfully realised and, in the context of this technology, exa-
mined and developed. This project became the reason for the change of the compa-
ny name from VKD to Energie Kladno. However, after years of experimenting and
verifying, the attempts to make this project sufficiently economic failed.

Nevertheless, Energie company remained to exist and has been following up its
experience gained during the past 20 years from the mining activities, rehabilitati-
on of the underground of some urban centres, construction of numerous utility tun-
nels including utility tunnels for Prague Castle, construction of Prague metro and
a range of industrial and municipal construction projects. It allowed the company
to successfully implement such projects as the Strasnice heat feeder line, the Novd
Radnice utility tunnel in the Old Town, Technical utilities in Radotin, utility tun-
nels under Wenceslas Square, the utility tunnel in V Jamé Street, and participate on
the excavation of the Blanka exploratory gallery and on the construction of the
City Circle Road in Prague and its interconnection with the Strahov tunnel.

The company successfully expanded its activities in the area of the construction of
underground structures, both industrial and municipal or residential. In 2002, the lack
of work in the region of Kladno led the company management to acquiring functio-
nally and logistically advantageous premises in Prague — Motol and moving the com-
pany head office to Prague. This action further contributed to a change in the viewing

of the territorial scope of the company by clients and business partners.
The company activities are supplemented by its branches,
namely the Main Mine Rescue Station Prague, the activities of
which cover the entire Czech Republic, and Eurogas a. s., RVES
CZa.s.and L.T.V.CZs. 1. 0. companies.
I wish all readers of the journal lots of success in the current
daunting conditions of the check put on construction activities.

ING. ZDENEK OSNER, CSc.
pfedseda pfedstavenstva a generalini Feditel Energie - stavebni a bariska a.s.

Chairman of the Board and General Director Energie - stavebni a barska a.s.
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MILI CTENARI,

Yy

velice me &3, Ze jsem byl pozadan, abych napsal par ivodnich
fadka k tomuto Casopisu. O to slavnostnéjsi je tento okamZik,
podélit se s vdmi o nase zkuSenosti v dobé, kdy MAPEI slavi 75.
vyro¢i a kdy uplynulo dvacet jedna let od chvile, kdy se prodal
prvni produkt MAPEI na ¢eském trhu.

Spole¢nost MAPEI za tuto dobu urazila dlouhou cestu.
Z rodinné firmy zaloZené v italském Mildné se stal celosvétoveé
uznévany vyrobce stavebni chemie. I v Ceské republice se dnes
jednd o respektovanou a vyhleddvanou znacku kvalitni stavebni
chemie.

Vérim, ze MAPEI pro vés je a v dal§ich letech stdle bude spo-
lehlivym dodavatelem kvalitnich materidld nejen pro podzemni
stavby, ale také partnerem pfi hleddni hospodarnych a bezpe¢nych
produktl pro vase dal§i projekty.
stavby metra v Rimé, tak i z nasi vyzkumné a vyvojové laborato-
fe, kde neustdle inovujeme a vyvijime nové produkty a vychdzime
tak vstiic pozadavkum naSich zdkaznikd. Moznd zde najdete
inspiraci i pro vasi préci.

MAPEI byla vzdy garantem doddvky produktivnich, ekonomic-
ky vyhodnych a bezpe¢nych systému a materidli. Z naseho vyrob-
niho programu vdm pro kazdou stavbu dokdZeme doporucit nej-
vhodnéjsi systém, ktery bude v co nejvys$si mife splnovat vase
predstavy i pozadavky investora ¢i projektanta. Pravé v tomto téz-
kém obdobi vam chceme nabidnout produkty, které svymi vlast-
nostmi znaéné prevysuji podobné systémy na naSem trhu a mohou
vam pomoci vyrazné sniZit naklady pfi realizaci projektu.

Portfolio naSich produktt je Siroké — od pfisad do betonu, v&et-
né piisad urychlujicich tuhnuti fady Mapequick, bez kterych se
neobejde fada NRTM projekti nejen v Evropé, ale i po celém
svéte, az po vyrobky pro injektdZe a zpevnovdni (polyuretanové
a organo-minerdlni pryskyfice, mikrocementové a chemické
injektdZe, epoxidové pryskyfice a akrylové gely). Pro tunely pro-
vddéné metodou razicich $titd je mozné dodavat kompletni spekt-
rum vyrobka od vypliovych malt, pén na tGpravu rubaniny, pfes
maziva a hydraulické oleje do stroju. Pro hydroizolaci tunelu je
vhodné pouziti f6lie Mapeplan nebo nové alternativy v podobé
stiikané hydroizolaéni membrany Mapelastic. V neposledni fadé
to jsou vyrobky pro povrchovou dpravu, opravy a udrzbu.

Z projektd NRTM, na kterych jsme se podileli, stoji ur¢ité zmi-
nit Tunel 513 a Tunel 514 na Prazském okruhu, tunel Blanka,
tunel Prackovice, Zelezni¢ni tunely BeneSov — Votice a tunel
Jablunkov. V soucasné dobé se podilime na stavbé prodlouZeni
metra linky A v Praze, kam doddvdme materidly jak do razicich
$titd, tak i na sanace tratovych tunelii — injektdZe. Ze zahrani¢nich
projekti zminim jen malou ¢dst, a to stavbu metra v Rimé, tunel
Maldonado v Buenos Aires, stavbu metra v Mexico City, metro
v Dubaji a Singapuru a nespocet dal§ich po celém svété.

Neustdld snaha o zlepSovdni vyrobkl a sluZeb, naSe spolené
hledéni co nejlep§iho vyfeSeni vaSich dkolt a problému na stavbé
vam bude doufdm dostate¢nou oporou v téchto nelehkych dobdch
stavebnictvi Ceské republiky.

Tuel

DEAR READERS,

It is a great pleasure for me to be asked for writing several opening lines
for this journal. This opportunity is even more festive for me because I can
share with you our experience at the time when MAPEI celebrates the 75th
anniversary of foundation and twenty one years have passed since the
moment when MAPEI sold the first of its products on the Czech market.

MAPEI has made a long way during this period. A family firm which
had been founded in Milan, Italy, grew to become a worldwide reputable
producer of building chemistry. Its trademark is acknowledged as a sign of
high quality of building chemistry products and is today respected and
sought-after even in the Czech Republic.

I believe that MAPEI is and will remain in the years to come not only to
be a reliable supplier of high-quality materials for your underground con-
struction projects, but also a partner in seeking economic and safe products
for other contracts of yours.

On the pages of this journal issue, we are bringing reports both from an
interesting construction of metro in Rome and from our research and deve-
lopment laboratory, in which we continually innovate and develop new
products, meeting requirements of our customers. You will possibly find
inspiration even for your work in the reports.

MAPEI has always been a guarantor of supplying productive, economi-
cally advantageous and safe systems and materials. We are capable of
recommending a system from our production programme which is the
most suitable for each particular structure and which will meet your expec-
tations and requirements of the project owner and the designer as far as
possible. It is just in this difficult period that we would like to offer pro-
ducts to you which significantly exceed similar systems available on the
Czech market in terms of their properties and can help you to cut costs of
construction works.

The portfolio of our products is wide — from concrete admixtures, inc-
luding Mapequick line of setting accelerators, without which numerous
NATM projects cannon proceed not only in Europe but around the world,
up to grouting and reinforcing products (polyurethane and organo-mineral
resins, microfine cement grouts, chemical grouts, epoxy resins and acryl
gels). Regarding tunnels driven using full-face tunnelling machines, it is
possible to supply a comprehensive spectrum of products, starting from
backfill grouts, muck conditioning foams to lubricants and hydraulic oils
for machines. Mapeplan membrane or a new alternative in the form of
Mapeplastic spray-applied membrane are recommended to be used for the
tunnel waterproofing. At last but not least, there are products for the treat-
ment, repairs and maintenance of surfaces in our offer.

Of the NATM projects we have participated in, certainly worth mentio-
ning are the Tunnel 513 and Tunnel 514 on the Prague City Ring Road, the
Blanka complex of tunnels, the Prackovice tunnel, rail tunnels between
BeneSov and Votice and the Jablunkov tunnel. Currently we are participa-
ting in the construction of the extension of the Line A of Prague metro,
supplying materials both for driving shields and for repairs of track tunne-
Is (grouts). Of the projects realised abroad, I mention only a small part,
namely the construction of metro in Rome, the Maldonado tunnel in
Buenos Aires, metro construction in Mexico City, metros in Dubai and
Singapore and numerous other projects all over the world.

I hope that the continual effort made to improve our products and servi-
ces and our joint seeking the best solutions for your tasks and problems on
construction sites will provide a sufficient support during the course of the
current period which is not easy for the construction industry in the Czech
Republic.

ING. ZDENEK RUNSTUK
generaini Feditel spolecnosti MAPEI, spol. s r. o.

General Director of MAPEI, spol. s r. o.
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UCAST FIRMY MAPEI PRI VYSTAVBE RIMSKEHO METRA
MAPEI COMPANY PARTICIPATION IN ROME METRO CONSTRUCTION

ENRICO DAL NEGRO, ALESSANDRO BOSCARQ, LUBOR BACIK

1 NOVA TRASA C RIMSKEHO METRA

Jeden z nejvétsich projektu konstrukce tunelt na svété probiha
v Rimé a je ve fazi realizace. Jednd se o podzemni stavbu trasy C
tamniho metra, kterd povede méstem Rim z jthovychodu na seve-
rozdpad a bude projizdét pod ulicemi, paldci a pamatkami obrov-
ského historického vyznamu, jako je napriklad Piazza San
Giovanni, Piazza Venezia a Colosseum.

Jakmile bude v provozu, bude tato linka predstavovat nejdel$i
trasu vlakové mestské hromadné dopravy v celé Itdlii, kterd bude
schopnd prepravit 24 000 osob za hodinu v jednom sméru.

V soucasné dobé jsou v provozu dve trasy, trasa A (oznacend
Cervené) a trasa B (modre). Treti zelend trasa C a novd vétev trasy
B se pravé stavi. Byly zvefejnény také plany na stavbu ¢tvrté trasy.
Soucasnd sit’' (38 km) md tvar X s dvéma stdvajicimi trasami, které
se protinaji na Termini Station, coz je hlavni vlakové nadrazi
v Rime. Trasa C, kterd se buduje, bude vychazet z Grottarossa,
severné od Vatikanu, do Pantano, byvald kone¢nd stanice tramvaji
Roma-Gardinetti. Trasa C bude prvnf trasou, kterd povede mimo

Vv

mésto Rim. Trasa C se bude kifZit s trasou A v Ottaviano vedle

1 NEW LINE C OF ROME METRO

One of world’s largest tunnel construction projects is being
implemented in Rome. It is in the construction phase. It is an
underground construction of the Line C of the metro, which will
run across the city of Rome from the south-east to the north-west,
passing under streets, palaces and monuments of immense histo-
ric importance, such as Piazza San Giovanni, Piazza Venezia and
Colosseum.

As soon as it is in operation, this line will represent the longest
route of urban mass rail transport in entire Italy, which will be capa-
ble of transporting 24,000 passengers per hour in one direction.

At the moment there are two lines in operation — the Line
A (marked red) and the Line B (marked blue). The third one, the
green Line C, and a new branch of the Line B are currently under
construction. In addition, plans for the construction of the fourth
line have been published. The existing network (38 km) is X-sha-
ped, with two existing lines intersecting at Termini Station,
which is the main railway station in Rome. The Line C, which is
under construction, will start from Grottarossa, north of Vatican,
to Pantano, the former tram terminus Roma-Gardinetti. The Line
C will be the first line run-
ning beyond the borders of

itana di Roma
Rome Metro Line

Metropolitan Line in design until 2020

Metropolitan Line under construction until 2011 - 2015

the city of Rome. The Line
C will intersect with the
Line A in Ottaviano next to
Vatican and with the Line
B in San Giovanni, next to
Colosseum. It will also
intersect with the planned
Line D in Piazza Venezia.
It will therefore form the
second metro axis in
Rome.

The public tender called
by the Rome Town Office
was wan by METRO C
S. p. A., the parts of which
are firms which are leading
representatives in the area
of civil engineering at the
world’s highest level. In
the concrete, these firms
are partners of Consorzio
Astaldi, Vianini Lavori
S.p. A., Ansaldo Trasporti
— Sistemi Ferroviari, CMB
(Cooperativa Murator e
Braccianti di Carpi) and
Consorzio  Cooperative
Costruzioni.

METRO C S.p. A, in the
position of the main con-
tractor, is responsible for
the implementation of the
Line C project from the
design stage to the con-
struction of tunnels, stati-
ons and all ‘complementa-
ry’ work items.

Obr. 1 Schematické zndzornéni trasy metra v Rimé
Fig. 1 General layout of the metro route in Rome

Numerical data relating
to the Line C construction
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Tab. 1 Celd trasa nové linky C je rozdélena do nékolika &dsti
Table 1 The entire route of the new Line C is divided into several sections

Nazev Gseku Trat
Section name Route section

Délka [km]
Length [km]

T7 Pantano — Torrenova 8.5 (nadzemni/ at grade)

T6 Torrenova — Alessandrino 2.3 (podzemni / underground)
T5 Alessandrino — Malatesta 4.5 (podzemni / underground)
T4 Malatesta — San Giovanni 3.0 (podzemni / underground)
T3 San Giovanni — Colosseo 3.0 (podzemni / underground)
T2 Colosseo — Clodio Mazzino 4.2 (podzemni / underground)

Vatikdnu a v San Giovanni a s trasou B u Kolosea. Bude se také
kfizit s pldnovanou trasou D na Piazza Venezia a vytvori tak dru-
hou osu metra v Rimé.

Vefejnou soutéZ vyhlasenou Méstskym dfadem v Rimé& vyhrila
spole¢nost nazvand METRO C S. p. A, jejiZ soucdsti jsou firmy,
které jsou vudéimi predstaviteli v oblasti stavebnictvi na svétové
drovni. Konkrétné jsou to spole¢nici firem Consorzio Astaldi,
Vianini Lavori S. p. A., Ansaldo Trasporti — Sistemi Ferroviari,
CMB (Cooperativa Murator e Braccianti di Carpi) a Consorzio
Cooperative Costruzioni.

METRO C, ve funkci vys$§iho dodavatele stavby, je zodpovédna
za realizaci trasy C od projektové faze aZ po realizaci tunelu, zasta-
vek a vSech ,,doplnkovych* praci.

Ciselné tidaje spojené s realizaci trasy C jsou piisobivé: pro stav-
bu vice nez 35 km tunelu bylo vytéZeno asi 4 300 000 m3 pudy
a bude potreba asi 1 600 000 m3 betonu a 270 tun oceli.

Pro vypracovani asi 100 000 vykresu k projektu nového rimské-
ho metra bylo treba 1300 hodin prace, a asi 22 000 000 hodin si
vyZzada jeho realizace.

Celkova délka trasy je tedy 25,5 km, z nichZ vétSina (asi 17 km
tunelu) bude v podzemi. Prvni dsek linky C je nejdédle od centra
a v roce 2011 bylo uvedeno do provozu 15 z planovanych 30 sta-
nic z Centocelle do Pantana. Druhy tsek prodlouZzi linku do Piazza
Lodi s dal$imi 6 stanicemi, které budou otevieny do konce roku
2012. Zavére¢ny usek, ktery dokonéi linku C, by mél byt otevien
v roce 2015.

2 NASAZENI RAZICICH PLNOPROFILOVYCH STITU

Tunely jsou realizovdny pomoci mechanizované razby, kterd
predpoklddd pouziti razicich stroju — zeminovych $titu (EPB)
s plnym zdbérem v Celbe.

Proto byly vyvinuty specidlni technologie ur¢ené ke kontrole
stability Celby tunelu a ke sniZeni sedani konstrukci na povrchu.
Stroje EPB jsou zaloZeny na principu pouZiti razby a pohybu stro-
je vpred pfi udrZeni tlakd horniny na Celbé. K vyrovndni tlaku na
Celbé slouzi vytézend hornina v komore za razicim Stitem.
Rubanina je z komory odebirdna Snekovym dopravnikem.
Rubanina nemd vzdy optimdlni vlastnosti k nepretrzitému
a stejnorodému prenosu pozadovaného tlaku podpory Celby.
Z tohoto duvodu je Casto nutné pridat n€jakou prisadu, kterd by
pozitivné ovlivnila fyzikdlni vlastnosti rubaniny. Hlavnim smys-
lem téchto prisad je zarudit kontrolu tlaku podpory Eelby, usnadnit
razbu, t€Zbu pomoci $nekového dopravniku, minimalizovat krouti-
cf moment na fezné hlavé a opotiebeni feznych ndstroju.

Ve chvili kdy EPB postoupi vpred, nechdvd za sebou dutinu
tvaru kruhového mezikruZi za rubovou stranou prstenct osténi.
Béhem postupu razictho $titu se v prostoru mezi pramérem zemi-
nového $titu a prumérem dild osténi nevyhnutelné tvori dutina
o tloustce asi 15 cm, kterd se musi v co nejkrats$i dobé zcela vypl-
nit. Eventudln{ sesuv vyrubu do tohoto prostoru by totiz mohl mit
za ndsledek pokles povrchu, ktery by vzhledem k malému nadlozi
byl nesmirné nebezpecny pro osoby i historické budovy.

Tab. 2 Hlavni charakteristiky
Table 2 Main characteristics

Délka / Length 25,5 km
Priimér razeného tunelu 6,7 m
Mined tunnel diameter

Typ osténi prefabrikované segmenty
Lining type Pre-cast segments
Spojovaci prvky prstencl Srouby
Rings connecting elements bolts

Vnéjsi primér prstence 6,400 mm
Ring outer diameter

Vnitini prdmér prstence 5,800 mm
Ring inner diameter

Tloustka prefabrikovanych segmentl 300 mm
Pre-cast segment thickness

Minimalni zakfiveni 280 m
Minimum curve radius

Stredni délka segmentu 1,400 mm
Segment mean length

Minimalni délka segmentu 1,379 mm
Segment minimum length

Maximalni délka segmentu 1,421 mm
Segment maximum length

Pocet segmentli na prstenec 6 plus kli¢
Number of segments in a ring 6 plus a key

is impressive: the volume of about 4,300,000 m3 of ground was
excavated and about 1,600,000 m3 of concrete and 270 tonnes of
steel will be required.

Approximately 100,000 drawings carried out for the new
Rome metro design claimed 1,300 man-hours. The construction
work will require about 22,000,000 man-hours.

The aggregate route length therefore amounts to 25.5 km, the
majority of which (about 17 km of tunnel) will be in the underg-
round. The first section of the Line C is most remote from the
centre. In 2011, 15 of the 30 stations planned between Centotelle
and Pantano were inaugurated. The second section will extend
the line to Piazza Lodi. It will contain 6 stations, which will be
opened before the end of 2012. The final section which will conc-
lude the Line C should be opened to traffic in 2015.

2 DEPLOYMENT OF FULL-FACE TUNNELLING SHIELDS

The tunnels are driven mechanically. This method assumes that
tunnelling machines, earth pressure balance (EPB) machines
excavating the tunnel in the full area of the cross-section, are
used.

Special technologies designed to control the tunnel face stabi-
lity and reduce the settlement of structures on the surface were
developed for this purpose. EPB machines are based on the prin-
ciple of the use of the excavation and the movement of the
machine ahead during which the pressure of the earth at the hea-
ding is maintained. The disintegrated ground found in the cham-
ber behind the cutterhead serves to the equalisation of the pres-
sure at the excavation face. The muck is removed from the
chamber by means of a screw conveyor. The properties of muck
are not always optimum for uninterrupted and uniform transfer of
the pressure required for the support of the excavation face. It is
therefore often necessary to add some agent which would positi-
vely influence physical properties of muck. The main purpose of
these agents is to secure the control over the excavation face sup-
port pressure, to facilitate the excavation and the removal of
muck by the screw conveyor and to minimise the cutterhead tor-
que and the wear of cutting tools.

At the moment when the EPB machine moves ahead, it leaves
a cavity behind it in the shape of a circular annulus behind the
external face of the lining rings. During the tunnelling shield



Spolecnost METRO C zajistila ndkup 4 zeminovych §titd (EPBS
— Earth Pressure Balance Shield), doddvanych némeckou firmou
Herrenknecht. Je schopen razit i ve sloZitych geotechnickych pod-
minkdch pfi pfitomnosti podzemni vody a pfi malém nadloZzi.
Tento tlak minimalizuje sesuv materidlu uvnitf vyrazeného prosto-
ru, ktery by mohl byt extrémné riskantni, nebot’ by ohrozil stabili-
tu konstrukci umisténych na povrchu. Kdyz si uvédomime, Ze pod
ulicemi a budovami vede razba prumérné 20-25 metru pod povr-
chem, je jasné, Ze kazdd chyba v razbé tunelu by se okamzité pro-
jevila na povrchu. Geologickd skladba hornin se skldda prevdzné
z jila a naplavenin s piitomnosti podzemni vody.

Tunely se vyztuZuji soubézné s postupem razby montazi prsten-
cu z Zelezobetonovych prefabrikovanych dileu.

Razba predpoklddd soucasny provoz dvou razicich $tita EPB,
které maji pramér razby 6,70 m a vytvareji dva tubusy se zhruba
soubéznou trasou (v obou smérech budouciho metra).

Prvni dva razici $tity startovaly v 1ét€ roku 2008 ze stavenisté
Torrenova, dokonéily svou razbu v prubéhu méné neZ jednoho
roku a pokryly asi 4 km trasy aZ po koncovou Sachtu (Pozzo 5.4)
v prubéhu jara roku 2009.

Dalsi dva razici §tity zahdjily razbu na podzim roku 2009 ze sta-
venisté Malatesta a jsou aktudlné ve fazi dojezdu na staveniSte
Pozzo 5 4.

Prumérny vykon kazdého EPBS je asi 20 metrt postupu denné,
s maximem 30-35 metrt/den.

3 PRINOS FIRMY MAPEI

MAPEI dulezitym a vyznamnym zpusobem prispivd na stavbu
dodévkou vyrobku a technologii. Ddle prostfednictvim sluzby tech-
nické asistence UTT (Underground Technology Team) zarucuje neu-
stdlou pritomnost techniki na stavbé. Spolupréce je tak posilena vzta-
hem s klientem, zaloZenym na davéfe, diky niZ je MAPEI hlavnim
zdrojem v pifpadé potieby konzultace tykajici se raZby tunelu.
Vyrobek Polyfoamer FP

Aby mohly zeminové §tity postupovat horninovym prostredim,
potrebuji injektdzni materidly, které upravuji rozpojenou horninu
na Cele razby. Behem postupu stroje dochazi k pridavani zpénujici
prisady, kterd zajiStuje zvySeni plasticity rubaniny, ¢fimZ usnadn{
jak razbu, tak tézbu s pomoci $nekového dopravniku a odsun vyte-
Zené horniny ven.

Pred zaCatkem stavebnich praci byla na zdkladé poZzadavku spo-
le¢nosti METRO C provedena sloZitd série zkouSek v laboratorich,
které MAPEI vlastni pri Polytechnické univerzit¢ v Turiné
(DITAG = Katedra uzemniho inZenyrstvi, inZenyrstvi Zivotniho
prostiedi a geotechnologif). Poté, co bylo ziskano nékolik vzorka
zeminy uréené k razbé, byla provedena zkouska sednuti kuzele
(zkouSka zpracovatelnosti) dalezitd pro ovéfeni kompatibility hor-
niny a zpénovaci prisady, a pro zji§téni technickych podminek
(koncentrace pénivé latky, priddni vody a vzduchu), které by byly
nejvhodnéjsi pro postup EPBS.

Vyrobek, ktery se pouzivd pro dpravu, se nazyvd POLYFOA-
MER FP. Jednd se o tekutou pénivou ldtku na bdzi povrchove
aktivnich anionti v kombinaci s pfirodnim polymerem. POLYFO-
AMER FP dokdze vytvorit stabilni pénu se zvySenou pevnosti
a vynikajicimi lubrika¢nimi vlastnostmi, kterd je schopna snizit
tfeni mezi Cdsticemi horninového masivu uréeného k razbé,
a ndstroji pripevnénymi k hlavé EPBS. POLYFOAMER FP je dile
snadno a rychle biologicky rozlozitelny, a ma tedy minimaln{
dopad na Zivotn{ prostredi.

Firma Mapei uskute¢nila laboratorni testy s pénici prisadou
POLYFOAMER FP, které poskytly uZitecné informace pro nasta-
veni niZe popsanych optimdlnich podminek:

« Half-life test — slouZi k uréeni trvani nap€néni. Tento test (t1/2)
méff ¢as potrebny k ziskani 50% mnozstvi vody z generované
pény z puvodniho mnoZstvi pouZité vody.

e Zkouska rozlitim kuZele — pro rychlejsi charakteristiku upra-
vené zeminy.

e Test propustnosti zeminy — je kliCovym parametrem pro dob-
rou dpravu, obzvlasté pri praci pod hladinou podzemni vody.
Pouze upravend rubanina s nizkou propustnosti usnadnuje
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Obr. 2 Dva zeminové §tity béhem montdZe na stavbé Malatesta
Fig. 2 Two EPB shields during the assembly on Malatesta construction site

advance a cavity about 15 cm thick is unavoidably formed bet-
ween the EPB shield and the diameter of lining segments, which
has to be backfilled at the shortest time possible. The reason is
that a contingent collapse of the excavation to this space could
result in the surface settlement, which could, because of shallow
overburden, be extremely dangerous for persons and historic
buildings.

METRO C S. p. A. secured the purchase of 4 Earth Pressure
Balance Shields (EPBS) manufactured by German company
Herrenknecht. This machine is capable of driving tunnels even in
complicated geotechnical conditions with the presence of ground
water and under shallow overburden. This pressure minimises the
sliding of material inside the excavated space, which could be
extremely risky because it would threaten the stability of structu-
res existing on the surface. If we realise that the excavation pas-
ses under streets and buildings at the average depth of 20 — 25
metres, it is obvious that each mistake in the tunnelling process
would immediately manifest itself at the surface. The geology
mostly consists of clays and alluvial deposits with the presence
of groundwater.

The tunnels are provided with support concurrently with the
excavation advance by assembling rings consisting of reinforced
concrete pre-cast segments.

It is assumed that two 6.70 m diameter EPB shields will be
used for the excavation, creating two tubes with roughly parallel
routes (in both directions of the future metro).

The first two shields were launched from Torrenova construc-
tion site in the summer of 2008. They finished their drives during
the course of less than a year, covering about 4 km of the route,
up to the terminal shaft (Pozzo 5.4) during the course of the
spring of 2009.

Other two shields started the excavation from Malatesta con-
struction site in the autumn of 2009. They are currently in the
phase of arriving at Pozzo 5.4 construction site.

The average daily advance rate of each of the EPBSs is about
20 m, with the maximum of 30-35 metres per day.

3 MAPEI COMPANY CONTRIBUTIONS

MAPEI significantly contributes to the construction by supply-
ing products and technologies. In addition, it guarantees the unin-
terrupted presence of technicians on site through technical assi-
stance services provided by the Underground Technology Team
(the UTT). In this way the collaboration with the client is enhan-
ced. It is based on trust, owing to which MAPEI is the main sour-
ce in the case of the need for consultancy regarding the excavati-
on of tunnels.
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Obr. 3 a 4 Zkousky sednuti kuZele, které poukazuji na odlisnou konzistenci vzorku pfirodni horniny a vzorku téZe horniny upravené vyrobkem POLYFOAMER FP
Figures 3 and 4 Slump tests referring to the different consistency of the natural ground sample and a sample of the same ground conditioned with POLYFOA-

MER FP

spravné rozloZeni tlaku do hlavy za pritomnosti vody
a zabranuje moznému vtékani vody do komory.

e Test opotrebeni — abychom zjistili, zda zvolend metoda dpravy
dokéze snizit jak opotiebeni kovovych &asti stroju, tak tieni
horniny.

e Simulace tézby rubaniny $nekovym dopravnikem — tento test
umoznuje vyhodnotit, do jaké miry je upravend rubanina vhod-
nd pro téZbu z komory pod tlakem pomoci $nekového doprav-
niku.

Nasledné bylo na pocatku prvnich dvou mechanizovanych razeb
stanice Torrenova mozné otestovat POLYFOAMER FP i na samot-
nych strojich. Tyto zkousky umoZznily maximalné vyuzit vysledky
ziskané v laboratotich Polytechnické univerzity v Turiné pfizpuso-
benim podminek ovliviiujicich chovani ve struktufe EPBS (pocet
vstupu pro injektdzni pénu a jejich rozmisténi, atd.) a zmén vlast-
nosti horniny, ke kterym dochdzi v prubéhu razby (pruchod horni-
nou nad tdrovni a pod drovni podzemni vody atd.)

Sprdvnd priprava horniny pomoci POLYFOAMERU FP umoz-
fuje udrzovat velmi vysoké hodnoty v délce razby, a to v denni
a meésiéni produktivité. Upravend hornina je snadno razitelnda
a umoznuje provadét plynuly postup EPBS, coZ znamend 1,4 m za
cca 25-30 minut, a navic prodlevy zpusobené vyménou raZebnich
nastroju umisténych na hlavé, nebo ¢isténim vyraZeného prostoru
jsou prakticky nulové.

Diky vynikajici funkci vyrobku, spolu s moZnosti udrzet omeze-
nou spotiebu zpénovacich prisad, ss POLYFOAMER FP pouZziva
prakticky po celou dobu razby, od prvnich dvou EPBS aZ po kon-
covou Sachtu, v celkovém tseku asi 8 km tunelu. I dva razici §tity,
které pokracCuji ze stanice Malatesta, pouZivaji pro dpravu horniny
tutéz latku.

VypIi nadvyrubu pfi razbé EPBS

Dal$im vyznamnym prispévkem, ktery firma MAPEI poskytuje
pri provadéni mechanizovanych razeb, je vyrobek uréeny
k vyplnéni dutiny tvaru kruhového mezikruzi za rubovou stranou
prstenct osténi.

Béhem postupu razictho §titu se v prostoru mezi pramérem
zeminového $titu a prumérem dilt ostén{ nevyhnutelné tvori duti-
na o tloustte asi 15 cm, kterd se musi v co nejkratsi dobé zcela
vyplnit. Eventudlni sesuv vyrubu do tohoto prostoru by totizZ mohl
mit za nédsledek pokles povrchu, ktery by vzhledem k malému
nadlozi byl nesmirné nebezpelny pro osoby i historické budovy.

Z raznych dosud pouZzivanych metod pro vypli dutin kruhového
tvaru zvolila spole¢nost METRO C systém ,,dvouslozkové injek-
tdZe: jednd se o metodu, kterd je jiz rozSifena v Asii, obzvlasté
v Singapuru, ale v Evropée je mdlo pouZivand.

Vyplnovd smés je tvorena:

e Slozkou A na bdzi cementu, kterd je snadno Cerpatelnd diky

velmi tekuté konzistenci a jeji stabilita a vodonepropustnost je

Polyfoamer FP product

Earth pressure balance shields need grouting materials conditi-
oning the disintegrated ground at the excavation face so that they
can proceed ahead through the ground environment. A foaming
agent increasing the plasticity of muck is added during the
machine advance. In this way both the excavation and the opera-
tion of the screw conveyor and mucking out are facilitated.

A complicated series of tests was conducted in MAPEI-owned
laboratories before the commencement of the works on the basis
of METRO C S. p. A. requirements. The laboratories are opera-
ted within the framework of the Polytechnic University of Turin
(DITAG = the Land, Environment and Geo-engineering
Department). After obtaining several samples of the ground to be
driven through, a slump test (a consistometer test) was carried
out. This test is important for the verification of the compatibili-
ty of ground with the foaming agent and for the determination of
technical specifications (the concentration of the foaming agent,
addition of water and air) which would be the most suitable for
the EPBS advance.

The product which is used for the conditioning is called POLY-
FOAMER FP. It is a liquid foaming substance based on surface
active anions combined with a natural polymer. POLYFOAMER
FP is capable of creating stable foam with increased strength and
excellent lubrication properties, which is able to reduce friction
between particles of the ground mass which is to be driven
through and tools mounted on the EPBS cutterhead. In addition,
POLYFOAMER FP is easy to decompose and its environmental
impact is therefore minimum.

Mapei firm conducted laboratory tests on POLYFOAMER FP
foaming agent, which provided usable information for the setting
of the optimum conditions described below:

 Half-life test — it is used for the determination of the duration
of the foam. This test (t1/2) measures the time required for
the obtaining of 50% of the volume of water originally requ-
ired for the foam generation.

e Slump test — for quicker determination of the conditioned
earth characteristic.

e Earth permeability test — it is a key parameter for good con-
ditioning, especially when working under water table. Only
well conditioned muck with low permeability facilitates the
proper distribution of the pressure to the cutterhead in the
presence of water and prevents possible water inflows into
the extraction chamber.

* Wear test — it is used to determine whether the chosen method
is capable of reducing both the wear of metal components of
machines and the friction of the cutter against ground.

e The simulation of extracting the muck with screw conveyor;
this test makes it possible to assess the degree to which the




vylepSena pouZitim bentonitu. Krome toho je pro udrZeni zpra-
covatelnosti az po dobu 72 hodin od zhotoveni smési nutné pri-
dat MAPEQUICK CBS SYSTEM 1, zpomalujici tekutou prisa-
du s d¢inkem vysoce efektivniho superplastifikdtoru.

* Slozkou B, tvofenou vyrobkem MAPEQUICK CBS SYSTEM 2:
tekutou urychlovaci pfisadou, kterd se priddva do slozky A
bezprostiedné pred injektdZi do dutiny kruhového tvaru. MAPE-
QUICK CBS SYSTEM 2 efektivné rusi uc¢inek MAPEQUICKU
CBS 1 a zpusobi takika okamZité (béhem nékolika malo vtefin)
zrosolovaténi smési.

Zdkladni vyhodou dvousloZkového systému oproti tradicnim
injektdZnim maltdm na bdzi cementu a pisku je prdvé schopnost
zaCdtku procesu tuhnuti ve velice kratké dobé po namichéani
a vyvoje mechanické pevnosti jiz v pocatecni fazi. Dale ma dvous-
lozkova smés lepsi objemovou stabilitu a ¢erpatelnost, ¢imZ mini-
malizuje potiebu prestdvek nutnych pro ¢isténi a vyménu potrubi
Cerpadel a ucpanych injektoru.

Za tulelem nalezeni nejvhodnéjSich primdrnich surovin pro
smés, zejména bentonitu, a doddni nejvhodnéjsi receptury pro
stavbu ve smyslu jak technickém, tak ekonomickém, byly ve

.
r“u

Obr. 5 Ukdzka testu viskozity dvousloZkové smési
Fig. 5 Example of two-component mixture viscosity test
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conditioned muck is suitable for the extraction from the
chamber by means of a screw conveyor.

It was subsequently possible at the beginning of the initial two
mechanised drives for Torrenova Station to subject POLYFOA-
MER FP to testing even on the machines themselves. These tests
made the maximum exploitation of the results obtained in labo-
ratories of the Polytechnic University of Turin by the adaptation
of conditions affecting the behaviour in the EPBS structure (the
number of gates for grouting foam and their layout, etc.) and
changes in the ground properties occurring during the excavation
(the passage through ground above water table and below it,
etc.).

The correct preparation of ground by means of POLYFOA-
MER FP makes the maintaining of very high values along the
tunnelling length possible, namely as far as the daily and month-
ly productivity is concerned. The conditioned ground is easy to
excavate and makes the execution of fluent advancing of the
EPBS at the rate of 1.4 m per 25-30 minutes possible. In additi-
on, downtimes due to replacing of cutting tools mounted on the
cutterhead or clearing of the excavated space are virtually zero.

Thanks to the outstanding function of the product, together
with the possibility of maintaining limited consumption of foa-
ming agents, POLYFOAMER FP has been used virtually the
whole time of the underground excavation, from the initial two
EPBSs up to the end shaft, at the total tunnel length of about
8 km. Even the two tunnelling shields continuing from Malatesta
Station use the same agent for conditioning of muck.

Backfilling of the overcut during EPBS driving

Another important contribution provided by MAPEI during
mechanised tunnelling is the product designed for the backfilling
of the annular gap behind the outer surface of lining rings.

When a tunnelling shield advances, an about 15 cm thick gap
unavoidably originates between the EPBS diameter and the diame-
ter of the segmental lining. This gap has to be perfectly backfilled
as early as possible. The reason is the fact that a contingent collap-
se of the excavation to this space could result in the subsidence of
the terrain surface, which would be extremely dangerous even to
historic buildings taking into consideration the shallow overburden.

Of the methods which have been used till now for the backfil-
ling of annular gaps, METRO C S. p. A. chose a two-component
grout injection system. This method has already been spread in
Asia, first of all Singapore, but has been little used in Europe.

The backfill mixture consists of:

* Cement-based A component, which is easy to pump owing to

the highly liquid consistency and the stability and the waterp-
roofing capacity of which is improved by the use of bentoni-
te. To maintain the workability for the time up to 72 hours
from the mix production, it is necessary to add MAPEQUICK
CBS SYSTEM 1, a retarding liquid admixture acting as
a high-efficiency superplasticiser.
B component, formed by MAPEQUICK CBS SYSTEM 2
product: the liquid accelerator admixture, which is added to
Component A just before the grout is injected into the annu-
lar gap. MAPEQUICK CBS SYSTEM 2 effectively removes
the effect of MAPEQUICK CBS 1 and causes nearly im-
mediately (during several seconds) the jellification of the
mixture.

The basic advantage of the two-component system over tradi-
tional grouts based on cement and sand is the ability to start the
setting process during a very short time after mixing and to deve-
lop mechanical strength in the initial phase. In addition, the two-
component mixture features better volumetric stability and pum-
pability, thus minimising the need for breaks necessary for clea-
ring and replacing pumping lines and clogged injectors.

Numerous tests have been conducted in MAPEI research and
development laboratories with the aim of finding primary raw
materials the most suitable for the mixture, first of all bentonite,
and providing a formula the most suitable for construction from
the technical and economic point of view.
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Tab. 3 Prehled vysledku viskozity, odlouceni vody a &asu gelace provddéné na stavbé
Table 3 Overview of results of the viscosity, bleeding and jellification time tests conducted in situ

Datum testu 2008 Viskozita po smichani (sekundy) Odlouceni vody (%) Cas gelace (sekundy)
Testing date 2008 Viscosity after mixing (seconds) Bleeding after three hours (%) Jellification time (seconds)

25.7. 33 1 10

29.7. 32 1 10

4.8. 33 2 11

5. 8. 31 2 10

6. 8. 30 1 12

7.8. 33 3 12

2.9. 30 1 12

3.9. 32 1 11

4.9. 34 1 10

8.9. 32 2 11

9.9. 31 2 12

10.9. 32 2 11

vyzkumnych a vyvojovych laboratorich MAPEI provedeny Cetné
zkousky.

Efektivita pfipravené smési navrzené v laboratori byla poté ove-
fena na miste ,,startu prvnich dvou EPBS, kde technici UTT
denné na stavbé provadéli zkouSky pripraveného materidlu na
vyrobnim zaiizen{ v blizkosti vyusténi tunelu.

Odebrani Cetnych vzorku dokazuje ucinnost injektdznich
a vyplnovych technologii, které byly provadény ve fazi razby.
Prakticky vzdy byla zji$téna vhodnd tloustka dvouslozkové smési
mezi vnéj$im povrchem prefabrikovaného osténi a okolnim vyru-
bem. Nepiitomnost vyznamnych poklesu dédle poukazuje na
naprostou t¢innost injektaze.

Mnozstvi hodin strdvenych ¢isténim injektdZniho potrubi je
minimdlni, coz dokazuje objemovou stabilitu slozky A smési
a dobrou kvalitu smési navrzené firmou MAPEI. Kromé toho
v prubéhu doby, kdy jsou razici $tity zastaveny (napiiklad
z duvodu ddrzby, preruseni stavby, atd.), si smés udrZuje zpraco-
vatelnost a je tedy pouzitelna pro injektaZz, coZ je dukazem efekti-
vity zpomalovaci prisady MAPEQUICK CBS SYSTEM 1.

Vyjmuti nékterych kruhovych prstencta osténi v misté Pozzo 5.4
pak umoznilo vizudlni kontrolu efektivni vypIné dutin za rubovou
stranou prstenct osténi dvousloZkovou smési.

Vyrobek Mapeblox/T

Béhem razby tunelt byl Siroce vyuZzivdn také dalsi vyrobek.
Jedna se o MAPEBLOX/T, koncové mazivo, které slouzi
k utésnéni rady kartd¢u umisténych na vnitinim povrchu $titu, pro
zamezeni pruniku dvouslozkové smési do vnitiniho pracovniho
prostfedi EPBS.

Dvoukomponentni malta

(8ifka asi 130 mm)
Two-component grout
(about 130 mm thick)

Prefabrikovany segment
§.300 mm
Pre-cast segment
300 mm thick

Obr. 6 Pritomnost dvouslozkové smési vypliujici kruhovou dutinu
Fig. 6 The presence of two-component grout backfilling an annular gap

The effectiveness of the prepared mixture designed in the labo-
ratory was subsequently verified in the location from which the
two EPBSs were launched, where the UTT technicians every day
carried out tests of the material prepared in the production plant
in the vicinity of the portals of the tunnels.

The numerous samples which were tested proved that the
injection and backfilling technologies applied during the con-
struction were effective. It was virtually always found that the
thickness of the two-component grout layer between the outer
surface of the pre-cast lining and the surrounding excavated sur-
face was correct. The fact that no significant cases of subsidence
were encountered proves that the injection of grout was absolu-
tely effective.

The amount of hours spent on the clearing of grout injection
lines is minimum. This is a proof that the A component of the mix
is stable and the quality of MAPEI-designed mix is good. In
addition, the grout maintains its workability and is therefore
usable for injecting during the times when the tunnelling shields
are stopped (for example for maintenance purposes, because of
the suspension of works, etc.). This is a proof of the effective-
ness of the retarding admixture MAPEQUICK CBS SYSTEM 1.

The removing of some lining rings in the Pozzo 5.4 location
made the visual inspection of the effective backfilling of gaps
behind lining rings with the two-component grout possible.

Mapeblox/T product

Another product was also widely used during the tunnelling
process. It is MAPEBLOX/T, an end grease, sealing a row of
brushes installed on the inner surface of the shield tail to prevent
the intrusion of the two-component grout into the EPBS internal
working environment.

Owing to its consistency, MAPEBLOXU/T is a product which
is easy to pump. When MAPEBLOX/T gets inside the brushes,
it secures increased impermeableness of the brushes, even in the
presence of water under pressure (as it is in the case of the four
tunnelling shields purchased by METRO C S. p. A). It reduces
the rate of their wear and increases longer service life of the
brushes.

The results achieved owing to the use of MAPEBLOX/T pro-
duct are positive in terms of the consumption (kilograms of gre-
ase pumped in, making the EPBSs advancing possible) and the
ability to prevent the two-component grout from flowing out.
This event would otherwise cause clogging of the internal wor-
king environment of the tunnelling shield.

About 30-40 kg of the product are pumped per a metre of com-
pleted tunnel excavation on the Line C construction site.

Other products

Owing to the uninterrupted presence of the UTT technical ser-
vice on site, MAPPEI has become a source of information for




Konzistence MAPEBLOXUY/T c¢ini vyrobek snadno Cerpatelnym.
Jakmile se MAPEBLOX/T dostane dovniti kartd¢u, zarucuje jejich
zvySenou nepropustnost, a to i pri pritomnosti tlakové vody (jako
v piipadé Ctyr razicich $titt METRA C), ¢imzZ sniZuje jejich opotie-
benf a zajistuje tedy i jejich prodlouZenou Zivotnost.

Vysledky ziskané pouZzitim vyrobku MAPEBLOX/T jsou pozi-
tivni ve smyslu spotieby (kg tuku Cerpané pro postup EPBS)
a schopnosti zastavit vytékani dvousloZkové smési, kterd by zpu-
sobila ucpéni vnitfniho pracovniho prostredi raziciho $titu.

Na stavbe linky C je ¢erpano cca 3040 kg na metr vyrazeného
tunelu.

Dalsi vyrobky

Stala pfitomnost technického servisu UTT na stavbé ucinila z firmy
MAPEI zdroj informaci pro mechanizované razby i pokud jde o dals{
vyrobky pouZzivané v mensim mnozstvi, jako jsou napriklad:

* MAPEFILL: tekutd expanzivni malta, pouZivand pro kotveni

prvku na stavbé stanice Malatesta.

* PLANITOP T: dvouslozkovd cementovd malta, pouZivana pro
konecnou tpravu prstencu osténi.

* MAPEGROUT BM: dvouslozkovd malta s nizkym modulem
pruznosti, urend pro sanaci betonu, s tixotropni konzistenci,
kterd je charakterizovand zvySenou pridrznosti k podkladu,
a pouZiva se pro opravy prstenct, u kterych doslo k odlamovén{
nebo poskozeni betonu.

4 ZAVER

V tomto ¢lanku jsou kritce popsany systémy zkouSek a operaci
tGpravy zeminy a vyplnovych malt provedenych v projektu Trasa C
fimského metra. Viechny tyto operace jsou velmi duleZité v rdmci
minimalizace povrchového poklesu, pfedevsim ve slozitych podmin-
kéch, jako jsou v Rimé: huste€ osidlené oblasti, sniZzené nadloZi, atd.
Vhodné pouziti zpénovaci prisady Polyfoamer FP umoznilo spra-
vnou udpravu zeminy, zlepSeni pfenosu tlaku masou zeminy a vedlo
k vet3 stabilité celnf stény a zarucenf pfiméfeného postupu a vykonu
EPBS. JelikoZ je Rim jedno z nejstar§ich mést na svéte, stavba systé-
mu metra se z davodu Castych archeologickych objevi a vyzkumu
mozného vyskytu velmi starych a daleZitych konstrukei v zemi poty-
kd se znaénymi prekdzkami. InjektdZ dvouslozkové vyplnové malty
umoznila iplné a okamzité vyplnéni kruhové dutiny za osténim tune-
lu a sniZzeni vyskytu povrchového poklesu mésta.

Zkusenosti a znalosti v oblasti podzemnich staveb jsou cestou
k nalezen{ optimdlnich vyrobku a technologii pro konkrétni podminky
dané stavby. Obrovsky sortiment produktd firmy Mapei nabizi uplat-
nénf pri technologii razicich 3titi EPB a je schopen uspokojit veskeré
pozadavky zdkaznika. Stavba metra linky C v Rimé je jeden
s nejvetsich projektu na svété v oblasti tunelovéni. Na i tak vyznamné
stavbé se vyznamné podilela svymi vyrobky firma MAPEI.
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mechanised tunnelling even as far as other products used in
smaller quantities are concerned, for example:

e MAPEFILL: liquid expanding mortar used for the anchoring
of elements on Malatesta Station construction.

* PLANITOP T: two-component cement mortar used for the
final treatment of tunnel lining rings.

* MAPEGROUT BM: thixotropic-consistency two-component
mortar with a low modulus of elasticity, which is designed
for repairs of concrete surfaces. It is characterised by incre-
ased adhesion to the substrate and is used for repairs of tun-
nel lining rings where breaking off or damages to concrete
surfaces occurred.

4 CONCLUSION

This paper contains a brief description of systems of tests and
operations associated with the conditioning of earth and backfill
grout which were carried out during the construction of the Line
C of Rome metro. All these operations are very important for the
minimisation of the settlement of ground surface, first of all in
the complicated conditions of Rome: densely populated areas,
reduced height of overburden etc. Owing to proper application of
Polyfoamer FP foaming agent it was possible to correctly condi-
tion the earth, to improve the transfer of pressure through the
earth mass and increase the stability of the excavation face. It led
to reasonable advance rates and performance of the EPBS.
Because Rome is one of the oldest cities in the world, the con-
struction work on the metro system has dealt with significant
obstacles due to frequent archaeological discoveries and research
into the possibility of encountering very old and important struc-
tures buried under ground. Thanks to the injection of two-com-
ponent backfill grout it was possible to completely and immedi-
ately fill the annular gap behind the tunnel lining and reduce the
occurrence of the city surface subsidence.

Experience and knowledge in the area of underground con-
struction is the way to finding optimum products and technologi-
es for specific conditions of a particular project. The wide range
of Mapei products offer themselves to be applied to the EPBS
technology. The products are capable of satisfying all require-
ments of customers. The construction of the metro Line C in
Rome is one of the world’s largest projects in the area of tunnel-
ling. MAPEI significantly participated through its products even
on so important construction project.
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POUZIVANI NOVE VYVINUTYCH PRISAD KE ZLEPSENI UCINNOSTI
URYCHLOVACU VE STRIKANYCH BETONECH

USING ADVANCED ADMIXTURE TO ENHANCE ACCELERATOR
PERFORMANCE IN SPRAYED CONCRETE

ENRICO DAL NEGRO, CRISTIANO MALTESE, VEIT REINSTADLER, LUBOR BACIK

Na trhu je béZn€ k dispozici nékolik urychlovacu tuhnuti bez
obsahu alkdlii, které jsou ur¢ené pro podzemni konstrukce. Tyto
pifsady zpusobuji velmi rychlé vyzrdni betonu, coZ umoZiuje
provadeéni aplikaci na svislych konstrukcich a na stropech. Jejich
dcéinnost je velmi variabilni a zavisi na nékolika faktorech: typu
cementu a jeho chemickém slozeni, podminkach okolniho pro-
stiedi (vlhkost, teplota) a na sloZeni betonové smési. Z tohoto
davodu se na stavbé mohou objevit vyrazné odchylky ve vlast-
nostech urychlovade, coZ miZe mit velmi negativni vliv na bez-
pecénost pracovniki, protoZe muZe dojit k ndhlému odpadu nastii-
kaného materidlu. V na$i vyzkumné a vyvojové laboratofi byla
vyvinuta nov4 piisada, kterd dokédze stabilizovat a zvysit i¢innost
urychlovade. Tato novd praskovd prisada je v oblasti vyvoje
mechanické pevnosti stifkaného betonu tak G¢innd, Ze umoznuje
i vyrazné sniZzeni mnoZstvi cementu.

V tomto ¢ldnku je uvedeno nékolik testd provedenych piimo na
stavbdch, kde byla tato nova technologie pouzita. Vysledky jasné
ukazuji vyrazné zlepSeni v technologii betonu. Podzemni stavby
mohou zacit vyuzivat mnoho vyhod, které dosud tradi¢n{ techni-
ky neznaly. Jednd se o sniZeni ndkladu, vy$3i bezpecnost, niZs{
mnozstvi spadu, vyssi rychlost a také sniZeni dopadu na Zivotni
prostredi diky sniZeni obsahu emisi CO, (niZ§{ obsah cementu =
nizsi uhlikova stopa).

1 0voD

Bezalkalické urychlovale jsou relativné nové tekuté piisady
pouzivané na poli podzemnich konstrukci. Z bezpecnostnich
davodu nahrazuji na evropském trhu klasické urychlovade
s obsahem alkalickych ldtek, jako je hlinitan sodny nebo kiemi-
Citan sodny. Stiikany beton s témito novymi bezalkalickymi
urychlovaéi navic muZe dlouhodobé dosdhnout vyssi pevnosti
v tlaku. Urychlovaci pfisady zpusobuji rychlé tuhnuti betonu, coz
zajistuje dobrou prilnavost ke sténam tunelu. Toto osténi ze stii-
kaného betonu vzhledem k rychlému ndrGstu pevnosti sniZzuje
velikost konvergen¢nich deformaci.

Na trhu je k dispozici nékolik bezalkalickych urychlovacu. Lze
je rozdélit do dvou hlavnich kategorif, které obé obsahuji slouce-
niny sfranu hlinitého stabilizovaného bud anorganickymi, nebo
organickymi kyselinami (napf. kyselina mravenéi, kyselina
mocova).

Schopnost betonu prilnout k podkladu zavisi na t¢innosti reak-
ce mezi urychlova¢em a hydratujicim cementem. Tato reakce se
obvykle uréuje mérenim kone¢né doby tuhnuti nebo vyvojem pev-
nosti v tlaku cementové pasty s urychlovacem. MuZe byt ovlivné-
na nékolika faktory, jako je: typ urychlovace a jeho pevny obsah,
typ a chemické slozeni cementu, reguldtor tuhnuti, podminky
okolntho prostredi, teplota betonu a kamenivo. MnoZstvi odchylek
muZe byt velice nebezpe&né pro pracovniky, protoZze zmény
v konzistenci mohou zpusobit ndhlé uvolnéni a pdd nastiikaného
materidlu. Kromé toho zvySeni mechanické pevnosti stiikaného
betonu a zvySeni mnozstvi urychlovace a obsahu cementu je ¢asto

Several flash setting alkali free accelerators are commonly
available on the market and used in underground construction.
These admixtures cause a very rapid hardening of concrete thus
allowing overhead and vertical applications. Their efficiency is
very variable and dependent upon several parameters like:
cement type and its chemical composition; environmental con-
ditions (humidity; temperature); concrete mix design.
Therefore, at the job site, significant variations in terms of
accelerator performances can occur. These effects can be extre-
mely dangerous for worker safety as they can cause sudden col-
lapses of the sprayed material. A new admixture was developed
in our R&D Labs which can stabilize and enhance accelerator
performance. This new powder based admixture is so effective
in terms of mechanical strength development of the sprayed
concrete layer that it can even allow a significant reduction in
cement.

In this paper a review is presented of several job site tests
where this new technology has been applied. The results clear-
ly show exciting improvements in concrete technology.
Underground projects are able to commence with many advan-
tages hitherto unknown in traditional techniques. These impro-
vements include lower cost, higher safety, lower rebound, gre-
ater speed and even environmental improvements due to the
reduction in CO, emissions (lower cement = lower carbon
footprint).

1 INTRODUCTION

Alkali-free accelerators are relatively new liquid concrete
admixtures used in the field of underground construction. For
safety reasons they are replacing the classical alkali-rich acce-
lerators, like sodium aluminate or sodium silicate in the
European market. Furthermore, the concrete sprayed with these
new alkali-free accelerators can reach higher long term com-
pressive strengths. The accelerating admixtures cause concrete
to set fast, thereby allowing cementitious material to adhere to
the tunnel wall. This shotcrete lining acts as a consolidating
shield useful to control tunnel convergence.

Several alkali-free accelerators are available on the market.
They can be divided into two main categories both containing
aluminium sulphate complexes stabilized either by inorganic or
by organic acids: (e.g. formic acid, uric acid).

The capability of concrete to stick onto the substrate is rela-
ted to the efficiency of the reaction between accelerator and
hydrating cement. This reaction is commonly evaluated by
measuring the final set time or the compressive strength deve-
lopment of accelerated cement paste. It can be influenced by
several parameters such as: accelerator type and its solid con-
tent, type and chemical composition of cement, setting regula-
tor, environmental conditions, concrete temperature and
aggregates. The number of variables can be extremely dange-
rous for worker safety as inconsistencies can cause sudden




Tab. 1 Doba tuhnuti cementové pasty s CEM I 42,5 R
Table 1 Setting time of cement paste with CEM I 42,5 R

Slozky Smés 1 (g) Smeés 2 (g)
Components Mixture 1 (g) Mixture 2 (g)
Cement 100 87,5

Cement

AAA 0 12,5

AAA

Superplastikator 0,70 0,87
Superplasticiser

Zamésova voda 35 30,6

Mixing water

Davka urychlovace

(% hmotnosti cementu) 8 % 6 %
Accelerator dose

(per cent of cement weight)

Konec¢na faze tuhnuti 4 min. 3 min. 10 sek.
Final phase of setting

Davka urychlovace

(% hmotnosti cementu) 9% 7%
Accelerator dose

(per cent of cement weight)

Konecna faze tuhnuti 1 min. 40 sek. 1 min. 50 sek.
Final phase of setting

nezbytné, a proto dochézi ke zvySeni nakladu a rizika vzniku trh-
lin v aplikované vrstvé.

Cement je navic surovina, kterd md vysoky dopad na Zivotni
prostiedi. Napiiklad na stavbu krdtkého tunelu o pruméru 7 m
a délce 1 km s 0,3 m vrstvou stifkaného betonu se spotfebuje
nejméne 1630 tun cementu. Pfi vyrobé tohoto mnoZstvi cementu
vznikne cca 1076 tun CO,. Proto byla vyvinuta nova prisada,
kterd je schopnd stabilizovat a zvysit vykon urychlovace. Krome
toho je tato nova minerdlni prisada ve formé prasku (Accelerator
Aid Agent) natolik d¢innd ve vyvoji mechanické pevnosti
a vysledné pevnosti stifkaného betonu, Ze umoZznuje vyrazné sni-
Zeni obsahu cementu v aplikované vrstve.

Tento Clanek se zabyva ucinky této nové prisady, nazvané
Accelerator Aid Agent (AAA) na vyvoj mechanické pevnosti
u nékolika vzorka malt a betonu.

2 PROVEDENY VYZKUM

Smichdnim portlandského cementu (typ CEM I 42,5 R) se
zdmésovou vodou (pomér voda/cement 0,35) a polykarboxyldto-
vym superplastifikdtorem byly pripraveny dvé cementové pasty.
Druhy vzorek obsahoval také AAA (12,5 % pojiva). Aby mély
oba vzorky stejnou konzistenci, bylo do nich priddno stejné
mnozstvi plastifikdtoru.

Jakmile bylo dosazeno homogenni smési, byl pfidan komer¢n{
urychlova¢ na bézi siranu hlinitého bez obsahu alkélii (AI/S
molarni pomér: 1,03) a jeho obsah byl pfizpusoben tak, aby bylo
dosazeno ukonceni tuhnuti (dle Vicatovy metody; EN 196/3)
cementové hmoty dfive, neZ za 2 minuty. Hodnoty kone¢né faze
tuhnuti jsou uvedeny v tabulce 1.

MEéril se vyvoj pevnosti v tlaku cementovych smési obsahuji-
cich nas komer¢ni urychlova¢ bez obsahu alkdlif. Zkousky byly
provedeny na vzorcich malty se sloZenim uvedenym v tabulce 2.
Malty byly pripraveny podle EN 196/1. Do cementu byla priddna
prisada AAA a na konci michaciho cyklu byl pfidan urychlovac
tuhnuti bez obsahu alkalii a michdni{ probihalo dalSich 10 sekund.
Na podatku zrani byla digitdlnim pristrojem (smérnice pro strika-
ny beton Osterreichische Vereinigung fiir Beton- und Bautechnik,
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collapses of the sprayed material. Furthermore, to increase
sprayed concrete mechanical performance, an increase in
accelerator and cement content is often necessary, thus increa-
sing infrastructure costs and risks of cracks in the applied
layer.

Moreover, cement is a raw material with an high environmen-
tal impact. For example, the construction of a short tunnel, 7m
diameter and 1km length, coated with 0.3 m of sprayed concre-
te, requires at least 1630 ton of cement. The production of this
cement results in the emission of about 1076 tons of CO,.

A new admixture has been developed which can stabilize and
enhance accelerator performance. Moreover, this new mineral
powder based admixture (Accelerator Aid Agent) is so effecti-
ve in terms of mechanical strength development and final
strength of the sprayed concrete layer that it can allow
a significant cement reduction in the applied layer.

In this paper the effects of this new admixture, called
Accelerator Aid Agent (AAA), on the mechanical strength
development of several mortars and concretes are presented.

2 EXPERIMENTAL

Two cement pastes were prepared by mixing Portland cement
(Cement type CEM 142.,5 R), with water (W/C Ratio 0.35) and
the addition of a polycarboxylate superplasticizer. The second
sample also contained AAA (12.5 % of binder). After The
amount of plasticizer was chosen in order to give the same flu-
idity to both samples.

Having obtained an homogeneous slurry, a commercial alka-
li-free aluminium sulphate based accelerator (Al/S molar ratio:
1.03) was added and its content was adjusted to obtain a final
setting (according to Vicat’s method; EN 196/3) of the cemen-
titious slurries lower than 2 minutes. The final setting values
are reported in Table 1.

The compressive strength development of cement mixtures
containing our commercial alkali-free accelerator with and wit-
hout AAA was measured. The tests were carried out on mortar
samples having the compositions reported in Table 2. The mor-
tars were prepared according to EN 196/1. AAA was added to
cement, whereas the alkali free flash setting accelerator was
added at the end of the mixing cycle and further mixed for 10
sec. At early curing ages, the mechanical strength in N was mea-
sured with a digital force gauge (Guideline Sprayed Concrete,
Osterreichische Vereinigung fiir Beton- und Bautechnik, Wien,
2009). At later curing ages the mechanical strength of the speci-
men (40x40x160 mm) was measured according to the EN 196/1.
The results are summarized in Table 3.

Tab. 2 Ddvkovdni smési pro stanoveni mechanické pevnosti malty
Table 2 Mixture design for the determination of mechanical strength of mortar

Slozky Smés 3 (kg/m?) Smés 4 (kg/m?)
Components Mixture 3 (kg/m3) | Mixture 4 (kg/m3)
Cement IV/A-P 42,5 480 431

Cement IV/A-P 42,5

AAA 0 54

AAA

Superplastikator 2 0,87
Superplasticiser

Urychlovaé 29 26

Accelerator

Kamenivo (0-2,5 mm) 1449 1454
Aggregates (0-2.5 mm)

Voda 217 194

Water
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Tab. 3 Vyvoj pevnosti mladého betonu v tlaku
Table 3 Compressive strength development

Smés Zatizeni (N) a mechanicka pevnost (MPa) / Loading (N) and mechanical strength (MPa)
bl 05h 1h 2h 4h 6h 8h 24h
3 12N 37N 54 N 67 N 75N 100 N 11,0 MPa
4 155,0 N 0,5 MPa 1,2 MPa 3,3 MPa 4,1 MPa 5,3 MPa 10,8 MPa
Tab. 4 SloZeni betonovych smési
Table 4 Concrete mix design
Smés Smeés 5 Smés 5a Smés 6 Smés 6a Smés 7 Smés 7a Smés 8 Smés 8a
Components Mixture 5 | Mixture 5a | Mixture 6 Mixture 6a| Mixture 7 | Mixture 7a | Mixture 8 | Mixture 8a
kg/m3
Cem II/A-S 42,5 R (Rohrdorfer) 420 380 / / / / / /
Cem | 52,5 R (Deuna) / / 380 340 / / / /
Cem | 52,5 R (Heidelberger) / / / / 380 340 / /
Cem II/B-M 52,5 N (Holcim) / / / / / / 400 360
AAA / 20 / 20 / 20 / 20
Akrylovy superplastifikator 2,9 3,4 34 3,8 3 3,7 4 43
Acrylic superplasticiser
Kamenivo (kfemicité) (0-8 mm) X X X X X X
Siliceous aggregate (0-8 mm)
Kamenivo (uhlicitanové) (0-8 mm) X X
Carbonate aggregate (0-8 mm)
Urychlovaé bez obsahu alkalii 25,2 22,8 19 17 20,9 18,7 28,0 25,2
Non-alkaline accelerator
Voda 191 175 192 170 189 173 199 182
Water
Pomér voda cement 0,46 0,46 0,50 0,49 0,50 0,51 0,50 0,50
Water/cement ratio

Viden, 2009) méfena mechanicka pevnost v N. V pozdéjsich sta-
diich zréni byla méfena mechanickd pevnost u vzorka (40x40x160
mm) dle EN 196/1. Vysledky jsou shrnuty v tabulce 3.

Byly zhotoveny &tyfi vzorky betonu, u kterych byl sledovdn
vliv pfisady AAA na pocdte¢ni fazi vyvoje pevnosti. Vzorky byly
nastfikdny (Meyco Potenza, Putzmeister PM 500) komer¢nim
urychlova¢em bez obsahu alkalii a pfisadou AAA. Tato sloZeni
jsou zndzornéna v tabulce 4. Vzorky referenéniho betonu byly
vyrobeny podle normy EN 480/1. V pocateCnich fazich byla
Proctorovym Penetrometrem méfena mechanickd pevnost a od
hodnoty 2 N/mm? bylo méfeni provadéno zardZenim piistrojem
Hilti podle smérnice pro stifkany beton OVBB a podle evrop-
skych norem EN 14487 a EN 14488-2.

Obr. 1 Rozliti kuZele betonové smési 6 (vlevo) a 6a (vpravo)
Fig. 1 Slump of mixture 6 (left) and 6a (right)

Four concretes were prepared and the influence of AAA to
early age strength development was evaluated. These concretes
were sprayed (Meyco Potenza, Putzmeister PM 500) with
a commercial alkali-free accelerator and AAA. The compositi-
ons are reported in Table 4. Concrete samples were mixed
according to EN 480/1. At early ages, the mechanical strength
was measured with a Proctor Penotrometer and from 2 N/mm?
with the Hilti powder-actuated tool according to the OVBB
Guideline Sprayed Concrete and according to EN 14887 and
EN 14888-2.

In Figure 1 the slump of the concrete mixtures 6 and 6a are
shown. As can be seen, there are no significant differences
observable. As an example, the
application the concrete mixtu-
re 6a is shown in Figure 2.

The results of the early
strength development measu-
rements of the different spray-
ed concrete mixtures are repor-
ted in Graphs 1-4.

3 RESULTS AND DISCUSSION

The results shown in Table 1
(pure cement pastes) point out
that Mixture 2, containing
AAA, is characterised by a final
setting time of lower than 2
minutes with an accelerator



Obr. 2 Nadstrik betonové smési 6a
Fig. 2 Spraying of mixture 6a

Na obr. 1 je zndzornéno seddni betonovych smési 6 a 6a. Jak je
patrno, nejsou zde zadné viditelné rozdily. Pro priklad je na
obr. 2 uvedena ukdzka ndstriku betonové smési 6a.

Vysledky méfeni vyvoje po&ateéni pevnosti riznych stifkanych
betonovych smési jsou uvedeny na grafech 1 az 4.

3 VYSLEDKY A DISKUSE

Z vysledkl zobrazenych v tabulce 1 (Cistd cementova pasta)
vyplyvé, Ze smés 2 obsahujici prisadu AAA md dobu tuhnuti nizs{
neZ 2 minuty s ddvkou urychlovace 7 % (hmotnosti cementu)
misto 9 % u sméesi 1 bez prisady AAA. Smés 2 dosahuje stejné
doby tuhnuti, ackoli je obsah cementu i urychlovace niZsi.

Vysledky v tabulce 3 (malty) ukazuji, Ze smés 4 (obsahujici
prisadu AAA a méné cementu a bezalkalického urychlovace)
vyvine mnohem vys$si pocdte¢ni pevnost nez smes 3 bez prisady
AAA.

Také zkousky se stifkanym betonem na staveniSti tento trend
potvrzuji (grafy 1 az 4): smési 5a, 6a, 7a, a 8a s priddnim prisady
AAA a s menSim mnozZstvim cementu a nizsi ddvkou bezalkalic-
kého urychlovace vykazuji ve srovnani s referencnimi vzorky bez
nové prisady vySsi nebo pfinejmensim stejnou poéateni pevnost.

Ze zkousek zpracovatelnosti je také patrné, Ze prisada AAA
vyrazné neovliviiuje zpracovatelnost betonu do 90 minut.

4 ZAVER
Vysledky prezentované v tomto ¢ldnku jsou jasnym dukazem,
7e tato novd technologie pro stiikané betony nebo malty
s bezalkalickym urychlovadem umoZznuje:
e vyrazné sniZeni obsahu cementu,
e vyrazné sniZeni davky urychlovace tuhnuti bez negativniho
dopadu na vyvoj pocatecni pevnosti.
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Graf 1 Porovndni vyvoje pevnosti mladého betonu ze smési 5 a 5a
Graph 1 Early strength development of Mixtures 5 and 5a
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Graf 2 Porovndni vyvoje pevnosti mladého betonu ze smési 6 a 6a
Graph 2 Early strength development of Mixtures 6 and 6a
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Heidelberger 380 kg
Heidelberger 340 kg, 20 kg AAA

Pevnost v tlaku (N/mm2) — Compressive strength (N/mm2)

Graf 3 Porovndni vyvoje pevnosti mladého betonu ze smési 7 a 7a
Graph 3 Early strength development of Mixtures 7 and 7a

dosage of 7 % (of cement mass) instead of 9 % for Mixture 1 wit-
hout AAA. Mixture 2 reaches the same setting time although its
cement and accelerator content is lower.

The results of Table 3 (mortars) emphasize that Mixture
4 (containing AAA and a lower cement content and lower alka-
li free accelerator) develops much higher early age strength
than Mixture 3 without AAA.
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Graf 4 Porovndni vyvoje pevnosti mladého betonu ze smési 8 a 8a
Graph 4 Early strength development of Mixtures 8 and 8a

Nizs{ spotfeba cementu a bezalkalického urychlovace vede k:

* niz§{m ndkladum na stavbu,

e niz§imu dopadu na Zivotni prostiedi,

e zlepSeni tvarové stability stifkaného betonu, a tudiz k del$i

Zivotnosti.

Ucinnost urychlovade je stabilnéjsi a méné zavisld na externich
faktorech a diky tomu se:

« tunelédrské préce zrychli,

* zvy3i bezpe&nost pracovniku.

Piisada AAA je také vhodna pro bezalkalické urychlovade tuh-
nuti s nizkou koncentraci siranu hlinitého.

Utinnost nové technologie byla prokdzina. Je vSak nezbytné

8§t
Z8

Also job site tests with sprayed concretes confirm this trend
(Figs 3-6): Mixtures 5a, 6a, 7a and 8a admixed with AAA and
containing lower cement content and lower dosage of alkali-
free accelerator show higher or at least similar early age
strength development compared to the reference samples wit-
hout the new admixture.

Workability tests also pointed out that AAA does not signifi-
cantly affect concrete workability up to 90 minutes.

4 CONCLUSION

The results reported in this paper clearly indicate that this
new technology for sprayed concretes or mortars with alkali
free accelerator allows:

* a significant reduction in cement content

 a significant reduction in liquid flash setting accelerator

dosage without affecting the early age strength develop-
ment.

The reduced consumption of cement and alkali free accelera-
tor leads to:

* lower construction costs

* lower environmental impact.

Improved dimensional stability of sprayed concrete leading
to improved durability.

Accelerator performance is more constant and less dependent
upon external parameters, thus:

e tunnelling activities can speed up

e worker’s safety can be enhanced.

AAA is also suitable for flash setting alkali free accelerators
with low aluminium sulphate concentrations.

provést dalsi studie za dlelem zjisténi chemickych interakci
cementu, urychlovace a prisady AAA.

The efficiency of this new technology was demonstrated but
further studies are necessary in order to investigate chemical

interactions of cement, accelerator and AAA.
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REKONSTRUKCE A DOSTAVBA KANALIZACE MNICHOVO HRADISTE
RAZENA CAST

MNICHOVO HRADISTE SEWERAGE RECONSTRUCTION
AND ADDITION OF NEW PARTS - THE MINED PART

MILAN SCHAGERER

ovoD

V Cervnu roku 2011 byla slavnostné zahdjena rekonstrukce
a dostavba kanalizace v obci Veseld u Mnichova Hradiste.
Vodohospodarsky projekt je dotovany z prostredki EU a investo-
rem je mésto Mnichovo Hradi$te. Realizace razené stoky AA md
termin dokon&eni v breznu 2013. Pripravu a koordinaci projekéni-
ho feSeni a vlastni realizaci celého projektu zajistuje spolecnost
VaK Mlada Boleslav, a. s., sprdvcem stavby (technicky dozor inves-
tora) je spolecnost REALSTAV MB, spol. s r. 0., projektantem spo-
le¢nost Hydroprojekt, a. s.

Vyznamnou soucasti celého projektu je razend retencni stoka AA
v celkové délce 434 m s podkovovitym prafezem 6,9 m2, kterd fesi
soucasné pretiZeni stavajici stoky A a vytvaf{ retenéni prostor pro
piipad zvySenych pfitoka do kanalizaén{ sité. Realizaci praci pro-
vadénych hornickym zpusobem na stoce AA provadi spolecnost
Energie — stavebni a banska a.s., v ramci poddoddvky pro zhotovi-
tele stavby BAK stavebni spolecnost, a. s.

STAVEBNETECHNICKA CAST

Stola budouci stoky AA je situovana v zapadnim okraji Mnichova
Hradisté. Za¢ind v Cerné ulici u zahradkaiské kolonie v blizkosti
byvalé matetské skolky a déle vede kolmo na tuto ulici pres polnos-
ti k &istirné odpadnich vod (COV). V tivodni &asti podchdzi objekty
méstské zdstavby a ve zbyvajici &asti az k COV prochazi pod obdé-
lavanou zemédélskou ptidou (obr. 1). Stola méla byt razena ze Sachet
S$1a 88, 9. Pristup k Sachté S1 byl piivodné navrzen z prostoru COV
a pristup k $8,9 po Cerné ulici. Vzhledem k velkym vzddlenostem
mezi Sachtami a postupujicimi razbami na dvou ¢elbach a s tim spo-
jenymi ztratovymi Casy prii odt€Zovani a dopravé materidlu navrhl
zhotovitel doplnit do stdvajiciho feSeni technologickou Sachtu S2
cca ve stiedu mezi Sachtami S1 a $8,9. Tim bylo umoZnéno oteviit
dalsi dvé pracovisté na razbach a zkratit tak dopravni vzdédlenosti pri
razbdch. Souldsti tohoto feSeni bylo téZ vybudovéni prijezdové
panelové komunikace v délce cca 400 m z hlavni silnice Mnichovo
Hradisté — Mlad4 Boleslav pres pole k $achté S1 a S2.

Pro vlastni razbu byla dodavatelem navrZzena na zakladé predlo-
Zenych geologickych a geotechnickych poméru v zaddvaci doku-
mentaci technologie rozpojovani pomoci drobného pneumatického
naradi, nakladdni rubaniny pomoci prehazovacich vzduchovych
nakladacu NL 12V, vodorovnd doprava rubaniny kolejovd, svisld
doprava na terén pomoci OVJ 75 a prepravnich van.

Primdrni osténi bylo navrZeno z rdmu TH vyztuze K 21 o rozteci
0,8 m s pri¢nymi prahy U 140, zaji§téni vyrubu paznicemi UNION.
Sekunddrni osténi bylo navrzeno z armovaného vodostavebného
betonu s poloZenim pukaného Cedi¢ového Zlabu DN 400 ve dné
Stoly a obkladem zbyvajici ¢dsti dna Stoly cedicovou dlazbou
(vyrobky z taveného Cedice firmy Eutit s. r. 0).

Pri této technologii, poctu pracovist, dvousmeénném provozu
v pracovnich dnech a predpoklddanych postupech 1 m za sménu
byly razby Casové napldnoviany na necelé tii mésice a definitivn{
obezdivka v¢etné Cedi¢ové dlazby, CediCového 7ldbku a stavebnich
objektl na stoce na 4,5 mésice. Celkovd doba realizace byla tedy

INTRODUCTION

June 2011 saw the ceremony of commencing the reconstructi-
on and some new construction of sewerage in the village of
Veseld near the town of Mnichovo Hradisté. This water-resour-
ces project is funded from the means of the EU and the client
for which is the town of Mnichovo Hradisté. The completion
date for mained interceptor sewer AA set for March 2013. The
preparation and coordination of the design solution and the
implementation of the entire project is secured by VaK Mlada
Boleslav, a. s., a water and sewerage agency; the activities of
the Engineer (client’s technical supervision) are performed
by REALSTAV MB, spol. s r. o.; Hydroprojekt, a. s., is the
designer.

Significant part of the entire project is the mined interceptor
sewer AA at the total length of 434 m, with a horseshoe shaped
profile area of 6.9 m?, which solves the current overloading of
the existing sewer A and creates a retention space in case of
increased inflows into the sewerage network. The sub-contrac-
tor for the works on sewer carried out AA by mining methods
is Energie — stavebni a banskd a.s., which is employed by the
main contractor, BAK stavebni spole¢nost, a. s.

CONSTRUCTION — TECHNICAL PART

The tunnel for the future sewer AA is located at the western
edge of Mnichovo Hradité. It begins in Cernd Street, in allot-
ted gardens near a former kindergarten, and continues perpen-
dicularly to this street across fields, toward the sewage treat-
ment plant (STP). In the first part it passes under residential
development buildings and, in the remaining part ending at the
STP, passes under cultivated land (see Fig. 1). The tunnel was
to be driven from shafts S1 and S8, 9. The access to shaft S1
was originally designed to be from the STP grounds, whilst
shaft S8, 9 were to be accessed along Cern4 Street. Because of
large distances between shafts and two advancing excavation
headings, associated with time losses during the loading and
hauling of materials, the contractor proposed that a technologi-
cal shaft S2 be added to the existing solution, in the middle bet-
ween shafts S1 and S8, 9. This solution made the opening of
other two excavation workplaces possible. In this way the
distances for transport necessary for the underground excavati-
on were reduced. In addition, part of this solution was the con-
struction of a new, about 400 m long, access panel road bran-
ching from the main road Mnichovo Hradist¢ — Mlada Boleslav
and running across fields to shafts S1 and S2.

The equipment proposed by the contractor for the excavation
on the basis of the geological and geotechnical conditions defi-
ned by the tender documentation comprised small pneumatic
tools for the ground disintegration, pneumatic overhead loaders
NL 12V for the loading of muck, OVJ 75 crane and dumpsters
for vertical transport to the terrain surface.
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Obr. I RaZend stoka AA, celkovd situace (Hydroprojekt, a. s.)
Fig. 1 Mined sewer AA, overall layout (Hydroprojekt, a. s.)

stanovena na cca 7,5 mésice. S témito predpoklady méla byt reali-
zace stoky AA zahdjena v kvétnu 2011 a dokon&ena v prosinci 2011.

OVERENI GEOLOGIE ZHOTOVITELEM ,IN SITU"

V kvétnu 2011 byly zahdjeny raziéské prace hloubenim
viech ti{ Sachet. JiZz v hloubce 3,5 m na Sachté S8, 9 zhotovitel
narazil na tézko rozpojitelné piskovce. Tyto horniny se postup-
né objevily i na zbyvajicich dvou Sachtach. Postupy se zkraco-
valy a puvodné navrZenou technologii bylo dal§i hlouben{
nemozné.

Spoleénost ARCADIS Geotechnika, a. s., provedla doplriuji-
ci geotechnicky prizkum. Na jeho zdkladé do$lo k prehod-
noceni geotechnickych poméru, které se zdsadné liSily od
puvodniho zaddni, a to z hlediska raZnosti, rozpojitelnosti
a tézitelnosti. Zastizené horniny byly petrograficky popsdny
jako stfedné- az hrubozrnné piskovce s karbondtovym tmelem
svétle Sedé az hnédosedé s pevnosti v prostém tlaku od 30 MPa
do 60 MPa. Puvodni projekt predpoklddal horniny rozpojitelné
bez trhacich praci s pevnosti do 30 MPa. Horniny vyskytujici
se pri razbdch byly z hlediska raznosti podle ON 73 78508
zarazeny do stupné raznosti I. Z hlediska klasifikace tfidy roz-
pojitelnosti a téZitelnosti podle CSN 73 6133 byly horniny
zatazeny do tfidy tézitelnosti III. Dopliujici prizkum potvrdil,
7e se jednd o horniny téZzko rozpojitelné.

ZMENA TECHNOLOGIE RAZEB A OSTENI STOLY

Vysledky dopliikového geotechnického pruzkumu mély
zdsadni vliv pfi vlastni realizaci jak na zménu technologie

The primary lining was designed in TH frames K21 to be instal-
led at the spacing of 0.8 m, with transverse steel sills U140 and
lagging formed by UNION sheet piles. The secondary lining
was designed in hydraulic-construction concrete with a gutter
split from basalt tubes DN 400 on the tunnel bottom and basalt
floor tiles on the remaining part of the tunnel bottom (melted
basalt produced by Eutit s. r. 0).

With the assumption of this technology, the number of headings,
two-shift operation on working days and advance rates of 1 m
per shift, the excavation was planned to take less that 3 months;
the installation of the final lining including the basalt pavement,
basalt trough and construction structures on the sewer were
planned to be finished in 4.5 months. The total construction time
was therefore set at 7.5 months. At these assumptions, the works
were to commence in May 2011 and be completed in December
2011.

IN SITU VERIFICATION OF GEOLOGY
BY THE CONTRACTOR

The mining operations started in May 2011 by sinking of all of
the three shafts. At shaft S8, 9, as early as the depth of 3.5m, the
contractor encountered sandstone which was difficult to disinte-
grate. This rock appeared step-by-step even at the remaining
two shafts. The advance rates were gradually reduced and it
became impossible to continue the shaft sinking using the origi-
nally designed technology.

ARCADIS Geotechnika, a. s., carried out a supplementary geo-
technical investigation. On the basis of this investigation, the
geotechnical conditions were re-assessed. The new assessment
of geotechnical conditions significantly differed from the origi-
nal tender documents as far as the driving facility and workabi-
lity was concerned. The rock encountered was petrographically
described as medium- to coarsely-grained sandstone with car-
bonate cement, grey to brown-grey, with the unconfined com-
pressive strength ranging from 30 MPa to 60 MPa. The original
design expected that rock with the strength up to 30 MPa, wor-
kable without blasting, would be encountered. The rocks dealt
with during the excavation were categorised according to ON 73
78508 as driving facility class I. In terms of rock workability
according to CSN 73 6133, the rocks were categorised as class
III. The supplementary investigation confirmed that these rocks
were difficult to disintegrate.

CHANGES IN THE EXCAVATION TECHNOLOGY
AND THE TUNNEL LINING DESIGN

The results of the supplementary geotechnical investigation had
the basic influence during the construction, both on the change
in the excavation technology and the tunnel lining. Swedish
rock breaking robot BROKK with a 500 kg hammer (see Fig. 2)
was applied to the sinking of shafts, whilst DARDA hydraulic
splitter was used for scaling. A small-scale blasting approval
was issued for the excavation of the tunnel itself. Blasting ope-
rations were approved for a part of the tunnel where their effects
could not influence the existing surface. In practise, it meant for
the contractor that they had to choose such an excavation tech-
nology for an about 100 m long section from shaft S8, 9 to shaft
S2 which would ensure standard procedures and would not
influence existing buildings. Energie — stavebni a banskad a.s.,
deployed ALPINA F6 A tunnel roadheader (see Fig. 3) on this
section. This tunnelling machine was capable of ensuring the
advance rate of 2 m per day in double-shift operation.
Nevertheless, the strength of the rock to be disintegrated excee-
ded the capacity of this roadheader. It manifested itself in the
form of frequent defects of the transmission mechanism
and higher consumption of cutting tools. The presence of



Sl o
Obr. 2 Hloubgm’ Sachty S8, 9 robotem Brokk (Ivan S:alka)
Fig. 2 Shaft S8, 9 sinking using Brokk robot (Ivan Sdlka)

>

raZzeb, tak rovnéZz na osténi $toly. Na hloubeni Sachet byl nasa-
zen sbijeci robot BROKK $védské vyroby s tézkym 500 kg sbi-
jecim kladivem (obr. 2), na dolamovani pak trhaci zafizeni
DARDA. Pro vlastni razbu $toly bylo vyddno povoleni trhacich
praci malého rozsahu. Trhaci prace byly povoleny na ¢ast Stoly,
kde nemohlo dojit k ovlivnéni povrchovych objektu jejich
ucinky. V praxi to pro zhotovitele znamenalo zvolit na dsek cca
100 m smérem od Sachty S8, 9 k sachté S2 takovou technologii
razby, kterd zajisti standardni postupy a neovlivni povrchovou
zéastavbu. Energie — stavebni a banska a.s., nasadila na tento
usek tunelovou frézu ALPINA F6 A (obr. 3). Tento razici stroj
byl schopen ve dvousménném provozu zajistit postup 2 bm za
den. Pevnost rozpojované horniny vSak pfesahovala moZnosti
této tunelovaci frézy, coz se promitlo v Castych zdvadach na
prevodovém Ustroji a spotiebé feznych noza. Pritomnost jem-
ného kfemitého pisku se pak negativné projevovala na vsech
to¢ivych a kluznych Cdstech stroje. Presto ALPINA F6
A vyrazila 85 rizikovych metru $toly pod povrchovou zastav-
bou a splnila tak sviaj dkol. Dalsi razba v tomto dseku pak jiz
pokracovala s pouzitim trhacich praci stejné jako na ostatnich
trech Celbach.

Operace vrtdni pro trhaci prace byla provadéna ruéné
s pomoci vrtacich kladiv PERMON VK 21 pfi pouZiti vrtacich
korunek pruméru 34-38 mm podle vrtného schématu uvedené-
ho v technologickém postupu trhacich praci (obr. 4). Trhaci
prace byly provddény trhavinami typu Perunit. Elektricky roz-
nét byl provddén rozbuSkami DeM, DeD, DeP (Sicca).
Maximadlni soucasné odpalované mnoZstvi trhavin nepresdhlo
34,8 kg, maximdlni ndloZ v jednom Casovém stupni pak nepre-
sdhla 1,2 kg trhaviny. Vétrani bylo navrzeno separdtni saci
s prumérem luten 500 mm s pomocnym ventildtorem na Celbé
o pruméru 300 mm pro zvySeni d¢innosti vétraciho systému.

Zména technologie razby $toly pomoci trhacich praci se pro-
mitla i do projek&niho feSeni osténi §toly. Pivodné navrZené
paznice UNION byly zaménény za KARI sité a stiikany beton
jako primarni osténi. Tim byly eliminovdny ndsledné injektaze
za osténi, které by v piipadé zachovani puvodniho feSeni
a kvuli vznikajicim nadvylomim byly nezbytné. Bezprostiedné
po vylomu a odtéZeni zdbéru na 1 m byl postaven ram
TH vyztuZe, instalovany KARI sité a proveden nastrik primar-
niho osténi stifkanym betonem do udrovné lice TH rdmu.
Sekundérni osténi bylo navrzeno ze dvou ¢&ésti. Dno a boky
Stoly byly projekéné navrZeny z armovaného vodostavebného
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Obr. 3 Razba §toly tunelovou frézou ALPINE F6A (Ivan Sdlka) .
Fig. 3 Tunnel excavation using ALPINE F6A roadheader (Ivan Sdlka)

fine-grained quartzose sand negatively manifested itself on all
rotating and sliding parts of the machine. All the same, ALPINA
F6 A drove 85 m of risky metres of the tunnel under existing
buildings and fulfilled its role. Subsequent excavation in this
section continued using blasting, in the way identical with that
used at the other three headings.

The drilling for blasting operations was carried out by hand,
using a PERMON VK 21 drilling hammer with 34-38 mm bits,
depending on the drill pattern contained in the technological
procedure for blasting (see Fig. 4). The blasting was performed
by means of Perunit explosives. Electric firing was carried out
by means of DeM, DeD and DeP (Sicca) detonators. The maxi-
mum simultaneously fired amount of explosives did not exceed
34.8 kg; the maximum blasting charge weight per delay did not
exceed 1.2 kg. A separate ventilation system was designed, with
ventilation ducts 500 mm in diameter and an auxiliary 300 mm
diameter fan at the heading face increasing the efficiency of the
ventilation system.

The change in the technology of excavation by means of blas-
ting was transmitted even to the tunnel lining design. The origi-
nally designed UNION lagging was replaced by KARI mesh
and sprayed concrete as the primary lining. Owing to the chan-
ge, the subsequent back grouting which would have been neces-
sary in the case of maintaining the original solution and becau-
se of the originating overbreaks, were eliminated. A TH frame

Obr. 4 Celba razby navrtand podle vriného schématu (Ivan Sdlka)
Fig. 4 Excavation face with drill holes carried out according to a drill pattern
(Ivan Sdlka)
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Obr. 5 Pohled do dokonceného dila s dlazbou a Zldbkem z taveného cedice —
vyrobky firmy Eutit s. r. 0. (Ivan Sdlka)

Fig. 5 A view down the completed tunnel with the basalt pavement and the
gutter split from basalt tubes — products of Eutit s. r. o. (Ivan Sdlka)

litého betonu a vrchlik $toly pak ze stfikaného betonu s dvo-
jitou KARTI siti. Vzhledem k tomu, Ze realizace vrchliku se-
kunddrniho osténi $toly se posunula do zimniho obdobi, byl
pro metodu stfikaného betonu pouzit materidl MAXIT s jiz
namichanym urychlovaem tuhnuti v suché betonové smési.
Diky tomu prdce probihaly i za nejnepfiznivéjSich zimnich
podminek, kdy venkovni teploty dosahovaly az —25 °C. Pfesto
zkousky ndrustu pevnosti stitkaného betonu potvrdily splnéni
hodnot poZadovanych normou. Obklad dna Stoly cediCovou
dlazbou, véetné poloZzeni pukaného Cedicového Zlabu, zustal
beze zmén (obr. 5).

V atypické Sachté S8, 9 bylo vybudovéino spadiité a spojnd
komora (obr. 6). Tyto objekty na stoce AA byly provedeny jako
priprava na dal$i etapu kanalizace, kterd bude pres spadisté
a zarazku ve spojné komore do vybudovaného dila napojena.

ZAVER

Energie — stavebni a banska dokoncila stoku AA vlastnimi
kapacitami 28. 4. 2012. Dilo bylo preddno bez vad a nedo-
délku. Diky zkuSenostem kmenovych zaméstnancu zhotovitele
a soucinnosti v8ech zicastnénych organizaci se podarilo vybu-
dovat vodohospodaiské dilo, které bude dlouhd desetileti slou-
Zit ob&anim Mnichova Hradi$té a okoli.

ING. MILAN SCHAGERER, schagerer@enas.cz,
Energie — stavebni a bdrniskd a.s.

Recenzoval: Ing. Jan Korejéik
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Obr. 6 Zaiisténi spadisté do spojné komory (Ivan Sdlka) 5
Fig. 6 Connection of the drop manhole to the junction manhole (Ivan Sdlka)

was erected immediately after the blasting and removing of
muck from the 1 m long excavation round, KARI mesh was
installed and shotcrete was applied flush with the inner surface
of the TH frames. The secondary lining design consisted of two
parts. The bottom and side walls were designed to be in cast in
situ reinforced hydraulic-construction concrete, whilst shotcrete
with two layers of KARI mesh was designed for the tunnel
crown. With respect to the fact that the realisation of the secon-
dary lining crown was shifted to the winter season, the shotcre-
te technology was applied using MAXIT mortar. This material
contained pre-mixed setting accelerator in the dry mix. Owing
to this technology the work was even performed in most unfa-
vourable winter conditions with external temperatures reaching
up to - 25 °C. Despite this fact, tests of the concrete strength
gain confirmed that the values required by the standard were
met. The bottom pavement with the basalt slabs, including the
placement of the gutter split from basalt tubes, remained
unchanged (see Fig. 5).

A drop manhole and a junction were constructed on the atypical
shaft $8.9 (see Figures 6). These structures were constructed on
the sewer AA as the preparation for the subsequent stage of the
sewerage system, which will be connected to the completed
works through the drop manhole and a baffle in the junction
manhole.

CONCLUSION

Energie stavebni a banskd, a. s., completed the sewer AA by its
own capacities on 28t April 2012. The works were handed over
without defects and backlogs. Owing to the experience of con-
tractor’s own employees and collaboration of all organisations
involved in the process, the water resources system which was
successfully completed will serve inhabitants of Mnichovo
Hradisté and the surroundings for many decades.

ING. MILAN SCHAGERER, schagerer@enas.cz,
Energie — stavebni a bdriskd a.s.

Dokumentace k provedeni stavby Mnichovo Hradisté, rekonstrukce a dostavba kanalizace 3. etapa, razena stoka AA, Hydroprojekt

CZ,a.s.
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PRELOZKY KANALIZACNICH STOK A POTOKA BRUSNICE V RAMCI
2. STAVBY STRAHOVSKEHO TUNELU

DIVERSIONS OF SEWERS AND THE BRUSNICE BROOK
WITHIN THE FRAMEWORK OF STAGE 2
OF THE STRAHOV TUNNEL CONSTRUCTION

PREMYSL FRANTISEK KUCHAR, MILAN SCHAGERER

ovoD

V rdmci stavby €. 0065 Strahovsky tunel 2. stavba, ¢dst 2B hlou-
beny tunel MO (stavebni ¢dst), kterou spolecnost Energie — sta-
vebni a banskd a.s., realizuje ve sdruZeni s EUROVII, as., bylo
nutné provést nové vedeni veskerych inzenyrskych siti patricich do
souboru staveb Strahovsky tunel 2B jako souéasti méstského okru-
hu Myslbekova — Pragny most — Spejchar — Pelc-Tyrolka (tunelo-
vy komplex Blanka) (obr. 1).

V jizni ¢4sti navazuje 2. stavba Strahovského tunelu na jiZ pro-
vozované stavby méstského okruhu tunely Strahovsky
a Mrazovka. Tunelové vedeni méstského okruhu je umisténo pod
ulicemi Patockova a Myslbekova. Na svém vychodnim konci
stavba navazuje na tunelovy tsek méstského okruhu realizovany
v ramci stavby ¢. 9515 MO Myslbekova — Prasny most. Na styku
stavby Strahovského tunelu 2B a raZeného useku stavby ¢. 9515
je umisténo technologické centrum (TGC 1), které bude vyuZi-
vano i pro stavbu 2B Strahovského tunelu. Na zdpadni strané
navazuje stavba na Cdst Strahovského tunelu 2A MUK
Malovanka.

INTRODUCTION

It was necessary within the framework of the project package No.
0065, the Strahov tunnel construction stage 2, part 2B, cut and cover
tunnel for the Prague City Circle Road (civil engineering part), which
is being realised by Energie — stavebni a banskd a.s., in a consortium
with EUROVIA CS, as., to carry out new lines of all engineering net-
works which are parts of the Strahov tunnel 2B project as parts of the
Myslbekova — Pragny most — Spejchar — Pelc Tyrolka section of the
City Circle Road — the Blanka tunnel (for the overall layout see Fig. 1).

In the southern part, the Strahov tunnel construction stage 2 conne-
cts to the already operating structures of the City Circle Road, i.e. the
Strahov and Mrazovka tunnels. The tunnelled route of the City Circle
Road runs under Patockova and Myslbekova Streets. At its eastern
end, the structure connects to the tunnelled section of the City Circle
Road (CCR) which is constructed within the framework of constructi-
on lot No. 9515, CCR Mpyslbekova - PraSny Most. A service centre
(TGC 1) is located at the connection of the Strahov tunnel 2B and the
mined section of construction lot 9515. It will be even used for the
Strahov tunnel 2B construction. In the west, the structure connects to

W
W
i
W

HRADCANY .

ZATRUBNENY POTOK BRUSNICE / CULVERTED BRUSNICE BROOK
STOKA C - stavba SAT 2A / SEWER C — SAT 2A construction package
STOKA CO2 - stavba SAT 2B / SEWER CO2 - SAT 2B construction package
STOKA CO3 - stavba SAT 2B / SEWER CO3 - SAT 2B construction package
STOKA M - stavba SAT 2B — SEWER M/ SAT 2B construction package

Obr. 1 Celkovd situace preloZek kanalizaci a potoka Brusnice (PUDIS, a. s.)

Fig. 1 Overall layout of the construction of diversions of sewers and the Brusnice Brook (PUDIS, a. s.)
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Stavba je provadéna prevdzné v prostoru mezi ulicemi
Myslbekova, Patockova a chranénym tizemim stdvajiciho parku
u fortifikaci, jehoz ¢ast vyuZzivd i stavba ¢. 9515 MO Myslbekova
— PraSny most.

Pfi realizaci stavby doslo jak k odstranéni nékterych objektu
demolici, tak k nové vystavbé véetn¢ vazeb na inzenyrské sité
a ostatni méstska zarizeni.

Realizace hloubenych tunelu v exponovaném infrastruktur-
nim uzlu ulic Patockova, Myslbekova a StreSovicka si vyzada-
la slozité komplexni feSeni vSech inZenyrskych siti, tzn. jejich
odstranéni z prostoru hloubenych tunelt a ndsledné situovdn{
do prostoru mimo trasu tuneld.

Stavba byla zahdjena na podzim roku 2009 a predpoklad
dokonceni je v ¢ervnu 2013.

PROBLEMATIKA REALIZACE INZENYRSKYCH SITi
V PROSTORU STAVBY

Vzhledem k velmi husté méstské zdstavbé v prostoru stavby
Strahovsky tunel 2B je celé zdjmové tizemi protkdno mnoZstvim
inZzenyrskych siti. V prvni fazi je nutné veskeré sité¢ odstranit ze
zdjmového prostoru, ve fazi druhé pak tyto sité bud definitivné
poloZit, nebo realizovat provizorni feSeni po dobu stavby tunelt
a ve treti fazi po dokonceni tunelovych tras realizovat kone¢né
definitivni projek¢ni feSeni vCetné vSech objektu, jejichz reali-
zace byla provddénim hloubenych tuneld blokovéna. V prabéhu
tohoto procesu bylo nezbytné zachovat funk¢nost vSech inZe-
nyrskych siti s vyjimkou kratkodobych vyluk ¢i odstavek.

Z hlediska charakteru a dcelu inZenyrskych siti jsou realizo-
vany prelozky, ruSeni a vystavba kanalizaci vCetné pripojek
a uli¢nich vpusti, vodovodu v&etné piipojek, plynovodu v&etné
pripojek, vodnich toku, verejného osvétleni, silnoproudych
a slaboproudych rozvodu. Z tuneldfského hlediska je zajimavé
predevsim budovéni kanaliza¢nich fadu, které je v prevazné
vétsin€ provadéno hornickym zpusobem, tj. poklddkou trub-
nich fadu do raZenych kanalizaénich stok. Mélce uloZené stoky
jsou realizovdny v navazkach a ve zvétralych sedimentech,
jejichz mocnost dosahuje az dvandcti metru v prostoru ulice
Patockova. Pro zajimavost — byly zde zastiZeny historické kul-
turni vrstvy pavodniho koryta Brusnice s kosternimi pozustat-
ky tehdejSich obyvatel. Rozpojovani horniny na celbach raze-
nych stok je provddéno ru¢né bez trhaci prace za pomoci sbi-
jecich kladiv nebo mechanicky s pouzitim hydraulickych
impaktort osazenych na malych rypadlech. Odtézeni probiha
za pomoci 1zicovych kolejovych nakladalu a dédle vani¢kami
na vozicich. Svisld doprava v téZnich Sachtach je realizovdna
jetdby OVIJ 75. Rozméry jednotlivych stok jsou navrZeny
v zavislosti na hloubce ulozeni, charakteru zastizeného horni-
nového prostredi a na velikosti vystrojeni. Setkdvame se zde
s profily LB 2, LB 2/1000 a LB 3/1000, LB 5/1700, 00 0 02,
00 0 04 s plochou od 2,42 m? do 8,59 m2. Rdmy vyztuZe jsou
navrzeny z véalcovanych profilu K 21 a jsou pokldddny na pric-
né prahy z profilu U 160 s rozte&i 0,8—1,0 m. ObloZeni rdmu
vyztuze je provadéno zplna paznicemi UNION (zde uvadime
jako zéastupce razenych dél charakteristicky pri¢ny fez stoky
CO3 na obr. 2). Aktivace vyztuZe s licem vyrubu je zajiStova-
na dubovymi kliny, tzv. ,bajlaky”, které aktivuji paZnice
UNION k horninovému masivu. V nékterych pripadech bylo
nutno zkrétit roztee rdmu na 0,5 m, provést ostén{ ze stiika-
ného betonu, provdzat jednotlivé rdmy TH vyztuZe v nohdch
u poc¢vy valcovanymi profily U 140, provést betondz podlahy
a injektdZ za provedené osténi. NavrZeny zpusob je provadén
ve Stole vzdy 10 m pred a 10 m za ohroZenymi objekty na
povrchu a v nadloZi. Technické feSeni se v praxi vyrazné
osvédcilo, coZ je prubézné potvrzovano vysledky monitoringu
provadéného v ramci razby vsech Stol. Deformace nadlozi

Tuel

the Malovanka grade-separated intersection, which is part of Strahov
tunnel 2A.

The construction is carried out mostly in the space between
Myslbekova Street, Patockova Street and the conservation area of an
existing park adjacent to the fortification, a part of which is used for
construction lot 9515, CCR Myslbekova - PraSny Most.

During the construction operations, some buildings were, on the one
hand, removed by means of demolition and, on the other hand, new
buildings were erected, including connections to utility networks and
other urban facilities.

The construction of cut-and-cover tunnels in the busy infrastructural
node of Patockova, Myslbekova and StreSovickd Streets required
a complicated solution for all utility networks, i.e. their removal from
the space of the cut-and-cover tunnels and subsequent reinstallation
outside the tunnel route space.

The works commenced in the autumn of 2009 and its completion is
planned for June 2013.

PROBLEMS OF REALISATION OF UTILITY NETWORKS IN THE
AREA CONSTRUCTION SITE

With respect to the dense urban development in the area of the
Strahov tunnel 2B construction site, the entire area of operations is
interwoven with numerous existing utility networks. It is necessary in
the first stage to remove all networks from the area of operations. In
the second stage, these networks must be either laid to final routes or
a temporary solution must be realised for the duration of the tunnel
construction. In the third stage, after the completion of the tunnel rou-
tes, the final design solution must be implemented, including all struc-
tures the construction of which was blocked by the work on the cut and
cover tunnels. It was necessary during this process to maintain the
functionality of all utility networks, with the exception of short-time
closing of traffic or outages.

In terms of the character and purpose of the utility networks, the
works comprise diversions, removal and construction of sewers inc-
luding connections and street inlets, water mains including connecti-
ons, gas pipelines including connections, streams, public lighting,
heavy-current and weak-current lines. From the tunnelling point of
view, the most interesting is first of all the construction of sewers. The
majority of these structures are carried out using mining methods,
i.e. laying pipe lines in mined sewerage tunnels. Near-surface sewe-
rage tunnels are realised in made-ground and weathered sedimentary
rock, the thickness of which reaches even 12 m in the area of
Patockova Street. For the sake of interest, historic cultural layers of
the Brusnice Brook with skeletal remains of past inhabitants were
encountered in this area. The rock at the headings of mined sewerage
tunnels is disintegrated by hand, without blasting, using pick ham-
mers, or mechanically using hydraulic impactors mounted on small
excavators. Muck is loaded by rail-mounted bucket loaders and remo-
ved in boxes placed on flat cars. Vertical transport through hoisting
shafts is carried out by OVJ 75 cranes. The dimensions of individual
sewerage tunnels are designed with respect to the burial depth, the
character of the ground environment encountered and the size of the
excavation support. We meet cross sections LB 2, LB 2/1000 and LB
3/1000, LB 5/1700,00 0 02, 00 0 04 with the cross-sectional area ran-
ging from 2.42 m? to 8.59 m?. Rolled-steel sections K21 are designed
for the supporting frames. They are placed on U 160 transverse sills
installed at the spacing of 0.8 to 1.0 m. UNION sheet piles are used
for the full-face lagging installed behind the frames (we present
a characteristic sewerage tunnel cross-section CO3 in Fig. 2). The
activation of the support against the surface of the excavated opening
is secured by oak wedges, which brace UNION lagging against the
ground. It was necessary in some cases to reduce the spacing of the
frames to 0.5 m, apply shotcrete, tie individual TH frames together at
the bottom with U 140 rolled-steel sections, cast the concrete floor
and inject grout behind the finished lining. The proposed system is
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1 Legenda:
] i 1 Ponechana ocelova trubka &350 mm
él\ - + objimka (ocelové opasani) trouby
SN 2 Vypliiovy material — Cerpatelny beton B 3,5
s pfimési popilku, betonaze ve Ctyfech
s 7 Z, 7 tazich
5 & 7, 77 2) 3 Paziny UNION
4 7 7 g d 7 4 Sedlo z cihelného zdiva pod spoji trub,
X S / & tl. 300 mm
o 5 Betonova deska C12/15, tl. 100 mm
7/ : 6 U profil &. 160 (140)
7 ) / / e X, v P ,
3 Sty \ / 7 » 37 7 Stérkopiskovy podsyp, tl. 50 mm
. / . ~ Legend:
§ N ~J / ' ; \ 1 Steel pipe @50mm + tube sleeve (steel
g 8 N N Sl -l ot .35
3 N 3 g 2 Backfill material — pumpable concrete B 3.
I A MR ‘@,s‘" | N\ with cinder admixtt?re; goncrete cast in four
VYPLROVY | stages
g / % : - o | ) 7w 4 3 UNION sheet pile lagging
/// B 5 Y, V77, j 4 Brickwork cradle under tube joints,
Ll — - ) 300 mm thick
g . 8 MR \ RS 2N \\ =5 Concrete slab C12/15, 100 mm thick
8l ,/7/’///’/ ///, L 6 U 160 (140) section
T S —— T 7 Gravel-sand padding 50 mm thick
2 rvw

Obr. 2 Stoka CO3, pri¢ny iez — sklolamindtovd trouba DN 1800, SN 10 000, PN 10; typ rdamu: 00-0-04, profil K21; plocha vyrubu 8,59 m?> (PUDIS, a. s.)
Fig. 2 Sewer CO3; cross-section — glass reinforced plastic tube DN 1800, SN 10,000, PN 10; support frame type: 00-0-04, K21 section; excavated cross-sec-

tional area 8.59 m?> (PUDIS, a. s.)

a objektu jsou minimalni a nevyZaduji 74dnd dalSi opatfeni.
Po dokoncéeni praci na stavbé Strahovsky tunel 2B bude celkem
vyrazeno 2056 m Stol pro kanalizac¢ni stoky.

Prace vyvolané az po zjisténi nekterych skutecnosti na stavbé
vyZaduji vysokou kvalifikaci a zkuSenost pracovniki, sou¢innost
investora, projektanta, statika a v neposledni fad¢ i obyvatel
dotéenych objekta. Timto pripadem bylo napiiklad stavebni
feSeni objektu ¢. 105 Za Hlddkovem, které spocivalo v ubourdni
a podchyceni jeho Casti zasahujici do ulice Patockova a které se
ukdzalo v jeho prubéhu jako zv1asté slozité. Bez nich by nebylo
mozné vybudovat razenou kanalizacni stoku ,,012“ s vy-
strojenim KT DN 300 a KT DN 400 (obr. 3). Zminény objekt ma
Etyfi podzemni a Sest nadzemnich podlaZi a byl postaven v letech

Obr. 3 Razené Stoky O11 a 012, spojnd Sachta S 0114, propoj KT DN300,
DN400, ul. Nad Vojenskymi hibitovy (Ivan Salka, Energie — stavebni a bdri-
skd a.s.)

Fig. 3 Mined sewerage tunnels OI1 and 012, junction manhole S 011 4,
interconnection KT DN 300, DN400, Nad Vojenskymi Hrbitovy Street (Ivan
Salka, Energie — stavebni a bdriskd a.s.)

implemented in the tunnel 10 m ahead and 10 m behind the endange-
red structures existing on the surface and in the overburden. The tech-
nical solution significantly acquitted itself in practice. This fact is con-
tinually confirmed by results of the monitoring which is conducted as
a part of the excavation of all tunnels. Deformations of the overbur-
den and structures are minimum, requiring no additional measures.
When the works on the Strahov tunnel 2B project are finished, the
excavation of 2056 m of tunnels for sewers will be complete.

Works the necessity of which appears only after ascertaining some
facts on site require high qualification and experience of personnel,
collaboration provided by the client, designer, structural engineer and,
at last but not least, even residents of affected buildings. As an exam-
ple, we can mention the demolition of a part of building No. 105 and
its underpinning in Za Hladkovem Street, which turned out to be very
complicated during the construction. Without these operations it would

Obr. 4 Bourdni suterénu C. p. 105, ul. Patockova, Praha (Ivan Salka, Energie
— stavebni a bdriskd a.s.)

Fig. 4 Demolition of the basement of building No. 105, Patockova Street,
Prague (Ivan §alka, Energie — stavebni a bdriskd a.s.)
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Obr. 5 Bouraci stroj BROKK 400, nasazeni v suterénu ¢. p. 105, ul. Pa-
to¢kova, Praha (Ivan Salka, Energie — stavebni a bdriskd a.s.)

Fig. 5 BROKK 400 demolition machine, deployment in the basement of buil-
ding No. 105, Patockova Street, Prague (Ivan Salka, Energie — stavebni
a badrniskd a.s.)

1938-1939 podle projektu architekta Jana Gillara k bytovym
t&elum. Ve Ctyfech suterénnich podlaZich se nachdzela nepouZi-
vand kotelna s masivnimi Zelezobetonovymi ndsypkami na
pevné palivo, vytah na popel, pradelna, sklady, sklepy ndjemni-
ki a dva byty. Sest nadzemnich podlaZi objektu je trvale obydle-
nych. Konstrukéné se jednd o vyzdivany Zelezobetonovy skelet
se sloupy a pruvlaky s monolitickymi trdmovymi stropy se zalo-
Zenim na betonovych patkach. Predsazend ¢ast konstrukce kotel-
ny, v celé Sifce domovni fronty objektu a na celou jeji hloubku
Etyt podlazi, zasahovala do profilu konstrukce budoucich silni¢-
nich tunell, prekdZela v razbé paralelni kanalizaéni stoky O12
a bylo tedy nutné ji odstranit (obr. 4).

Pii postupném odbourédvani a odkryvani konstrukei byl zjistén
neutéSeny stav nosnych konstrukei bytového domu. Z divodu
zajisténi bezpe&nosti zainteresovanych pracovniku byl do
demoli¢nich praci nasazen délkové fizeny robot zn. BROKK
tfidy 400. S jeho pomoci probéhlo bourani v prostorich kotelny
rychle, bezpe¢né a ohleduplné k obyvatelim domu (obr. 5).
Pritomnost statika na misté, pravidelné konzultace s nim, oka-
mzitd feSeni vzniklych situaci a stavu, véetné dusledného moni-
toringu objektu, vedly k dspe€sné realizaci bez nutnosti ndjemni-
ky domu ¢. 105 z objektu po dobu zajiStovacich praci vystého-
vat. Po odstranéni zbytnych konstrukci ndsledovalo podchyceni
starych zdkladovych patek a nové vybudovanych Zelezobetono-
vych zdkladovych pasu. ZlepSeni geomechanickych vlastnosti
hornin v podzdkladi bylo zajisténo tryskovou injektdzi a mikro-
pilotami. Podzemni prostory domu byly v kone¢né fazi dprav
v uli¢ni fronté zabezpeceny Zelezobetonovou sténou proti tlaku
zeminy od zdsypu t€lesa tuneld a izolacemi proti podzemni
vodé.

VODOHOSPODARSKA SITUACE V UZEMI[ STAVBY,
VLIV NA ZIVOTNI PROSTREDI

Vodohospodarské feseni zdjmového prostoru bylo zastaralé
a nevyhovuyjici. K ¢dste¢nému zlepsSeni doslo realizaci Stavby
SAT 2A kiizovatka Malovanka, ve které byla provedena pri-
prava pro navrZzenou konec¢nou koncepci.

Pred provedenim Stavby SAT 2A byly veskeré vody z potoku
Brusnice a rybnikii odvedeny za rybnikem Slajferka do jed-
notné kanalizaéni sit€é (cca 0,2 m3/sec, s vyhledem cca
431 m3/sec). Odpadni vody byly vedeny kmenovym sbéradem ,,C*

have been impossible to construct the mined sewerage tunnel “O12”
with the KT DN 300 and KT DN 400 support (see Fig. 3, Junction
Manhole). The above-mentioned building which was built in 1938 —
1939 to the design proposed by architect Jan Gillar for residential pur-
poses, has four underground levels and six above ground levels. The
four underground floors housed a disused boiler plant with massive
steel hoppers for solid fuel, an ash lift, laundry, tenant cellars and two
flats. The six above-ground levels are permanently occupied.
Structurally, the building is a reinforced concrete frame consisting of
columns and beams, with masonry infilling and cast-in-situ slab-and-
girder floors. It is founded on footings. The boiler room part of the
structure, running throughout the width of the building facade and the
depth of four above-ground levels, interfered with the profile of the
structure of the future road tunnels and formed an obstacle to the exca-
vation of a parallel sewerage tunnel. It was therefore necessary to
remove it (see Fig. 4).

A very poor condition of load-bearing structures of the block of flats
was step-by-step disclosed during the process of breaking off and
exposing of the structures. A BROKK 400 remotely controlled robot
was deployed with the aim of providing the safety of the involved wor-
kers. With its help, the demolition operations in the boiler room spaces
passed quickly, safely and thoughtfully in relation to the building inha-
bitants (see Fig. 5). The presence of the structural engineer on site,
regular consultations with him, immediate dealing with originating
situations and states, including consistent monitoring of the building,
led to the successful realisation, without the need for tenants of the
building No. 105 to vacate it for the time required for the reinforcing
work. When the unnecessary structures had been removed, the under-
pinning of foundation footings and newly constructed reinforced conc-
rete continuous footing followed. Geomechanical properties of ground
in the active zone of foundation soil were improved by jet grouting and
micropiles. Underground spaces of the building were secured in the
final stage against the pressure of soil induced during the backfilling of
the cut-and-cover tunnels by a reinforced concrete wall, and against
groundwater by waterproofing.

CURRENT WATER-RESOURCES SITUATION IN THE AREA
OF THE CONSTRUCTION, IMPACT ON ENVIRONMENT

The water—resources solution for the area of operations was obsole-
te and unsatisfactory. Partial improvement was achieved by the com-
pletion of the construction lot Malovanka 2A, during which the prepa-
ration for the proposed final concept was carried out.

Before the completion of the Malovanka 2A project, all water
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Fig. 7 Stream Brusnice and sewerage network after completion the Malo-
vanka 2A construction (PUDIS, a. s.)

v mnoZstvi cca 16,45 m3/sec. Na oddélovadi OK 2C pri enormnich
srazkach dochézelo k pfepadu smiSenych splaskovych a destovych
vod do otevieného koryta potoku Brusnice v mmnoZstvi cca
11 m3/sec, zbylych cca 5.45 m3/sec odtékalo kmenovym sbéradem
,,C*“. Potok Brusnice protékal pod Maridnskymi hradbami v ulici
Keplerova, ddle pres Novy svét do Jeleniho pifkopu na tzemi
Prazského hradu a nasledné se vléval do Vltavy. Tento stav zname-
nal opakovand zneliSténi otevieného toku Brusnice odpadnimi
vodami, zvIasté pri privalovych destich, z oddélovace OK 2C. Vody
z vodnich toki byly odvddény do jednotné kanalizadni sité
a zatérovaly tak Ustfedni Gistirnu odpadnich vod v Podbabé (obr. 6).

Po realizaci Stavby SAT 2A Malovanka byly veskeré vody
z potoku Brusnice a rybnikd odvedeny pres novy rybnik
u mimotroviové krfizovatky Malovanka a ¢dst zatrubnéné
Brusnice do otevieného koryta. Do Brusnice byly do¢asné sve-
deny i zfedéné odpadni vody z nové stoky C. Stoku C vybudo-
vala Energie — stavebni a banskd a.s., v rdmci Stavby SAT 2A
kfizovatka Malovanka v letech 2005 az 2007. Ve stdavajicim
oddélovaci OK 2C stile dochazi k odleh&eni zfedénych odpad-
nich vod do koryta Brusnice o cca 4,3 m3/sec. Soucasné dochd-
zi k odleheni zfedénych odpadnich vod na oddélovaci OK 115
C o cca 3,80 m3/sec. Tento stav stdle znamend znedistovani
Brusnice zfedénymi odpadnimi vodami z obou vy$e uvedenych
oddélovadli v mnoZstvi cca 8,35 m3/sec (obr. 7).

V soucasném stavu rozpracovanosti stavby Stavby SAT 2B
jsou vody z potoku Brusnice a rybniku (obr. 8) odvedeny dodas-
né do razené odlehCovaci stoky CO2 spole¢né se zfedénymi
odpadnimi vodami ze stoky C a poté odvedeny do kmenového
sbérace ,,C*. Regent je provizorni do doby realizace razené
odlehcovaci stoky CO3. Odpadni vody jsou nyni vedeny novou
stokou C do kmenového sbérace ,,C“. V oddélovaci OK 115 C
dochdzi k odlehceni odpadnich vod ze stoky C do stoky CO2,
kterd je doCasné vedena zpét do kmenového sbérace ,,C*.
V oddélovaci OK 2C dochézi k odtoku odpadnich vod do kory-
ta Brusnice. Odpadni vody z kmenového sbérace ,,C* byly do
brezna 2011 docasné preCerpavany do stoky C a do kanalizace
DN 250 (obr. 9). V soucasné dobé jsou odpadni vody gravitac-
né svedeny, do doby realizace stoky M, provizornim potrubim
DN 600 poloZzenym na stropé tunela, do stoky C. Stéle je zde ale
moznost zne¢isténi toku Brusnice zfedénymi odpadnimi vodami
a Ustiedni Cistirna odpadnich vod je zatéZovéna vodami
z vodnich toka (obr. 10).
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from the existing Brusnice stream and ponds was diverted behind §laj—
ferka pond to a combined sewerage network (about 0.2 m3/s, with the
outlook for about 4.31 m3/s). Sewage was led through the Trunk Sewer
“C” at the amount of about 16.45 m3/s. At the storm overflow OK 2C,
mixed sewage and rain water flew over during enormous rains to the
open Brusnice Brook channel at the rate of about 11.0 m?/s, whilst the
remaining 5.45 m3/s flew away through the trunk sewer “C”. The
Brusnice Brook flew under Empress Maria Theresa’s ramparts in
Keplerova Street, further on across Novy Svét quarter to Jeleni Piikop
moat in the area of Prague Castle and flew then into the Vltava River.
This state meant repeated pollution of the Brusnice open stream with
sewage from the storm overflow OK 2C, especially during torrential
rains. Water from streams was diverted to the combined sewerage net-
work, thus burdening the Central Sewage Treatment Plant in Podbaba
(this state is demonstrated in Fig. 6).

After the completion of the Malovanka 2A project, all water from
the existing stream and ponds was diverted through a new pond near
the Malovanka grade-separated intersection and a part of the culverted
Brusnice Brook to the open channel. Diluted sewage from the new
sewer “C” were also temporarily diverted to the Brusnice. Trunk
Sewer “C” was constructed by Energie — stavebni a banskd a.s. within
the framework of the 2A ST Malovanka intersection construction
during 2005 — 2007. The diluted sewage is still discharged from the
storm overflow OK 2C to the Brusnice Brook channel at the rate of
about 4.3 m?/s. At the same time, diluted sewage is discharged at the
storm overflow OK 115 C at the rate of about 3.80 m3/s. This state still
means that the Brusnice Brook is polluted with diluted sewage from
both above-mentioned storm overflows at the rate of about 8.35 m%/s.
(this state is presented in Fig. 7).

At the current degree of completion of the works on the Strahov
tunnel 2B project, water from the existing Brusnice stream and ponds
(see Fig. 8) is temporarily diverted to the mined relief sewer CO2
together with diluted sewage from Sewer C and then it is discharged to
the trunk sewer “C”. This is a temporary solution until the mined tun-
nel for relief sewer CO3 is finished. Sewage is currently led through
the new sewer C to the Trunk Sewer “C”. In the storm overflow OK
115 C, sewage from sewer C is discharged to sewer CO2, which is
temporarily led back to the Trunk Sewer “C”. In the storm overflow
OK 2C, sewage overflows and is discharged to the Brusnice Brook
channel. Till March 2011, sewage from the existing trunk sewer “C”
was temporarily re-pumped to sewer C and the existing DN 250 sewer
(for the temporary pumping station see Fig. 9). At the moment, until
the sewer M is completed, sewage flows with gravity to sewer C

Obr. 8 Prelozka potoku Brusnice, profil 1895x1100 mm, provizorni stav,
ul. Patockova, (Ivan Salka, Energie — stavebni a bdriskd a.s.)

Fig. 8 Brusnice brook diversion, cross-section 1895x1100 mm, temporary
state, Patoc¢kova Street, (Ivan galka, Energie — stavebni a bdriskd a.s.)
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Fig. 9 Temporary pumping station (Dusan Hora, Energie — stavebni a bdnskd a.s.)

Uvedené skute¢nosti nevyhovujiciho vodohospoddrského
feSen{ v této oblasti mely historicky i v soucasné dob¢ za nasle-
dek, mimo znecistovani potoku Brusnice odpadnimi vodami
v méstské zdstavbé a na dzemi Prazského hradu, téZ havarijni
stavy na vlastnim toku. Dochdzelo k zdplavdm utzemi pred
Maridnskymi hradbami a ndslednym $koddm na kanalizaci a na
nemovitostech na Novém Svété i na vlastnim toku Brusnice.
K témto Skoddm prispél i §patny stav vtokového a vytokového
objektu a spadisté pod hradbami (rekonstrukce objektu v Jele-
nim pfikopu, sanace $kod na Novém Svété (obr. 11).

NOVE VODOHOSPODARSKE RESENI PO DOKONCENI{
STAVBY STRAHOVSKY TUNEL 2B

Cilem definitivni koncepce je uplné oddéleni vodnich toku od
odpadnich vod a vytvoreni ekologického vodohospodaiského
systému. Cely systém je v prevdzné vét§iné budovdn v raZzenych
Stolach.

Potok Brusnice zalind v aredlu Brevnovského kldstera prame-
nem zvanym Vojtéska. Z pramene je voda vedena $tolou do ryb-
niki Mald a Velkd Markéta. Do této $toly jsou napojeny drendzni
systémy pod Brevnovskym klasterem. V nasledném tseku je
oteviené koryto vedeno parkem a v jeho jizni Casti prechdzi
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Obr. 10 Souéasnd situace vodnich toku a kanalizacéni stokové sité po realizaci
Stavby SAT 2A a éasti Stavby SAT 2B (PUDIS, a. s.)

Fig. 10 Current situation of streams and sewerage network after the
completion of the SAT 2A and part of SAT 2B construction (PUDIS, a. s.)
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through a temporary DN 600 pipeline laid on the roof deck of the cut-
and-cover tunnels. However, the possibility of the pollution of the
Brusnice Brook flow with diluted sewage remains to exist and the
Central Sewage Treatment Plant is still loaded by water from streams
(this state is presented in Fig. 10).

The above-mentioned facts regarding the unsatisfactory water-
resources solution in this area resulted in the history as well as at the
present time not only to the pollution of the Brusnice Brook with sewa-
ge within an urban development and in the area of Prague Castle, but
also in emergency conditions in the stream. The area in front of the
Maria Theresa’s ramparts was from time to time inundated and dama-
ges were caused to sewers and real property in Novy Svét and on the
Brusnice stream itself. The poor condition of structures under the ram-
parts (the reconstruction of a structure in Jeleni Pfikop moat, removing
damages in Novy Svét see Fig. 11).

NEW WATER-RESOURCES SOLUTION AFTER
THE COMPLETION OF STRAHOV TUNNEL 2B PROJECT

The objective of the final concept is to completely separate streams
from sewage and develop an environmentally friendly water-resources
system. The entire system is mostly installed in mined tunnels.

The Brusnice Brook begins on the grounds of Bfevnov monastery
by a spring called Vojtéska. Water is led from the spring through
a tunnel to Mald Markéta and Velkd Markéta ponds.Drainage systems
under Brevnov Monaster are connected to this tunnel. In the next sec-
tion, there is an open channel running across a park. In the southern
part of the park it passes to a DN 400 culvert ending at Kajetdnka pond.
In the Kajetdnka grounds, water flows in an open channel and subse-
quently passes to a culvert leading to Vincentinum pond. When the
Brusnice Brook leaves the pond, it flows in an open channel to Slaj-
ferka pond and then to a pond which was carried out within the fra-
mework of construction lot Malovanka 2A. Behind this pond, the stre-
am flow continues underground and discharges in another pond,
U Sanci, which was designed within the framework of the Strahov tun-
nel 2B project. The placement of the stream into a culvert is carried out
by building a bricked sewer 1100/1875 inside an LB 5/1700 profile
mined tunnel. The open outflow from U Sanci pond will be connected
to the existing drop manhole under Maria Thereza’s ramparts and will
continue along an open channel in Novy Svét.

In the history, sewers along this route were connected to the original
stream channel. These connections have been cancelled. For that rea-

son only water from the above-mentioned spring areas and rain water
which will flow to the brook from parks located along the open secti-
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Obr. 11 Novy Svét, sanace objektit pod Maridnskymi hradbami (Dusan Hora,
Energie — stavebni a bdriskd a.s.)

Fig. 11 Novy Svet, rehabilitation of buildings under Maria Theresa’s
ramparts (DuSan Hora, Energie — stavebni a bdriskd a.s.)




zatrubnénim DN 400 az do rybnika Kajetinka. V aredlu Kaje-
tanky jsou vody vedeny otevienym korytem a nédsledné opét pre-
chdzeji zatrubnénim do rybnika Vincentinum. Po jeho opustén{
teCe Brusnice otevienym korytem do rybnika §lajferka a poté do
rybnika vybudovaného v rdmci Stavby SAT 2A. Za timto rybni-
kem pokracuje koryto pod zemi a vyusti do dal§tho rybnika
U Sanci, projektovaného v ramci stavby SAT 2B. Zatrubnéni je
provadéno vyzdénim stoky 1 100/1 875 v razené Stole profilu LB
5/1700. Otevieny odtok z rybnika U Sanci bude zadstén do stdva-
jiciho spadisté pod Maridnskymi hradbami a déle otevienym
korytem na Novém Svéteé.

Historicky byly na této trase napojeny kanalizace do puvod-
niho koryta potoka. Tato napojeni byla jiz zruSena, a proto
budou v potoku Brusnice vedeny po dokonceni stavby SAT 2B
pouze vody z vySe uvedenych pramenist’ a destové vody, které
do potoka prite¢ou z parku podél otevienych tseku potoka.
Z vetejnych komunikaci a parkovych prostor jsou destové vody
odvadény uliénimi vpustmi do jednotné kanalizace.

Z uvedeného je zfejmé, Ze po dokonceni stavby budou vody
z potoku Brusnice a rybniku odvedeny pres rybnik u kfiZovatky
Malovanka, dédle zatrubnénou <&dsti Brusnice do rybnika
U sanci a poté do otevieného koryta Brusnice.

Odpadni vody budou jednak vedeny novou stokou C, kterd je
posléze napojena do puvodniho kmenového sbérace. V oddé-
lovaci OK 115 C dochazi k odleh¢eni stoky C do razené stoky
CO2, kter je ve spojné komofe SK $02.1 déle napojena na
razenou stoku CO3. Druhé preruSeni kmenového sbérace ,,C*
je nahrazeno stokou M. V novém oddélovaci OK M bude
dochazet k odlehéeni stoky M pres kratkou stoku MO a spojnou
komoru SK $02.1 do stoky CO3.

Puvodni oddélova¢ OK 2C bude zruSen. Tim dojde k uzavfe-
ni kanaliza¢niho systému. Vody z potoku Brusnice budou vede-
ny zcela samostatné z puvodnich rybnika a otevienych koryt
zatrubnénou ¢asti do nového rybnika U Sanci a déle do koryta
Brusnice v Jelenim prikopu. Nedojde tak ke znecisténi potoku
Brusnice odpadnimi vodami (obr. 12).

Soucasti nové koncepce je i revitalizace potoka Brusnice
v Jelenim pfikopu v aredlu Prazského hradu. V Novosvétském
ptikopu budou provedeny tpravy toku podle poZadavku Spravy
Prazského hradu. Tim bude dokoncena kompletni revitalizace
toku Brusnice.

STOKA CO 3 — SOUCAST NOVE VODOHOSPODARSKE
KONCEPCE

Rozsahem nejvétsi razeny objekt prelozek inZenyrskych siti
v rdmci Stavby SAT 2B je objekt stoky CO3. Razba této stoky
byla zahdjena po doznéni poklest z razeb tunelu stavby ¢. 9515
v unoru 2012. Novd odlehcovaci stoka navazuje na raZenou
stoku CO2 a md za ukol odvést privalové vody jednotné kana-
lizaéni soustavy z oblasti Bfevnova a StfeSovic pfimo do Vlta-
vy. Zacind spojnou komorou SK S02.1 v prostoru kfizovatky
ulic StreSovickd, PatoCkova, sleduje tramvajovou trat’ ulicemi
Jeleni a Maridnské hradby podél Prazského hradu. Zde odbo-
Cuje, podchdzi Krédlovskou zahradu do spodni ¢dsti Jeleniho
prikopu, kde je zaudsténa v objektu Ple¢nik do zatrubnéné &asti
vedouci do Vltavy.

V predstihu bude preloZen historicky vodovodni fad DN 200
délky 292 m ve vozovce ulice Maridnské hradby, v iseku mezi
restauraci Lvi dvur pri vjezdu do aredlu Prazského hradu
a Letohrddkem kralovny Anny, ktery je v kolizi s budovanymi
Sachtami na stoce.

Predpoklddand délka vystavby stoky ,,CO3“ je pldnovédna na
15 mésicu. RaZend stoka md profil 00 0 04 s plochou vyrubu
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ons of the brook will flow in the Brusnice Brook after the Strahov tun-
nel 2B project is completed. Rain water from public roads and parking
areas is drained through street inlets to the combined sewerage system.

It is obvious from the above-mentioned facts that when the con-
struction is completed, water from the current stream and ponds will
be led through the pond located near the Malovanka intersection and
further through the culverted section of the Brusnice Brook to U Sanci
pond and then to the current open channel of the Brusnice Brook.

Sewage will be led through the new sewer C, which is later conne-
cted to the original trunk sewer. In the storm overflow OK 115, the
flow through sewer C is relieved to the mined sewerage tunnel CO2,
which is further connected in the junction manhole SK $02.1 to the
mined sewerage tunnel CO3. The second interruption of the trunk
sewer “C” is replaced with sewer M. The sewer M will be relieved in
the new storm overflow OK M through a short sewer MO and
a junction manhole SK S02.1, discharging into sewer CO3.

The original storm overflow OK 2C will be liquidated. The sewera-
ge system will be thus closed. Water from the stream will be led com-
pletely independently from the original ponds and open channels
through the culverted section to the new pond U Sance and further to
the current channel of the Brusnice Brook in Jeleni Pifkop moat.
Owing to this solution the stream will not be polluted with sewage (for
the final solution see Fig. 12).

Another part of the new concept is also the revitalisation of the
Brusnice Brook in Jeleni Pfikop moat, in the grounds of Prague Castle.
The stream section in Novy Svét quarter will be trained in compliance
with requirements of Prague Castle administration requirements. It
will be the last work on the comprehensive revitalisation of the
Brusnice Brook.

SEWER CO3 - PART OF THE NEW WATER-RESOURCES
CONCEPT

The tunnel for the sewer CO3 is the largest mined structure for
diversions of utility networks carried out within the framework of the
Strahov tunnel 2B project as far as the extent is concerned. The exca-
vation of this tunnel commenced in February 2012, after the settlement
induced by the excavation of cut-and-cover tunnels of construction lot
No. 9515 had subsided. The new relief sewer connects to the mined
tunnel for sewer CO2. Its task is to divert torrential flows within the
combined sewerage network from the area of Brevnov and StreSovice
directly to the Vltava River. It starts by the junction manhole SK $02.1
in the area of the intersection between StfeSovickd Street and
Patockova Street. It follows the tramway track, running along Jeleni
Street, swerves in Maridnské Hradby Street passing along Prague
Castle, runs under Krdlovska Zahrada (Royal Garden) to the lower part
of Jeleni Prikop moat, where it is connected in the Ple¢nik structure to
the culverted section leading to the Vltava River.

A 292.0 m long part of a historic water pipeline DN 200 running
under the pavement of Maridnské Hradby Street, which collides with
manholes to be constructed on the sewer, will be relocated in advance
in the section between Lvi Dvir restaurant located at the entrance to
the grounds of Prague Castle and Queen Anna’s Summerhouse.

The duration of the construction work on the Sewer “CO3” is plan-
ned for 15 months. The mined tunnel for the sewer has the profile 00
0 04 with the cross-sectional area of 8.59 m?; the design flow cross-
section is DN 1800; the average gradient is 12.52 %o, HOBAS glass-
fibre reinforced plastic tubes are designed for the sewer; the overall
length is 1361.0 m; of that the length of 1245.34 m is in a mined tun-
nel; of this length, 208.20 m long section is under Kralovskd Zahrada
garden. The remaining about 115.66 m long part in Jeleni Prikop moat
will be built in an open cut. It will be a brick structure with a semi-cir-
cular 3200/2030 cross-section. There will be a portal and a drop man-
hole constructed in this location and the Ple¢nik intake structure will
be reconstructed, with an extension and the upstream connection.

The tunnel excavation depth ranges from 8.50 to 39.0 m, the ground
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Obr. 12 Definitivni situace vodnich tokit a kanalizacni stokové sité po reali-
zaci staveb 2A, 2B (PUDIS, a. s.)

Fig. 12 Final layout of streams and sewerage network after the completion of
project packages 2A, 2B (PUDIS, a. s.)

8,59 m?, projektovany prito¢ny profil DN 1800, primérny spad
12,52 %o, materidl potrubi sklolamindt HOBAS; ma celkovou
délku 1361,0 m, z toho 1245,34 m raZenych a z nich 208,20 m
pod Krélovskou zahradou. Zbyvajici ¢ast v Jelenim prikopu
v délce cca 115,66 m bude hloubend a vyzdénd v tlamovém
profilu 3200/2030, zde bude vybudovan portdl se spadiStém
a zrekonstruovan vtokovy objekt Plecnik s prodlouzenim a se
zausténim proti toku.

Hloubka razeb je od 8,50 m do 39,0 m, zatfidéni hornin po
trase v tfidé tézitelnosti 3, v nejhlubsim dseku pod Krélovskou
zahradou prevazné v tiidé téZitelnosti 2 azZ 1 mistne. Po trase
bude vyhloubeno celkem S$est téZnich Sachtic rozméra
12x4,40 m (obr. 13) a budou vybudovdna tii spadi$té, z nichZ
nejhlubsi u Letohrddku krdlovny Anny bude hluboké 39,0 m.
Useky mezi $achticemi jsou dlouhé cca 200,0 m a jsou jiZ raZe-
ny s proti¢elbou. Zajisténi osténi §toly je provadéno pomoci TH
vyztuze na ocelové prahy U 160 s projektovanou osovou vzda-
lenosti od 0,5 m do 1,0 m, zakldddni boku zplna paZnicemi
UNION. Volné prostory ve §toldch a v téZnich Sachticich budou
po vystrojeni dila zaplaveny popilkobetonem.

RaZzby probihaji a budou probihat klasickym nedestruktivnim
zpusobem s cilem zajistit minimdlni vliv razeb na povrch a na
hladinu podzemni vody, zejména v Useku pod Krilovskou
zahradou PraZského hradu, kde se nachdzeji vzdcnd vegetace
a historické objekty OranZérie, MiCovny, Letohradku krdlovny
Anny, Nového skleniku, Fikovny a Zpivajici fontdny (podrob-
nosti razeb dale v textu).

V tomto zvlasté sledovaném tseku stavby byly podrobnym
geologickym a dal$im zpfesnujicim hydrogeologickym pruzku-
mem, provedenymi v letech 2009 a na podzim 2010 (obr. 14),
stanoveny ndsledujici zavery.

Pro ovéfeni horninového prostfedi budouci razby byl, mimo
jiné, proveden jadrovy vrt SPJ-404. Byl veden z Jeleniho pfi-
kopu mirné dovrchné se stoupanim 2° a to zhruba v ose budou-
ci stoky. Vynesené jadro vrtu bylo podrobeno laboratornim
zkouskam, pri kterych byly zjiStovany geomechanické vlast-
nosti zastiZzenych hornin. Vrtem byly identifikovdny horniny
s charakteristickym popisem (zde uvedeny horniny postupné od
tisti vrtu v Jelenim prikopu, stani¢eni vrtu zaokrouhleno na celé
metry):

 Staniceni vrtu 0-10,0 m: pis¢itd hlina se stfipky opuky,

bridlice od zcela zvétralych aZ po mirné zvétralé, piscité,
deskovité vrstevnaté a tilomkovité rozpadavé bridlice.

. & L I
Obr. 13 Stoka CO3, Sachta S03.6, spadistbvy stuperi (Ivan Salka, Energie — sta-
vebni a bdriskd a.s.) . 5

Fig. 13 Sewer CO3, manhole S03.6, (Ivan Salka, Energie — stavebni a bdri-
skd a.s.)

along the route in categorised as excavation class 3; excavation class 2
will prevail in the deepest section under Kralovskd Zahrada garden,
class 1 will be encountered locally. The total of six hoisting shafts with
the dimensions of 12.0 x 4.40 m (see Fig. 13, Sewer CO3, shaft §O3.6)
will be sunk along the tunnel route. There will be three drop manholes
constructed there, with the deepest one (39.0 m deep) located at Queen
Anna’s Summerhouse. The sections between the manholes are about
200.0 m long. These tunnel sections will be driven with counter-hea-
dings. The tunnel excavation support consists of TH frames placed on
U 160 steel sills installed at the design spacing ranging from 0.5 m to
1.0 m. UNION sheet piles are designed for the full-face side-wall lag-
ging. Cinder concrete will be pumped into empty spaces in the tunne-
Is and hoisting shafts when the installation of the support is finished.

The excavation is and will be carried out using a classical non-
destructive technique, with the aim of ensuring a minimum impact of
the excavation on the terrain surface and on the water table, first of all
in the section running under Krdlovskd Zahrada garden of Prague
Castle, where there are rare vegetation and historic buildings of the
Orangery, Ballgame Hall, Queen Anna’s Summerhouse, New
Greenhouse, Fig Garden and Singing Fountain /for details see the text
below/.

The following conclusions were set for this especially observed con-
struction section by detailed geological investigation and additional
specifying hydrogeological investigation, which were carried out in
2009 and in the autumn of 2010 (see Fig. 14, geotechnical section
through borehole PJ 401):

The ground environment of the future tunnel excavation was verifi-
ed, among other measures, by the cored borehole SPJ-404. Tt was dril-
led from Jeleni Piikop moat, slightly upwards at the gradient of 2°,



e Stanieni vrtu 10-30 m: zdravé pis¢ité bridlice.

e Stanieni vrtu 30-36 m: zdravé pis¢ité bridlice.

e Staniceni vrtu 36—116 m: zdravé piscité bridlice.

e Stanieni vrtu 116-124 m: zdravé jemnozrnné kifemence,

tektonicky poruSené.

e Stanieni vrtu 124-140 m: zdravé pis¢ité bridlice, tekto-

nicky porusené.

e Stanieni vrtu 140-148 m: zdravé piscité bridlice, proplds-

tek zdravého jemnozrnného kifemence.

e StaniCeni vrtu 148-200 m: zdravé piscité bridlice, slabé

tektonicky porusené.

V tabulce 1 je zachyceno staniCeni Stoly a jadrovych vrta
v ose $toly, zastizené maximdlni a primérné pevnosti horniny
a jejich tiidy raznosti podle CSN (dole na této strang).

Pro ovéfeni vydatnosti vody ve skalnim podlozi byly z jad-
rového vrtu v ose $toly soucasné méfeny pritoky vody. Nasleduje
kratky prehled s uvedenim stanieni vrtu a odpovidajiciho pritoku
vody:

e StaniCeni vrtu 63 m: 0,3 litru/sec

e StaniCeni vrtu 102 m: 0.4 litru/sec

e StaniCeni vrtu 140 m: 0.4 litru/sec

e StaniCeni vrtu 174 m: 0.4 litru/sec

e StaniCeni vrtu 192 m: 0,5 litru/sec

Hydrogeologickym pruzkumem bylo ovéfeno, e podzemni
vody zastiZzené v tdseku raZené ¢asti stoky CO3 pod Krilovskou
zahradou jsou puklinového charakteru. Vydatnost podzemni
vody v ordovickych bridlicich je velmi mala. Vrstvy skalniho
podloZi 1ze jako celek povazovat za horninu malo propustnou.
Puklinovéd zvoden skalniho podloZi zastiZend vrty je oddélena
od zvodné prulinové, kterd se nachdzi v nadloZnich vrstvach.
Ta je tvofena prevdzné atmosférickymi srdzkami a pritoky vod
ze sbérné oblasti potoka Brusnice. Vzhledem k tomu, Ze razba
bude provddéna nedestruktivné ve zdravém skalnim masivu,
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roughly following the centre line of the future tunnel. The recovered
drill core was subjected to laboratory testing designed to determining
geomechanical properties of the ground encountered. Ground types
with the following characteristic description were identified by the
drill hole (the ground types are presented in the sequence starting from
the drill hole mouth in Jeleni Prikop moat; the drillhole chainage is
rounded to the nearest whole number):

* Dirill hole chainage 0—10.0 m: Sandy loams with shards of creta-
ceous marl; completely weathered to slightly weathered shales;
tabularly bedded and quarrying sandy shales.

* Dirill hole chainage 10-30 m: fresh sandy shales.

* Dirill hole chainage 30-36 m: fresh sandy shales.

* Dirill hole chainage 36-116 m: fresh sandy shales.

* Dirill hole chainage 116-124 m: fresh fine-grained quartzite, tec-
tonically faulted.

* Dirill hole chainage 124-140 m: fresh sandy shales, tectonically
faulted.

* Dirill hole chainage 140—148 m: fresh sandy shales, a strip of fresh
fine-grained quartzite.

* Dirill hole chainage 148-200 m: fresh sandy shales, slightly tecto-
nically faulted.

A table 1 summary presenting the chainage of the tunnel and chai-
nage of the cored drillhole along the tunnel centre line, the maximum
and average values of ground strength and respective excavation clas-
ses according to the CSN standard.

Rates of water flows from the cored drillhole on the tunnel centre
line were in addition measured with the aim of verifying the yield of
water from the bedrock. A brief summary presenting chainages of the
drillhole with respective water inflows follows:

* Drillhole chainage 63 m: 0.3 litre/s

e Drillhole chainage 102 m: 0.4 litre/s

e Drillhole chainage 140 m: 0.4 litre/s

e Drillhole chainage 174 m: 0.4 litre/s

Tab. 1 Staniceni stoly CO3 a jadrovych vrtu v jeji ose, zastiZené maximdlni a prumérné pevnosti horniny a jejich tridy raZnosti dle CSN

Table 1 Chainage of the tunnel CO3 and chainage of the cored drillhole along the tunnel centre line, the maximum and average values of ground strength and

respective excavation classes according to the CSN standard

Staniceni Stoly Jadro v ose Stoly Zastizena pevnost Priimérna pevnost Trida horniny
,»,C03“ [m] »,C03“ [m] horniny [MPa] horniny [MPa] CSN 731001

Tunnel ,,CO3“ Core on centre line of Rock strength Average rock Rock class
chainage [m] tunnel ,,CO3* [m] encountered [MPa] strength [MPa] CSN 731001

117,50 az 223,5 0az 106 15 az 50 40 R3
117.50 to 223.5 0to 106 15 az 50

2235 az 226,5 106 az 109 vysokd, nedolozeno vysoka, nedolozeno R2
223.5 10 226.5 106 to 109 High - undocumented High - undocumented

229,5 az 235,5 112 az 118 >150; misty 202 178,6 R1
229.5t0 235.5 1120 118 >150; locally 202

235,5 az 241,5 118 az 124 rozpad jadra rozpad jadra R3 az R6
235.510 241.5 118 to 124 core disintegration core disintegration R3 to R6
2415 az 244,5 124 a7z 127 50 az 150 1254 R2
241.51t0244.5 124 to 127 50 to 150

2445 a7 246,5 127 az 129 rozpad jadra rozpad jadra R3
244.5 10 246.5 127 to 129 core disintegration core disintegration

246,5 az 252,5 129 az 135 50 az 150; misty 168,5 1141 R2
246.5 to 252.5 129 to 135 50 to 150; locally 168,5

252,5 az 259,5 135 az 142 rozpad jadra rozpad jadra R3 az R4
252.5 10 259.5 135 to 142 core disintegration core disintegration R3 to R4
259,5 az 266,5 142 az 149 50 az 150 131,3 R2
259.5 t0 266.5 142 to 149 50 to 150

266,5 az 317,5 149 az 200 5az 15; 15 az 50; 1*127,3 stfedné vysoka R2 az R4
266.5t0 317.5 149 to 200 5to 15; 15 to 50; 1*127,3 medium high R2 to R
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Letohradek Kralovny Anny
$03.0 [ ) 503.1
—_
- | Pudot PJ 308
1309 PJ 402
PJ 403 - —
Jeleni pfikop

Horzontainl vrt

5PJ 404

191,0 m n.m.
LEGENDA / LEGEND:
Pokryvné dtvary / Capping mass:
AN - navéazka / AN — man-made ground

FL - fluvidlni sedimenty (terasa) potoka Brusnice / FL — fluvial sediments (terrace) of the Brusnice Brook

EO - eolické sedimenty / EO - aeolian sediments
DL - deluvidlni sedimenty / DL — deluvial sediments
Skalni podiozi / Bedrock:

Letenské souvrstvi (ordovik) — pis¢itoprachovité bridlice, misty s polohami jemnozrnnych kfemenct
Letna strata (Ordovician) — sandy-silty shale interlayered with fine-grained quartzite

W5 — zcela zvétralé souvrstvi letenské / W5 — completely weathered Letna strata
W4-W3 - silné az mirné zvétralé souvrstvi letenské / W4-W3 — heavily to moderately weathered Letna strata

W2 — zvétralé souvrstvi letenské / W2 — weathered Letna strata
W1 - zdravé souvrstvi letenské / W1 — fresh Letna strata
h.p.v. — hladina podzemni vody / w.t. — water table

PJ 403 - prlizkumné presiometrické vrty / PJ 403 — pressuremeter survey boreholes
SPJ 404 - prizkumny horizontélni vrt / SPJ 404 — horizontal survey borehole

25 50

100 m

Obr. 14 Stoka CO3, Krdlovskd zahrada, inZenyrskogeologicky rez — pruzkumny vrt PJ 401 (PUDIS, a. s.)
Fig. 14 Longitudinal engineering geological section through sewer CO3 in the section under Krdlovskd Zahrada garden of Prague castle (PUDIS, a. s.)

nebude dochdzet k vyraznému narusSeni okoli Stoly trhlinami
a dd se tedy predpoklddat, Ze nedojde k propojeni obou zvodni.
Lze dovodit, Ze nedojde k vytvofeni masivniho drénu
a k poklesu hladiny podzemni vody v nadloZznich vrstvach, na
niZ je zavisly kofenovy systém chranéné vegetace v Krdlovské
zahradé.

S ohledem na ovéfenou geologii a hydrogeologii, vyjadfenou
posudky prednich odbornikl, a s ohledem na omezenou vysi
investi¢nich ndkladu stavby, navrhuje zhotovitel Energie — sta-
vebni a banska a.s., provadét razbu a zajisténi stoky CO3 pod
Kréalovskou zahradou Prazského hradu nasledovné.

Razba v celém tseku aredlu Prazského hradu bude provadeé-
na nedestruktivné bez pouziti trhacich praci. Rozpojovani pre-
vazného objemu hornin s pevnosti v tlaku do 30 MPa uvazuje-
me realizovat pomoci tunelové vyloznikové frézy ALPINE
MINER F6A, jejiz vykonové parametry razbu umozni s tim, Ze
kratkodobé lze uvazovat i s jejim nasazenim pfi pevnostech
horniny do 50 MPa. Jednotlivé kratké diléi vlozky kfemencu
a kfemi&itych piskovcl s pevnostmi horniny v tlaku do 200
MPa budou zmozZeny nasazenim hydraulického impaktoru na
stroji BROKK 400. Pfi naklddani rozpojeného horninového
masivu uvaZujeme s nasazenim kolejovych prehazovacich
1Zicovych nakladadt NL 12 do pfepravnich kontejnert na pod-

e Dirillhole chainage 192 m: 0.5 litre/s

It was verified by the hydrogeological investigation that groundwa-
ter encountered in the mined section of the sewer CO3 under
Krélovskd Zahrada garden is of the character of fissure water. The
yield of groundwater in the Ordovician shales is very low. The bedrock
layers can be considered as a whole to form little permeable rock. The
fissure aquifer in the bedrock which was encountered by boreholes is
separated from the interstitial aquifer which is found in the overlying
strata. This aquifer is formed first of all by atmospheric precipitation
and water inflows from the reception basin of the Brusnice Brook.
Taking into consideration the fact that the tunnel will be driven through
competent rock mass without blasting, the tunnel surroundings will not
suffer significant damage by fissures and it is therefore possible to
assume that the two aquifers will not become interconnected. It is pos-
sible to deduce that no massive drain will develop and the water table
in the overlying strata, on which the root system of the protected vege-
tation in Kralovska Zahrada garden is dependent, will not get lowered.

Taking into consideration the verified geology and hydrogeology
described in opinions submitted by prominent experts and the limited
volume of investment costs available for the construction, the contrac-
tor, Energie — stavebni a bdnska a.s. proposes that the following pro-
cedure be applied to the tunnel excavation and support of the tunnel
CO3 under Kralovskd Zahrada garden of Prague Castle:

The entire tunnel section in Prague Castle grounds will be driven using
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vozku. Vodorovnd doprava ve Stole je uvaZovdna kolejovd a non-destructive technique, without blasting. We are planning that the
vzduchovymi vraty. Svisld doprava téZni spadi§tovou jamou majority of ground with the strength up to 30 MPa will be disintegrated
S03.1, hlubokou 39,0 m, bude providéna jefdbem OVJ 75 by an ALPINE MINER F6A boom-type roadheader, the performance
s patentovanou tpravou délky zdvihu. parameters of which will make the excavation possible; it is even possib-

Pro zamezeni vlivu razby $toly na hladinu podzemnich vod le to plan its short-term use for rock with the strength of 50 MPa. Isolated
puklinové zvodné skalniho masivu a moznému drendZnimu short interlayers of quartzite and quartz sandstone with the compressive
G&inku Stoly bude vyrub zajistovan obloukovou TH vyztuzi se strength up to 200 MPa will be broken by a hydraulic impactor mounted

on BROKK 400. We propose NL 12 overhead loaders to be used for loa-
ding of muck to containers on carriages. Track-bound horizontal transport
in the tunnel is planned, using pneumatic winches. Vertical transport
through the 39.0 m deep drop manhole S03.1 will be carried out by OVJ
75 crane with a patented modification of the lifting height.

The excavation will be supported with TH steel arches with welded
mesh and a 100 mm thick layer of sprayed concrete. In the anticipated
sections where larger seepage of water through the lining into the tun-
nel could be experienced, the tunnel surroundings will be made imper-
meable by additional injection of grout. The tunnel excavation with the
counterheadings and two-shift operation is set at 2.5 months.

The experience of the contractor in tunnelling through the Letnd

svafovanymi sitémi a vrstvou stfikaného betonu tloustky
100 mm. V predpoklddanych dsecich, kde by mohlo dochédzet
k vétsim prusakum vody osténim do $toly, bude provddéno
dotésnéni jejitho okoli tésnici injektazi. Predpoklddand doba
razby s proti¢elbou je stanovena na 2,5 mésice pri nepretrzitém
dvousménném provozu dila.

Velmi vyznamnym aspektem pro zdarné zhotoveni zde
podrobné popisovaného tuseku stoky CO3 pod Kralovskou
zahradou Prazského hradu jsou dlouholeté zkuSenosti zhotovi-
tele s provddénim praci hornickym zpusobem v letenskych
vrstvach. Dodavatel Energie — stavebni a banskd a.s., (ndstup-

ce a pokracovatel narodniho podniku Vystavba kamenouhel- strata is a very important aspect for successful construction of the sec-
nych doli Kladno) md s timto druhem praci stejné jako tion of sewer CO3 under Kralovskd Zahrada garden of Prague Castle
s chovdnim horninového masivu letenskych piscitych bridlic which is described in great detail in this paper. The contractor, Energie
s vlozkami kfemennych piskovci aZ kfemencil v této lokalité — stavebni a banskd a.s., which is a successor and continuator of
velké zkuSenosti. V malé vzdalenosti od StOky CO3 pracovm’- V}’/stavba Kamenouhe]n}’/ch Dolu Kladno (VKD), is highly experien-
ci VKD provedli v poloviné osmdesétych let razbu tratovych ced in this kind of work and in the behaviour of the rock mass consis-
tunelt, technologického centra, prazkumné $toly pod Vltavou ting of the Letnd sandy shales interlayered with quartz sandstone to
a razby stanic Hrad¢anskd a Malostranskd vCetné tunelt eska- quartzite in this locality. In mid 1980s, employees of VKD worked at
latorovych pro prazské metro. V blizkém prostoru Prazského a short distance from the Sewer CO3, driving running tunnels,
hradu podnik VKD vyrazil na pielomu 80. a 90. let kolektory a services centre, exploratory galleries under the Vltava River and
energetickych siti a priichod valem Pra§ného mostu. excavating tunnels for HradCanskd and Malostranskd stations of

Prague metro, including escalator tunnels. In addition, VKD company
ZAVER drove tunnels for power distribution networks and a passage under the

Prasny Most bridge embankment in the close vicinity of Prague Castle

Prelozky inZenyrskych siti jsou v rdmci stavby 0065 Stra- at the turn of the 1980s - 1990s.

hovsky tunel 2B co do rozsahu, zpusobu provadéni a celko-
vého ucelu a koncepce specifickymi v porovndni s prelozkami CONCLUSION
v ostatnich ¢astech méstského okruhu. Celkem zde bude
vybudovano 3528,0 m inzenyrskych siti, z toho 2056,0 m ve
Stoldch.

Navrzend koncepce vodohospoddriského feSeni respektuje
a umoznuje prubéznou realizaci vlastnich hloubenych tunelu
méstského okruhu a soucasné ve své definitivni podobé vytvo-
ff modern{ soustavu inZenyrskych siti Setrnou k Zivotnimu pro-
stfedi s dlouhodobou Zivotnosti.

Diversions of utility networks are specific within the framework of
project package No. 0065, the Strahov tunnel 2B in comparison with
diversions for other parts of the City Circle Road as far as the extent,
construction technique, overall purpose and concept are concerned.
There will be 3528 m of utility networks relocated there, with 2056 m
of that length built in tunnels.

The proposed concept of the water-resources solution respects and
makes the continual realisation of the cut-and-cover tunnels of the City
. . . Circle Road possible and, at the same time, in its final solution, will
PREMYSL FRANTISEK KUCHAR, create a modern system of utility services, considerate to the environ-

kuchar@enas.cz, ment, with long service life.
EUROGAS, a. s.,
ING. MILAN SCHAGERER, schagerer@enas.cz, PREMYSL FRANTISEK KUCHAR, kuchar@enas.cz,
Energie — stavebni a bdnskd a.s. EUROGAS, a.s.,
ING. MILAN SCHAGERER, schagerer@enas.cz,
Recenzoval: prof. Ing. Jiri Bartdik, DrSc. Energie — stavebni a bdnskd a.s.
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SEGMENTOVA OSTENI TUNELU Z DRATKOBETONU
STEEL FIBRE REINFORCED SEGMENTAL TUNNEL LININGS

MATOUS HILAR, JAROSLAV BENO

1 0voD

Drétkobeton je novy konstrukéni stavebni materidl, ktery
v souCasné dobé stdle Castéji zalind nahrazovat standardni beton
a Zelezobeton. Rovnomérmné rozptylené dritky ztuzuji strukturu pro-
stého betonu a méni tak krehky prosty beton na houZevnaty dratko-
beton. Vhodnym vybérem drétku, jejich zakomponovanim do &er-
stvého prostého betonu pri jeho vyrobé, optimdlnim sloZenim Cer-
stvého betonu a optimalnim postupem vyroby je mozné vyrobit pre-
fabrikované dratkobetonové dilce osténi (obr. 1), kterymi je mozné
nahradit standardni Zelezobetonové dilce. Vyuziti dratkobetonu pro
segmentov osténi tunelt je obecné ve svéte rostouci trend vzhledem
k moZnym vyhoddm oproti béZznym Zelezobetonovym segmentim
(chovani, trvanlivost, pozarni odolnost, jednoduchd vyroba, nizs{
spotieba oceli, atd.). Problematika vyuziti dritkobetonu pro segmen-
tova osténi tunell je podrobnéji probréana v nésledujicim &ldnku.

2 SEGMENTOVA OSTENI

Vyvoj modernich tunelovacich metod a materiala zdsadné zefek-
tivnil, zatraktivnil a v neposledni fadé zrychlil vystavbu podzem-
nich konstrukei. Pocet realizovanych staveb rok od roku stoupd.
V zdvislosti na geologickych podminkdch, vysce nadlozi, hlading
podzemni vody, pruméru tunelu a jeho délce se v dnesni dobé pre-
deviim pouziva bud tzv. konvenéni razba (zpravidla NRTM), nebo
mechanizovand razba pomoci plnoprofilovych tunelovacich stroju
(technologie TBM).

S provadénim mechanizovanych razeb pomoci $titd dzce souvisi
realizace definitivni konstrukce osténi, kterd je budovédna bezpro-
stfedné na misté razby pfimo za tunelovacim strojem. Toto osténi
kruhového tvaru je tvoreno prstenci, které jsou zpravidla sloZeny
z prefabrikovanych Zelezobetonovych segmentu, jednotlivé dilce
jsou umistovdny do pozadované pozice pomoci erektoru (hydrau-
lické rameno v zadni asti tunelovaciho stroje). Jeden prstenec byva
vétsinou sloZen z nékolika tvarové shodnych dilet, zdvéreény dilec
(klendk) byva vétsinou tvarové odlisny. Béhem vystavby jsou jed-
notlivé dilce spojovdny pomoci $roubu a prostor mezi osténim
a horninovym masivem byva vyplnovan injektazni smési.
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Obr. 1 Osténi tunelu z prefabrikovanych betonovych segmentu (Herka,
Schepers 2012)
Fig. 1 Tunnel lining consisting of pre-cast concrete segments (Herka,
Schepers 2012)

1 INTRODUCTION

Steel fibre reinforced concrete is a new structural material. It has
recently started to more frequently replace standard concrete and
steel bar reinforced concrete. Uniformly dispersed wires (steel fib-
res) reinforce the structure of plain concrete and, in doing so, con-
vert the brittle concrete to tough steel fibre reinforced concrete. It is
possible by means of the proper selection of wires, their incorpora-
tion into fresh plain concrete during its production, optimal compo-
sition of fresh concrete and optimal production procedure to produ-
ce pre-cast steel fibre reinforced concrete lining segments (see
Fig. 1), which can replace standard steel bar reinforced concrete
segments. Owing to their benefits if compared with common steel
bar reinforced concrete segments (the behaviour, durability, fire
resistance, simple production, lower consumption of steel), the use
of steel fibre reinforced concrete (SFRC) for segmental linings of
tunnels has become a worldwide growing trend. Problems of the use
of steel reinforced fibre concrete for segmental tunnel linings are
discussed in more detail in the paper below.

2 SEGMENTAL LININGS

The development of modern tunnelling methods and materials
significantly increased the effectiveness and attraction of the con-
struction of underground structures and, at last but not least, accele-
rated the construction process. The number of completed structures
year by year grows. Nowadays, the preferred tunnelling methods
are either the conventional excavation method (usually the NATM)
or mechanised driving by means of full-face tunnelling machines
(TBM technology), depending on geological conditions, the height
of overburden, the level of water table, the tunnel diameter and its
length.

Mechanised tunnel excavation by means of shields is closely
associated with the construction of the final lining. The lining is
installed immediately during the excavation, behind the tunnelling
machine. This circular lining is formed by rings, which usually con-
sist of pre-cast steel bar reinforced concrete segments. Individual
segments are installed to required positions by means of an erector
(a hydraulic arm at the back end of the machine). One ring is usual-
ly made up of several segments identical in the shape; the shape of
the closing segment (the key) is usually different. During the con-
struction, individual segments are usually connected with bolts and
the space between the lining and ground mass is usually backfilled
with grouting mix.

Pre-cast concrete segments can be installed after the required
strength is reached. The lining of tunnels driven by full-face tunnel-
ling machines is circular. This geometry is advantageous in terms of
the prevention of the development of higher bending moments. In
common geotechnical conditions the segments are therefore subjec-
ted first of all to compression (normal) forces.

However, this does not apply during the construction process. The
segments have to resist stressing by bending moments when they
are being removed from moulds (see Fig. 2), during the storage (see
Fig. 3) and transport. They have to further resist temperature stres-
ses; first of all they have to resist the high stresses induced just after
they are incorporated into the tunnel lining by hydraulic cylinders
shifting the shield ahead. The last of the above-mentioned stresses
is usually the deciding factor for the segment design.




Obr. 2 Manipulace se segmenty béhem vyroby
Fig. 2 Segments handling during production

Segmenty z prefabrikovaného betonu mohou byt instalovany po
dosaZeni pozadované pevnosti. Osténi tunelt raZzenych plnoprofilo-
vymi tunelovacimi stroji je kruhové, coz je vyhodny tvar z hlediska
zamezeni vzniku vy$§ich ohybovych momentu. V béznych geo-
technickych podminkéch jsou tedy segmenty tvotici prstenec kru-
hového osténi tunelu namahdny predevsim tlakovymi normalovymi
silami.

To vSak neplati béhem vystavby. Segmenty musi odoldvat
namdhdni ohybovymi momenty béhem vyndavani z forem (obr.
2), béhem skladovdni (obr. 3) a prepravy, ddle musi odoldvat
sildm vzniklym teplotnim namdhdnim dilct, zejména vSak musi
odolavat velkému zatiZzeni hned po zabudovani do osténi tunelu,
které je vyvozeno hydraulickymi lisy posouvajici $tit vpred.
Posledni ze zminovanych namédhani byva Casto rozhodujici pro
néavrh segmentu.

Fig. 4 Steel fibres (wires) used for SFRC (the length of 60 mm)
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Obr. 3 Skladovani prefabrikovanych Zelezobetonovych segmenti
Fig. 3 Storage of pre-cast steel bar reinforced concrete segments

3 STEEL FIBRE REINFORCED CONCRETE SEGMENTS

Steel fibre reinforced concrete (SFRC) is concrete with an
admixture of short steel fibres (wires) — (see Fig. 4). Even
though SFRC has been known for a longer time, its use for the
lining of tunnels is relatively new. Uniformly dispersed short
wires reinforce a plain concrete structure, thus converting brittle
plain concrete into tough SFRC. It is possible by properly selec-
ting the wires, incorporating them into fresh plain concrete
during its production and ensuring optimum composition of
fresh concrete and optimum production procedure to produce
pre-cast SFRC lining segments, which can replace standard steel
bar reinforced concrete segments.

The length of wires should correspond approximately to three
times the maximum size of aggregate grains. The reason is the
requirement for the bridging of the cracks which are formed just
on the borders of individual grains and for the prevention of pul-
ling of a wire from concrete when these cracks originate. The
ends of the wires are usually bent, widened etc. The most wide-
ly spread is the type with bent ends. During the process of the
pulling of the wire from concrete the bent end has to deform
until it is absolutely straight. Owing to this property the resi-
stance to the pull-out is significantly increased. Wires glued
together by water-soluble glue are sometimes used because the
dozing process is simpler. The bunches of wires are dissolved
during mixing and are uniformly distributed in the concrete mix.

Polypropylene fibres cannot be used for the reinforcement of
load-bearing concrete structures because their modulus of elasti-
city is low (lower than concrete) and they significantly deform
even under small loads. In addition, they lose mechanical pro-
perties at 50°C and melt at 165°C. Nevertheless, polypropylene
fibres can be added to steel fibre reinforced concrete or steel bar
reinforced concrete to increase fire resistance.

SFRC segments are usually produced using concrete grade
C40-C60. It is very important to ensure uniform distribution of
steel fibres, good bond between the fibres and concrete and suf-
ficient workability of the mix. The dosing of fibres is determined
by means of McKee theory; the minimum dosage, measured in
kg/m3 of concrete, depends on their length and thickness (the
aspect ratio). The spacing between fibres determines the density
of fibres, thus also the quality of reinforcement; it should not be
lower than 0.45 of the fibre length.

4 COMPARISON OF STEEL FIBRE REINFORCED
CONCRETE SEGMENTS AND STEEL BAR REINFORCED
CONCRETE SEGMENTS
The cost of production of SFRC segments is slightly lower than

that of steel bar reinforced concrete segments despite the fact that
the material (steel fibres) is more expensive than classical steel
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3 DRATKOBETONOVE SEGMENTY

Dritkobeton je beton s piimési kratkych ocelovych vldken (drat-
ku) — obr. 4. Agkoli je dratkobeton zndm jiZ del3i dobu, jeho pouZi-
ti jako osténi tunelu je pomérné nové. Rovnomérné rozptylené krat-
ké dratky ztuzuji strukturu prostého betonu a méni tak krehky pro-
sty beton na houZevnaty drdtkobeton. Vhodnym vybérem dratkua,
jejich zakomponovanim do Eerstvého prostého betonu pfi jeho vyro-
bé, optimdlnim sloZenim Cerstvého betonu a optimdlnim postupem
vyroby je mozné vyrobit prefabrikované dratkobetonové dilce osté-
ni, kterymi je mozné nahradit standardni Zelezobetonové dilce.

Délka dritk by méla odpovidat priblizné trojndsobku maximaln{
velikosti zrna kameniva. Duvodem je dostate¢né preklenuti trhlin,
které se tvori prave na hranicich jednotlivych zrn, a zabranéni vytrh-
nut{ drdtku z betonu pfi vzniku téchto trhlin. Aby byla zajisténa
dostate¢né odolnost proti vytrhnuti, byvaji konce dratki ohnuté, roz-
Sifené apod. Nejbeznéjsi je typ s ohnutymi konci. Béhem vytrhdva-
ni dritku z betonu se musi ohnuty konec deformovat az do zcela rov-
ného tvaru, ¢imz je odolnost proti vytrhnuti vyrazné zvy$ena. Diky
jednodussimu davkovani se nekdy pouzivaji dréitky slepené vodou
rozpustnym lepidlem. Tyto svazky se béhem michdni rozlepi
a rovnomérné rozmisti v betonové smesi.

Polypropylenovd vlidkna nemohou byt pouZita jako vyztuZ nos-
nych betonovych konstrukei, protoZe maji nizky modul pruznosti
(niZ8i neZ beton) a i pfi nizkém zatiZeni se znacné deformuji. Navic
ztraceji mechanické vlastnosti pri 50 °C a pri 165 °C taji.
Polypropylenova vldkna je v§ak moZné do dratkobetonu ¢i Zelezo-
betonu priddvat, a to z divodu zvySeni pozarni odolnosti.

Pro vyrobu drdtkobetonovych segmenti se vétSinou pouZivé
beton tiidy C40—C60. Velmi duleZité je zajistit rovhomérné rozmys-
téni dréatka, dobrou soudrznost drdtku s betonem a dostate¢nou zpra-
covatelnost smesi. Davkovani vldken se uruje pomoci teorie
McKee, minimdlni mnozstvi vldken v kg/m3 betonu zavisi na jejich
délce a tloustee. Vzdalenost mezi vldkny uréuje hustotu dratka a tim

v

kvalitu vyztuzeni a neméla by byt nizZsi nez 0,45 délky vlakna.

4 SROVNANI DRATKOBETONOVYCH
A ZELEZOBETONOVYCH SEGMENTU

Vyrobni ndklady dritkobetonovych segmentt vychézeji mirné 1épe
nez zelezobetonovych, prestoze vlastni materidl (ocelové drétky) je
draz3i ne7 klasickd betonarska vyztuz. Uspory vznikaji predeviim diky
niz§fm narokim na praci, manipulaci a skladovéani. Poget segmentu
poskozenych pfi montdZi je niz§i. Dochdzi také k tspore vlastni oceli,
coz md pozitivni vliv na redukci emisi vznikajici pri jeji vyrobe.

Deformace dratkobetonu prfi dosaZeni pevnosti betonu v tahu
nevzroste skokové, ale diky rovnomérné rozmisténym dratkam

Obr. 5 VytrZeni drdtku z betonu pfFi iiplném poruseni
Fig. 5 Steel fibres pulled out of concrete at total failure

bars. Savings originate first of all owing to lower demands for
work, handling and storing. The number of segments damaged
during the installation is lower. As a result, steel itself is saved,
which has a positive influence on the reduction of emissions ori-
ginating during its production.

When the concrete tensile strength is reached, the deformation
of steel fibre reinforced concrete does not grow stepwise; inste-
ad, the deformation grows slowly owing to the uniformly distri-
buted steel fibres. The cause of this is that the fibres are activa-
ted continuously and are step-by-step pulled out of concrete (see
Fig. 5). The size of cracks remains relatively small. But the ten-
sile strength (flexural) is significantly lower than it is in the case
of steel bar reinforced concrete.

The behaviour of steel bar reinforced concrete is different.
When the tensile concrete strength is reached, the deformation
starts to grow until the reinforcement is fully activated. This is
why the cracks which develop are wider than they are in the case
of steel fibre reinforced concrete. Nonetheless, deformations
then get settled and grow approximately linearly until the yield
strength of steel is reached. It is significantly higher than the ten-
sile strength of SFRC. For that reason a SFRC lining is suitable
first of all to low bending stress conditions, where circular
linings consisting of pre-cast segments generally belongs. If
there is a threat of the origination of higher bending stress in the
segments, it is necessary to provide the steel fibre reinforced
concrete segments even with classical steel bar reinforcement.

Lining segments are stressed by large loads induced by hyd-
raulic cylinders on tunnelling machines. Careless handling may
result in delivering blows to the segments. Steel bar reinforced
concrete segments are completely unreinforced on the surfaces,
at edges and corners so that the minimum concrete cover is ensu-
red. However, stresses in the segments are the most critical in
these places. If a blow or excessive loading occurs, parts of the
steel bar reinforced segments crumble and are broken off.
Damaged segments have to be repaired or replaced so that the
design life length of the structure is guaranteed. This work is
very unpleasant in terms of time, finances and technology.

The use of steel fibres instead of classical steel bar reinforce-
ment can be an advantageous alternative. Steel fibres are uni-
formly dispersed through the segment and the minimum concre-
te cover required to prevent corrosion is irrelevant. The orienta-
tion of steel fibres in the space is chaotic, which means that the
transfer of tensile stresses is possible in all directions. As a result
the resistance of segments to breaking off, crumbling and blows
is significantly increased (see Fig. 6).

It is dangerous for SFRC segments if the tensile strength of the
steel fibre reinforced concrete is exceeded. In such a case the
SFRC segments also suffer from breaking off. From this point of
view, it is first of all necessary to prevent the origination of geo-
metrical inaccuracies both during the production and, first of all,
during the lining installation, so that the bending moments acting
on the lining are as small as possible.

Reinforcing bars are usually placed into steel bar reinforced
concrete segments in the form of a reinforcement cage (see Fig.
7). It consists of steel mesh mats on the inner and outer surfaces
of the segment, which are separated by stirrups welded to them.
The main function of steel mesh is to withstand the stresses
which originate during the production, storage, transport and
installation. The shape of the reinforcement cage must be circu-
lar; it must fit into the casting mould without problems and must
respect the minimum concrete cover. The ratio of reinforcement
of steel bar reinforced concrete segments reaches values usually
ranging from 65 to 120 kg/m3. By contrast, a SFRC segment is
reinforced only by homogeneously distributed and omni-directi-
onally oriented steel fibres. This provides trouble-free transfer of
tensile forces in all directions. There is therefore no labour con-
sumption associated with the preparation and placement of the
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Obr. 6 Odlamovdni hran Zelezobetonovych segmentu pri zatiZent lisy Stitu
(Herka, Schepers 2012)

Fig. 6 Edges of steel bar reinforced concrete segments breaking off when loa-
ded by shield jacks (Herka, Schepers 2012)

narustd deformace pozvolna. To je zpusobeno prubéznym aktivova-
nim drdtka a jejich postupnym vytrhdvanim z betonu (obr. 5).
Velikost trhlin zastdva nizkd. Celkovd pevnost v tahu (ohybu) je
vsak vyrazné nizsi nez u Zelezobetonu.

Chovani zelezobetonu je odlisné. Pri dosazeni pevnosti betonu
v tahu nastane narust deformace az do plné aktivace vyztuZze. Tak
vzniknou vétsi trhliny neZ u dratkobetonu. Nicméné poté se defor-
mace ustdli a rostou pfiblizné linedrné az do dosaZeni meze kluzu
oceli. Ta je vyrazné vyssi neZ pevnost dritkobetonu v tahu. Proto je
dréatkobetonové osténi vhodné predevsim do podminek s nizkym
ohybovym namdhanim, kam kruhové osténi z prefabrikovanych
segmentu obecné patii. Pokud hrozi vznik vétstho ohybového
naméhdni segmentu, tak je nutné drdtkobetonové segmenty opatfit
i klasickou prutovou vyztuZzi.

Segmenty jsou naméhdny velkymi zatiZenimi zpusobenymi hyd-
raulickymi lisy tunelovacich stroju. Neopatrnou manipulaci muze
dochdzet k ndraziim do segmentli. Zelezobetonové segmenty jsou
kvuli zaji§tén{ minimdlntho kryti vyztuZe pii povrchu, hrandch
a rozich zcela nevyztuzeny. Jejich namdhani je vSak v téchto mis-
tech nejkriti¢téjsi. Pokud dojde k nérazu nebo nadmérnému zatize-
ni, pak se Césti Zelezobetonovych segmenta droli a odlamuji. Aby
byla zarucena ndvrhovd Zivotnost konstrukce, musi se poSkozené
segmenty opravit nebo vymenit, coz je Casove, finanéné a technicky
velmi nepfijemné.

Pouziti ocelovych drdtkii namisto klasické betondiské vyztuze
muZe byt vyhodnou alternativou. Drétky jsou po dilci rovnomérné
rozptyleny, minimdlni kryti vyztuze pro zamezeni koroze nenf rele-
vantni. Orientace drdtku je v prostoru chaotickd, coZ umoZiuje pfe-
nos tahovych napéti vS§emi sméry. Tim se vyrazné zvysuje odolnost
segmentu proti odlamovéni, drolen{ a ndrazu (obr. 6).

Nebezpeéné pro dritkobetonové segmenty je, pokud je prekroce-
na pevnost v tahu driatkobetonu. Pak se dritkobetonové dilce také
odlamuji. Z tohoto hlediska je predevsim nutné zabranit vzniku geo-
metrickych nepresnosti jak pri vyrobé, tak predevsim pri instalaci
ostén{, aby ohybové momenty pusobici na ostén{ byly co nejniZsi.

Do Zelezobetonovych segmentt se zpravidla umistije vyztuz ve
forme tzv. ocelového armokose (obr. 7). Ten se sklada z vyztuznych
siti pfi vnéj$im a vnitinim povrchu segmentu oddélenych privare-
nymi tfminky. Hlavni funkci vyztuZnych siti je odolat napetim
vzniklym pri vyrobé, skladovani, prepraveé a montdzi. Tvar vyztuz-
ného koSe musi byt kruhovy, musi se bez problému vejit do odlé-
vaci formy a respektovat minimaln{ krytf vyztuZe. VyztuZeni Zele-
zobetonovych segmentl dosahuje hodnot zpravidla mezi 65 a 120
kg/m3. Dratkobetonovy dilec je oproti tomu vyztuZen pouze homo-
genné rozmisténymi dratky, v§esmérné orientovanymi. Tim docha-
zi k bezproblémovému prenosu tahovych sil v§emi sméry. Pracnost
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reinforcement cage required. The production is simpler. The
dosage equipment mixes the fibres into concrete and the mixtu-
re is cast into the mould. The consumption of steel mostly rea-
ches 30 — 50 kg/m3, which is significantly less than in the case
of steel bar reinforced concrete segments.

Quality of concrete (low porosity and permeability) is funda-
mental for good protection against corrosion. It can be achieved
by low water/cement ratio, placticisers or by using cinder. The
higher quality of concrete the better resistance of concrete to car-
bonation and chloride ion and sulphate aggression. The advanta-
ge of steel fibre reinforced concrete over steel bar reinforced
concrete is the impossibility of the origination of corrosion. Steel
fibres are dispersed in the mixture uniformly; they usually do not
touch one another and are completely surrounded and protected
by alkali environment formed by concrete. The spreading of cor-
rosion is therefore prevented. In addition, this system minimises
the risk of defects caused by the volume of steel increasing
during the process of corrosion. Steel fibres are subjected to cor-
rosion on the structure surface and may cause unappealing tin-
ting of the concrete surface. However, from the structural point
of view, this plays no role at all. If it is required for aesthetic rea-
sons to exclude the corrosion even on the structure surface, it is
possible to use galvanised fibres.

Homogeneously and omni-directionally distributed steel fibres
are capable of transmitting stresses in all directions. The steel
fibres effectively prevent the opening of plastic cracks, e.g. cau-
sed by shrinking, which fact has a positive influence on the ser-
vice life of the structure (the width of cracks is reduced by
adding steel fibres).

5 PREVIOUS APPLICATION OF STEEL FIBRE
REINFORCED CONCRETE SEGMENTS

Initial attempts to use steel fibre reinforced concrete as a struc-
tural material in construction of tunnels took place in the first
half of the 1970s, when several trial applications of SFRC were
conducted. More significant increase in the use of SFRC for pre-
cast segmental linings began in 1982. Several water supply tun-
nels where this system of lining was used were built in southern
Italy and on Sicily (about 20 km in total). This technology pro-
ved itself well; SFRC was used for the construction of a tran-
sport tunnel for the first time in 1992 on the extension of Neapol
metro, Italy.

The research into SFRC segments conducted in Czecho-
slovakia (Kratky et al., 1999) is also worth mentioning. Series of
tests on the circular pre-cast lining of a main sewer tunnel with
the diameter of 3.6 m were carried out in 1984 - 1988. The ring
consisted of six 200 mm thick segments with tongued and groo-
ved joints. The batches of steel fibres were relatively great (98
kg/m3); the fibres were smooth and straight. The tests were con-
ducted both on the individual segments and on complete rings. It
was verified by the tests that the required load-bearing capacity
was exceeded several times and was comparable with steel bar
reinforced concrete segments. Several times higher reliability as
far as mechanical damaging is concerned was proved by the tests
in the area of joints between individual segments. The same inc-
rease was proved even in the area of segment edges. These facts
unambiguously confirmed that the necessity for repairs was sig-
nificantly reduced.

Since the initial tests and applications, SFRC segments have
been successfully installed on several tens of projects
(Vandewalle 2005, Fronék 2011), first of all within the frame-
work of the European Union, but also in other places of the world
(Australia, the USA, Brazil etc.). In the majority of cases smaller-
diameter tunnels are still in question (water, gas or heat supply
tunnels); in some cases even metro sections (London, Barcelona,
Napoli, Sao Paulo, Madrid, Genova) or railway tunnels (Channel
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s pripravou a umistovanim vyztuzného koSe tudiZ zcela odpada.
Vyroba je jednodussi, ddvkovaci zarizeni namichd vldkna do beto-
nu a smési se poté vyplni forma. Spotfeba oceli dosahuje vétSinou
30-50 kg/m3, coZ je vyrazné méné neZ u Zelezobetonovych seg-
mentu.

Z4kladem dobré ochrany proti korozi je kvalita betonu (mald
pérovitost a propustnost), kterd se dd dosdhnout malym vodnim
soutinitelem, plastifikdtory nebo pouZitim popilku. Cim je beton
kvalitnéjsi, tim lépe odoldavd karbonataci a agresi chloridovych
iontl a sulfdtu. Vyhodou dritkobetonu oproti Zelezobetonu je
nemoznost vzniku koroze. Drétky jsou ve smési rozmistény nerov-
nomérné, zpravidla se nedotykaji navzdjem, jsou zcela obklopeny
a chranény alkalickym prostfedim betonu. Sifeni koroze je timto
ucinné zabrdnéno. Navic se tim i minimalizuje nebezpe¢i poruch
v dusledku ndrastu objemu korodujici oceli. Dratky na povrchu
konstrukce koroduji a mohou zpusobovat neestetické zbarveni
povrchu betonu. Ze statického hlediska to vSak nehraje vibec
Za4dny vyznam. Pokud z estetickych duvoda neni Zddouci, aby ke
korozi nedochdzelo ani na povrchu konstrukce, tak je mozné vyuZzit
pozinkovanych vldken.

Homogenné a vSesmérné rozmisténé dratky dokazou prendset
tahové napéti ve vSech smérech. Drétky u¢inné zabranuji rozevira-
ni plastickych trhlin napfiklad od smr§tovani, coz ma pozitivni vliv
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na Zivotnost konstrukce (pfiddnim drdtku se $itka trhlin zmensi).

5 DOSAVADNI APLIKACE DRATKOBETONOVYCH
SEGMENTU

Prvnf pokusy o vyuZiti dratkobetonu jako konstruk¢niho materi-
dlu pfi vystavbé tunell zacaly v prvni poloviné 70. let 20. stoleti,
kdy probéhlo nékolik zkuSebnich pouziti segmentového osténi
z drétkobetonu. V roce 1982 nastal vyraznéjsi ndrast vyuZiti drat-
kobetonu pro prefabrikovand segmentovd osténi tuneld. V jiZni
Itélii a na Sicilii bylo vybudovédno n€kolik vodovodnich tunelu
prave s timto systémem osténi (celkem cca 20 km). Tato technolo-
gie se osvédCila a v roce 1992 byl poprvé pouzit dratkobeton pro
vystavbu dopravniho tunelu. Jednalo se o prodlouZeni neapolského
metra v Itélii.

Za zminku stoji i vyzkum dritkobetonovych segmentii v Cesko-
slovensku (Kratky a kol., 1999). V letech 1984-1988 byly prove-
deny série zkouSek na prefabrikovaném osténi sbérné kanaliza¢ni
Stoly kruhového prufezu o praméru 3,6 m. Prstenec byl sloZen ze
Sesti dila o tloustce 200 mm, navzdjem spojenych na pero a drdzku.
Dévkovalo se pomérné hodné dratka (98 kg/m3), drétky byly hlad-
ké a piimé. Byly provedeny zkousky jednotlivych segmentt
i celych prstenct. ZkouSkami bylo ovéfeno nékolikandsobné pre-
kroc¢eni pozadované tnosnosti a tnosnost srovnatelnd s Zele-
zobetonovymi segmenty. Zkouskami oblasti styku jednotlivych
prvka byla doloZena mnohondsobné vyS&i spolehlivost proti mecha-
nickému poskozeni. Stejné zvyseni bylo prokdzano i v oblasti hran
prvka. Tyto skuteCnosti jednozna¢né potvrdily podstatné snizen{
potfebnych oprav.

Od té doby prvnich zkousek a aplikaci byly dratkobetonové seg-
menty uspé$né nasazeny na nékolika desitkdch projektu
(Vandewalle, 2005, Fronck, 2011), predev§im v rdmci Evropské
unie, ale i jinde ve svété (Austrdlie, USA, Brazilie, atd.). Pfevdzné
se stdle jednd o tunely menSich profila (vodovodni, plynovodni ¢i
teplovodni tunely), v nékterych pripadech jde o tseky metra
(Londyn, Barcelona, Neapol, Sao Paulo, Madrid, Janov) nebo
o Zelezni¢ni tunely (Channel Tunnel Rail Link, Oenzberg, atd.).
Nicméné se jiz za¢inaji objevovat prvni aplikace dratkobetonovych
segmenta pro silni¢ni tunely — Brisbane Airport Link vnitiniho pro-
filu 11,34 m (Harding a Chappell, 2012), Yokohama Circular Route
Northern Section vnitfniho profilu 11,5 m (Tsuno a kol., 2011).
Prehled nékterych projektt se zékladnimi ddaji je uveden v tab. 1
(Fronék, 2011).

Obr. 7 Ocelové armokose pro Zelezobetonové segmenty
Fig. 7 Steel reinforcement cages for steel bar reinforced concrete segments

Tunnel Rail Link, Oenzberg, etc.) have these segments.
Nevertheless, first applications of SFRC segments to road tunne-
Is have begun to appear - Brisbane Airport Link with the inner
diameter of 11.34 m (Harding and Chappell 2012), Yokohama
Circular Route Northern Section with the inner diameter of 11.5
m (Tsuno et al. 2011). An overview of some projects with basic
data is presented in Table 1 (Fronék 2011).

6 CONCLUSION

Steel fibre reinforced concrete as a material has some advan-
tageous properties regarding prefabricated production of lining
segments for tunnels driven by full-face tunnelling shields, from
which the possible benefits of SFRC segments mentioned below,
compared with steel bar reinforced concrete segments, follow:

— The possibility of reducing the cost of the tunnel lining

structure

— Simpler and quicker production (the production and place-

ment of reinforcement cages is left out)

— Lower requirements for space during production (smaller

areas required for the storage of steel bar reinforcement)

— Saving of steel (saving of energy and reduced production of

COy)

— Simpler installation of tunnel equipment (without the risk of

hitting steel bars by drilling)

— Reduced risk of breaking off of corners and edges of seg-

ments during handling (lower requirements for repairs)

— Lower requirements for maintenance during the service life

— Longer service life is expected (no risk of corrosion of rein-

forcement)

For the above-mentioned reasons, steel fibre reinforced conc-
rete was used for segmental linings on a range of tunnelling pro-
jects. They mostly related to tunnels with smaller profiles (water,
gas or heat supply tunnels) and, in some cases, to metro sections
(London, Barcelona, Napoli). The most extensive application of
SFRC segments was experienced at tunnels for the high-speed
rail link between Paris and London (the Channel Tunnel Rail
Link - CTRL), where 2 x 24 km of single-track tunnels with the
lining consisting of pre-cast SFRC segments without using com-
mon steel bar reinforcement were constructed by means of full-
face tunnelling machines.

At the moment, the Faculty of Civil Engineering of the Czech
Technical University in Prague is conducting, in collaboration
with Metrostav a.s., research into SFRC segments for tunnel
linings. Loading tests of SFRC segments are being conducted in
the Klokner Institute within the framework of the research (see
Fig. 8). Results of some tests are being compared with the tests
on steel bar reinforced concrete segments used during the



21. rocnik - €. 3/2012

Tab. 1 Piehled nékterych projektii tunelit s drdtkobetonovymi segmenty
Table 1 Overview of some tunnelling projects lined with SFRC segments

Nazev projektu Zemé Ugel Rok Celkova Vnitfni Tloustka Mnozstvi Prutova
délka [km]  profil [m]  osténi [mm] dratkd [kg/m3]  vyztuz
Project name Country Purpose Year Total length  Inner dia- Thickness Amount of Steel bar
[km] meter [m]  of lining [mm] wires [kg/m3] reinforcement
1 Abatemarco [talie Vodovodni 18,0 3,5 40 ne
Italy Water supply no
2 Fanaco [talie Vodovodni 48 3 200
Italy Water supply
3 Neapolské metro Italie Metro 1995 52 58 300 40 ne
Napoli metro Italy Metro no
4 Metro Janov [talie Metro 6,2 25 ano
Janov Metro Italy Metro yes
5 Barcelona - linie 9 Spanélsko Metro 2014 43,0 12 350 30a25 ano
Barcelona - line 9 Spain Metro 30 and 25 yes
6 Madrid metro Spanélsko Metro 10 25 ano
Madrid metro Spain Metro yes
7 Heathrow — zavazadlovy ~ Velka Britanie Zavazadlovy 1995 1,4 45 150 30 ne
Heathrow — baggage Great Britain Baggage no
8 Jubilee Line Extension Velké Britanie Metro 1999 2,4 4,45 200 30 ne
Great Britain Metro no
9 Channel Tunnel Rail Link  Velka Britanie Zelezniéni 2007 48,0 7,15 350 30 ne
Great Britain Railway no
10 Heathrow — HexEx Velké Britanie Zelezniéni 2008 3,2 5,675 220 30 ne
Great Britain Railway no
11 Heathrow — PiccEx Velké Britanie Metro 2008 3,2 45 150 30 ne
Great Britain Metro no
12 Heathrow — SWOT Velké Britanie Vodovodni 2006 4,0 2,9 200 30 ne
Great Britain Water supply no
13 Prodlouzeni DLR Velké Britanie Zelezniéni 2009 3,6 5,3 250
DLR Extension Great Britain Railway
14 Portmouth Velké Britanie Vodovodni 8,0 2,9
Great Britain Water supply
15  Sorenberg Svycarsko Plynovodni 2002 52 38 250 40 ne
Switzerland Gas supply no
16 Oenzberg - TBM Svycarsko Zeleznigni 2004 0,1 11,4 300 30 ano
Switzerland Railway yes
17 Oenzberg - §tit Svycarsko Zelezniéni 2004 1,0 11,4 300 60 ne
Oenzberg - shield Switzerland Railway no
18 Hachinger Némecko Vodovodni 1998 7,0 2,2 180
Germany Water supply
19 Hofoldinger Némecko Vodovodni 2007 17,5 2,9 180 40 ne
Germany Water supply no
20 Wehrhahnlinie Disseldorf ~ Némecko Metro 2014 8,3 30 ne
Germany Metro no
21 Teplovod v Kodani Dansko Teplovodni 2009 39 42 300 35 ne
Heat supply, Copenhagen Denmark Heat supply no
22 Kanalizace Big Walnut USA Kanalizaéni 2008 48 3,7 35 ano
Big Walnut sewer USA Sewer yes
23 San Vicente USA Vodovodni 2006 13,2 2,6 177 30 ne
USA Water supply no
24 Brightwater East USA Kanalizaéni 2010 42 5 35 ne
USA Sewer no
25 Brightwater Central USA Kanalizaéni 2010 9,7 47 325 40 ne
USA Sewer no
26 Brightwater West USA Kanalizaéni 2010 6,4 37 325 35 ne
USA Sewer no
27 La Esperanza Ekvador Vodovodni 2002 15,5 4 200 30 ne
Equador Water supply no
28 Sao Paulo metro Brazilie Metro 1,5 8,43 350 35
Brazil Metro
29 Gold Coast Australie Primyslovy / vodovodni 2008 42 2,8 200 30 ne
Australia Industrial / Water supply no
30 Hobson Bay Novy Zéland Kanalizaéni 2009 3,0 3,7 250 40 ne
New Zeeland Sewer no
31  Lesotho Highlands Jizni Afrika Vodovodni 1995 0,1 50 ne
South Africa Water supply no
32 STEP Abu Dhabi Spojené Arabské Emiraty Kanalizaéni 2014 15,6 515 30 ano
United Arab Emirates ~ Sewer yes
33  Stoly MRT Line Singapur Technologicky 1,4 58 30 ne
MTR line adits Singapore Technological no
34  Brisbane Airport Link Australie Silniéni 4 11,34 400

Australia Road
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6 ZAVER

Dritkobeton jako materidl m4 z pohledu prefabrikované vyroby
segmentu osténi pro tunely razené plnoprofilovymi tunelovacimi $tity
nékteré vyhodné vlastnosti, z nichZ prameni nasledujici mozné vyho-
dy drétkobetonovych segmentu oproti segmentim Zelezobetonovym:

— moznost sniZeni ceny konstrukce osténi tunelu,

— jednodussi a rychlejsi vyroba (odpadd vyroba a osazeni armo-

kosu),

— niz8i ndroky na prostor pri vyrobé (mensi plochy potiebné pro
skladovéni vyztuZe),
dspora oceli (Gspora energie a omezeni produkce CO,),
jednodussi osazeni vybaveni tunelu (odpada nebezpeci navrta-
ni vyztuze),

— snizeni nebezpedi ulamovani rohu a hran segmentu pfi mani-

pulaci (niZ8 ndroky na opravy),

— niz8{ ndroky na tdrzbu béhem doby Zivotnosti,

— predpoklad delsi Zivotnosti (odpadd nebezpedi koroze vyztuze).

Z uvedenych duvodu byl dréitkobeton pro segmentova osténi vyuZit
na fad€ projektu. Pfevazné se jednalo o tunely mensich profila (vodo-
vodni, plynovodni ¢i teplovodni tunely), v nékterych pripadech $lo
o useky metra (Londyn, Barcelona, Neapol). Nejrozsahlej$i vyuZiti
drétkobetonovych segmentt bylo na tunelech pro vysokorychlostni
Zeleznici Pariz — Londyn (projekt Channel Tunnel Rail Link — CTRL),
kde bylo pomoci plnoprofilovych tunelovacich stroju postaveno
2x24 km jednokolejnych tuneld, jejichZ prefabrikované osténi bylo
sloZeno z dritkobetonovych segmentt bez pouZiti bézné uZivané oce-
lové vyztuze.

V soulasné dobé provadi FSv CVUT ve spoluprici firmou
Metrostav, a. s., vyzkum dritkobetonovych segmenti pro tunelové
osténi. V rdmci vyzkumu jsou realizovany zatéZovaci zkousky drat-
kobetonovych segmenti v Kloknerové ustavu (obr. 8), vysledky
nékterych zkousek jsou porovnavény se zkousenim Zelezobetono-
vych segmentu vyuZzivanych pii vystavbé prodlouzeni trasy V.A
prazského metra. O vysledcich zkousek bude pojedndno v dalSim
¢lanku v Casopise Tunel.

Tento prispévek byl zpracovdn s podporou granti GACR
P104/10/2023, TACR TA01011816 a studentského grantu SGS 161
- 820370A.

DOC. ING. MATOUS HILAR, Ph.D.,
matous.hilar@fsv.cvut.cz,

FSy C‘VU]: a D2 Consult Prague, s. r. 0.,

ING. JAROSLAV BENO, jaroslav.beno@fsv.cvut.cz,
FSv CVUT a Metrostav, a. s.
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EUPALINUV TUNEL/STOLA NA OSTROVE SAMOS
TUNNEL OF EUPALINOS ON SAMOS ISLAND

VLASTIMIL HANZL, VLADISLAV HORAK

ovob

Osmy nejvétsi fecky ostrov Samos (Z&Hog) leZi ve vychod-
ni ¢asti Egejského mote na dohled pobrezi Malé Asie. Nalezi
k Dodekanskym ostrovim a spolu s Ikarii a ostrovem Fourni
tvofi stejnojmennou prefekturu Samos spadajici pod kraj
Severni Egeis. Ostrov md rozlohu zhruba 477 km? a 34 200
obyvatel. Nejvyssi horou je Kerkis o vysSce 1434 m n. m.
Hlavnim méstem ostrova je Samos. Ostrov bezprostfedné sou-
sedi s Tureckem, od kterého jej oddéluje jen 1,5 km Siroky
motsky pruliv. Udédvd se, Ze Samos je nejzelenéj$im ostrovem
Egejského more — obr. 1.

Ekonomika ostrova spoéivd zejména v zemédelstvi
a v turistice. Hlavnimi zemédé€lskymi produkty jsou hroznové
vino, med, olivy, olivovy olej, citrony, susené fiky, mandle
a kvétiny.

V klasické antice byl ostrov centrem iénské kultury
a bohatstvi. Ostrov proslavila zdejs{ vina a Cervena keramika.
Nejvetsiho rozkveétu dosdhl Samos za vlady tyrana Polykrata.
Pozdéji byl pod kontrolou Perské fiSe a v obdobi helénském
soupefili o vliv nad ostrovem Ptolemaiovci a Seleukovci. V 2.
stoleti pf. Kr. Samos ovlddla Rimski fise, ve stiedovéku byl
soucdsti Byzance, poté jej ziskali Janované a roku 1566
Osmané. V roce 1474 byl cely ostrov znien silnym zemétrese-
nim a byl téméf opustén. Roku 1821 se obyvatelé ostrova pri-
pojili k fecké vélce za nezévislost, nicméné Samos zustal i po
jejim skonéeni souddsti Osmanské fiSe. Roku 1835 ziskal

R TT I ilhall 4l

INTRODUCTION

The eighth largest Greek island, Samos =& HoG), lies in the
eastern part of the Aegean Sea, within sight from the Asia
Minor coast. It is one of the Dodecan Islands, forming, toget-
her with Icaria and Fourni island, the Samos prefecture falling
under the region of North Egeis. The island has the area of
roughly 477 km? and the population of 34 200. The highest
mountain is Kerkis with its top at the elevation of 1434 m
a.s.l. The capital of the island is Samos. The island immediate-
ly borders on Turkey, from which it is separated by a mere
1.5 km wide strait. It is stated that Samos is the greenest island
in the Aegean Sea — see Fig. 1.

The island economy is based first of all on agriculture and tou-
rism. The main agricultural products comprise grapes, honey,
olives, olive oil, lemons, dried figs, almonds and flowers.

During the classical antiquity, the island was a centre of Ionic
culture and wealth. The island became famous owing to its
wines and red pottery. Samos reached the greatest prosperity
during the rule of the tyrant Polycrates. Later it was under the
control of the Persian Empire. During the Helenistic Period,
Ptolemaic and Seleuci dynasties contended for domination over
the island. In the 20d century BC, Samos was taken control of
by the Roman Empire and, in the Middle Ages, it was part of
the Byzantine Empire. Then it was acquired by Genoanians
and, in 1566, by Osmanians. In 1474, the entire island was
devastated by a heavy earthquake and was nearly deserted.

S ITINTET
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Obr. 1 Mapa ostrova Samos s vyznacenim historického hlavniho mésta a Eupalinova akvaduktu [2]
Fig. 1 Map of the island of Samos with the historic capital and Eupalinos aqueduct marked in it [2]
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Samos uritou autonomii a v roce 1912 byl za&lenén do Rec-
kého kralovstvi. Za druhé svétové vélky byl okupovin italsky-
mi a posléze némeckymi jednotkami. Za vyznamné roddky
jsou povazovani Pythagoras, Ezop, Epikuros ¢i Aristarchos
a bdjna bohyné Héra.

A praveé béhem vlddy tyrana Polykrata (* asi r. 573, vladl od
r. 538, T asir. 522 pr. Kr.), jinak vSestranné pozoruhodné osob-
nosti s neméné pozoruhodnymi osudy (viz napf. ,,Polykratuv
prsten”), byly uskute¢nény tfi vyznamné stavby, které pro
jejich naprostou mimorddnost zaznamenal i ,,otec historie”
Hérodotos:

[60] U samoskych jsem prodlel déle, protoZe zbudovali tri
dila, kterd jsou nejvetsi v celém Recku. Skrze kopec, vysoky asi
sto padesdt sdhii, vykopali zdola tunel s tistim na obou stra-
ndch. Délka tunelu je sedm stadii, vyska a $irka po osmi sto-
pdch. V celé jeho délce je vykopdn prikop, hluboky dvacet
loket a Siroky tri stopy, kterym se potrubim vede voda
z mocného pramene do mésta. Stavitelem tunelu byl
Naustrofuv syn Eupalinos z Megary. To je jedno ze tii dél;
druhé je hrdz v mori okolo pristavu, postavend v hloubce dva-
ceti sdhu a dlouhd vic neZ dvé stadia. Treti, co vykonali, je
stavba nejvétsiho chrdmu ze vsech, které zndme. Jeho prvnim
stavitelem byl domdci ¢lovek, Rhoikos, syn Fileiiv. Kviili témto
vécem jsem se u samoskych zdrZel déle. [1, prelozila Jaroslava
Sonkovi]

Ze soucasného pohledu, s prihlédnutim k fadé do dneska dis-
kutovanych otdzek i vzhledem k osudim tohoto objektu
a k jeho soucasnému pomérné dobrému stavu, je z vyse uve-
denych tif technickych zédzraki antiky nejzajimavéjsi pravé
prvni z nich — Eupaliniv tunel/$tola (Efpalinio orygma,
Evmahivelo 6puypa), ktery piivadél vodu do hlavniho
mésta Pythagoria (MuBaydpeLo), az do 60. let 20. stol.
pojmenovaného Tigani. A to nejen proto, Ze se jednd o patrné
nejstar§i zndmou inzenyrskou liniovou podzemni stavbu
v Evropé.

In 1821, the island residents joined the Greek war for indepen-
dence; nevertheless, Samos remained part of the Osmanian
Empire even after its end. In 1835, Samos gained certain auto-
nomy and, in 1912, was incorporated into the Greek kingdom.
During World War II it was occupied by Italian and, subsequ-
ently, German military units. Considered as important natives
are Pythagoras, Aesop, Epicuros or Aristarchos and Hera,
a mythological goddess.

It was during the rule of Polycrates, a tyrant of Samos
(* around 573, ruling from 538, § around 522 BC), who was
otherwise a universally noteworthy figure with not less notable
life story (refer, for example, to “The Ring of Polycrates”), that
three important structures were carried out, which were even
recorded by Herodotus, the ‘Father of History’, for the absolu-
te uniqueness of them.

[60] He spoke about three structures which were greatest in
the entire Greece, stating that a tunnel was excavated upwards
through an about 150 braces high hill, with the mouths at both
sides. The tunnel length was seven stadions, the height and
width was eight embraces each. A twenty cubits deep and three
feet wide trench was dug throughout the tunnel length.
A pipeline running along the trench carried water from
a powerful spring to the city. The tunnel was built by Eupalinos
of Megara, son of Naustrofos. It was one of the three workings.
The second one was an over two stadions long groin erected at
the depth of twenty embraces in the sea around the harbour.
The third one was the structure of a temple, which was the lar-
gest of those known till that time. The first builder of the temple
was Rhoicos, son of Philes, a local citizen [1].

From the current point of view, taking into consideration
a range of questions which have been discussed till now, and
with respect to the history of this structure and its current con-
dition, which is relatively good, the most interesting of the
three technical miracles of Antiquity is the first one, the Tunnel
of Eupalinos (Efpalinio orygma, EumaAivelo OpuypX),

which carried water to Pythagoria (MuBOx-
YOPELO), the capital, the name of which was

—_— Rimsky akvadukt]._-
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‘J Tigani till the 1960s. The fact that it is pro-
bably the oldest known linear underground
engineering structure in Europe is not the
only reason for that.

HISTORY

The history of the origination and the life
story of the Tunnel of Eupalinos have been
described in technical literature several
times (e.g. [2, 3,4, 5]; in the Czech Republic
[6]). The structure was carried out by
Eupalinos of Megara in the middle of the 6th
century BC for the purpose of supplying
water to island’s capital of that time. There
were undoubtedly more reasons for develo-
ping this system of supplying water to the
fortified city (strategic, sanitary and gene-
rally civic ones). The fully functional tunnel
is mentioned by Herodotos himself, who
visited the island around 460 BC.

It is an extremely interesting fact that no
mention at all has come down in the other
historical sources which originated after
Herodotos regarding this astonishing techni-

Obr. 2 Prehlednd situace Eupalinova akvaduktu. Zretelné jsou jeho tfi ¢dsti: Prameny v Ayiades
s privodnim kandlem na severu, Eupalinuy tunel/§tola ve stiednim tiseku a kandl privddéjici vodu do

mésta na jihu [2]

Fig. 2 General layout of the aqueduct of Eupalinos. The following three parts of it are distinguis-
hable: Springs in Aiades with the supply canal in the north; the tunnel of Eupalinos in the central

section and the canal supplying water to the city in the south [2]

cal work. It is so even despite the fact that
the water line had to be used for a very long
time (at a guess, at least for 1500 years). The
evidence was provided by the later archaeo-
logical survey carried out in the 1970s,
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HISTORIE which dates important (Roman) civil works in the southern part
of the tunnel to be performed as late as the 7th century AD,
whereas a new Roman aqueduct was constructed later, running
in the contour line position on the western and southern slopes
of Mount Castro. It used storm water collected in a cistern (see
Fig. 2). The reason why the tunnel fell into utter oblivion for
subsequent one and a half of millennia obviously lies in the
very complicated development of Samos. The frequent alterati-
on of the island rulers was accompanied by rough transfers of
inhabitants as a standard. Another reason could be devastating
natural catastrophes (earthquakes) even resulting in the evacu-
ation of the island — see above. The dying out of the local his-
torical memory is one of the results.

It was as late as 1853 that the island was visited by Victor

Historie vzniku a osudy Eupalinova tunelu/S$toly byly
v odborné literature jiz vicekrdt popsdny (napft. [2, 3, 4, 5],
v CR [6]). Pro zdsobovéni tehdej$iho hlavniho mésta ostrova
vodou byla stavba realizovdna Eupalinem 2z Megary
v poloviné 6. stol. pf. Kr. Tento zpusob doddvky vody do
opevnéného mésta mél nepochybné vice davodu (strategicky,
hygienicky i obecné obclansky). Zcela funkéni tunel/Stolu
uvddi pravé Hérodotos, ktery navstivil ostrov okolo roku 460
pr. Kr.

Je nesmirné zajimavé, ze po Herodotovi se v dalSich histo-
rickych pramenech nedochovala jiz vubec 74dna zminka
o tomto podivuhodném technickém dile. A to i pfesto, Ze vodo-

vod musel byt velmi dlouho pouZivan (odhadem nejméné 1500 Guerin, a French archaeologist, who was sure that at least
let). Ditkazy ndm piindSi pozd€jsi archeologicky prizkum ze remains of the famous aqueduct, which had been mentioned by
70. let 20. stol., ktery datuje vyznamné (fimské) Gpravy v jizni Herodotos, should have survived. During his visit, he discove-
¢dsti tunelu jesté okolo 7. stol. po Kr., kdyZ v pozd€jsi dobé red the original spring. However, a crucial discovery was made
byl zfizen novy fimsky vodovod ve vrstevnicové pozici by a monk of Aia Triada Monastery in 1882. The discovery was
v zdpadnim a jiznim svahu hory Kastro, vyuzivajici jiz desto- followed by attempts to restore the aqueduct operation. The
vou vodu jimanou do cisterny (obr. 2). Duvod, pro¢ tunel/$tola attempts did not meet with success. They meant the prelude to
upadl do naprostého zapomenuti po dobu dal§iho témér jeden a preliminary investigation into the tunnel, which was carried
a pul tisicileti, spolivéd zfejmé ve velmi slozitém historickém out by Ernst Fabricius from the German Archaeological
vyvoji Samosu. Casté stiidani vlddcl ostrova bylo standardné Institute. After the publication of its results in 1884, the tunnel
doprovdzeno hrubymi transfery obyvatel. Dal§im duvodem became more or less well known. The last and at the same time
mohly byt i nékteré pustoSivé piirodni katastrofy (zemétiese- the most substantial archaeological research combined with
ni) vedouci aZ k opuiténi ostrova — viz vySe. A s tim making the tunnel accessible was conducted in the 1970s, again
i nevyhnutelné vymizeni mistni historické paméti. by employees of the German Archaeological Institute [2].

AzZ v roce 1853 navstivil ostrov francouzsky archeolog Vic-
tor Guerin, presvédéeny o tom, Ze by se mély dochovat ales- TECHNICAL SOLUTION

pon zbytky slavného akvaduktu zminovaného Herodotem, Water was collected from prolific springs lying near the vil-
a pritom nalezl pivodni pramen. Zdsadni objev v8ak ucinil lage of Agiades (today already abandoned), NW of the top of
v roce 1882 mnich z kldStera Ayia Triada, se soubéZné nasle- Mount Castro (237 m a.s.l.) — see Fig. 2. The about 850 m long
dujicimi pokusy obnovit ¢innost vodovodu. Ty vSak nebyly northern collecting canal runs zig-zag toward the south. It is
tspésné. Uvodilo to v8ak predbéZzny pruzkum tunelu, ktery byl locally up to 5 m deep. For that reason it was carried out using
dilem archeologa Ernsta Fabricia z Némeckého archeologické- mining methods, with the excavation proceeding in both direc-
ho tdstavu. Zvefejnénim jeho vysledki v roce 1884 se stal tu- tions from access shafts. In the central part of the aqueduct,
nel/Stola viceméné zndmym. Posledni a soucasné i nejpod- there is a tunnel (see below), and after the tunnel emerges on
statn&j§{ archeologicky vyzkum se zpfistupnénim tunelu/Stoly the southern side of Mount Castro (see Fig. 3), the water distri-

bution alignment runs eastward at the length
of about 500 m, with over twenty, more or
less preserved, access shafts.

The tunnel itself is 1050 m long (in stra-
ight line 1036 m /4000 ft). The inner dimen-
sions of the main gallery are, in general,
1.80 m x 1.80 my; its width is locally slight-
ly reduced and, on the contrary, enlarged at
the point where the counter-headings met.
At the eastern wall, there is a ditch in the
bottom throughout the tunnel length for the
water pipeline, up to depth of 3.5 to 8 m (see
Fig. 4). The reason is that the tunnel was
built in a very modern way, as a “dry” struc-
ture. Water was led through 0.71 to 0.73 m
= > s long terracotta pipes with the inner diameter
ORIC TOWN WALL - T ) a > of 0.24 t.O 0.2.6 m and 2 to 2.5 cm tthk

SOUTHERN END OF THE TUNNEL 2 walls. It is estimated that about 4000 pipes

T R i s were used for the entire water pipeline. The

: : gradient of the pipeline inside the tunnel is

about 0.45 % (see Fig. 4). The system was

capable of supplying up to 400 m? of water
every day.

The tunnel was driven through the envi-
ronment formed by competent, partly cry-
stalline, limestone. The sub-horizontal bed-
ding, which can be seen, with the highest

HORA KASTRO / MT. KASTRO

Obr. 3 JiZni vyusténi tunelu ve vySce cca 55 m n. m. zdpadné od historického hlavniho mésta
Pythagoria

Fig. 3 The southern end of the tunnel at the altitude of about 55 m a.s.l. west of the historic capital,
the city of Pythagoria
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Obr. 4 Pri¢ny rez tunelem/stolou u severniho (vlevo) a jizniho (vpravo) vstu-
pu. Patrny je charakteristicky profil hlavniho (suchého) tunelu a prohloubeni
jeho poévy pro keramické vodovodni potrubi pFi vychodni sténé. Toto pro-
hloubeni dosahuje na severnim vstupu hl. cca 3,80 m a na jiZnim vystupu asi
8,50 m. Tim je zaruéen spdd vody cca 045 %. V jizni ¢dsti tunelulStoly bylo
prohloubeni misty provadéno hornickym zpusobem paralelni spodni velmi
tizkou §tolou [2]

Fig. 4 Cross section through the tunnel at the northern portal (left side) and
the southern portal (right side). It shows the characteristic profile of the
main (dry) tunnel and the deepening of its bottom for the ceramic water
pipeline at the eastern wall. This deepening reaches about 3.80 m at the
northern end and about 8.50 m at the southern end, securing the gradient of
about 0.45 %. In the southern part of the tunnel, the deepening was locally
carried out by mining methods, with a parallel, very narrow gallery driven
under the bottom [2]

byl proveden v 70. letech 20. stol. opét pracovniky Némec-
kého archeologického ustavu [2].

TECHNICKE RESENI

Voda byla jimdna z vydatnych pramenu u (dnes jiZz opusté-
né) vesnice Agiades, SZ od vrcholu hory Kastro (237 m n. m.)
— obr. 2. Severni sbérny a privodni kanal dl. cca 850 m je
veden klikat€ k jihu. Misty je aZ pres 5 m hluboky a z toho
davodu i provedeny hornickym zpusobem obousmérnou raz-
bou z pristupovych Sachet. Ve stfedni ¢dsti vodovodu ndsledu-
je tunel/Stola (viz ddle) a po vyusténi tunelu/Stoly na jizni stra-
né hory Kastro (obr. 3) je rozvod vody trasovan v délce cca
500 m vychodnim smérem, s vice nez dvaceti viceméné
dochovanymi vstupnimi Sachtami.

Vlastni tunel/§tola je dlouhy 1050 m (v piimé linii 1036
m/4000 ft). Vnitini rozmér hlavni chodby ¢&ini generelné cca
1,80x1,80 m, misty je mirné ziZeny, v misté setkdni protirazeb
naopak rozsifeny. Pii vychodni sténé je po celé délce vyrazné
zahloubeni pocvy ryhou pro vodovod do hl. 3,5 az 8 m
(obr. 4). Tunel/tola byl totiZ proveden velmi moderné jako
,»suchy“. Voda byla vedena v terakotovych trubkédch vnitfniho

probability made the disintegration of the rock to an extent easi-
er (see Fig. 5). This work was naturally carried out at the level
of the technology existing at that time, i.e. by hand, using (pro-
bably iron) chisels and hammers. It is assumed that the excava-
tion was carried out by slaves (first of all prisoners of the war
with Lesbos?), in conditions which were, in retrospect, gruel-
ling. The work places were illuminated by oil burners (found
during the archaeological survey) and no ventilation was pro-
bably available. From these points of view, the basic excavated
cross section appears to be even grandiose. The duration of the
construction work is estimated to be somewhere between 5 to 15
years (most frequently 10 years) — see [2, 4, 5]. Using a very
simple calculation (when driving the length of 1050 m long tun-
nel from both ends), at the estimation of the construction work
duration of 5/10/15 years, we arrive at the advance rates of one
heading to be approximately 0.3/0.15/0.10 m per day, respecti-
vely. Taking into consideration the results of excavation trials
using experimental archaeology methods, the longer estimated
duration appears rather more probable.

The main tunnel (including the ditch for the water pipeline)
has no lining and the condition of the rock is very good even
after over 2500 years, at least in the section which was made
accessible (see Fig. 5). Access galleries were provided with
a lining (see Fig. 9).

HORIZONTAL AND VERTICAL ALIGNMENT
OF THE TUNNEL

The horizontal and vertical alignment design is today consi-
dered to be the main demonstration of Eupalinos’ engineering
mastery. His design is probably (e.g. according to [3]) only the
second long underground linear construction where it was cle-
arly established that it was driven concurrently from two oppo-
site portals. The first structure which was referred to in this
context is the so-called Ezechias tunnel in Jerusalem (approxi-
mately 700 BC). Nevertheless, in contrast with this structure, it
is Eupalinos to whom the historic priority is attributed as far as
the methodically controlled approach to the application of dri-
ving tunnels from both ends is concerned.

HOW WAS THE TUNNEL OF EUPALINOS DESIGNED,
SURVEYED AND MANAGED?

H. J. Kienast [2] describes the most likely approach to the
solving of the problem, taking into consideration the technical
possibilities available in the period during which the tunnel was
being built.

The prerequisite for success was first of all thorough know-
ledge of the region topography. Without it the project would
have been difficult to realise. Eupalinos was well acquainted
with both the requirements of the city for water supplies and the
local terrain and, as a technically qualified professional, he
found a solution to the problem. The basic condition for the
exploitation of the spring can be formulated in the following
way: The location of the spring in relation to the location of the
mountain found between the spring and the city requires
a closed pipeline to be led either around the mountain or
through it. On the one hand, a supply canal around the mounta-
in is easier to realise, however, its significantly greater length
and its vulnerability to landslides or enemy diversion is
a disadvantage. On the other hand, passing through a mountain
is a technically risky deed, in addition requiring a long con-
struction time. Nevertheless, in general, the higher safety and
also the fact that the mouth can be placed to a higher-level loca-
tion and, in addition, directly inside the city boundaries, rema-
ins to be the advantage of the route passing through the moun-
tain (paradoxically, the capital of the island was plundered in



Obr. 5 Pohled do tunelu/$toly smerem k severu. Vpravo, u vychodni stény,

byla ryha vodovodu po zpristupnéni tiseku zabezpecena mriZi. Patrné jsou
subhorizontdlni vrstevnatost a na sténdch stopy po rozpojovdni horniny
[komercni pohlednice]

Fig. 5 A view north, down the tunnel. On the right side, at the eastern wall,
the trench for the water pipeline was secured by a grill after the section had
been made accessible. It is possible to see the sub-horizontal bedding and tra-
ces after the disintegration of the rock in it [a commercial picture postcard]

? 0,24 a7z 0,26 m, tloustky stény 2 az 2,5 cm a délky 0,71 az
0.73 m; odhaduje se, Ze na cely vodovod jich bylo pouZito cca
4000 ks. Spad vodovodu v tunelu ¢ini cca 0,45 % (obr. 4).
Systém mohl doddvat méstu az 400 m3 vody denné.

Tunel/$tola je vyraZen v prostfedi pevnych vépencu, ¢dsted-
né krystalickych. Patrnd je jejich subhorizontdlni vrstevnatost,
coz s nejvyssi pravdépodobnosti do jisté miry usnadnovalo
rozpojovani horniny (obr. 5). To se délo pfirozené na trovni
tehdejsi technologie — tzn. ruéné (patrné jiz Zeleznymi?) dlaty
a kladivy. Predpoklddd se, Ze razbu provadéli otroci (prede-
v8im zajatci z vdlky s ostrovem Lesbos?), z dne§niho pohledu
za zniCujicich podminek. Osvétleni pracovist bylo olejovymi
kahanci (nalezenymi pfi archeologickém vyzkumu), vétrani
patrné 7ddné. Z téchto pohledu se jevi zdkladni prafez raZeni
az velkorysy. Délka stavby je odhadovdna mezi 5 az 15 lety
(nejcastéji cca 10 let) — viz [2, 4, 5]. Velmi jednoduchym pro-
poctem (prfi protirazbé na dvé Celby) vychazi potom pri dl.
tunelu/Stoly 1050 m pro odhad trvéni stavby 5/10/15 let, denni
postup na jednu cCelbu cca 0,3/0,15/0,10 m. Prihlédnutim
k vysledkim vyrubu provddénych metodami experimentdln{
archeologie se pak jevi pravdépodobnéjsi spiSe delsi odhady
trvani stavby.

Hlavni tunel/$tola (v€etné ryhy pro vodovod) je nevyzdény,
pri¢emz stav horniny i po vice nez 2500 letech je velmi dobry
— alespon ve zpristupnéném tseku (obr. 5). Obezdivkou jsou
opatreny pristupové chodby (obr. 9).

SMEROVE A VYSKOVE VEDENI TRASY

Dnes je pokldadano za hlavni projev Eupalinova inZzenyrské-
ho mistrovstvi pravé smérové a vyskové vedeni stavby. Jeho
projekt je patrné (napf. podle [3]) teprve druhou dlouhou lini-
ovou podzemni stavbou prokazatelné razenou soulasné ze
dvou protéjsich portdlu. Prvni se v této souvislosti udavd tzv.
Ezechiasuv tunel v Jeruzalémé (cca 700 pr. Kr.). Nicméné na
rozdil od této stavby je pravé Eupalinovi pfisuzovano histo-
rické prvenstvi v metodicky fizeném piistupu v pouZiti proti-
razby.
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Obr. 6 Zajisteéni setkdni proti sobé raZenych vétvi ve smérovém vedeni

a) Konec jedné z vétvi je pricné rozsiren do tvaru T

b) Vytvoreni dopredu rozeklané celby ve tvaru Y

¢) Nejekonomictéjsi, ale stejné jisté reSeni odchylenim koncu obou protiraZe-
nych tuneli/stol

U severni vétve doleva a u jizni vétve doprava. Eupalinos zvolil prdvé toto
FeSeni. Idedlni misto setkdni je v poloviné del$i odklonéné vétve a jistota set-
kdni je stejnd jako v pripade a) [2]

Fig. 6 Securing that the horizontal alignments of the tunnel sections driven
against each other met

a) The end of one section is transversally widened to form a capital T

b) Creating a Y-shaped heading forking up ahead

¢) The most economic but equally certain solution by means of deflecting the
ends of both sections driven against each other. At the northern section and
southern section, pictured left and right, respectively. Eupalinos chose this
solution. The ideal location for the encounter is in the middle of the longer
deflected section. The certainty of the encounter is identical with that achie-
ved in the case a) [2]

439 BC by Athenians, who invaded the fortified city just
through this tunnel [6]). The client, with the highest probabili-
ty Polycratos or somebody from his closest surroundings, the-
refore decided on the basis of the above-mentioned arguments
that the passage through Mount Castro would be realised.

The deciding inputs consisted of the following considerations:
The location of the spring, the overall topography of the area and
methods available for measurements. The initial idea was that the
tunnel alignment would be set out on the surface of the mounta-
in and then be transferred to the mountain entrails. Another input
was the requirement for the tunnel not to be longer than necessa-
ry and not to terminate outside the city fortification. It is known

POCVA TUNELU / INVERT OF THE TUNNEL

Obr. 7 Schéma zajisténi vyskového setkdni [2]
Fig. 7 A chart of the system of securing the vertical encountering [2]
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Obr. 8 Jizni vstupni portdlek nad pristupovou chodbou do tunelu/$toly
Fig. 8 The southern little access portal above the access adit to the tunnel

JAK BYL NAVRZEN, VYTYCEN A RIZEN EUPALINUV
TUNEL/STOLA?

H. J. Kienast [2] popisuje praveé nejpravdépodobnéjsi pristup
k feSeni problému. To proto, Ze si uvédomuje souvislosti
a technické moznosti doby, kdy byl tunel/stola vystaven.

Predpokladem udspéchu byla predev§im dukladnd znalost
topografie regionu — bez toho by byl projekt stézi uskutecnitel-
ny. Eupalinos byl dobfe obezndmen jak s poZzadavky mésta na
privedeni vody, tak i s mistnim terénem. A jako technicky zdat-
ny odbornik nasel feSeni problému. Zdkladni podminka vyuzit{
pramene muZe byt formulovdna ndsledovné: Poloha pramene
a poloha hory mezi pramenem a méstem vyZaduje uzaviené
potrubi vedené bud okolo hory, nebo skrze ni. Pfivodni kanal
kolem hory lze sice sndze realizovat, ale nevyhodou je jeho
vyrazné vetsi délka a ddle je zranitelny svahovymi pohyby nebo
nepratelskou diverzi. Na druhé strané je pruchod horou technic-
ky riskantnim po¢inem, navic vyZadujicim dlouhy ¢as. Nicméné
vyhodou vedeni vodovodu horou zustdvd obecné bezpe&nost
(paradoxné vsak hlavni mésto ostrova bylo roku 439 pr. Kr.
vyplenéno Athénany, ktefi pronikli do opevnéného mésta prave
timto tunelem/Stolou [6]) a déle i skuteCnost, Ze vydsténi muze
vyjit ve vyS$i poloze a navic pfimo uvnitf mésta. Zadavatel —
s nejvyssi pravdépodobnosti Polykrates nebo nékdo z jeho nej-
bliz§iho okoli — rozhodl tedy na zdkladé uvedenych argumenta
o realizaci prichodu horou Kastro.

Rozhodujici vstupy pak byly nasledujici: Pozice pramene, cel-
kovad topografie tizemi a dostupné moZnosti k provedeni méfeni.
Vychozi mySlenkou bylo vytycenf linie tunelu na povrchu hory
a pak prevedeni této linie do jejiho nitra. Déle to byl poZadavek
na to, aby tunel nebyl del$i, nez je nutné, a nekoncil vné opev-
néni. Linie tunelu pfitom neprochézi pod strmym vrcholem hory,
ale mirn¢ na zdpad, misty, kde mad jeji hibet pozvolnéjsi profil.
Duavodem byla zkuSenost, Ze ¢im pravidelnéjsi je povrch, tim
presnéji lze primku vyty¢it. Ackoli je vrcholovy hibet kritickym

Tuel

that, instead of running directly under the steep top of the
mountain, the tunnel alignment runs slightly west of the
mountain top, where the profile of the mountain crest is gent-
ler. The reason was the experience that the more regular the
surface the more precisely the line could be set out. Despite
the fact that the top crest is the critical point of the entire
alignment, the setting out process is likely to start in this loca-
tion. The reason was that it was necessary to determine the
direction of the alignment to lead to the city. Therefore, other
authors, e.g. [3, in the CR 6] who refer to Heron of
Alexandria, are not right. Their idea that the direction of the
tunnel excavation was determined by means of a rectangular
traverse must be erroneous because of the fact that in such the
case it would have been accompanied by significant accumu-
lation of measurement errors.

It was the setting out of the horizontal alignment of the tun-
nel on the top of the crest that was the deciding step. The fol-
lowing setting out down from the crest to both sides was only
a matter of routine. Another important task was to determine
the levels of both ends of the tunnel. There were two methods
available for surveying around the mountain. The first of
them, the use of a chorobates (a sort of a simple levelling
instrument, very roughly described as a long ‘bubble tube’) is
probably more likely because it makes reaching of higher pre-
cision possible. The other method lies in the use of T-shaped
horizontal boards (= ‘boning rods’). The vertical survey was
carried out with relatively high accuracy, with the difference
between the ends of the entrances of a mere 4 cm. The points
can therefore be considered to lie at identical levels. However,
this result is probably random. The reason is the fact that it
was only possible to transfer levels by means of a chorobates
to the distance of approximately 2 km with the accuracy of
several decimetres. On the other hand, it was possible to repe-
at the process several times and the averaged results were the-
refore more plausible.

The crucial item of the work was therefore performed by
determining the direction of the tunnel and the positions and
levels of entrances. The initial point and the end point were
defined as the points of intersection between a straight line
(the tunnel centre line) and the contour line passing through
the selected level. Then the horizontal alignment was probab-
ly set out on the surface of the mountain, where the tunnel
length was determined as a series of horizontal sections mea-
sured by a bar. This procedure had crucial importance for the
planning of the project as a whole and is beyond doubt.

It was possible from the initial cutting into the mountain to
check the direction of the excavation advance by observing
a straight line determined by ranging poles erected on the
slope. This method is simple and reliable. It was vital for the
determination of the correct direction, first of all in the initial
stage of the construction, that as high setting out accuracy was
reached as possible because an error at the beginning would
have propagated further. For that reason a vertical shaft was
sunk near the entrance, allowing the installation of another
check point for determining the alignment orientation. This
point was transferred to the tunnel bottom by means of
a plummet. Owing to this measure the setting out became
more accurate. It was applied on the southern slope, which is
steep and where rods with nails (ranging poles) allowed only
a limited length for sighting. Backsighting from the tunnel
interior was also applied. It is shown by one place in the tun-
nel where a directional error occurred and was identified by
the backsigh from the tunnel. The deviation was removed, but
a niche remained in the tunnel wall after the sighting axis had
been restored.




mistem celé trasy, proces jejtho vytyovani pravdépodobné zacal
prave zde. To proto, aby se stanovil smér trasy tak, aby vedla do
mésta. Nemaji tudiZ pravdu jin{ autofi, napr. [3, v CR 6], odvola-
vajici se na Herona z Alexandrie. Jejich predstava, Ze smér razby
byl uréen pomoci pravouhlého polygonu, musi byt mylnd, protoze
v takovémto pripadé by doslo ke zna¢né kumulaci méfickych
chyb.

Prave vyty€eni sméru tunelu na vrcholu hibetu bylo rozhoduji-
cfm krokem. Od hibetu doli na obé strany bylo pak vyty&ovéni jiz
rutinni. Dal§{ vyznamnou tlohou bylo urleni vySek vstupt obou
konct tunelu. Pro vyskovd méfeni okolo hory byly dostupné dvé
metody. Prvni z nich — pouziti chorobatu (néco jako jednoduchy
nivela¢ni piistroj, velmi priblizné ,,dlouhd vodovaha®) je asi prav-
dépodobnéjsi, ponévadz je mozné dosdhnout vyssi presnosti. Druhd
metoda spociva v pouziti vodorovnych desek ve tvaru T (= ,,dlaz-
digskych kifza“). Vyskova méfeni byla provedena s relativné vyso-
kou presnosti, kdyZ konce vstupt se 1i$i jen 0 4 cm a mohou tedy
byt povazovany za body lezici v jedné vySce. Pravdépodobné se
vsak jednd o vysledek ndhodny. Pfenaseni vySek pomoci choroba-
tu mohlo byt totiZ provedeno na vzddlenost cca 2 km jen s presnosti
na nékolik dm, mohlo vSak také byt i nékolikrat opakovéno a zpru-
mérované vysledky tak byly hodnovérnéjsi. Rozhodujici prace byly
tedy vykondny uréenim sméru tunelu a uréenim pozice a vySek
vstuptl. Po&éteni a koncovy bod byly definovény jako prusedik
primky (osy tunelu) a vrstevnice prochézejici zvolenou vyskou.
Poté byla pravdépodobné trasa vytyCena na povrchu hory, s tim, Ze
délka tunelu se urila jako série vodorovnych tseku méfenych lati.
Tento postup mél zdsadni vyznam pro pldnovani projektu jako
celku a je nepochybny.

Od prvniho zdlomu do hory bylo moZné kontrolovat smér postu-
pu pohledem pies vyty¢ky postavené na svahu — jde o jednoduchou
a spolehlivou metodu. Pro zajiSténi spravnosti sméru razby bylo,
zejména v prvni &dsti stavby, Zivotné duleZité dosdhnout co nejvys-
§i presnosti vytyCeni, ponévadz chyba na zacdtku by se prendsela
dal. Z toho diavodu byla vykopdna vertikaln{ Sachta v blizkosti vstu-
pu a tak byl ziskdn dalsi kontrolni bod pro orientaci trasy, ktery byl
prenesen provazenim olovnici na po¢vu tunelu. Tim se vytyCeni
sméru primky stalo presnéjsi. Bylo to pouZito na jiznim svahu,
ktery je strmy a kde laté s hiebiky (vytycky) dovolovaly jen ome-
zenou délku zdméry. Zamerovani trasy probihalo i zpétn€ zdmérou
z tunelu. Svéd&i o tom jedno misto tunelu/Stoly, kde doslo k chybé
ve sméru, kterd byla zjiSténa pravé pohledem z tunelu. Odchylka
byla opravena, ale pro obnoveni zdmérné primky vznikla nika ve
stené tunelu/stoly.

Tunel/stola mél projit horou ve vodorovné trase a ta byla, bez
ohledu na drobné odchylky, také stile dodrzovana. Mélo to tu vyho-
du, Ze kdyby byla nafdrana vodonosnd puklina ¢i poloha, nebyl by
problém s odtokem vody. V piipadé k méstu se svazujici nivelety
by v jizni ¢dsti takové problémy nenastaly, ale v severni vétvi by
mohla voda zaplavit ¢elbu a nedovolila by tak pokracovéni razby.
Prave proto tedy vedl Eupalidos trasu ve vodorovném smeéru. A také
musel Tesit problém s pritokem vody jiz 200 m od severniho vstu-
pu, kdyZ se razba priblizila pravé k vodonosné vrstvé. Po nastalém
pfitoku se zde proto po¢va mirné zveda tak, aby voda mohla vyté-
kat z tunelu. Posléze, v misté jiz za prekonanou zvodné€lou vrstvou,
se po¢va opét sniZuje na puvodni projektovanou vysku.

Z pohledu trasovani tunelu/Stoly je velmi pusobivd i skute¢nost,
Ze a¢ puvodni pfimy smér severni vétve nemohl byt kvuli velmi
rozpukané a méné stabilni horniné dodrZen (a trasa se zde proto
sta¢i na zdpad), je po prekondni tohoto kritického mista tunel/Stola
opét narovndn do dfivejsitho sméru (je to patrné na obr. 2).

Vyty&eni sméra a zméfena délka negarantovaly, Ze se oba proti-
smérné razené Useky tunelu/Stoly potkaji. Nemohly byt totiz
vylouéeny drobné nepresnosti v méfenich vyplyvajici z dobové
drovné techniky. I relativné mald odchylka ve sméru v hodnoté 1°
prestavuje uprostred tunelu/Stoly pri¢nou odchylku 9 m! Z toho
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The tunnel was designed to pass through the mountain
along a horizontal alignment. This alignment was, without
respect to minor deviations, continually maintained. It had the
advantage that, if a water-bearing fissure or layer had been
tapped, there was no problem with the water discharge. Such
problems would not have been encountered in the southern
part in the case of the alignment descending toward the city,
but the heading could have been inundated in the northern
section and prevented the continuation of the excavation. This
was the reason why Eupalidos designed the alignment to be
horizontal. And really, he had to deal with the problem of
a water inflow as early as 200 m from the northern entrance,
where the excavation approached a water-bearing layer. After
the inflow appeared, the tunnel bottom slightly ascended so
that water could flow out of the tunnel. Subsequently, in the
place where the water-bearing layer was overcome, the bot-
tom again dropped to the original design level.

As far as the tunnel alignment is concerned, even the fact is
very impressive that, even though it was impossible to main-
tain the original straight direction of the northern section
because of significantly fractured and less stable rock (the
alignment therefore turns west in this location), the tunnel
was again straightened to the original direction when the cri-
tical place had been overcome (this is obvious from Fig. 2).

The setting out of directions and the measured length did
not guarantee that the two sections of the tunnel driven in
opposite directions would have met. The reason is that it was

Obr. 9 Jizni pristupovd chodba do tunelu/stoly s charakteristickym archaic-
kym profilem, vyznacujicim se strechovitym stropem z kamennych desek
Fig. 9 Southern access adit to the tunnel with a typical archaic profile, which
is characterised by a roof-shaped ceiling formed by stone slabs
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vyplyvala potfeba ucinit takova opatfeni, kterd by zajistila setkan{
obou proti sobé razenych &asti. Eupalinos uvazoval nékolik feSeni.
Nejjednodussi by bylo zakonceni jedné Casti tunelu/Stoly razbou
kolmou ke sméru trasy tunelu/stoly ve tvaru pismene T. Toto feSe-
ni je vSak nevyhodné v tom, Ze rozrdzky musi byt provedeny na
obé strany. Vyhodnéjsi postup, jiZz s mensi vynaloZenou praci, spo-
¢ivd ve vychyleni sméru razby u obou &ésti tunelu/Stoly. A prave
toto feSeni zvolil Eupalinos — obr. 6. Pravdépodobnost setkan{
obou proti sobé razenych ¢asti i ve vertikdle (niveleté) zajistil
obdobnym rozsifenim chodby v po¢vé a ve stropu chodby ve
sméru svislém — obr. 7. Ob¢ opatieni jsou také dokumentovana
archeologickym prizkumem. Je velmi zajimavé, Ze postup pouZi-
ty pro setkdni obou vétvi ve smeru vertikdlnim byl zbyteCny —
nebyla zde totiZ zastizena prakticky zZddnd odchylka! Urcitou roli
v zdvére¢nych krocich setkani severni a jizni vétve mohly sehrat
i akustické signdly z protéjsich Celeb — poklepy.

ZAVER

Eupalinav tunel/stola na ostrové Samos je mimorddné zajima-
vou historickou podzemni stavbou. Byla proto i roku 1992 zapsa-
na do seznamu Svétového dédictvi organizace UNESCO. Star{
stavby, jeji osudy a jen postupné odkryvané otdzky jejiho vzniku
zaujaly fadu badatel, inZenyri, umélca (viz napt. Paul Valéry —
Dialogy se Sokratem, Eupalinem a dalS$imi... [5], dale [7])
i ,,oby&ejnych smrtelnikii. Objekt je dnes i pro obany CR rela-
tivné velmi dobre dostupny. Zpfistupnén je dsek dlouhy cca
100 m z jizniho vchodu nad méstem Pythagoriem (obr. 8, 9).
Vstupné &ini velmi prijatelnd 4 €.

Pozndmka: V textu Cldnku pouZivaji autori oznaceni stavby
Eupaliniv tunel/Stola predevsSim s ohledem na plamé cCeské
ndzvoslovi, které predpoklddd, Ze podzemni stavba do pricného
priifezu 16 m? se nazyvd Stola a vétstho pricného priifezu tunel.
Soucasné se tak snaZi zohlednit i to, Ze v anglické a némecké lite-
rature se tato stavba diisledné oznacuje jako tunel.
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not possible to exclude petty inaccuracies in measurements fol-
lowing from the technical level of equipment of the period. Even
a relatively small deviation from the direction at the value of 1
degree represents a transverse deviation of 9 m in the middle of
the tunnel length! It followed from this fact that such measures
had to be adopted which would have ensured that the two parts
driven against each other met. Eupalinos speculated about seve-
ral solutions. The simplest one would have been terminating one
part of the tunnel by a drift perpendicular to the direction of the
tunnel alignment, forming a letter T. But this solution was disa-
dvantageous because the drift had to be carried out to both sides.
A more advantageous solution, where the amount of work
expended was smaller, lied in the deflecting of the directions of
the excavation on both parts of the tunnel. And this is exactly the
solution which was adopted by Eupalinos (see Fig. 6). He incre-
ased the probability that the two parts driven against each other
would have met even vertically by a similar vertical enlarge-
ment of the tunnel at the bottom and the crown (see Fig. 7). Both
measures have been documented by an archaeological survey. It
is very interesting that the procedure applied with the aim of
securing the meeting of both sections in the vertical direction
was unnecessary because virtually no deviation was encounte-
red! Certain role during the final steps of the process of the mee-
ting of the northern section and the southern section could be
even played by acoustic signals sent from the opposite headings
— by knocking on the excavation face.

CONCLUSION

The tunnel of Eupalinos on the island of Samos is an extre-
mely interesting historical underground structure. For that
reason it was inscribed on the UNESCO World Heritage List
of cultural and natural properties. The age of this structure, its
life story and the only step-by-step revealed issues of its ori-
gination fascinated many researchers, engineers, artists (for
example Paul Valéry — Dialogues with Socrates, Eupalinos
and others... [5], further [7]) as well as ,ordinary’ mortals.
The structure is today relatively very well accessible even for
citizens of the Czech Republic. The section made accessible is
about 100 m long, from the southern entrance above the city
of Pythagorion (see Figures 8, 9). The entrance fee of 4 € is
very reasonable.
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VYSTAVBA KMENOVYCH STOK Z POLYMERBETONOVYCH
KOMPONENTU

CONSTRUCTION OF TRUNK SEWERS USING POLYMER
CONCRETE COMPONENTS

ICOR FRYC

10voD

V lonském roce se nase spoleCnost spolupodilela na vystavbé
kmenovych stok v centrdlni ¢dsti mésta Brna. Jednalo se o realizaci
¢asti razenych stok na ulici Rooseveltova a Rybnicek. Sbérace byly
raZeny klasickym hornickym zpusobem a jejich spole¢nym jmeno-
vatelem bylo vystrojeni pomoci polymerbetonovych dilca.

2 POPIS ROZSAHU PRACI

V popisu praci se autor omezuje pouze na useky realizované fir-
mami TCHAS, spol. s r. 0., od$tépny zdvod Ingstav Brno, kde
pusobil dfive, a PSVS, a. s., kde pracuje v soucasné dobe.

2.1 Sbérac C01 Rooseveltova — Solniéni

Realizace raZené $toly DN 2260/2640 mm o ploe vyrubu 5,5 m?
v tseku mezi Sachtami $2-S3 + napojeni na stivajici kmenovou
stoku o celkové délce 70 bm. Vlastni vnitini profil kanalizacniho
sbérace byl vej¢itého tvaru o rozmeérech DN 1200/1800 mm.
Souédasti dodavky byl i vykop, paZeni a roubeni 2 ks t€Znich Sachet
0 hloubce 11,5 m.

Misto stavby se nachdzelo v bezprostfedni blizkosti centra mésta
v parku pfi ulici Rooseveltova pred historickou chodbou smérfujici
na ulici Béhounskou.

Obr. 1 Rybnicek, celkovy pohled do razené stoly
Fig. 1 Rybnicek, overall view down the mined tunnel

1 INTRODUCTION

Last year, our company participated in the construction of
trunk sewers in the central part of the city of Brno. Our work
consisted of driving parts of sewerage tunnels under Roose-
veltova and Rybnicek Streets. The tunnels for main sewers
were driven using classical mining methods, with a common
factor lying in the use of polymer concrete segments for the
construction of tunnel lining.

2 WORKS SCOPE DESCRIPTION

In the works description, the author restricts himself only to the
sections which were realised by branch companies of TCHAS,
spol. s r. 0., namely its Ingstav Brno branch, where he worked in
the past, and PSVS, a. s. branch, where he works today.

2.1 C01 Main Sewer, Rooseveltova - Solni¢ni Streets

The construction of a DN 2260/2640 mm mined tunnel with
the excavated cross-sectional area of 5.5 m? within the section
between manholes $2-S3, plus a 70 m long connection to the
existing trunk sewer. The inner profile of the main sewer was
egg-shaped, with the dimensions of DN 1200/1800 mm. The
excavation, bracing and timbering for two 11.5 m deep hois-
ting shafts were also part of the contract.

The construction location was in the immediate vicinity of
the city centre, in a park on Rooseveltova Street, in front of the
historic gallery heading toward Behounska Street.

2.2 Rybniéek sewerage reconstruction

The construction of a 121 m long mined tunnel with DN
2260/2980 mm and the excavated cross-sectional area of
6.25 m2, within the section between manholes S2-S4, inclu-
ding a 31 m long mined connecting tunnel with DN
1800/2000 mm. The inner profile of the egg-shaped sewer was
DN 1400/2100 mm and 800/1200 mm, respectively. In additi-
on, part of the contract was the sinking of 4 hoisting shafts
with the average depth of 9.5 m. The cross-section of one of
them was atypical, pentagonal.

3 EXCAVATION OF TUNNELS AND GEOLOGICAL
CONDITIONS

3.1 €01 main sewer, Rooseveltova - Solni¢ni Streets
The procedure of the mining operations was designed as
follows: Manhole S2 was used as the hoisting shaft. The tun-
nel was driven on a down gradient from S2 toward the exis-
ting main sewer and on an uphill gradient toward manhole S3.
The uniform gradient of 0.8 % was designed for the drives.
The primary lining consisted of colliery TH support frames
OR-0O-01 installed on U-160 rolled-steel sections. The inter-
vals between centres of the frames were determined by
a structural calculation to be 0.8 m to 0.9 m. The frames were
longitudinally connected by three braces (one in the crown
and two on sides). UNION sheet piles were designed for the
forepoling. In the case of encountering layers of cohesionless
soil or made ground, it was expected that BOLTEX (4 m long)
friction bolts would be installed in the tunnel crown as the
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2.2 Rekonstrukce kanalizace Rybnitek

Realizace razené Stoly DN 2260/2980 mm o ploSe vyrubu
6,25 m? v tiseku mezi Sachtami $2-84 o celkové délce 121 bm
véetné pripojné razené Stoly o rozmérech DN 1800/2000 mm
délky 31 bm. Vnitini profil kanalizace vej¢itého tvaru ¢inil DN
1400/2100 mm, resp. 800/1200 mm. Soucasti dodavky byla
déle realizace 4 ks téZnich Sachet pramérné hloubky 9,5 m,
z nichZ jedna méla atypicky pentagondln{ prafez.

3 RAZBA STOL A GEOLOGICKE PODMINKY

3.1 Shérac¢ C01 Rooseveltova = Solni¢ni

Postup razicich praci byl navrzen tak, Ze jako t€Zni jama
slouzila Sachta §2, ze které se razilo upadné smérem ke stdva-
jicimu sbéra¢i a dovrchné k Sachté $3. Navrzeny spad byl jed-
notny 0,8 %. Primérni osténi tvorila dulni zvonkovd ocelova
vyztuZ z rdmi OR-O-01 osazend na vilcovanych profilech
U-160. Osovd vzddlenost vereji byla stanovena statickym
vypoctem na 0,8 az 0,9 m. Ramy byly podélné spojeny tiemi
rozpérami (jedna v klenbé, dvé po bocich). Vlastni paZeni Stoly
bylo navrzeno jako hnané z paznic typu UNION. V pfipade
vyskytu nesoudrznych poloh zeminy nebo navazek se uvazova-
lo s pouzitim tfecich svornikt typu BOLTEX (dl. 4 m) v klenb&
Stoly jako s docasnou vyztuZzi nadloZi Stoly. Tyto svorniky zdro-
ven umoznuji provedeni ndsledné injektdZe zeminového pro-
stied{ pro fixaci pfipadné vzniklych trhlin v zeminovém masi-
vu. Technologicky postup poéital s ne¢lenénym vyrubem Stoly.
Sitka pasma tvorby poklesové kotliny byla predpokladand 5 m
na kazdou stranu od osy razby s maximalnim poklesem terénu
v ose Stoly 1,3 mm.

V trase razené $toly byl predpokldddn vyskyt zvinéné drovné
podloZnich neogennich jili s moZznymi polohami terasovych
Stérkopisku a spraSovych hlin. Vylouen v3ak nebyl ani vyskyt
heterogennich navédZek antropogenniho puvodu, protoZe dand
lokalita se nachdzi v stfedovékém predpoli historické
Béhounské brany. Hladina podzemni vody byla uvaZovédna
v hloubce 8,5 m na drovni predvidané vodonosné vrstvy Stér-
kopisku.

V priubéhu raZeb byly skute¢né zastizeny podle predpokladu
staré zulové zdi a zdklady souvisejici se starym opevnénim
pobliz Béhounské brany. Ackoli bylo toto avizovéno, tak pro
archeologického laika — geotechnika bylo prekvapenim, Ze se
v hloubce 9 a7 10 metrt pod terénem nachézely zaklady starych
hradeb. Ale je vidét, Ze mésto Brno povyrostlo, alespon co se
tykd nadmorské vysky terénu. Rozpojovéni hradebnich zdklada
bylo zdlouhavé a ne jednoduché, protoze byly tvoreny Zulovy-
mi kameny (spojenymi na vdpennou maltu), které vykazovaly
zna¢nou soudrznost. Jinak geologicky profil viceméné odpovi-
dal predpokladam. Vyskytovaly se prevazné vapenité neogenn{
jily (tzv. brnénské tégly) relativné stabilni a dobre rozpojitelné.

Pfi dpadni razbé smérem do ulice Rooseveltova vSak doslo
ke kontaktu Stoly s vodonosnou Stérkopiskovou vrstvou
a objevily se silné vyrony podzemni vody. Razba musela byt
docasné preruSena a Celba zabezpeCena proti vykominovdni.
Pro omezeni pritoku se pristoupilo k aplikaci chemické injek-
tdze pomoci rychle tuhnouci injek&ni smési obsahujici specidl-
ni cementy a pfisady modifikujici dobu tuhnuti (smés Jetblend,
vyrobek firmy Minova). Tak jako v mnoha jinych pfipadech se
vSak ukdzala ne prili§ iéinnou. Proud podzemni vody byl nato-
lik silny, Ze dochdzelo k vyplavovani injektdze jeSté pred tim,
neZ stacila zatvrdnout. Jako svéZi a jednoduchy se pak ukdzal
napad provést odvodnovaci horizontdln{ vrt, ktery se zaustil do
stdvajici kanaliza¢ni Sachty, jeZ se po ukonleni vystavby méla
stejné ruSit. Tim se pak elegantné eliminoval pfitok vody do
Celby. Opét se tak potvrdilo pravidlo, Ze je mnohem jednodus-
§i se s podzemnimi vodami ,,domluvit®, resp. je usmérnit, nezli
s nimi ,,zdpasit“ pomoci invazivnich metod v podobé nejruz-

Zx 2

néjsich tésnicich injektazi.
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temporary reinforcement of the tunnel overburden. These
bolts at the same time allow subsequent injection of grout into
the ground environment required for fixing of contingent fis-
sures in the soil mass. The technological procedure counted
on the full-face excavation of the tunnel. The width of the
settlement trough was expected to be 5.0 m on either side
from the excavation centre line, with the maximum terrain
settlement on the tunnel centre line of 1.3 mm.

It was anticipated that undulating underlying Neogene clays
with possible layers of terrace gravel-sands and secondary
loess would be encountered along the mined tunnel route.
Although, nor the occurrence of heterogeneous, anthropoge-
nic-origin made-ground was excluded, with respect to the fact
that the particular locality lies in the medieval foreland of the
historic Béhounska Gate (Béhounskd Brana). The water table
was considered to be at the depth of 8.5 m, at the level of the
anticipated water-bearing layer of gravel-sands.

As anticipated, old granite masonry walls and foundations
relating to the old fortification near Béhounskd Gate were
actually encountered during the tunnelling work. Despite the
fact that it had been notified, it was a surprise for the geotech-
nician, laymen in archaeology, that there were foundations of
old ramparts found at the depth of 9 to 10 metres under the ter-
rain surface. It could be seen that the city of Brno grew a little,
at least as far as the altitude of its terrain surface is concerned.
The breaking of the rampart foundations was time consuming
and was not at all simple because it consisted of granite stones
(bonded by mortar), which exhibited significant cohesion. In
other respects, the geological profile more or less correspon-
ded to assumptions. It mostly comprised carbonaceous
Neogene clays (the so-called Brno Tegl), which is relatively
stable and easy to disintegrate.

During the downhill driving to Rooseveltova Street, the tun-
nel got into contact with a water-bearing gravel-sand layer and
high groundwater inrushes appeared. The excavation had to be
temporarily interrupted and the heading had to be secured aga-
inst the collapsing of the overburden. With the aim of redu-
cing the inflows, fast-setting grout containing special cements
and setting time-modifying agents was used for injecting.
Identically with many other cases, it came out as not too much
effective. The groundwater flow was so strong that the grout
was washed out even before it managed to harden. An idea of
carrying out a horizontal drainage borehole ending in an exis-
ting sewerage manhole, which was to be all the same removed
after the construction completion, turned out to be imaginative
and simple. In this way the water inflow to the heading was
subsequently simply eliminated. The rule that it is much sim-
pler to ‘come to an agreement’ with groundwater or to canali-
ze it than to fight with it using invasive methods in the form of
various sealing grout mixes was thus again confirmed.

A public lighting pole was found just in the particular loca-
tion where the excavation had to be interrupted. The pole at the
same time carried the contact line for trams. There were justi-
fiable fears that it could tilt or, in the worst case, sink down to
the tunnel due to the overburden settlement. It was therefore
necessary to stabilise its position by means of a ‘tripod’ and
horizontal beams. Fortunately, the required measurement of
changes in its position was not solved by any sophisticated tilt-
meters or other ‘conveniences’ of geotechnical monitoring.
Based on a recommendation of an undisclosed but extremely
experienced professional, the solution which was adopted lied
in simple visual observation of the pole from pre-marked
points. The vertical position of the pole was confronted with
the facade of Janacek Theatre, which contains lots of vertical
elements, therefore a mistake was excluded.

In other respects, the tunnelling operations ran in complian-
ce with the planned programme and the convergence measure-
ments inside the tunnel exhibited no anomalous deviations.
Nor the settlement trough did exceed the limits set by the
structural calculation.




V inkriminovaném misté, kde bylo razbu nutné prerusit, se
zrovna nachaézel sloup vefejného osvétleni, ktery zdroven slou-
zil k uchycenf trakéniho vedeni pro tramvaje. Panovaly oprav-
néné obavy, Ze muze dojit, vlivem dosednuti nadloZi, k jeho
ndklonu ¢i v nejhor§im prfipadé k jeho propadnuti do Stoly.
Proto bylo nutné zabezpecit jeho polohu pomoci ,.trojnozky*
a vodorovnych nosniku. Pozadované méfeni zmén jeho polohy
nebylo nastésti feSeno néjakymi sofistikovanymi naklonoméry
nebo jinymi vymoZzenostmi geotechnického monitoringu. Na
zékladé doporuceni nejmenovaného, zato nadmiru zkuSeného
odbornika se pristoupilo k prostému vizudlnimu sledovani
sloupu z predem oznagenych bodu. Svisld poloha sloupu byla
konfrontovdna s fasddou Jandckova divadla, kterd obsahuje
mnoho svislych prvku a omyl byl tak vyloucen.

Jinak razici prace probéhly podle planovaného harmonogra-
mu a konvergenéni méfeni ve §tole nevykazovala Zddné ano-
mdlni odchylky. Stejné tak poklesovd kotlina neprekrocila
meze stanovené statickym vypoctem.

3.2 Rekonstrukce kanalizace Rybni¢ek

Technologicky postup razicich praci byl navrZzen viceméné
shodné se S$tolou na ulici Rooseveltova (viz odstavec 3.1).
Jedinou odli$nosti bylo, Ze vzhledem k vétSimu profilu Stoly,
resp. jeji vySce, se uvazovalo s ¢lenénim vyrubu na horni
a dolnf lavku, a to v pfipadé nepriznivych hydrogeologickych
podminek. Rovnéz se v tomto pripadé pocitalo s posilenim pri-
madrni vyztuze aplikaci stfikaného betonu tloustky 7 cm spolu
s montazi KARI sité. Celkova §itka poklesové kotliny byla
predpokladand cca 13 m prfi poklesu nadlozi v ose Stoly
v rozmezi 0,7-1,4 mm.

V profilu stoly daného udseku byl predikovan vyskyt stabil-
nich zemin typu sprasovych hlin a velmi vysoce plastickych
neogennich jilu tuhé konzistence. Trasa $toly se sice nachdzela
pod hladinou podzemni vody, ale vzhledem k nizké aZ velmi
nizké propustnosti zeminového prostiedi se predpoklddal pru-
béh razeb ve viceméné bezvodém prostredi. Jediné ohroZeni
mohlo nastat v pfipadé pruniku podzemnich vod skrz hetero-
genni navazky, jejichz vyskyt nemohl byt pfedem vyloucen.
Potom by hrozilo nebezpeli rozbriddni soudrznych zemin,
které by mohly vyrazné zménit svoje fyzikdlni vlastnosti
a rychle se stat nestabilnimi.

Vyse uvedené obavy se naplnily pri vlastnim vykopu téznich
Sachet, kde se v hloubkdch cca 4 m nachédzely rozmélnéné
a zvodnélé jily. ProtoZe postupy razby Sachet v téchto podmin-
kéach byly jednak pomalé a jednak hrozilo riziko tvorby kave-
ren za paZzenim a roubenim Sachet, pristoupilo se k realizaci
svislych odvodiiovacich vrti. Vrty byly situovdny v ose trasy
Stoly a nepretrzité Cerpani podzemni vody umoZnilo hladké
dokoncen{ téznich Sachet. Umisténim vrtu v trase $toly byl zis-
kdn synergicky efekt spoCivajici v tom, Ze tyto vrty byly
nasledné s vyhodou vyuzity pro zaplnéni $toly, resp. prostoru
mezi polymerbetonovou stokou a primdrnim osténim Stoly
betonovou smési.

Z hydrogeologického hlediska pak vlastni razba Stol probehla
podle pfedpokladd v zemindch avizovanych prizkumem
a nebyla komplikovdna problémy spojenymi s pfitomnosti pod-
zemnich vod (obr. 1). Vyrub tak mohl byt provddén jako necle-
nény. Jedinou komplikaci byl soubéh se stavajici starou kanali-
za¢ni stokou, kterd ¢aste¢né zasahovala do profilu raZzené Stoly.
Slo o betonovou stoku vejéitého tvaru DN 600/900 mm.
Nicméné tato prekdzka byla oekdvdna a projekt s ni pocital.
ProtoZe bylo nutné po dobu vystavby zachovat funkénost stoky,
bylo pred zahdjenim razeb do této stoky vtazeno provizorni
plastové potrubi DN 400 mm. Potom byl prostor mezi plasto-
vym potrubim a starou stokou vyplnén popilkocementovou sus-
penzi KOPOS (obr. 2). Po dokonceni celé vystavby bylo zalito
popilkem i toto provizorni potrubi.

3.2 Rybni¢ek sewerage reconstruction

The technological procedure for the tunnel driving operati-
ons was designed more or less identically with the procedure
for the tunnel on Rooseveltova Street (see paragraph 3.1). The
only difference was that the excavation sequence consisting of
the upper bench and lower bench was designed with respect to
the larger profile of the tunnel (the larger height) for the cases
of unfavourable hydrogeological conditions. In addition, the
reinforcing of the primary support by applying a 7cm thick
layer of shotcrete together with installing KARI mesh mats
was counted on. The total width of the settlement trough was
assumed to be about 13 m, with the settlement of the overbur-
den on the tunnel centre line ranging from 0.7 to 1.4 mm.

The occurrence of stable soils of the secondary loess type
and very highly plastic Neogene clays with stiff consistency
was predicted to be encountered within the tunnel profile in
the particular section. Admittedly, the tunnel route ran under
the water table, but, taking into consideration the low to very
low permeability of the soil environment, the excavation was
expected to pass through a more or less dry environment. The
only danger could be faced in the case of groundwater pene-
trating through heterogeneous made-ground, the encountering
of which could never be excluded in advance. In such a case
the danger of cohesive soils becoming slushy would be faced.
The soils could substantially change their physical properties
and quickly become unstable.

The above-mentioned fears came true during the sinking of
hoisting shafts, where loose and water-bearing clays were
encountered at the depths of about 4 m. Because the advance
rates of the sinking of the shafts were slow and there was the
risk of the development of caverns behind the shaft lagging
and timbering, vertical dewatering wells were drilled. The
wells were located on the centre line of the tunnel. Owing to
the uninterrupted pumping of groundwater it was possible to
smoothly complete the hoisting shafts. A synergic effect was
earned by placing the boreholes on the tunnel centre line. It
lied in the fact that these boreholes were subsequently used
with advantage for the backfilling of the space in the tunnel
between the polymer-concrete sewer structure and the primary
lining of the tunnel with concrete.

As far as hydrogeology is concerned, the excavation of the
tunnels proceeded in compliance with assumptions,
i.e. passing through the soils which had been predicted by the
survey and was not complicated by problems associated with
the presence of groundwater (see Fig. 1). Thus the full-face
excavation procedure could be applied. The only complication
was the alignment running in parallel with the existing old
sewer, which partially interfered with the tunnel profile. It was
an egg-shaped concrete sewer DN 600/900 mm. However, this
obstacle was expected and the design allowed for it. Since it
was necessary to maintain the functionality of this sewer
during the course of the construction, a temporary plastic pipe-
line DN 400 mm was pulled into this sewer. Subsequently the
space between the plastic tubes and the old sewer was backfil-
led with KOPOS cinder-cement suspension (see Fig. 2). When
the entire construction had been completed, even this tempo-
rary pipeline was filled with cinder.

4 CONSTRUCTION OF SEWERS USING POLYMER
CONCRETE SEGMENTS

Because the polymer concrete segments which were used on
the two construction sites which are described in this paper
were identical, differing only in their dimensions, the descrip-
tion presented in this chapter will be only general. The poly-
mer concrete components were supplied by DUROTON
Polymerbeton GmbH, an Austrian company, which is repre-
sented in Brno by its branch.
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Tab. 1 Porovndni fyzikdlnich vlastnosti polymerbetonu
Table 1 Comparison of the polymer concrete physical properties

Primérna hodnota

Vlastnost materialu Jednotka Average value
TR Tl L taveny cedic¢ Zula/diorit polymerbeton

Fused basalt Granite / diorite Polymer concrete
S(E’ljfr’;’g‘ﬁe?gmhftnos't kg/m3 2900-3000 2500-2800 2100-2300
Naséakavost o
Absorption capacity Yo 0 0.2-07 0,13
Pérovitost o .
Percentage of voids 0bj. % / vol. % 0 0.4 0
Odolnost proti opotfebeni tbytek mm?3
Resistance to wear loss mm?3 < <t <
UL MPa 300-450 135-215 > 100
Compressive strength
mggﬂ:ups“gl?:gﬂcny MPa > 110000 3000-7000 20000-34000
V?ckersova tvrdost, povrch MPa 700-800 800 5 320
Vickers hardness, surface
Soucinitel tepeiné roztaznosti K1 8*10-6 6,506 12*10-6
Coefficient of thermal expansion
Soucinitel tepelné vodivosti o y g
Coefficient of thermal conductivity Wim-17K-1 1,9-2.2 L LEesly

4 VYSTAVBA KANALIZACE
Z POLYMERBETONOVYCH DILCU

ProtoZze na obou dvou stavbach, které jsou popisovany
v tomto ¢lanku, byly pouZity stejné polymerbetonové dilce,
které se li§ily pouze svymi rozméry, bude popis v této kapitole
pouze obecny. Dodavatelem polymerbetonovych komponentt
byla rakouskd firma DUROTON Polymerbeton GmbH, kterd je
v Brn¢ zastoupena dcefinou spole¢nosti.

4.1 Polymerbeton

Na tvod je potfeba se zminit o polymerbetonech jako tako-
vych. Podstatny rozdil oproti béZnému betonu predstavuje vyraz-
né vyssi statickd a dynamicka pruznost polymerbetonu. Material
Duroton patii ke skupiné duroplasti. Jako plnivo slouZzi prané,
susené a na definovanou zrnitost tfidéné kremicité pisky. Plnivo
a polyesterova pryskyfice se v automaticky fizenych zarizenich
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Obr. 2 Rybnicek, éelba — vlevo nahore provizorné propojend stdivajici kanalizace
Fig. 2 Rybnicek, excavation face — a temporarily interconnected existing
sewer pictured in the top left corner

4.1 Polymer concrete

To start with, it is necessary to mention polymer concretes as
such. A substantial difference from common concrete lies in
the significantly higher static elasticity and dynamic elasticity
of polymer concrete. Duroton material falls into the group of
duroplasts. Washed, dried silica sand screened to a defined
grain size fraction is used as the filler. The filler and polyester
resin are homogenously mixed at an accurately controlled tem-
perature in automatically controlled devices. Subsequently the
mass is moulded using a vibration method and left to harden.
Complete products can be removed from moulds and wrapped
as early as after 20 minutes. At that moment they already exhi-
bit over 80 % of the required strength.

Outstanding properties of polymer concrete allow its use in
areas with the highest requirements for mechanical properties,
abrasion resistance and chemical durability. The absorption of
hardened polymer concrete is nearly equal to zero, which is the
reason why duroton segments are frost resistant and their
dimensions are very accurate.

An important technological advantage lies in high flexibili-
ty in the shaping of products. It is possible to achieve even
complicated geometries of products by vibrating the material
in steel or plastic moulds. Thanks to this flexibility it is then
even possible to construct curved sewers, where the polymer
concrete segments are tailor-made and are installed on site
according to a pre-designed placing scheme.

The very good physical properties of polymer concrete are
apparent from the Table 1, where their values are compared
with natural materials (basalt and granite), which are frequent-
ly used for the construction of extremely loaded sewers and
structures.

4.2 Installation of polymer concrete segments

4.21. Transport of segments

Polymer concrete segments are supplied to construction sites
on classical EURO pallets (fixed with steel bands) in the con-
dition allowing immediate installation (see Fig. 3). Because
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za presné kontroly teploty homogenné smichaji a nasledné odliji
do forem vibracni metodou a pak vytvrdi. Hotové vyrobky
mohou byt jiz po 20 minutdch vyjmuty z forem a opatfeny oba-
lem. V tuto chvili jiz vykazuji pres 80 % pozadované koneéné
pevnosti.

Vynikajici vlastnosti polymerbetonu umoznuji jeho pouziti
v oblastech s nejvyss$imi pozadavky na mechanické vlastnosti,
otéruvzdornost a chemickou stdlost. Nasakavost vytvrzeného
polymerbetonu se rovnd téméf nule, z tohoto divodu jsou duro-
tonové dilce mrazuvzdorné a rozmérové velmi presné.

Vyznamnou technologicky danou prednosti je vysoka flexi-
bilita ve tvarovédni vyrobku. Vibrovdnim materidlu do ocelo-
vych nebo umélohmotnych forem lze dosdhnout i sloZité geo-
metrie vyrobku. Diky této flexibilité je pak mozné realizovat
z polymerbetonu i stoky v oblouku, kdy jsou jednotlivé dily
vyrobeny na miru a na stavbé se osazuji podle pfedem daného
kladec¢ského schématu.

Velmi dobré fyzikdlni vlastnosti polymerbetonu jsou patrné
z tabulky 1, kde jsou jeho hodnoty porovnany s prirodnimi
materidly (Cedi¢ a zula), které se hojné vyuzivaji pri vystavbé
zv14§té exponovanych kanalizacnich stok a objektu.

4.2 Montaz polymerbetonovych dilct

4.2.1 Doprava dilca

Polymerbetonové dilce se doddvaji na stavbu na klasickych
europaletach (fixované ocelovymi pdsy) ve stavu vhodném
k okamzitému zabudovani (obr. 3). ProtoZe jednou z méla
zépornych vlastnosti polymerbetonu je jeho kiehkost, bylo
treba se pri manipulaci s jednotlivymi dilci vyvarovat prudkych
ndrazu. ProtoZe jakékoli vyraznéjsi poniceni (trhlina, poskoze-
ny spoj) by vyloucilo jejich zabudovéni, coz by pii jejich cené
bylo mirné re¢eno neekonomické. Je potieba jesté uvést, ze se
horni a dolni ¢asti vejcitého profilu odlévaji do forem zvlast.
Tyto Céasti se pak prfimo ve vyrobni hale slepi dohromady
a expeduji na stavbu.
4.2.2 Spoje dilct

Vejcité polymerbetonové dilce jsou opatfeny hrdlovymi
spoji, do kterych se pred montdzi vklddd gumové tésnéni.
Spojeni jednotlivych dilcu se pres hrdla s gumovym t€snénim
provadi stavebnim lepidlem, jeZ zaroven slouZi pro vyplnéni
spdr. Stavebni lepidlo tak nahradilo dfive pouZivané bézné spa-
rovaci hmoty. Pro tento el bylo na stavbé pouZito dvousloz-
kové konstrukéni lepidlo a opravnd malta typu SIKADUR
K31/41 CF na bdzi epoxidové pryskyrice a specidlnich plniv
bez rozpoustédel. Lepidlo se nanédSelo na sty¢né hrany vejci-
tych dilca, a to bezprostiedné pred zasunutim profilu do hrdla.
Samoziejmosti bylo o¢isténi styénych ploch pred nanesenim
epoxidového lepidla rozpoustédlem na bdzi acetonu. Vytlatené
lepidlo na vnitini spafe bylo odstranéno mechanicky Spachtli.

Na stavbé sbérae Rooseveltova jesté nebylo souddsti spoje
gumové tésnéni, coZ se projevilo nékolika lokdlnimi prusaky
vod, které musely byt sanovéany. Sanace probihala zevniti stoky
vybrouSenim problematické spary a jejim opétovnym pretmele-
nim konstrukénim lepidlem. Na stavbé Rybnicek byly jiz spary
vystrojeny gumovym tésnénim, to se projevilo pozitivné na
jejich vodotésnosti a nebylo nutné provadét dodate¢né opravy.
Vyjimkou byla asi dvé nebo tfi mista v tseku, ktery byl prove-
den v oblouku a kdy je montdz atypickych, na miru délanych
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dilcu prece jenom technologicky sloZitéjsi.
4.2.3 Pokladka dilcti ve tole

Pro dopravu dilcu ve $tole se pouZival prosty paletovy vozik
s nosnosti 2,5 tuny. Po uloZenf vejc¢itého profilu na vozik na
dné téZni Sachty se tento prevezl na misto pokladky ve Stole.
Zde se dilec osadil do projektovaného spadu na podkladni beto-
novou desku Stoly. Pro vypodloZeni dilce do spravného spadu
se pouzivaly podklady z vrstvené pasoviny tloustky 2 az 3 mm.
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Obr. 3 Polymerbetonové dilce DN 1400 na 2100 mm na stavbé Rybnicek
Fig. 3 Polymer concrete segments DN 1400/2100 mm on Rybnicek construc-
tion site

one of negative properties of polymer concrete is its brittle-
ness, it was necessary to avoid sharp impacts when handling
individual segments. Any more serious damage (a crack,
a damaged joint) would have made the incorporation into the
structure impossible, which, to put mildly, would have been
uneconomic. In addition, it is necessary to say that the upper
parts and bottom parts of the egg-shaped profile are moulded
separately. These parts are subsequently glued together direct-
ly in the shop and are dispatched to construction sites.

4.2.2 segment joints

Egg-shaped polymer concrete segments are provided with
socket-spigot joints with rubber gaskets inserted into them
before the assembly. Individual segments with the rubber sea-
ling are connected by a building adhesive, which at the same
time fills the joints. The building adhesive have therefore
replaced the previously used common jointing materials.
SIKADUR K31/41 CF type of a two-component building
adhesive and a corrective mortar based on epoxy resin and spe-
cial fillers were used for this purpose. The adhesive was app-
lied to joint edges of the egg-shaped segments just before the
insertion of the profile into the socket. Cleaning of joint surfa-
ces with an acetone-based solvent before the application of the
epoxy adhesive was a commonplace. The adhesive which was
pressed out on the inner side of the joint was removed mecha-
nically with a spatula.

On Rooseveltova Street construction site, there was no rub-
ber sealing part of the joint yet. This fact manifested itself in
the form of several local water leaks, which had to be remo-
ved. The repair was carried out from within the tunnel by grin-
ding away of the problematic joint and repeatedly filling it
with the building adhesive. On Rybnicek construction site, the
joints were provided with rubber gaskets. It manifested itself
positively in terms of the waterproofing capacity — no additio-
nal repairs were necessary. The only exceptions were two or
three locations in the section installed on a curve, where it
must be admitted that the assembly of atypical tailor-made
segments was technologically more complicated.

4.2 3. Installation of segments in the tunnel

A simple pallet truck with 2.5 tonne carrying capacity was
used for the transport of segments in the tunnel. After the egg-
shaped profile segment had been loaded on the truck at the
bottom of the hoisting shaft, it was transported to the installa-
tion point in the tunnel. In this location the segment was pla-
ced on the designed gradient on the concrete tunnel basement
slab. Skids made up of strip steel 2 to 3 mm thick were used
to achieve the correct gradient. The egg-shaped profiles were
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Obr. 4 Rooseveltova, zafixovani polymerbetonovych dilci ve §tole
Fig. 4 Rooseveltova Street, polymer concrete segments fixed in the tunnel

Vlastni spojeni vejcitych dilcu se provddélo velmi jednoduse
heverem, ktery zatlacil osazovany dilec do jiZ ustaveného
a zafixovaného dilce. Po zatlaceni dilce a provedeni spoje se
muselo zrealizovat dukladné zajisténi vejcitého profilu proti
uklonéni nebo zvednuti pomoci ocelovych profild rozepienych
do primdrniho osténi $toly (obr. 4). Po ukonceni montédze byly
rovnéz osazeny vSechny odbocky kanaliza¢nich pripojek
a uli¢nich vpusti.

Jak jiz bylo uvedeno vySe, smontované polymerbetonové
dilce musely byt pred betondZzi dukladné zajiStény proti vypla-
véani pusobenim vztlaku. Zde se jednalo o kli¢ovou operaci,
protoze jakdkoli nepfesnost ¢i oSizeni pripravné Cinnosti by
mély fatdlni nasledky v podobé demontdze a nutného vyboura-
ni vyplavanych dilcu. Jakdkoli dodate¢nd oprava by byla
naprosto vyloudend. Proto byla fixaci dilci vénovdna mimo-
fddnd pozornost. BetonaZz pak musela byt provadéna po vrst-
véach pfimo z Sachet a zejména pak vyhodné z vrta, které byly
ziizeny za tuéelem odvodnéni $toly béhem razicich praci.
Vyslednd podoba sbérace je patrnd z obr. 5.

5 C[SARSKA KOMORA

Aby se nejednalo pouze o technicky ¢lanek, dovolil si autor
do této kapitoly vloZit historickou vsuvku, k ¢emuZz ho vedla
skutecnost, Ze razba $tol a vystavba sbérace na ulici Rybnicek
bezprostiedné souvisela s historickym technickym objektem na
brnénské kanalizaci zvanym ,,cisaiskd komora“. Nize uvedené
informace byly poskytnuty jednim z nejvétSich znalci brnén-
ského kanaliza¢niho systému panem Stanislavem Absolonem,
za coZz mu patii podékovani.

,»Cisafskd komora“, byl mezi pracovniky Brnénskych voda-
ren a kanalizaci, a. s., béZné uZivany nédzev pro soutokovy
a rozdélovaci objekt na brnénské stokové siti, ktery se nachézel
na kfizovatce ulic Stafikova — Rybnitek. Cim byl zajimavy?
Byl vybudovén v roce 1912 u prileZitosti pripravované navste-
vy cisafe Frantiska Josefa I. V té dobé byla vystavba kanaliza-
ce v Brné opravdu ve velkém rozmachu a neni proto divu, Ze
neunikla ani zdjmu samotného panovnika.

Objekt nebyl sice funk&né mimotadné dulezity, ale stavebné
byl bezpochyby fesen velmi unikdtné a velkoryse. Sachta saha-
la do hloubky téméf 8 m a umoZiiovala rozdéleni prutoku ze
staré privodni stoky z roku 1888. Stavba slouZila ve své puvod-
ni podobé do poloviny roku 2011 (tedy do doby ukonceni
rekonstrukce kanalizace, kterd je obsahem tohoto ¢lanku) a do
jeji betonové konstrukce nebylo zasahovédno. Pouze v roce
1999 byla provedena oprava omitek.

Obr. 5 Findlni podoba kanaliza¢niho sbérace na stavbé Rybnicek
Fig. 5 Final shape of the main sewer on the Rybnicek construction site

connected very simply by a jack, which pressed the segment
being installed to the previously set and fixed segment. Once
the pushing of the segment had been finished and the joint had
been completed, it was necessary to secure the egg-shaped
profile against tilting or heaving by means of steel sections
braced against the primary lining of the tunnel (see Fig. 4).
When the assembly operation had been finished, all branching
fittings for sewerage services and street inlets were also
installed.

As mentioned above, after the assembly the polymer concre-
te segments had to be thoroughly secured against flotation. It
was a crucial operation because any inaccuracy or leaving out
some parts of the preparation activities would have had fatal
consequences in the form of the necessity for dismantling and
breaking out the uplifted segments. Any additional repair
would have been excluded. For that reason the fixing of seg-
ments was paid extraordinary attention. Concrete had to be
cast in layers, directly from shafts and, especially advantage-
ously, from the boreholes which had been carried out for the
dewatering of the tunnel during the excavation. The final
shape of the main sewer is presented in Fig. 5.

5 EMPEROR’S CHAMBER

To make this paper not purely technical, the author took the
liberty of placing a historic insertion into this chapter. He was
led to this decision by the fact that the excavation of tunnels
and construction of the main sewer on RybniCek Street was
immediately connected with a historic technical structure on
the Brno sewerage called ‘Emperor’s Chamber’. The informa-
tion presented below was provided by Mr. Stanislav Absolon,
one of the greatest experts knowledgeable about the Brno
sewerage system. He deserves our thanks for it.

The term of ‘Emperor’s Chamber’ was commonly used by
employees of Brnénské Vodarny a Kanalizace, a. s. (Brno
Water and Sewerage joint-stock company) for the junction and
division structure on the Brno sewerage network which was
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located at the intersection between Stankova and RybniCek
Streets. What was interesting on it? It was built in 1912 on the
occasion of a visit of Emperor Franz Joseph I, which was being
prepared. At that time the development of the sewerage net-
work in Brno was booming and it is therefore no wonder that
it did not escape the interest of the monarch himself.

In terms of the function, the structure was not exceptionally
important, but in terms of the design it was solved in a very
unique and magnanimous way. The shaft reached the depth of
nearly 8 m. It made the division of flows from an old feeder
conduit from 1888 possible. The structure served in its origi-
nal form till the middle of 2011 (i.e. till the completion of the
sewerage reconstruction which is described in this paper) and
its concrete structure had not been changed. The only work on
it was a repair to plastering in 1999.

The entrance to the chamber was solved in a way allowing

Obr. 6 Navitéva na dné ,cisaiské komory ‘His Majesty’ to comfortably descend tQ Places which us:uz%lly
Fig. 6 The visit at the bottom of the Emperor’s Chamber remain concealed from common citizens. After lifting
a sexpartite cover, a visitor first descended an elegant spiral
Vstup do komory byl feSen tak, aby i ,jeho velienstvo® staircase, then a short gallery and another staircase, this time
mohlo pohodIng sestoupit do mist, kterd byvaji béZnému obca- straight, followed, ending on a large intermediate landing (see
novi utajena. Po otevieni Sestidilného litinového poklopu se Fig. 6). The gallery, which was bounded by a massive hand-
nejprve sestoupilo elegantnim toéitym schodistém, nasledovala rail, offered an interesting view of the chamber bottom and the
kratkd chodba a dalsi tentokrat primé schody dstici na velkou silent flow of sewage water, which was directed along
mezipodestu. Z této galerie, ohrani¢ené masivnim zabradlim, a smooth curve by a shallow cunette. It is likely that the
se nabizel zajimavy pohled na celé dno komory s tichym prou- Emperor himself, as well as the majority of the other visitors,
dem odpadni vody, kterd byla usmérnovana v plynulém oblou- terminated the visit on the landing of the Emperor’s Chamber.
ku mélkou kynetou. Na podesté ,.cisafské komory* ukoncil The last steps led down to the very bottom. The view down the
zfejmé prohlidku i sdm cisaf stejné jako véetSina ostatnich dark mouths of sewers, rodents running from time to time
navstévnika. Posledni schudky jiZz vedly aZ na samotné dno. across and the growing intensity of sweetish odour probably
Pohled do temného usti stok, tu a tam prebéhnuvsi hlodavec did not too much lure into examining it and would not lure into
a rostouci intenzita naslddlého pachu odpadnich vod k dalsi it even today (see Fig. 7).
prohlidce kanalizaniho sytému zfejmé prili§ neldkaly It has not been historically documented how long the
a neldkaly by i dnes (obr. 6). monarch stayed in the underground. On the other hand, it is the
Nenfi historicky doloZeno, jak dlouho se monarcha v podzem{ fact that owing to his visit a nice and interesting monument
zdrZel, faktem ovSem je, Ze diky jeho ndv§tévé zastala na kana- remained on the sewerage network of the city of Brno.
liza&ni siti mésta Brna peknd a zajimavd pamatka. It is a pity that it is no more possible to write about this
Je 3koda, 7¢ o tomto objektu je moZné jiz psdt pouze structure using the present tense. When the reconstruction of
v minulém case. Po ukonceni rekonstrukce kanalizace na ulici the sewerage in RybniCek Street had been finished, the
Rybnicek pozby]a ,cisarskd komora* svoji funkci a by]a z1i- Emperor’s Chamber lost its function and was demolished. It
kvidovdna. SlouZila tak bezmala 100 let a dalsi generace | had served for nearly 100 years; next generations can only
miZou jen doufat, e i jimi budovana dila vydrZi alespon stej- hope that the structures they will build will endure at least for
nou dobu. the same time.
6 ZAVER 6 CONCLUSION
Jednalo se o bezesporu zajimavé a ndrocné geotechnické The geotechnical structures we built in the centre of the city
stavby v centru mésta, kdy technika miiZe jen mrzet, Ze nebyly were undisputedly interesting and complicated and
vétsiho rozsahu a netrvaly déle. Pfijemnou nutnosti autora je a technician can only be sorry that their scope was not larger
podékovat dobrym spolupracovnikiim, hlavnimu stavbyvedou- and they did not take longer. It is my pleasant obligation to
cimu panu Karédskovi a stavbyvedoucimu panu Plhalovi za obé- express my thanks to good collaborators of mine, namely Mr.
tavé a erudované vedeni praci. Stejné tak kolegim z firmy | Kardsek, contractor’s project manager, and Mr. Plhal, contrac-
OHL ZS za seriézni spolupréci na stavbé Rooseveltova. tor’s agent, for the devoted and erudite management of the
works. The same thanks go to my colleagues from OHL ZS for
ING. IGOR FRYCV‘, igor.fryc@psvs.cz, reliable collaboration on the Rooseveltova construction site.
Prazské silni¢ni a vodohospoddrské stavby, a. s. B
ING. IGOR FRYC, igor. fryc@psvs.cz,
Recenzoval: doc. Ing. Viadislav Hordk, CSc. PraZské silni¢ni a vodohospoddrské stavby, a. s.
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ZAVISLOST BENTONITOVE IZOLACE NA KVALITE PODKLADU

DEPENDENCE OF BENTONITE WATERPROOFING
ON QUALITY OF SUBSTRATE

JIRI HUSARIK

1 0voD

Harmonizované evropské normy pro geosyntetické izolace
zavedené v soucasné dobé v Ceské republice se zabyvaji specifi-
kaci polymernich, jilovych a Zivi¢nych izolaci. V téchto technic-
kych predpisech nalezneme pozadavky na mechanicko-fyzikaln{
vlastnosti, postupy pro posuzovdni shody, zkuSebni metody,
pozadavky na vyrobce, vhodnosti pouZiti, systém kontrol atp., ¢ili
prakticky vSe co potfebujeme pro ndvrh, realizaci i zkouSeni
vodotésnych izolaci znit. BohuZel zatim nejsou v Ceské republi-
ce v tomto smyslu zpracované Zadné normativni technické pred-
pisy pro vodotésné izolace fungujici na zdkladée prirodnich bento-
nita. Tato skute¢nost se promité i do praktického pouziti.

Ucastnici stavebniho procesu, mysleno predeviim projektanti,
zhotovitelé a investofi, jsou timto postaveni pred rozhodnuti pou-
Zit systém, ktery nemd normativni oporu oproti standardizova-
nym systémum. I kdyZ, aZ na nékteré vyjimky, nejsou vyse cito-
vané normy zéavazné, dd se Casto vysledek vybéru predpokladat.
Presto se prirodniho bentonitu pro vyrobu ruznych typu vodotés-
nych izolaci vyuZziva ¢im dal vic.

Bentonit je homogenni, velmi jemnd hornina, kterd vznikd
postupnym zvétravanim mateéni horniny, predevs§im sopeénych
tufii. Md zna&nou sorb&ni schopnost a vnitini bobtnavost ve styku
s vodou.

Pro pouziti jako utésnujictho prvku je nejvice vhodny bentonit
sodny, jehoZ nejvétsi loziska se nachédzeji v  USA ve stdtech
Wyoming a Montana. Prvni loZiska byla objevena kolem roku
1881 u mésta Fort Benton (Montana). Odtud i jeho nazev.

Bentonitové izolace prosly v poslednich asi 20 letech zna¢nym
vyvojem. Z pouzivani predevsim na skladkach v USA se postup-
né z bentonitovych rohoZzi zaaly izolovat podzemni stavby
i v Evropé a dnes se mohou zhotovitelé prezentovat i pouzitim
v raZenych tunelech, predev§im ve skandindvskych zemich.

V Ceské republice byla bentonitové izolace vyuZivana pfi prv-
nich aplikacich jako druhotny, nebo feknéme zilozni systém
k izolacim tzv. standardnim. Takto zdivodnéné vyuZiti jiz byl
investor ochoten akceptovat.

Naslednd prvni vyuZiti bentonitovych izolaci jako hlavniho izo-
laéniho systému méla své nedostatky vyplyvajici asto ze Spatné
aplikace, kterd nezohlednovala hlavn{ zdsadu pro spravnou funk-
ci tohoto bobtnavého prirodniho materiélu, a to je zajisténi celo-
plosného dostate¢ného pritlaku na izolovanou konstrukci.

V soucasné dobé se jiz vyrdbéji bentonitové izolace
s kombinacemi vicevrstvych rohozi s obsahem granuldtu nebo
jemné moucky uzavrené v tkanych a netkanych geotextiliich bez
f6lii nebo s féliemi na bazi PE nebo PVC_P. Stile Castéji se pou-
Ziva kaSirovani bentonitu na félie a vyuziva se i tzv. predhydrata-
ce bentonitu.

Také zhotovitelé jsou jiz podstatné 1épe sezndmeni se zdsadami
technologického postupu pri provadéni a zacinaji vyuzivat hlav-
nich vyhod tohoto materidlu stdle Cast€ji. Jednd se predevsim
o jednoduchost aplikace a moznost provadéni praci i za nizkych
teplot, kdy jiné izolace jiZ pouZivat nelze. MoZnost celoro¢niho
pouziti je v soucasné dobé, kdy se kladou stédle vétsi naroky na
dodrzen{ termint realizace, znaénou vyhodou nejen pro zhotovi-
tele, ale i pro investora a budouciho uzivatele.

1 INTRODUCTION

The harmonised European standards for geosynthetic waterproo-
fing materials which have been recently introduced in the Czech
Republic deal with the specification for polymer-based, clay-based
and bitumen-based waterproofing materials. In these technical spe-
cifications we find requirements for mechanical-physical properti-
es, conformance assessment procedures, testing methods, require-
ments for manufacturers, the suitability of use, inspection system
etc., which is virtually everything we need know for the designing,
installing and testing of waterproofing. Unfortunately, no relevant
normative technical regulations for the functioning of waterproo-
fing based on bentonite have been issued in the Czech Republic.
This fact reflects itself even into the practical use.

Participants in the construction process, meaning first of all
designers, contractors and project owners, therefore face the
necessity of deciding whether the system which has no normative
backing, as opposed to standardised systems, is to be used. Even
though the above-mentioned standards, with some exceptions, do
not have any binding force, the result of the selection is often pre-
dictable. Despite this fact, natural bentonite is used more and
more often for the production of various types of waterproofing
materials.

Bentonite is homogeneous, very fine-grained ground, which ori-
ginates as a result of gradual weathering of parent material, first of
all volcanic tuffs. It features significant sorption capacity and inter-
nal swelling power on contact with water.

Sodium bentonite, the largest deposits of which are found in the
states of Wyoming and Montana, the USA, is the most suitable
material for the use as a waterproofing element. The first deposits
were discovered near the town of Fort Benton (Montana) around
1881. This is the origin of its name.

Bentonite waterproofing materials have passed through extensive
development during the recent approximately 20 years. Starting
from applications at landfills in the USA, bentonite mats gradually
began to be used for waterproofing of underground structures even
in Europe. Today, contractors, first of all in Scandinavian countries,
can present themselves even by the use in mined tunnels.

In the Czech Republic, in the first applications, bentonite waterp-
roofing materials were used as a secondary or, let us say a back-up
system for the so-called ‘standard’ waterproofing systems.
A solution which was given this reason became already acceptable
for project owners.

The subsequent cases of the use of bentonite waterproofing as the
main waterproofing system suffered their drawbacks following
from frequently incorrect application, which did not take into con-
sideration the main rule for the correct function of this natural swel-
ling material, which is that it is necessary to ensure sufficient
whole-area pressure forcing it against the structure being provided
with the waterproofing.

Today, bentonite waterproofing materials are already manufactu-
red with combinations of multi-layer mats containing pellets or fine
powder closed in woven as well as non-woven geotextiles without
plastic membranes or with a PE based or PVC_P-based membrane.
The spreading of bentonite on membranes is used ever more frequ-
ently and even the so-called bentonite pre-hydration is used.




Obr. 1 Princip bentonitové izolace
Fig. 1 Bentonite waterproofing principle

Autor se proto ve vyzkumné praci zaméril na provereni vlast-
nosti a chovani bentonitové izolace v zéavislosti na kvalité prove-
deni podkladu pro pokladku izolace.

2 PRINCIP BENTONITOVYCH IZOLACI

Funkce bentonitové izolace je zaloZena na tésnicich vlastnos-
tech sodného bentonitu. Sodny bentonit je smés minerdlu
s prevahou montmorilonitu, ktery pfi styku s vodou okamzité rea-
guje a tim vytvari izola¢ni vrstvu. Po aktivovani izolace, tedy
vytvoreni izolaéni vrstvy, je zabranéno pronikajici vodé k izolaci
nebo konstrukei v migraci podél konstrukce. Podle rozsahu posko-
zené izolace lze rozdélit efektivitu bentonitové izolace na dvé
zdkladnf hlediska:

— v piipad¢é malého poskozeni izolace (rozriznuti izolace) dojde

aktivaci izolace k utésnéni poSkozeného mista,

— pfi rozmérngjsich poskozenich izolace (odstranéni kusu izola-
ce) dojde k ohranic¢eni poSkozeného mista a tim k definovani
presného mista pro piipadnou injektaz.

Hlavnim a nejduleZitéj$im predpokladem pro vhodné a spravné
pouziti bentonitové izolace je jeji uloZeni tak, aby byla seviena
mezi pevné povrchy a tim byla vyuZita tésnici funkce bentonito-
vé izolace v pripadé styku s vodou.

Na dne3nim trhu existuje fada vyrobka, které jsou zaloZzeny na
funkci bentonitu, napiiklad bentonitové rohoZe (izolace), pasky,
tmely.

Obr. 2 Rez bentonitovou rohozi VOLTEX
Fig. 2 Section through a VOLTEX bentonite mat

21. rocnik - €. 3/2012

In addition, contractors are substantially better acquainted with
the rules of the technological procedure during the application and
have started to take the advantage of this material ever more frequ-
ently. The advantage lies first of all in the simplicity of the applica-
tion and the possibility to carry out the work even in low tempera-
tures, in which other waterproofing systems cannot be used. The
possibility of the year-round use is significant advantage not only
for the contractor but also for the client and the future user at the
present time, when ever higher demands are being put on keeping
to contractual deadlines.

This is why I focused my research work on the verification of
properties and behaviour of bentonite-based waterproofing in rela-
tion to the quality of the execution of the substrate for the applica-
tion of the waterproofing.

2 BENTONITE WATERPROOFING PRINCIPLE

The function of bentonite waterproofing is based on sealing pro-
perties of sodium bentonite. Sodium bentonite is a mixture of mine-
rals with the prevailing proportion of montmorilonite, which imme-
diately reacts with water and creates a waterproofing layer. When
the waterproofing property has been activated, which means that
the waterproofing layer has developed, water is prevented to pene-
trate to the structure or to migrate along the structure. The effecti-
veness of bentonite waterproofing can be divided into the following
basic categories:

—In the case of a minor damage to the waterproofing (cutting
through the waterproofing layer), the waterproofing capacity is
activated and the damaged location is sealed.

— In the case of a damage to a larger area of the waterproofing (a
piece of waterproofing is removed), the damaged area is enclo-
sed, thus the exact location where the contingent grouting is to
be carried out is exactly defined.

The main and most important condition for the proper and correct
application of bentonite waterproofing is that it is installed in a way
which ensures its clamping between hard surfaces so that the sea-
ling function of the bentonite waterproofing is exercised in the case
of its contact with water.

On today’s market there is a range of products available which
are based on the function of bentonite, e.g. bentonite mats, bands
and compounds.

The function of bentonite is documented in the figure below. Dry
bentonite was poured into a test cylinder and, subsequently, water
was poured on its top. The cylinder was lifted immediately after the
water was poured into it and was shifted next to the original place.
Dry bentonite which was not activated when water was poured into
the cylinder remained spilled on the original spot. Owing to its
expansion capacity, the activated bentonite was capable of keeping
remaining water in the cylinder without seeping through the activa-
ted bentonite layer (see Fig. 1).

3 MATERIAL FOR TESTING

Two basic types of bentonite are applied to bentonite mats, either
the so-called dry bentonite or pre-hydrated bentonite. They can be
in addition modified depending on the grade of water corrosivity.
There are currently several products on the waterproofing products
market combining a bentonite layer with felt or a plastic membrane
providing the supporting part of the product structure.

In this paper, I will describe results of tests conducted on a VOLTEX
bentonite mat (see Fig. 2).

Selected technical specifications for VOLTEX [1]:

Total thickness of mat in dry condition 6.4 mm EN 9863-1
Temperatures during installation up from -32°C ASTM D-1970
Resistance to hydrostatic pressure 0.702 MPa  ASTM D-5385
Puncture resistance (CBR) 1.5 kN ENISO 12236
Bentonite content 4.80 kg/m2 EN 14196
Water absorption 24 ml/2g ASTM D-5890
Tensile strength 8 kN/m EN ISO 10319
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Obr. 3 ZkousSka funkce izolace VOLTEX (typ 1) — vysypdni nddoby frakci
8-32 mm

Fig. 3 Testing of VOLTEX waterproofing material function (type 1) — pou-
ring aggregate fraction 8-32 mm into the vessel

Na ndsledujicim obrdzku je zdokumentovdna funkce bentonitu.
Do zkusebniho vilce byl vsypdn suchy bentonit a nasledné shora
zalit vodou. Okamzité po naliti vody byl vdlec zvednut a pfesunut
vedle pavodniho mista. Na pivodnim misté zustal suchy vysypa-
ny bentonit, ktery pri naliti vody nebyl aktivovdn. Aktivovany
bentonit je schopen pomoci své roztaznosti udrZzet zbylou vodu ve
vélci, aniZ by prosdkla skrz aktivovanou vrstvu bentonitu (obr. 1).

3 ZKOUSENY MATERIAL

Do bentonitovych rohoZi se aplikuji dva zdkladni druhy bento-
nitu, bud tzv. suchy, nebo piedhydratovany. Ty pak mohou byt
déle upraveny podle agresivity vody. V dne$ni dobé se na trhu
s izolacemi vyskytuje fada vyrobku, u kterych je predev$im kom-
binovéna vrstva bentonitu s rohoZi nebo f6lif jako nosnou kon-
strukei vyrobku.

V tomto prispévku budu popisovat vysledky zkousek na bento-
nitové rohozi VOLTEX (obr. 2).

Vybrané technické specifikace izolace VOLTEX [1]:

Celkova tlouStka rohoZe za sucha 6,4 mm EN 9863-1
Teploty pri instalaci od =32 °C ASTM D-1970
Odolnost vuci hydrostatickému tlaku 0,702 MPa ASTM D-5385
Odolnost vuci protlateni (CBR) 1,5 kN EN ISO 12236
Obsah bentonitu 480kg/m?  EN 14196

Obr. 5 Zkouska funkce izolace VOLTEX (typ 1) — nddoba po napusténi vodou
Fig. 5 Testing of VOLTEX waterproofing material function (type 1) — the
vessel after filling with water
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Obr. 4 Zkouska funkce izolace VOLTEX (typ 1) — nddoba pred napusténim
vodou
Fig. 4 Testing of VOLTEX waterproofing material function (type 1) — the
vessel before filling with water

4 DESCRIPTION AND CONCLUSIONS OF TESTS

I carried out the verification of the dependence of the
waterproofing tightness on the quality of the surface of the
waterproofing layer substrate by means of tests simulating the
substrate quality and the environment in which the waterproo-
fing is installed. The tests were conducted in glass vessels with
perforated bottoms so that water passing through was obvious.
The mats were inserted into the glass vessel in one folded
piece, without any joint.

At the first test type, the mat was inserted into the vessel in
a way which ensured that caverns (honeycomb structures) ori-
ginated between the glass and the mat. Then the vessel conta-
ining the waterproofing mat was filled with gravel, grain size
fraction of 8-32 mm, and water was poured on it. Using this
way of the waterproofing mat application and spreading gravel
of the above-mentioned grain size, the locations where the
required clamping of the mat in which leakage through the
waterproofing mat could originate were simulated (see Fig. 3).

Water started to leak from the vessel through the waterproo-
fing mat within 10-15 seconds from the beginning of the filling
of the vessel with water. The leakage stopped within the inter-
val of time of 5-6 minutes; subsequently water only dropped
for 8-10 minutes from the beginning of the test.

Obr. 6 Zkouska funkce izolace VOLTEX (typ 1) — vytékajici vody z nddoby
Fig. 6 Testing of VOLTEX waterproofing material function (type 1) — water
leaking from the vessel




Obr. 7 Zkouska funkce izolace VOLTEX (typ 2)
Fig. 7 Testing of VOLTEX waterproofing material function (type 2)

ASTM D-5890
ENISO 10319

Absorbce vody
Pevnost v tahu

24 ml/2g
8 kN/m

4 POPIS A ZAVERY ZKOUSEK

Ovéreni tésnosti izolace v zdvislosti na kvalité povrchu podkla-
du pod izolaci jsem provedl pomoci zkousek, které simulovaly
kvalitu podkladu a prostfedi uloZeni izolace. Zkousky byly pro-
vadény ve sklenénych nadobéch s perforovanym dnem, aby bylo
zfejmé proteéeni vody. RohoZe byly do sklenéné nddoby vloZeny
v kuse s preloZenim bez jakychkoli spoju.

U prvniho typu zkousky byla rohoZ vloZena do nadoby umiste-
na tak, aby vznikly mezi sklem a rohozi tzv. kaverny neboli hniz-
da. Ddle byla nddoba s izolaci vysypdna kamenivem frakce
8-32 mm a naplnéna vodou. Timto zpusobem uloZen{ izolace
a zasypem kamenivem uvedené frakce byla simulovdna piipadnd
mista bez pozadovaného pritlaku izolace, ve kterych by mohlo
dochdzet k netésnosti izolace (obr. 3).

Od zac¢dtku napousténi nddoby vodou zaCala v rozmezi 10-15
sekund vytékat voda ven z nddoby skrz izolaci. Vytékani vody se
zastavilo v Casovém intervalu 5-6 minut a nasledné voda jen
odkapdvala do doby 8—10 minut od zacatku zkousky.

U druhého typu zkousky byla izolace uloZena v nddobé bez
vytvoreni mist s kavernami a zdroven bylo dosaZeno rovnomér-

Obr. 10 Zkouska funkce izolace VOLTEX (typ 2) — detail po napusténi nddo-
by vodou

Fig. 10 Testing of VOLTEX waterproofing material function (type 2)
— a detail after the filling of the vessel with water
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Obr. 8 Zkouska funkce izolace VOLTEX (typ 2) — nddoba pred napusténim
vodou

Fig. 8 Testing of VOLTEX waterproofing material function (type 2) — the ves-
sel before filling with water
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Obr. 9 Zkouska funkce izolace VOLTEX (typ 2) — nddoba po napusténi vodou

Fig. 9 Testing of VOLTEX waterproofing material function (type 2) — the ves-
sel after filling with water

At the other type of the test, the waterproofing mat was
inserted into the vessel without creating caverns and, at the
same time, uniform pressing on the waterproofing mat against
the vessel wall was reached by means of sand, which was used
instead of the aggregate (see Fig. 7). At this test, no water pas-
sed from the vessel through the waterproofing mat after the
vessel had been filled with water.

It is possible to state on the basis of the tests and the mea-
sured values that:

— Water flew through the waterproofing in the case of the first
type test because during that time the bentonite layer was
being activated and bentonite was growing into the geotex-
tile layers. Water ceased to seep through after the activation
and saturation of the geotextile layers with bentonite.

— The seepage due to the longer duration of the activation of
the bentonite layer could also be caused by the following
circumstances: a failure to activate the mat under pressure
(empty spaces at corners and at the folds — in the area of
a possible cavern), non-uniform pressing of the waterpro-
ofing layer by the 8-32 fraction aggregate.

— The waterproofing is capable of sealing locations where
the waterproofing was applied or the substrate was carried
out erroneously, but this manifests itself with a certain
delay.



21. rocnik - €. 3/2012

4 : ] \’M
Obr. 13 Nevhodny podklad pod izolaci
Fig. 13 Improper waterproofing layer substrate

néjsiho pritlaku izolace na sténu nddoby pomoci pisku, ktery byl
pouzit misto kameniva (obr. 7). U této zkousky po napusténi
nddoby vodou neprotekla Zddnd voda skrz izolaci z nddoby ven.

Na zdkladé téchto zkouSek a naméfenych hodnot l1ze konsta-

tovat:

— Voda vytékala u zkouSky prvniho typu skrz izolaci, jelikoZ po
tuto dobu dochézelo k aktivaci a prorustani bentonitové vrst-
vy skrz vrstvy geotextilif. Po aktivaci a vypInéni prekladu
vrstev geotextilii bentonitem prestala voda prosakovat.

— Prosakovani vody vlivem delSi doby aktivace bentonitové
vrstvy mohlo byt také zapri¢inéno ndsledujicimi okolnostmi:
neaktivovani rohoze pod tlakem (volnd mista v rozich
a u preloZeni — v redlu mozné kaverny), nerovnomérné pri-
tlaceni izolace kamenivem frakce 8-32 mm.

— Izolace ma schopnost utésnit i chybné provedend mista pri
poklddce izolace nebo realizaci podkladu, avSak s urcitym
zpozdénim.

5 PRIKLADY VZNIKU OHROZENYCH MIST PRI REALIZACI

Na nasledujicich fotografiich jsou uvedeny priklady poskoze-
ni izolaci nebo nevhodné provedenych podkladu pod izolace,
které mohou zapfi¢init vznik tzv. kaveren, u kterych muze dojit
ke ztrdté potfebného pritlaku izolace a tim proteCeni vody skrz
izolaéni vrstvu zejména v prvni fazi po zatopeni vodou.

6 ZAVER

Z vySe popsanych testi izolaci vyplyvaji nésledujici fakta.
Kvalitni priprava podkladu pro bentonitovou izolaci je stejné
dulezitd jako u jinych typu izolaci. V opa¢ném prfipadé muze dojit
k lokdlnimu docasnému prasaku vody. Stejné duleZité je prove-
deni kontroly kvality pokladky izolace pred navazujicimi prace-
mi, jelikoZ moZné preloZeni nebo shrnutf izolaci muze mit stejny
negativni efekt jako nekvalitné provedeny podklad.

Tato izolace velice efektivné zabranuje migraci vody podél
konstrukce a md schopnost utésnit i nevhodné provedené mista,
avSak za cenu do¢asného prusaku vody.

ING. JIRI H USARIK, Jiri.husarik@metrostav.cz,
METROSTAV, a. s.,

spoluprice ING. JURAJ KRATSMAR-SMOGROVIC,
PASTELL, spol. s r. o.

Recenzoval: Ing. Pavel Sourek
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Obr. 11 Shrnuti izolace od nevhodného pohybu osob po izolaci
Fig. 11 Ruffling of a waterproofing layer by inappropriate movement of per-
sons on the layer

Obr. 12 Nekvalitné provedené napojeni izolaci umoZzriujici vteéeni betonové
smesi do spoje

Fig. 12 Shoddy workmanship on a joint between waterproofing mats making
the flowing of concrete mix into it

5 EXAMPLES OF THE ORIGINATION OF ENDANGERED
SPOTS DURING CONSTRUCTION

The pictures below present examples of damaged waterproo-
fing layers or improperly performed substrates under waterpro-
ofing layers which may cause the origination of the so-called
‘caverns’, on which the required pressure on the waterproofing
layer may be lost and subsequently water may seep through the
waterproofing layer, first of all during the first stage after it is
inundated with water.

6 CONCLUSION

The following facts can be drawn from the waterproofing
tests described above: Good quality preparation of the bentoni-
te waterproofing substrate is of the same importance as it is at
other waterproofing types. Failing that, a local temporary
seepage of water may happen. Of the same importance is the
execution of checks on the quality of the installation of the
waterproofing layer prior to the subsequent operations. It is so
because of the fact that the possible folding or ruffling of the
waterproofing layer may have a negative effect which is identi-
cal with the effect of shoddy workmanship on the substrate.

This waterproofing type effectively prevents water from
migrating along the structure and is capable of sealing even
improperly performed locations, even though at the expense of
temporary seepage of water through it.

ING. JIRI H USARIK, Jiri.husarik@metrostav.cz,
METROSTAYV, a. s.,

spoluprdce ING. JURAJ KRATSMAR-SMOGROVIC,
PASTELL, spol. s r. o.
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FOTOREPORTAZ ZE STAVBY PRODLOUZENI
TRASY V.A PRAZSKEHO METRA (STAV K 15. 7. 2012)

PICTURE REPORT FROM THE CONSTRUCTION OF THE FIFTH
EXTENSION OF THE PRAGUE METRO LINE A (THE STATE AS OF 15. 7. 2012)

=l - Obr. 2 Cesty logistiky technologie EPBS ve stavebni jame E2 (foto: Husdk)
Obr. 1 Zeminovy §tit Adéla pri pritahu a odpocinku ve stanici Cerveny Vrch Fig. 2 Routes of the EPBS technology logistics in construction pit E2 (photo
(foto: Tatar) B courtesy of: Husdk)
Fig. 1 Adéla EPBS being pulled through and taking rest in Cerveny Vrch sta-
tion (photo courtesy of: Tatar)

Obr. 3 Pohled do stanice Cerveny Vrch (foto: Tatar)
Fig. 3 A view of Cerveny Vrch station (photo courtesy of: Tatar)

Obr. 6 Provddeéni definitivniho osténi v trojlodni stanici Veleslavin (foto: Chotdr)
Fig. 6 Construction of final lining in Veleslavin three-vault station (photo
courtesy of: Chotadr)

Obr. 5 Hra prirodnich Zivlu s podzemim ve stanici Petfiny (foto: Tatar)
Fig. 5 Play of elements with the underground in Pet¥iny station (photo cour-
tesy of: Tatar)
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ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

SVETOVY TUNELARSKY KONGRES A 38. VALNE SHROMAZDENI ITA

TUNELY A PODZEMNI PROSTOR PRO SVETOVOU SPOLECNOST — BANGKOK 2012
WORLD TUNNEL CONGRESS & 38TH ITA GENERAL ASSEMBLY ON

TUNNELLING AND UNDERGROUND SPACE FOR A GLOBAL SOCIETY — BANGKOK 2012

The world Tunnel Congress was held in Bangkok, Thailand,
from 18th to 24th May 2012. The congress was organised by the
ITA jointly with the Thailand Underground and Tunnelling
Group (TUTG) and the Engineering Institute of Thailand (EIT).
The total of 53 countries from 68 ITA member countries were
represented at the congress. As a standard, parts of the congress
were, in addition to lectures as follows: the ITA General
Assembly, a meeting of the ITA management, a pre-congress
educational course, sessions of WG - working groups, an exhi-
bition of companies having their business in the area of underg-
round construction, a poster exhibition of papers which were not
selected for presentations, social events, excursions and tours.

The decision on the World Tunnel Congress 2015 to be held in
Dubrovnik, Croatia, was made at the General Assembly.

As far as the Czech Republic is concerned, 15 persons atten-
ded the congress, 10 papers were published in the congress pro-
ceedings and 5 of them were read, namely the papers by
Ing. Martin Srb (D2 Consult Prague s.r.0.) — Long Highway
Tunnels in Indian Himalaya under Construction, Ing. Alexandr
Butovi¢, Ph.D. (Satra s.r.o.) — The Blanka Tunnel Complex in
Prague — The Unique Close Crossing of Big Profile Tunnels,
Ing. Karel Rossler, Ph.D. (Metrostav a.s.) — EPBM Two
Component Grouting — Problems and Solutions, Ing. Marek
Zélesky, Ph.D. (Arcadis Geotechnika a.s.) — Geotechnical Risks
Mastery - Prague Metro Line A and Mgr. Libor Sila (PUDIS a.s.)
— Experience of Geotechnical Monitoring during the Con-
struction of Utility Tunnels in Prague, Czech Republic.

Svétovy tuneldrsky kongres se konal 18.-24. kvétna 2012
v Bangkoku (obr. 1) v Thajsku. Kongres organizovala ITA spo-
le¢né s Thailand Underground and Tunnelling Group (TUTG)
a Engineering Institute of Thailand (EIT). Na kongresu bylo
zastoupeno 53 statu z 68 &lenskych statt ITA. Souddsti kongre-
su bylo standardné kromé prednasek také valné shromazdéni
ITA, setkani vedeni ITA, predkongresovy vzdéldvaci kurz, set-
kani pracovnich skupin (WG — Working Groups), vystava spo-
le¢nosti podnikajicich v oblasti podzemnich staveb, posterova
vystava piispévki nevybranych k prezentacim, spoleCenské
akce, dile pak exkurze a vylety.

Na kongresu bylo celkem pfitomno 994 delegatu, 62 dopro-
vodnych osob a 218 vystavovateld, celkem tedy 1274 dcastniku
(pro porovnani na WTC 2007 v Praze bylo pfitomno 1167 dele-
gétu, 215 doprovodnych osob a 186 vystavovatelu, celkem tedy
1568 dclastnika). Nejvice delegétu bylo z porddajictho Thajska
(156), z Ciny (63) a z Japonska (56), Ceskych delegatl bylo pri-
tomno 11.

VALNE SHROMAZDENI

Pritomné ¢lenské staty ITA:

Jizni Afrika, Némecko, Argentina, Austrilie, Rakousko, Azer-
bajdzan, Bélorusko, Belgie, Bosna a Hercegovina, Brazilie,
Bulharsko, Kanada, Chile, éina, Kolumbie, Korea, Kostarika,
Chorvatsko, Dansko, Spojené arabské emiraty, Ekvéador, §panél-
sko, USA, Finsko, Francie, Iviecko, Madarsko, Indie, Irdn, Itilie,
Japonsko, Makedonie, Malajsie, Mexiko, Cern4 Hora, Myanmar,

Nepél, Norsko, Nizozemsko, Polsko, Portugalsko, Rumunsko,
Spojené kralovstvi, Rusko, Srbsko, Singapur, Slovensko,
Slovinsko, Svédsko, Svycarsko, Ceskd republika, Thajsko,
Ukrajina.

Nepritomné ¢lenské staty ITA:

Alzirsko, Saiddskd Arédbie, Egypt, Indonésie, Island, Izrael,
Kazachstan, Laos, Lesotho, Maroko, Panama, Peru, Turecko,
Venezuela, Vietnam.

Clenstvi v ITA

ITA prijala ¢tyfi nové Clenské staty (Kostarika, Ekvador,
Makedonie, Myanmar) a 15 novych pridruzenych ¢lenu (12 fi-
remnich ¢lenu a 3 individuélni ¢leny). Celkem m4d ITA 68 ¢len-
skych stdta a 305 pridruzenych ¢lenu (190 firemnich ¢lenu
a 115 individuélnich &lena).

Poradatelstvi nasledujicich svétovych kongresu

Svétovy kongres WTC 2013 bude v Zenevé ve Svycarsku,
WTC 2014 bude v Brazilii u vodopadu Iguassu (puvodni misto
kondani Sao Paulo bylo zménéno vzhledem k terminovému stre-
tu s fotbalovym MS). O organizaci WTC 2015 usilovaly tfi
staty: Dénsko (Kodan), Chorvatsko (Dubrovnik) a Némecko
(Mnichov). V prvnim kole ziskalo Dénsko 14 hlast, Chorvatsko
26 hlasu a Némecko 12 hlast. V druhém kole ziskalo Déansko
23 hlasu a Chorvatsko 29 hlasu. WTC 2015 se tedy uskute¢n{
v chorvatském Dubrovniku.

PREDNASKY

Na kongresu byly pfedneseny 4 dvodni prednasky. Prvni pred-
nasku (Muir Wood lecture) prednesl prof. Fritz Griibl
z Némecka, nové vyzvy v oblasti ndvrhu segmentovych osténi,
které souviseji s vétsimi pruméry osténi. Pfednéska byla zaloZe-
na na zkuSenostech s ndvrhem osténi tunelu Orlovského
v Petrohradé, u kterého je uvaZovdn pramér okolo 19 m.
Prof. Seung Ryull Kim pfednesl prvni kli¢ovou prednasku (key-
note lecture), kterd byla zamérena na soucasnost a budoucnost
vyuziti podzemniho prostoru v Soulu. Ndsledujici prezentaci
prednesl domdci fe¢nik Dr. Noppadol Phienwej, byla zaméfena
na podzemnf stavitelstvi v Thajsku, kde dosud neni mnoho pod-
zemnich staveb, ale kde je fada tunelu v soucasnosti pripravova-
na (nova trasa metra, odvodnovaci, pripadné i dopravni tunely
v Bangkoku atd. Posledni z dvodnich predndsek prezentoval
Dr. Harald Wagner z Rakouska, ktery v soucasnosti Zije v Thaj-
sku. Posledni pfedndska byla zameérena na rozdilné pristupy
k podzemnimu stavitelstvi v raznych &éstech svéta.

Tradi¢ni otevienou sekci (open session) organizoval
a moderoval Han Admiral z Nizozemska, ktery je predsedou
ITACUS (Comittee on Underground Space), coZ je slozka ITA
zaméfend na propagaci vyuZzivani podzemniho prostoru. Dana
¢ast konference se sklddala z fady prednéasek a panelovych dis-
kusi, vSe bylo zaméfeno na nové moznosti vyuzivani podzemni-
ho prostoru ve méstech (tj. obchodni centra, podzemni gardze,
ale i parky, atd.). Velmi zajimavé byly diskuse zamérené na
majetkoprdvni vztahy, které jsou v podzemi na rozdil od povrchu
pomérné nejasné, coZ pri narustajicim zdjmu o podzemni prostor

bude prindSet problémy.



Krdlovsky paldc v Bangkoku
Royal palace, Bangkok

Ostatni prednasky byly predneseny ve 3 dnech s rozdeélenim
do ndsledujicich 13 technickych sekef:

Tunely ve méstech

Vyuziti podzemniho prostoru

Inovace v mechanizovaném tunelovani

Konvenéni tunelovani

Dlouhé a hluboké tunely

Smluvni vztahy, komer¢ni aspekty a rizika

Tunelovéni u citlivych konstrukci

Konvené&ni tunelovani a sanace a opravy tunell

Bezpecnost v tunelech

Mikrotunelovani

Hluboké jamy

Omezovani a fizeni vlivu pfirodnich katastrof s vyuZitim podzem{

Odolnost podzemnich konstrukci seismickému zatiZen{

Celkem bylo ve sborniku oti§téno 358 &ldnku ze 44 zemi, 155
&lanku bylo prezentovano dstné, ostatni ¢lanky byly prezentova-
ny postery. Nejvice otisténych ¢lanka bylo z Jizni Koreje (36),
z Ciny (35) a z Japonska (34), z Thajska bylo 17 &lanki. Z Ceské
republiky bylo ve sborniku oti§téno 10 ¢lanku, ze kterych bylo
predneseno dstné ndsledujicich 5 prispévku:

SWISS TUNNEL CONGRES 2012 V LUZERNU
SWISS TUNNEL CONGRES 2012 IN LUCERNE

The author of the contribution informs about the Swiss Tunnel
Congress 2012, which was held this year from 13th to 15th June.
The high number of attendees (about 800, many of them from
abroad) is the proof of the high level of the conference. The stan-
dard model of this congress, which has been kept unchanged for
many years, introduces an afternoon colloquium on the first day,
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Ing. Martin Srb (D2 Consult Prague, s. r. 0.) — Long Highway
Tunnels in Indian Himalaya under Construction,

Ing. Alexandr Butovi¢, Ph.D. (Satra, s. r. 0.) — The Blanka
Tunnel Complex in Prague — The Unique Close Crossing of Big
Profile Tunnels.

Ing. Karel Rossler, Ph.D. (Metrostav, a. s.) — EPBM Two
Component Grouting — Problems and Solutions.

Ing. Marek Zalesky, Ph.D. (ARCADIS Geotechnika, a. s.) —
Geotechnical Risks Mastery — Prague Metro Line A.

Mgr. Libor Sila (PUDIS, a. s.) — Experience of Geotechnical
Monitoring during the Construction of Utility Tunnels in Prague,
Czech Republic.

ORGANIZACE KONGRESU

Vzhledem k naSim zkuSenostem s poradatelstvim WTC 2007
a PS 2010 bylo pomérné zajimavé pozorovat, jak se s danym
tkolem vyporddali nasi thajsti kolegové. K organizaci bude uve-
deno pouze nékolik postieht.

Veskeré stravovani bylo na velmi vysoké trovni, obdobné
i veSkeré recepce byly usporadany ve velmi zajimavych prosto-
rdch. Zajimava byla bezplatnd moZnost thajskych masdzi nohou
pro vSechny ucastniky, coz thaj$ti organizatofi slibovali jiz prfi
usilovani o poradatelstvi kongresu.

Byla pozadovdna ruznd vyse vlozného, u nékterych tzv. roz-
vojovych stati bylo vloZzné sniZeno na polovinu (18 tis. THB
misto 36 tis. THB), kli¢ vybéru stdtd se snizenym vloZnym byl
nejasny (mezi danymi stity byly kromé porddajiciho Thajska
napr. Island, Srbsko, Azerbéjdién, atd.). Nestandardni byl také
pozadavek jednoho registrovaného ucastnika na kazdy clanek
otistény ve sborniku (tj. v piipadé vice ¢ldnka jednoho autora
byla pozadovdna i ulast spoluautort), dand informace byla
upresnéna aZ po odevzdani ¢lanka.

Zajimavym zpestfenim bylo poradani vystavy domacich maz-
licku ve stejném kongresovém centru béhem vikendu, kdy jiZ
probihala ruznd jedndni (valnd hromada, pracovni skupiny, atd.),
tudiz se tcastnici museli prodirat skrz mnoZstvi pfitomnych zvi-
fat. Trochu nevhodnd byla organizace posterové sekce, kdy na
kazdém panelu se stridaly 4 postery, tudiz kazdy poster byl
zdjemcum dostupny pouze jedno dopoledne ¢&i odpoledne.
Ucastnici bohuZel nedostali seznam tucastnikdi s kontaktnimi
tidaji. I pfes mnoZstvi pfitomnych fotografu a pres nase zddosti
zatim nebyly zpfistupnény zadné fotografie z kongresu.

I pres drobné organiza¢ni nedostatky je tfeba konstatovat, Ze
veskeré cile kongresu byly splnény a dcast na kongresu byla pro
vSechny tdcastniky velmi prinosnd a zajimava. Urcité je tfeba
ocenit vstiicnost a ochotu poradatelu, ktefi v pribéhu kongresu
délali maximum.

Vice tdaju o konferenci lze nalézt na webové strance:
www.wtc2012.com

Doc. Ing. MAT oUsS HILAR, Ph.D., hilar@d2-consult.cz,
D2 Consult Prague, s. r. o.

the all-day conference is on the second day and very interesting
technical excursions are organised on the third day. The first day
was focused on underground workings associated with water
power plants, which is a current topic in Switzerland because the
share of the power obtained from water schemes is very high.
The topics presented on the second day were, as usual, divided
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into several blocks — water power plants, tunnels constructed in
extreme conditions of urban development or extreme geological
conditions, the north-south railway corridor and a block dealing
with tunnel rehabilitation.

The technical excursions on the third conference day are
always traditionally perfectly organised.

Jako kazdym rokem se konala ve druhém cervnovém tydnu
(13. 6. az 15. 6.) Svycarskd tuneldrskd konference, porddana
FGU (Fachgruppe fiir Untertagbau) tradi¢né v prostorach kon-
gresového a kulturniho paldce v Luzernu. Uast na této konfe-
renci standardné dosahuje kolem 800 ndvstévniku. Piestoze jde
o ndrodni Svycarskou konferenci, ztucastnilo se ji jako obvykle
asi 120 zahrani¢nich ndvstévniku, pfevazné z némecky mluvi-
cich zemi (Rakousko a Némecko). Standardni model tohoto kon-
gresu udrzovany jiz po mnoho let, predstavuje v prvnim dnu
odpoledni kolokvium, druhy den je celodenni konference a treti
den odborné exkurze.

Prvni den byl letos zaméfen na podzemni dila souvisejici
s vodnimi elektrdrnami, coZ je ve Svycarsku vysoce aktudlni
téma, protoze energie ziskand z vodnich dél predstavuje
v nainstalovaném vykonu 33 % z vodnich preCerpdvacich elekt-
rdren a 24 % z béznych prutoénych vodnich elektraren.
Z jadernych elektrdren pochdzi 38 % energie a pouhych 5 % je
vyrabéno v klasickych tepelnych elektrarnach, pripadné fotovol-
taickych ¢&i z jinych zdroju. S ohledem na predpoklddany dtlum
jaderného programu se predpoklddd asi od roku 2030 az 90%
podil vyroby elektrické energie z vodnich elektraren.

Témata predndsek na konferenci druhy den byla jako obvykle
rozdélena do nékolika bloku — vodn{ elektrarny, tunely budova-
né v extrémnich podminkach méstské zdstavby nebo extrémnich
geologickych podminkdch, tradi¢ni téma severojizni Zelezni¢ni
koridor (Gotthardsky bdzovy tunel, tunel Ceneri a souvisejici
podzemni stavby) a blok, vénujici se sanacim tunelu.
Z celkovych 16 referdtu bylo prezentovano pét zahrani¢nich sta-
veb &i projektl. Prednasi se prevazné némecky, ale také anglic-
ky a francouzsky véetné velmi kvalitniho simultdnniho tlumoce-
ni do vSech téchto jazyku. Zavér druhého konferenéniho dne
predstavuje tradi¢né kulindisky zazitek — velefe v luxusnim
hotelu Schweizer Hof.

Odborné exkurze v tretim dnu konference jsou vzdy tradi¢né
perfektn¢ organizovany. V leto$nim roce byly na vybér nasledu-
jici stavby ve Svycarsku:

a) Generdlni rekonstrukce piijezdovych tunelu v Luzernu —
provadi se za provozu a v no¢nich, pripadné vikendovych
vylukdch jiz tfetim rokem, exkurze se kond tradi¢né
v no¢nich hodinach po prvnim dnu konference.

b) Gotthardsky bdzovy tunel — tentokrdt severni ¢dst, kde pro-
bihd montaz svrsku a technologie, uvedeni do provozu se
predpokladd koncem roku 2016.

TUNELARSKE ODPOLEDNE 2/2012
TUNNEL AFTERNOON 2/2012

The Tunnel Afternoon on the topic of ‘The use of the underg-
round space for organised the education, research and storage
of radioactive waste’, which was the second this year, took
place on 16th May 2012. A morning excursion to the Josef
Gallery, where university students are taught and in situ rese-
arch ordered by domestic as well as foreign companies is con-
ducted, was part of the Afternoon. In the afternoon hours, indi-
vidual lectures were delivered in the Masaryk College. Over
seventy attendees of the event heard them. Initial two lectures
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Ceskd tuneld¥skd asociace ITA-AITES propagovala v Luzernu svou 11. mezi-
ndrodni konferenci Podzemni stavby Praha 2013, kterd se bude konat
v dubnu 2013 v Praze (foto: Ing. Hordk)

The ITA-AITES Czech Tunnelling Association promoted in Lucerne its 11"
international conference Underground Construction Prague 2013, which
will be held in Prague in April 2013 (photo: Ing. Hordk)

¢) Tunel Ceneri (15,4 km) — razby TBM, portdlové oblasti.

d) Hlavni nadraZi v Ziirichu — zprujezdnéni pavodné hlavové-
ho nddraZi soustavou tuneli a ndstupist’ ve tfech podzem-
nich drovnich.

e) Tunelovy obchvat vesnice Kiiblis délky 2,3 km — klasicka
cyklicka razba silni¢niho obousmérného tunelu na trase
Chur — Davos s netradi¢nim, ale pro Svycarské tunely
Castym feSenim vyvozu rubaniny z tunelu vice neZ kilome-
tr dlouhou Stolou s instalovanym dopravnikovym pdsem
pfimo na trvalou deponii.

Souddsti obdrzenych materidla pro kazdého tcastnika konfe-

rence je jiz tradi¢né perfektné knizné vazany sbornik se vSemi
predndskami v&etné CD.

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

were dedicated to the URC Josef Regional Underground
Research Centre: Ing. DanuSe Nddhernd from the Faculty of
Civil Engineering of the Czech Technical University outlined
the history, presence and future of the Josef Gallery;
prof. Jaroslav Pacovsky acquainted the attendees with the acti-
vities which are underway in the URC Josef. In the last part of
the initial block of lectures, Rolf Christiansson from SKB
spoke about approaches to the repository storage of radioactive




Obr. 1 Pohled ze Stoly Josef na URC Josef
Fig. 1 The Josef URC viewed from the Josef Gallery

waste in Sweden. Lecturers from Sprava Ulozidt Radio-
aktivnich Odpadu (The Radioactive Waste Repository
Administration) spoke after a short break. RNDr. Jifi Slovak
described the strategy of the process of the selection of
a locality for a deep repository in the Czech Republic.
Ing. Markéta Dvordkovd dealt with technical aspects of
a design solution for a deep repository. The closing lecture deli-
vered by RNDr. FrantiSek Woller acquainted the attendees with
the complexity and extent of geological research in localities
suitable for the installation of a deep repository.

Tuneldrské odpoledne na téma VyuZiti podzemi pri vzdéldavd-
ni, vyzkumu a ukldddni radioaktivnich odpadii, které se usku-
te€nilo 16. kvétna 2012, bylo jiz druhé v tomto roce. Jeho sou-
¢dsti byla i dopoledni exkurze do §t01y Josef.

Exkurze se zulastnilo vice neZ &tyficet zdjemcu, ktefi si
mohli prohlédnout nové vybudované Regiondlni podzemni
vyzkumné centrum URC Josef i Stolu Josef — oblast Mokrsko
i Celina. V obou &astech probihaji rozsdhlé vyzkumné projekty
(a to i mezindrodni) a také vyuka, které se dcastni nejen stu-
denti FSv CVUT v Praze, ale i dal$ich vysokych skol. Pro stu-
denty je velkym prinosem, kdyZ si zde mohou ovérit nové zis-
kané teoretické poznatky.

TUNELARSKE SYMPOSIUM V MNICHOVE 2012
TUNNEL SYMPOSIUM MUNICH 2012

The third annual session of the relatively little known event of
the Tunnel Symposium Munich 2012 was held on 11/05/2012. It
was organised by the Universitit der Bundeswehr Miinchen
jointly with STUVA, the German tunnelling association. The
blocks of topics comprised urban tunnels and their specifics,
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Obr. 2 Uéastnici exkurze si prohlizeji Meziuniverzitni laborator, kterd je sou-
cdsti S'toly Josef

Fig. 2 Excursion attendees visiting the Inter-university laboratory, which is
part of the Josef Gallery

V odpolednich hodindch v prazské Masarykove koleji pro-
béhly jednotlivé predndsky, které si vyslechlo pres sedmdesat
posluchacu. Na prfipravé odborného programu se vyznamné
podilel Ing. Alexandr Butovi¢, Ph.D. z firmy Satra, s. r. 0.

Prvni dvé prednasky byly vénovany Regiondlnimu podzem-
nimu vyzkumnému centru URC Josef. V prvni nastinila
Ing. Danuse Nadhernd z FSv CVUT historii, souasnost
a budoucnost Stoly Josef. Jeji kolega prof. Jaroslav Pacovsky
pritomné seznamil s aktivitami, které probthaji v URC Josef.

V posledni ¢asti prvniho bloku prednasek hovoril pan Rolf
Christiansson z SKB ze Svédska o pristupech k ukladani radioak-
tivnich odpadii ve Svédsku, kde je jiz prvni dloZi§té vybudované.

Po kratké prestdvce ndsledovali prednéSejici ze spole¢nosti
SURAO. RNDr. Jiti Slovik popisoval strategie postupu vybéru
lokality pro hlubinné tloZité v CR. Zdiraznil vyznam jednani
s mistnimi ob&any. SURAO si klade za cil ziskat souhlas oby-
vatel budouci lokality pro ulozisté, ktery je podminkou pro
dalsi postup.

Ing. Markéta Dvordkovd se vénovala technickym aspektum
projektového feseni hlubinného tlozisté. SURAO se inspiruje
Svédskym modelem, do kterého se snazi vklddat prvky lépe
vyhovujici nasim podminkdm.

Zavéretna prednaska RNDr. Frantiska Wollera sezndmila se
sloZitostmi a rozsahlosti geologického pruzkumu lokalit poten-
ciondlné vhodnych pro umisténi hlubinného ulozi§té. Pravé
mistni geologické podminky jsou jednim z rozhodujicich fak-
tort ovliviujicich bezpe&nost tloziste, pri¢em? se tato bezped-
nost pocitd na dobu 100 000 let.

Prezentace prednesené na TO 2/12 Ize vyhledat na www.ita-
aites.cz.

ING. MARKETA PRUSKOVA, Ph.D.,
pruskova@seznam.cz, CzTA ITA-ATIES

experience gained from processes of building permission proce-
edings and specifics of contractual relationships at large tunnel-
ling projects, technically interesting road and railway tunnels
and traffic in tunnels in terms of safety equipment. The infor-
mation is also available on www.fvki.de pages.
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Pomérné nendpadnou a relativné madlo propagovanou akci
némeckych tuneldft je symposium porddané némeckou univerzi-
tou obrany v Mnichove spole¢né s némeckou tunelarskou asociaci
STUVA. Mistem kondni je Universitit der Bundeswehr Miinchen
v Neubibergu (okrajova ¢ast Mnichova). V letoSnim roce se dne 11.
5.2012 konalo teprve treti v poradi. Jde o jednodenni konferenci.
Tematickymi bloky symposia byly méstské tunely a jejich specifi-
ka, zkuSenosti z procesu stavebnich fizeni a specifika smluvnich
vztaht u velkych tunelovych staveb, technicky zajimavé silni¢ni
a Zelezni¢ni tunely a provoz v tunelech z hlediska bezpecnostniho
vybaveni.

Bylo prezentovéno celkem 13 projektt nejen z Némecka — metro
v Mnichové, méstsky silni¢ni okruh v Mnichové, metro v Doha
a metro v Singapuru, CrossRail v Londyné, nejvétsi TBM

o pruméru 19 m pro razbu tunelu Orlovski v Petrohradu a dalsi.
Velmi zajimavé byly prednasky o dodate¢ném vybavovani stdvaji-
cich provozovanych tuneld v Némecku v intencich smérnice
2004/54 ES a souvisejicich logistickych problémech, price ve
vylukdch, prevadéni dopravy na ndhradni mélo kapacitni trasy
apod. Z oblasti HiTech pak byl i prispévek o vyuziti geotermické
energie instalaci vyménikovych trubek pfimo do prefabrikovanych
tybinkt. Symposium je Eisté ,,némecky mluvici“. Sbornik v ti§téné
podobé a CD se vSemi 13 prispevky jsou samozfejmosti. Lze jen
viele doporudit d¢ast na pristich roénicich i vzhledem k relativné
malému dcastnickému poplatku 120 € a snadné dostupnosti.
Informace Ize nalézt rovnéZ na strankach www.fvki.de.

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

ODBORNY SEMINAR VYUZITI VLAKNOBETONU V PODZEMNIM STAVITELSTVI(
TECHNICAL SEMINAR ON THE USE OF FIBRE REINFORCED CONCRETE IN UNDERGROUND CONSTRUCTION

The technical seminar on the use of fibre reinforced concre-
te in underground construction topic was held in Masaryk
College, Prague, on 13th June 2012. It was organised jointly by
the ITA-AITES CzTA and KrampeHarex CZ. Most lectures
were delivered alternately by KrampeHarex company professi-
onals Ing. Petr Herka from the CR and Ing. Roland Schepers
from Germany. The seminar started by the presentation of basic
information on steel fibres and polymer fibres, the current state
of applicable standards and directives on fibre reinforced conc-
rete design in individual EU countries, their relation to the EC,
differences between them and examples of the use of fibre rein-
forced concrete in the Czech Republic. The basic possibilities
of the use of fibre reinforced concrete in underground con-
struction were mentioned subsequently. The next lecture was
focused on the use of sprayed steel fibre reinforced concrete. It
also introduced details regarding its use at Onkalo underground
repository. Another lecture was dedicated to the fire resistance
of tunnel linings.

The second half of the seminar was focused on problems of
steel fibre reinforced concrete segmental lining. At first,
Ing. Petr Herka presented the possibilities of designing steel
fibre reinforced concrete segments, segments with combined
reinforcement (fibres and bars) and added examples of the use.
Then Dr. Matous Hilar introduced the current state of the use of
steel fibre reinforced concrete segments abroad and the reasons
for the current research into these problems in the Czech
Republic. Subsequently Dr. Petr Vitek presented information
on the production, testing and numerical modelling of steel
fibre reinforced concrete segments and steel bar reinforced
concrete segments in the Czech Republic.

Odborny seminar na téma VyuZiti vidknobetonu v podzemnim
stavitelstvi se uskute¢nil 13. ¢ervna 2012 v Masarykové koleji
v Praze, semindr byl financovdn CzTA a firmou KrampeHarex
CZ, odborny program zajistili doc. Matous Hilar a Ing. Petr
Herka (KrampeHarex CZ). PredndSky si prislo vyslechnout
pres 50 ulastnika.

V prednaseni se stfidali zejména odbornici z firmy
KrampeHarex — Ing. Petr Herka z CR a Ing. Roland Schepers
z Némecka. Nejprve byly uvedeny zdkladni informace
o ocelovych a polymerovych vldknech, soucasny stav platnych
norem a smérnic pro navrhovani vldknobetonu v jednotlivych
zemich EU, jejich vztah k EC, vzdjemné rozdily, priklady

pouZivani vldknobetonu v Ceské republice. Nasledn& byly zmi-
nény zdkladni moznosti pouziti vldknobetonu v podzemnim
stavitelstvi. Dal§i predndSka byla zaméfena na vyuziti stiikané-
ho dratkobetonu, v ramci prednasky byly predstaveny podrob-
nosti pouziti na podzemnim udloZisti Onkalo. Dalsi predndska
byla vénovana pozdrni odolnosti tunelového osténi. Byly uve-
deny zkuSebni metody a jejich rozdily, prezentovany vysledky
velkoprostorového testu osténi, byl diskutovan prinos syntetic-
kych vldken, vliv teploty na ocelovou vyztuz, bylo prezentova-
no vyuziti syntetickych vldken na tunelech Lainzer, Boérik
a Klimkovice.

Druhd polovina semindfe byla zameéfena na problematiku
segmentového osténi z dratkobetonu. Nejprve Ing. Petr Herka
uvedl moZnosti ndvrhu segmentt s ocelovymi vldkny, segmen-
tu s kombinovanou vyztuzi (dritky a pruty), byly uvedeny pii-
klady pouziti. Pak doc. Matous Hilar, Ph.D, predstavil soucas-
ny stav vyuziti draitkobetonovych segmentt v zahraniéi, duvo-
dy pro soutasny vyzkum problematiky v CR. Nasledovaly
informace o provedenych materidlovych zkouskach (vyroba
dratkobetonovych tramcu a krychli s raznymi typy drétka,
s riznym mnoZstvim drdtku, vyhodnocovéni ruznych ohybo-
vych a tlakovych zkousSek, numerické modelovdni ohybovych
zkouSek trdmcu). Nasledné Dr. Petr Vitek (Metrostav, a. s.)
prednesl informace o vyrobé, zkouSeni a numerickém modelo-
véani dritkobetonovych a Zelezobetonovych segmenti v CR.

Prednadska Ing. Petra Herky
Lecture delivered by Ing. Petr Herka




Dratkobetonové segmenty byly zkouSeny v Klokneroveé dstavu
CVUT na tlak (simulace zatiZeni lisy) a na ohyb (v roviné seg-
mentu a kolmo na rovinu segmentu). V prezentaci byly porov-
nany vysledky zatéZovacich zkouSek Zelezobetonovych
a dratkobetonovych segmentu, déle bylo provedeno porovndn{
vysledka zkousek a numerického modelovani metodou koned-
nych prvkii v programu ATENA, které uskute¢nila firma Cer-
venka Consulting, s. r. 0. Vzhledem k tspé$nym vysledkum
zkousek bylo rozhodnuto vyuziti dridtkobetonovych segmenta
bez prutové vyztuze v praxi na 15 m osténi prazského metra na
prodlouZeni trasy A.

PRAZSKE GEOTECHNICKE DNY, KVETEN 2012
PRAGUE GEOTECHNICAL DAYS, MAY 2012

20th anniversary event of the Prague Geotechnical Days,
which was organised jointly by Arcadis Geotechnika and the
Czech and Slovak society for Soil Mechanics and Geotechnical
Engineering, took place on 215t and 22nd May 2012. The Czech
Geotechnical Society collaborated with them. The event was
held under the auspices of the Czech Academy of Sciences.

The topic of the technical event was “The importance of
Geotechnics for the protection and renovation of historic struc-
tures”.

Apart from distinguished Czech professionals, outstanding
personalities of the Czech monument care, doc. PhDr Josef
Stulc from the Czech National Heritage Institute (NPU) and
PhDr Pavel Jerie, also from the NPU, were among invited lec-
turers.

Even the topic of the traditional international Prague geotech-
nical lecture: ‘Geotechnical Engineering and the Conservation
of Monuments and Historical Sites’ which was delivered by pro-
fessor Carlo Viggiani from the University of Naples, was in tune
with the general technical focus of the event.

One of the invited lectures was focused on geotechnical pro-
blems of passing of underground structures under historic struc-
tures in Prague. It was delivered jointly by Ing Jiff Ruzic¢ka and
Ing. Miloslav Kochanek from Metroprojekt a. s.

The complete programme of the event is available on the web
page: http:/www.arcadisgt.cz

ovoD

Ve dnech 21. a 22. kvétna 2012 probéhly v Praze jubilejni 20.
Prazské geotechnické dny, organizované spole¢nosti ARCADIS
Geotechnika spolu s Ceskou a Slovenskou spole¢nosti pro
mechaniku zemin a geotechnické inZenyrstvi. Spolupracovala
Ceskd geotechnickd spole¢nost. Patronat nad akci méla Ceskd
akademie véd.

Téma odborné akce bylo Vyznam geotechniky pro ochranu
a obnovu historickych staveb.

Kromé vyznamnych ceskych odborniku-geotechniku byli
mezi vyzvanymi predndSejicimi vyznamné osobnosti Ceské
pamitkové pé&e, doc. PhDr. Josef Stulc z NPU a PhDr. Pavel
Jerie rovnéz z NPU.

I téma tradi¢ni mezindrodni Prazské geotechnické prednasky
ladilo s celkovym odbornym zamérenim akce. Bylo jim
Geotechnical Engineering and the Conservation of Monuments
and Historical Sites. Prednesl ji prof. Carlo Viggiani
z Univerzity v Neapoli.

Jedna z vyzvanych prednasek byla zamérena na geotechnickou
problematiku podchédzeni podzemnich staveb pod historickymi
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V zavéretné diskusi byly probrany ndklady, Zivotnost, povrcho-
vé dprava a dalsi aspekty vldknobetonu. Verime, Ze byl seminar pro
vSechny ucastniky prinosem a Ze obdobné akce podpoii mozné
budouci vyuzZiti vldknobetonu na podzemnich stavbach v CR.

Prezentace prednesené na semindri jsou dostupné na
www.ita-aites.cz.

Doc. Ing. MATOUS HILAR, Ph.D., hilar@d2-consult.cz,
D2Consult Prague, s. r. 0., a FSv C’VUT,

Ing. MARKETA PRUSKOVA, Ph.D.,
pruskova@seznam.cz, CzTA ITA-ATIES

objekty v Praze. Prednesl ji ing Jiff Ruzi¢ka s ing Miloslavem
Kochédnkem z Metroprojektu.
Uplny program akce je na webu: <http://www.arcadisgt.cz>

HLAVNI MYSLENKY SEMINARE

Historické stavby, zejména ty, které jsou soucdsti dneSnich
modernich sidel, si zasluhuji zvlaStni pozornosti, protoZe nabize-
ji bohaté moznosti poudeni a podnéta k piemysleni. Napriklad jak
zit v souladu s okolnim prostredim, o krdse staveb i materialu,
z kterého jsou vybudovdny, a v neposledni fadé i o ucte
k jakémukoli lidskému dilu vytvorenému predchozimi pokoleni-
mi, na kterou dnes v neustile honbé po novém, médnim, dokona-
1ém, stdle vice a vice zapomindme.

Jejich udrzovdni ma i ekonomicky vyznam. O tom sved&i
obrovsky finanéni pfinos z turismu orientovaného na tuto oblast,
ktery ro¢né v Evrope roste o 12 %. Predstavuje dokonce celkem
asi 5,5 % ze sumy celkovych hrubych nérodnich produktu.
Objem stavebni vyroby, néjak spojeny s ddrzbou a ochranou his-
torickych staveb, predstavuje témér 40 % z celkového finan¢niho
objemu budovani pozemnich staveb.

Postup obnovy historickych staveb je vSak velmi specializova-
nd stavebni ¢innost. V soucasné dobé jsou zdsady zachovavani
a rozvoje kulturniho dédictvi v oblasti stavebnictvi zakotveny
predev§im v dokumentu VISION 2030, Strategic Researche
Agenda — Focus Area Cultural Heritage — FEuropean
Construction Technology Platform (ECTP), jehoz prvni verze
byla zverejnéna v breznu 2008.

Pfi obnove a udrzbeé historickych staveb dnes specialisté Casto
mluvi o tom, Ze je tfeba zachovat jejich integritu. Integritou se
pfitom rozumi zachovédni vSech, nebo alespon nejdulezitéjsich
aspektt puvodni historické stavby, a to ve viech zdkladnich smé-
rech, které ji uréuji. Nejdulezitéjsi je dodrzet integritu vzhledo-
vou. To znamend neménit tvar a vzhled dotéeného objektu. Mluvi
se ale také i o dalsich druzich integrity:

* integrita historicka,

* integrita materidlova,

e integrita technologicka,

e integrita funk¢ni.

Duslednd snaha o piisné dodrZzovani integrity historické stavby
je samoziejmé pii¢inou fady sporu a rozdilnych stanovisek. Vede
k rozporum pfi feSeni mozné miry vyuZitelnosti historické stavby
pro aktudlni potfeby v soucasnosti, pripustnych omezeni pro nove
budovand, zejména inZenyrska dila podzemni dopravni infra-
struktury v dosahu historickych center modernich mést.

Vychodisko byva v kompromisu, podle n€hoz by mira zacho-
vani integrity méla zdviset na okolnostech, v nichZ se kazd4 his-
torickd stavba i jeji okoli nachdzi, a zejména na tdcelu, kterému
m4 historickd stavba slouZit v budoucnosti.
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VYZNAM GEOTECHNIKY PRI OBNOVE
HISTORICKYCH STAVEB

Geotechnika méd ve vztahu k historickym objektim nékterd
specifika. V prvni fade€ je to vliv ¢asu. Nové stavby se zpravidla
navrhuji pro obdobf asi 100 let. To je pozadavek norem i zabehla
zvyklost.

U historickych staveb mdme vsak co Cinit s dobou jejich exi-
stence nékolikandsobné vyssi, a to smérem do minulosti i do
budoucnosti. To m4 ovsem dusledky, které z hlediska geotechni-
ky vyzaduji podstatné rozdiln€jsi pristup nez u nové budovanych
staveb.

Nekolik set let je predev§im doba, kdy se nekteré prirozené
dynamické procesy, probihajici v horninovém masivu tvoricim
s témito stavbami jeden staticky propojeny celek, jiz mohou
vyznamné projevit. Jde o zménu mechanickych vlastnosti hornin,
jejich zvétravani, prirozenou erozi, svahové pohyby, tektonické
projevy zemské kury atp. To v§e muZe mit za urditych okolnosti
velky vliv na charakter spoluptisobeni horninového masivu
a historickych staveb s velmi negativnim vlivem na soucasny
i budoucf stav jejich konstruk&nich prvku.

Samotné historické stavby mnohdy za takovou dobu prodélaly
Cetné zmény. Tykaji se vlastnosti a stavu materidlu, z kterého jsou
vybudovdny (ten sdm, napiiklad pokud jde o stavebni kdmen,
muZe byt predmétem zrychlujicich se negativnich zmén), i zmén
ve zpusobu vyuZzivdni historickych staveb. Minulé snahy
o zvySeni jejich uZitné hodnoty totiz mnohdy zpusobily velmi
neodborné tpravy jejich konstrukce.

Dal§im aspektem je souZiti historickych objekti s nové budo-
vanymi ¢i projektovanymi stavbami. Zde jde mnohdy o ostry stret
nejen modernich a tradi¢nich technologii a materidld, ale i piis-
tupu k materidlnim i nemateridlnim hodnotdm v¢etné kulturniho
dédictvi. Zejména ve velkych sidlech modernich spole¢nosti je
tento stret ¢asto bolestny a v neprospéch dédictvi minulosti.

Co se tyce podzemnich staveb, tak zejména v modernich sid-
lech s historickymi centry muZe pfi jejich budovéni dojit kromé
jiného k nésledujicim situacim:

e Stavebni konstrukce historického objektu bude dotena vy-
stavbou nového podzemniho dila v jeho blizkosti a zménami,
které toto dilo muze v podloZi téchto historickych budov
zpusobit. — Historicky objekt je tfeba chranit.

e Stavajici historicky objekt néjak limituje projekt ¢i vystavbu
nového podzemniho dila. (Zména nivelety, zména napetode-
formacnich stavt v podloZi historického objektu, nepfiznivy
vliv poklesové kotliny od budovaného tunelu na stav kon-
strukce historického objektu, omezeni v technologii prova-
déni razeb /stiileni/ atp.). — Projekt a technologii razby pod-
zemniho dila je tfeba upravit.

INZENYRSKE DILEMA A ZASADY OCHRANY
HISTORICKYCH OBJEKTU

Nékteré pozadavky pamétkaru na integritu se zdaji na prvni
pohled velmi konzervativni. Jsou to predev§im pozadavky na
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dasledné pouziti identickych stavebnich materidla, nékdy
dokonce i poZadavky na realizaci rekonstrukce historické stav-
by puvodnimi technologiemi.

Takovy pfistup muze mnohdy komplikovat rekonstrukei fady
objektu, protoze ji zdraZuje a zpomaluje jeji pripravu
i realizaci.

Ne vzdy jsou vSak takové pozadavky z inZenyrského hledis-
ka samotcelné. Historické objekty maji jiZ za sebou del$i nez
obvykly Zivotni cyklus. Predpokldadd se, Ze po rekonstrukci
budou existovat déle nez bézné stavby. Nikoho nenapadne
predpoklddat, Ze néjaky historicky paldc se po nakladné rekon-
strukci po dalSich stu letech zlikviduje, aby ustoupil jinym
zajmum.

V takové situaci md inZenyrsky smysl dbét na to, aby pri
sanaci stavebni konstrukce takového historického objektu mély
noveé pouzivané materidly obdobné materidlové vlastnosti jako
materidly puvodni konstrukce. (Pevnost, pietvdrnost, stabilita
téchto vlastnosti v Case, atp.)

Nalezeni kompromisi mezi zdsadou zachovéni integrity
stavby a potrebou zajistit jeji bezpecnost i funkénost objektu
podle soucasnych pozadavku byvé velmi obtizné. To se totiZ
zpravidla bez novych materidll a stavebnich postupl neobejde.

Kli¢ové je proto mezioborova spoluprice pamétkdru, histori-
ku, stavebnich inZenyra geotechniku i statika jiz v obdobi pii-
pravy obnovy historického objektu, zejména pokud se pocitd
s roz§ifenim jeho uzitné hodnoty. Spoluprace musi pochopitel-
né pokracovat v prubéhu celé rekonstrukce.

ZAVER

Mira respektovani integrity (autenticity) pfi obnové ¢i ochra-
né historické stavby by méla byt odvozena od definice jejiho
ucelu a typu inZenyrského problému, ve kterém je cely problém
zasazen. Utel historické stavby se totiz miZe pohybovat od
vyluéné historického a kulturniho dédictvi, slouzictho vyhrad-
né ke vzdelavani a uvédomovani kulturni identity spoleénosti,
aZ po uplné nové, praktické uzitné hodnoty vynikajici obvykle
téZ v koexistenci s novou moderni zdstavbou.

Vzdy by se proto mélo hledat kompromisni reSeni optimali-
zaci mezi zachovdnim integrity, cenou a hodnotou nového uZit-
ného feSeni. Rozhodujici slovo v tomto procesu by mél mit
investor, to jest stat v zastoupeni odpoveédnych samospravnych
organu.

Geotechnika jako inZenyrskd disciplina dnes disponuje ves-
kerymi metodami i technologickymi postupy nutnymi ¢i vhod-
nymi pro zpracovani projektu a provadéni rekonstrukce kazdé
historické stavby nebo jeji ochrany pfi provadéni podzemniho
dila v jejim dosahu.

doc. ING. ALEXANDR ROZSYPAL, CSc.,
rozsypal@arcadisgt.cz. ARCADIS Geotechnika
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA

SOUBOR STAVEB MO V USEKU
MYSLBEKOVA — PELC-TYROLKA

TUNEL SPEJCHAR - PELC-TYROLKA
(KRALOVSKA OBORA)

Bylo dokonéeno osazeni a zabetonovéni vSech rdmua poklopu
instalacnich Sachet v chodnicich tunelovych trub. V soucasnosti
probihaji betondZe chodniku v jiZn{ tunelové troubé. Byly dokon-
&eny montdze zdklopt VZT kandlti. Byl uzavien injektdZni systém
a tim vyrovndna hladina spodni vody na puvodni hodnoty. Ddle
probéhla montdz prefabrikovanych mezistropu v tifpruhovych
tunelech v mistech nadvyseni. V soucasnosti na téchto mezistro-
pech probihaji betondZze Zelezobetonovych pricek a montdZ
zame&nickych vyrobku pro dokoncéeni vétraciho systému. Na
dvou sekcich jizni tunelové trouby byly provedeny zkuSebni vzor-
ky obkladi. Dokonluji se montdZe zdvojenych podlah a dvefi
a v plném proudu jsou jiZ montaZe technologického vybaveni.

TUNEL MYSLBEKOVA - PRASNY MOST (BRUSNICE)

Bylo dokonéeno definitivni osténi obou propojek ze strikaného
betonu. Probéhla demontdz formy a bednéni vzduchotechnického
kandlu. V severni tunelové troubé byly dokonceny nétéry horni
klenby. V jizni tunelové troubé budou dokonéeny dpravy povrchu
horni klenby koncem mésice a nasledné zahdjeny nateéry. V obou
tunelovych trubach jsou dokonceny mazaniny v prostorach pod
mostovkou. V severni tunelové troubé byly osazeny Stérbinové
zlaby a obrubniky vletné zabetonovdni chrdni¢ek kabelovodu.
V jizni tunelové troubé tyto prace jesté probihaji. Dokoncuji se
zednické price v tunelové propojce TP 1.3a.

PRODLOUZENI TRASY METRA V.A

V uplynulém obdobi dokoncily oba tunelovaci stroje prvni fazi
razeb, kterd probihala ze zafizeni staveni§té na Vypichu. Stit
,Tonda®, ktery z mont4Zni Sachty na ZS BRE 1 vyrazil 10. dubna
2011, se téméf po roce dostal do stanice Cerveny Vrch, kde byla
jeho &innost docasné pozastavena. V tu chvili zacalo obdobi
postupné demontéze technologického zajisténi pro razbu ze stave-
nisté¢ ZS BRE 1 na Vypichu a jeho premisténi na ZS E2 v ulici
Evropskd. Bylo nutné prevézt chladici zafizeni, zdsobniky
a konstrukce pro pasové dopravniky, michaci centrum ¢i sklady
materidlu. V hotovych tratovych tunelech z Vypichu na stavenisté
E2 bylo nutné demontovat trubni vedeni pro média, hlavni lutno-
vy tah, pdsovy dopravnik v&etné vSech podpurnych konstrukei.
Technologie byly opétovné nainstaloviany na ZS E2.
NejzajimavéjSimi konstrukcemi je ojedin€lé feSeni uloZeni zdsob-
niku dopravnikového pasu a samotny prechod pasovych dopravni-
ku na vysyp. Tyto konstrukce jsou nainstalovany v jameé na E2
a zabezpeCuji odtéZovani rubaniny z tratovych tunelt na mezide-
ponii, kdy vlastni dopravnikovy pds stoupd z jamy pod thlem
17 stupiit.

Stit ,,Adéla“ byl v dobé stéhovani zastaven pod ulici Evropska
priblizné 250 metra pred stanici Cerveny Vrch. Pro odstavku titu
a udrzeni tlaku v pracovni komore byla pouzita bentonitova sus-
penze zaerpand do komory stroje a za obdlku Stitu. Opétovné
zahdjena razba byla 13. Cervna a o 16 dni pozdéji dorazila ,,Adéla‘
do stanice Cerveny Vrch.

,Tonda“ zahdjil razbu tiseku mezi Cervenym Vrchem a Dej-
vickou 21. 6. 2012, ¢imz se vydal na zdvereény tsek prodlouzZeni
trasy metra V.A dlouhy 1750 m.

Pii razbé LTT pak doSlo 8. 7. 2012 k ovlivnéni propadu vozov-
ky do kaverny v pokryvnych ttvarech pod ulici Evropskd. Propad

THE CZECH REPUBLIC

CITY RING ROAD STRUCTURES:
MYSLBEKOVA - PELC-TYROLKA

SPEJCHAR - PELC-TYROLKA TUNNEL
(KRALOVSKA OBORA PARK)

The installation of frames of covers and their embedment in conc-
rete for all installation shafts in the walkways of tunnel tubes was
finished. The casting of walkways in the southern tunnel tube is cur-
rently in progress. The placement of covers of ventilation ducts was
completed. The grouting system was closed and, as a result, the water
table returned to the original level. In addition, the installation of pre-
fabricated intermediate decks was finished in triple-lane tunnels. At
the moment, reinforced concrete dividing walls are being erected on
the intermediate decks and locksmith elements are being installed so
that the ventilation system is complete. Trial wall cladding was carri-
ed out in two sections of the southern tunnel tube. The assembly of
elevated floors and installation of doors is being finished and the
installation of tunnel equipment is already in full swing.

MYSLBEKOVA - PRASNY MOST (BRUSNICE) TUNNEL

The final shotcrete lining has been finished in both cross passages.
The ventilation duct formwork was dismantled. The paint coating of
the upper vault was finished in the northern tunnel tube. As far as the
southern tunnel tube is concerned, the trimming of the upper vault
surface will be finished by the end of August and the application of
paint coating will start subsequently. Screeds have been completed in
the spaces under the road deck in both tunnel tubes. The installation
of slotted drains and kerbs, including the embedding of cable ducts in
concrete, was finished in the northern tunnel tube, whilst these ope-
rations have still been underway in the southern tunnel tube.
Bricklaying is being completed in TP 1.3a cross passage.

METRO LINE A EXTENSION NO. 5

In the past period, the two full-face tunnelling machines finished
the first phase of the tunnelling work which was carried out from
Vypich construction site. “Tonda’ shield, which started from the laun-
ching shaft on construction site BRE 1 in Vypich on 10th April 2011,
arrived after nearly a year to Cerveny Vrch station. Its work was tem-
porarily suspended in this location. At that moment the period of the
step-by-step dismantling of services required for the excavation from
construction site BRE 1 in Vypich and their moving to construction
site E2 in Evropska Street began. It was necessary to transfer the coo-
ling plant, belt storage units and structures for belt conveyors, the
mixing centre, material stores etc. Media carrying pipelines, the main
ventilation duct, and the belt conveyor including supporting structu-
res had to be dismantled and transferred from the completed tunnels
between Vypich to construction site E2. All services and equipment
were re-installed on construction site E2. The most interesting of the
structures is the unique solution for the placement of the belt storage
unit and the transition of belt conveyors to the muck disposal site.
These structures were installed in the construction pit on the E2. They
serve to removing muck from running tunnels and disposing it to an
intermediate stockpile, where the belt conveyor ascends from the pit
at the angle of 17 degrees.

During the course of the moving operations, ‘Adéla’ shield was
stopped under Evropskd Street, approximately 250 metres before
Cerveny Vrch station. During the shield shut-down period the pres-
sure in the working chamber was maintained by a bentonite slurry,
which was pumped into the chamber and behind the shield envelope.
The driving was resumed on 13th June and, 16 days later, ‘Adéla’
arrived to Cerveny Vrch station.
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vytstil ve vytvoreni jamy hloubky 4 m, kterou bylo nutné vyplnit
betonem a bezprostredni okoli jesté dodateéné proinjektovat. Po
propadu, ktery nemél zadny dopad na osténi tunelu, byly béhem
dvou dnu obnoveny razby. Tato udélost ukazala, jak exponovanou
oblasti budou muset oba tunelovaci stroje jesté na své trase do sta-
nice Dejvickd projit.

Po premisténi technologickych vedeni pro razby TBM byly
zpiistupnény bo¢ni vyruby stanice Petfiny a mohly byt zahdjeny
prace na bourani provizornich délicich stén mezi dil¢imi vyruby.
Nésledné byly vyhloubeny erpaci jimky ve dné stanice. Celd sta-
nice byla z pohledu razeb dokoncena 31. 7. 2012. Pro zajisténi
praci na definitivnim osténi ve stanici Petfiny bude vyuZivdna
sypand sjizdnd rampa z pristupového tunelu.

Byla zahdjena i razba propojek mezi tratovymi tunely. Propojky
jsou razeny technologii NRTM. Nejprve je provddéno rozepreni
segmentového osténi tratového tunelu ocelovymi vyztuhami, na
které navazuje demontdZ segmentového osténi. Na stavebnim
oddile 08 je jiz jedna propojka kompletné vyraZena, pripravuje se
osazovani mezilehlé izolace a provadéni definitivniho osteni.
V soubéhu probihaji pripravné prace pro zahdjeni razby propojek
na stavebnim oddile 06.

Dal$im provadénym objektem je raZzba vzduchotechnické pro-
pojky do tratovych tunelt pod Evropskou ulici. Na tomto objektu
razeném ve slozitych geologickych podminkach postoupily razic-
ské prace do posledni Etvrtiny. V soucasné dob€ jsou vyraZeny
3 dil&f vyrubni prufezy pod klenbou a 2 vyruby v trovni dna. Po
dokoné&eni razeb budou provedeny tpravy pro prujezd §titt TBM.

Ve stanici Veleslavin byla na prelomu mésice dubna a kvétna
vybourdna Zelezobetonovd luzka, kterd slouZzila pro protaZen{
obou razicich §tita stanici. V prubéhu kvétna byly provedeny pri-
pravné préace pro betondZ definitivniho osténi levého stani¢niho
tunelu (LST) (reprofilace, betondZ podkladnich betonu v&etné
tunelové drendze a prechodové plechy pro strikanou izolaci).
Obdobné price byly s priblizné mési¢nim odstupem provadény
i v pravém stani¢nim tunelu (PST). Koncem kvétna byly zahdjeny
prace na stiikanych izolacich LST, nasledné na betonazich dna
definitivniho osténi. K dne$nimu dni jsou hotové veskeré desky
dna v LST a je zabetonovan prvni trdm v dilataci A. V PST jsou
tyto prace zahdjeny.

DALNICE D8 — LOVOSICE — REHLOVICE

Dne 5. kvétna 2012 nabylo pravni moci dlouho ocekavané sta-
vebni povoleni pro zbyvajici objekty Casti A a F stavby ddlnice D8
— 0805 Lovosice — Rehlovice. Mezi né patif i objekt SO F 602
tunel Radej¢in. Timto rozhodnutim dostavbé ddlnice D D8 — 0805
jiZ nic nebrani a vSichni pevné véfime, Ze kon&i i blokace
a obstrukce dostavby délnice ze strany obcCanskych sdruzeni.

V tunelu Prackovice probihala vystavba konstrukci vnitiniho
vybaveni. Jsou jiZ zhotoveny podkladni spddové betony, zdklady
pod obrubnik, kabelovody a osténi propojek. Také je dokonéeno
trvalé i lesnické oploceni a vysadba stromu v rdmci rekultivac{
a terénnich dprav. V Cervnu byly zahdjeny price na stavebnim
objektu pozarni nddrZe a vodovodu.

V tunelu Radej¢in jsou kompletné dokonleny izolace
v razenych ¢astech a vybetonovano definitivni osténi. Kompletné
jsou dokon&eny i betondZe bloku spodnich a hornich kleneb obou
tunelovych trub v hloubené ¢asti prazského portdlu. U udsteckého
portdlu v hloubené &ésti zbyvd dokondit betondZ dvou bloka
v jizni tunelové troubé. V soucasné dobe probiha vystavba pro-
vozné-technického objektu, kabelového kandlu pod severni tune-
lovou troubou a zdsypy hloubenych konstrukci dsteckého portalu
tunelu Radejcin.

PPO (PROTIPOVODNOVA OPATRENI)
JABLONEC NAD NISOU

V soucasné dob¢ probihaji razby na obou hlavnich razenych
objektech, tj. pfivodni §tole a nové odtokové §tole. Na privodni

“Tonda’ started to drive the tunnel between Cerveny Vrch and
Dejvicka stations on 21st June 2012, setting out to the 1750 m long
closing section of the 5th extension of the metro Line A.

On 8th July 2012, during the course of the excavation of the left-
hand running tunnel, the roadway sank into a cavern formed in sur-
face deposits under Evropska Street. The caving was influenced by
the tunnelling operations. A 4 m deep pit originated, which had to be
backfilled with concrete; in addition, the ground in the immediate
vicinity had to be improved by grouting. The tunnelling operations
were resumed after two days after the collapse. The collapse had no
impact on the tunnel lining. This event clearly showed how compli-
cated area will have to be passed under by both full-face tunnelling
machines on their way to Dejvicka station.

When the relocation of the services and equipment required for
the TBM drives had been finished, the Petriny station side-wall drifts
were became accessible and the work on the demolition of tempora-
ry dividing walls between partial headings could commence.
Pumping sumps were subsequently excavated in the station bottom.
The entire station, from the excavation point of view, was completed
on 31st July 2012. An earth-fill ramp descending from the access tun-
nel will be used for the securing of the work on the final lining of
Petfiny station.

The excavation of cross passages between running tunnels have
also started. The cross passages are being driven using the NATM
technique. First, the bracing of the segmental lining of the running
tunnel with steel struts is installed, then the disassembling of the seg-
mental lining follows. The excavation of one cross passage in con-
struction lot 08 has been finished and the installation of the interme-
diate waterproofing system and the final lining is being prepared. The
preparation operations for the commencement of the excavation of
cross passages in construction lot 06 is concurrently in progress.

Another operation being in progress is the excavation of the adit
connecting an at-grade ventilation structure with running tunnels
under Evropska Street. The excavation work on this structure, which
has been carried out in complicated geological conditions, has advan-
ced to the last quarter. Till now 3 partial headings under the vault and
2 drifts at the bottom level have been completed. When the excavati-
on is finished, the construction work required for the passage of the
TBM shields through Veleslavin station will be carried out.

As far as Veleslavin station is concerned, the reinforced concrete
cradles required for the pulling of both driving shields through the
station were broken out at the end of April and May. The work requ-
ired for the preparation of the casting of the final lining of the left-
hand station tunnel (the LST) (re-profiling, casting of blinding conc-
rete inclusive of the installation of the drainage and transition steel
sheets for the spray-applied waterproofing system) was carried out
during May. Similar work had been carried out approximately one
month earlier even in the right-hand station tunnel (the RST). The
work on the spray-applied waterproofing in the LST started at the end
of May; the casting of the final lining bottom followed. At present, all
bottom slabs in the LST have been completed and the casting of the
first concrete beam in the expansion block A has been finished. The
same work has commenced in the RST.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE-REHLOVICE

The long-awaited building permit for remaining parts A and F of
the construction lot 0805 of the D8 motorway between Lovosice and
Rehlovice became legally valid on 5th May 2012. Structure SO F
602, the Radej¢in tunnel, belongs among the structures. Owing to this
decision, there is nothing to prevent the completion of the D8 motor-
way construction lot 0805. We all firmly believe that the blockage
and obstructions caused by civic associations, preventing the com-
pletion of the motorway, have ended.

In the Prackovice tunnel, structures for the tunnel inner equipment
were carried out. Cambered blinding concrete layers, foundations
under kerbs, cableways and the lining of cross passages have been



Obr. 1 Protipovodriovd opatieni Jablonec nad Nisou — vystavba vtokového
objektu (foto Josef Husdk)

Fig. 1 Flood prevention measures for Jablonec nad Nisou — construction of
the intake structure (photo courtesy of Josef Husdk)

Stole prace pokracuji podle predpokladi. V souasné dobé je
vyrazeno 150 m z celkovych 590 m. Po vyreseni zmén na pro-
jektovém zajisténi vystavby nové odpadni Stoly byla i zde
v minulém mésici zahdjena razba. K datu sepséani aktuality je
vyrazeno 50 m. Na ostatnich stavebnich objektech jako napr.
rozdélovaci objekty, vtokovy objekt, prelozky inZenyrskych siti
probihaji prace podle stanoveného harmonogramu.

TUNELY VMO DOBROVSKEHO

V jiz kompletné dokonlenych tunelech jsou letni mésice
vénovany provadéni funkénich zkousek, coz je posledni faze
kompletace dila pred jeho vlastnim pfeddni k uZivani, a tedy
uvedeni do provozu. Toto vyznamné datum pro zménu kvality
brnénské silniéni dopravy je stanoveno na 31. 8. 2012. Prace
realizovaly firmy Subterra a OHL ZS.

ZELEZNICNI TUNEL JABLUNKOV €. 2

Razba délenou ¢elbou v havarovaném dtseku tunelu je jiz
v souCasné dobé dokoncovana. V bo¢nich Stoldch C (levd) a D
(prava) je tak dokoncena razba 176 m dlouhych dseku. Na horni
stredni Stole E chybfi jesté vyrazit poslednich 10 m. Nejvic prace
jesté zbyva na dolni stredni $tole F, ze které je vyraZeno nejmé-
né, a to 128 metri ke dni uzdvérky, takZe zde chybi jesté
48 metri. Po dohodé se statiky uZ byla také deaktivovdna
a odstranéna Zelezobetonova pizma, kterd byla postavena pro
zamezeni pripadného Sifeni zavalu smérem k portdlu P2.
Predpoklada se, Ze razi¢ské prace, které provadi firma Subterra,
budou zcela ukonéeny do konce srpna. Potom firma Firesta pro-
vede betonaz definitivniho osténi.

PLZEN - USLAVSKY SBERAC

Na stavbé Uslavského kanalizaéniho sbérade v Plzni jiz byly
zahdjeny mikrotunelovaci prace. Zacalo se profilem DN 800 mm,
kde byl nasazen stroj Iseki Unclemole TCC 980 s modi-
fikovanou hlavou. V dobé uzdverky ¢isla byly dokonéeny prvni
dva tseky v celkové délce 150 m a s postupy zhruba 10 m za
sménu, coz ve velmi proménlivé geologii s vyraznymi skalnimi
partiemi lze zatim povaZovat za dspech.

ING. BORIS SEBESTA, sebesta@metrostav.cz,
METROSTAYV, a. s.,

ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA, a. s.
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finished. The permanent/forestry fencing and the planting of trees,
which are parts of the reclamation and terrain finishing work, has also
been finished. The work on the fire protection reservoir structure and
the water main commenced in June.

Regarding the Radej¢in tunnel, the waterproofing system installa-
tion and the casting of the final lining have been completed in the
mined sections. The casting of the upper and lower vaults blocks has
been fully completed even in the cut-and-cover parts of both tunnel
tubes at the Prague portal. As far as the cut-and-cover section at the
Usti nad Labem portal is concerned, the casting of two blocks rema-
ins to be completed in the southern tunnel tube. The current work
consists of the construction of the operation and service building, the
cable duct under the northern tunnel tube and backfilling of cut-and-
cover structures at the Usti nad Labem portal of the Radej&in tunnel.

FLOOD PREVENTION MESURES FOR
JABLONEC NAD NISOU

At present, tunnelling is in progress in both main mined structures,
i.e. the intake tunnel and the new outlet tunnel. The work on the int-
ake tunnel proceeds as expected. The driving of a 150 m long part of
the total of 590 m has been completed. After solving the changes in
the design for the new outlet tunnel, the underground excavation star-
ted last month even in this case. As of the preparation of the current
news, the driving of 50 m of the tunnel has been finished. The work
on the other structures, e.g. the water distribution structures, the inta-
ke structure and relocations of utility networks has proceeded in com-
pliance with the works programme.

DOBROVSKEHO TUNNELS ON THE LARGE CITY CIRCLE
ROAD IN BRNO

In the fully finished tunnels, the summer months are dedicated to
conducting functional testing, which is the last phase of the comple-
tion of the works before handing the structure over for operation and
its opening to traffic. This date, which is important for changing the
quality of road traffic in Brno, is set to 31st August 2012. The project
was realised by Subterra a. s. and OHL ZS a. s.

JABLUNKOV NO.2 RAILWAY TUNNEL

The excavation within the collapsed tunnel section using a sequential
excavation method is currently being completed. In side-wall drifts C
(the left-hand drift) and D (the right-hand drift), the excavation of 176 m
long sections has been finished. The last 10 m of the upper central drift
E remain to be finished. Much work still remains on the bottom central
drift. As of the journal closing date the length excavated had been the
smallest there, amounting to 128 metres, with 48 metres remaining to be
excavated. As approved by structural engineers, the reinforced concrete
assembly piers, which had been erected to prevent the potential sprea-
ding of the collapse toward the P2 portal, have already been deactivated
and removed. It is expected that the mining work carried out by Subterra
a. s. will be completely finished by the end of August. Subsequently
Firesta company will cast the final concrete lining.

PLZEN - USLAVA RIVER INTERCEPTOR SEWER

Microtunnelling operations have already begun at the construction
of the Uslava River interceptor sewer in Plzen. The initial profile DN
800 mm was driven by Iseki Unclemole TCC 980 machine with a
modified cutterhead. As of the journal issue closing date, the initial
two sections have been finished at the total length of 150 m, with the
advance rates of about 10 metres per shift. The rates are considered
to be the success with respect to the highly variable geology with sig-
nificant hard rock locations.

ING. BORIS SEBESTA, sebesta@metrostav.cz,
METROSTAV, a. s.,

ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA, a. s.
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Obr. 1 Juzny portdl tunela Turecky vrch (foto Juraj Michalka)
Fig. 1 Southern portal of the Turecky Vrch tunnel (photo courtesy of Juraj
Michalko)

SLOVENSKA REPUBLIKA
TUNEL TURECKY VRCH

Dna 13. jila 2012 bol do predCasného uzivania uvedeny
Zelezni¢ny tunel Turecky vrch. Od tohto diia mézu vlaky pre-
mavat’ cez tunel zatial po jednej tratovej kolaji, a to maximal-
nou povolenou rychlostou 50 km/hod.

Tunel Turecky vrch s dlzkou 1775 m je sticastou stavby
Modernizédcia Zelezni¢nej trate Nové Mesto nad Vdhom -
Pichov, zZkm 100,500-159,100 pre tratovi rychlost’ do
160 km/hod., I. etapa a II. etapa (isek Nové Mesto nad Vahom
— Zlatovce). Turecky vrch je prvy moderny Zelezni¢ny tunel,
ktory sa na Slovensku postavil a uviedol do prevadzky po viac
ako polstoroci.

Pripravné priace pre modernizdciu tdseku zacali v septembri
2009 odovzdanim a prevzatim staveniska. Sldvnostné preraze-
nie tunela sa uskuto¢nilo 25. novembra 2010. Podla platného
harmonogramu md modernizdcia tratového useku trvat’
44 mesiacov, teda do konca médja 2013.

Investorom stavby st Zeleznice Slovenskej republiky
a zhotovitelom zdruzenie vedené spolocnostou OHL 7S,
a. s. Dal§fmi &lenmi zdruZenia si Skanska SK, a. s., Vdhostav
SK, a. s., Doprastav, a. s. a Eltra, spol. s r. 0. Generdlnym pro-
jektantom stavby je Reming Consult, a. s. Stavebny dozor
vykondva zdruZenie tvorené spolo¢nostami Infram SK,
s. 1. 0. a Bung Slovensko, s. r. 0.

Financovanie stavebnych prac tratového dseku vo vyske tak-
mer 264 mil. eur bez DPH je realizované z Kohézneho fondu
Eurépskej komisie a spolufinancované zo zdrojov SR, v rdmci
Operacného programu Doprava 2007-2013.

ING. MILOSLAV FRANKOVSKY,
frankovsky@terraprojekt.sk,
TERRAPROJEKT, a.s., Bratislava

Obr. 2 Northern portal of the tunnel (photo courtesy of Juraj Michalko)

THE SLOVAK REPUBLIC
TURECKY VRCH TUNNEL

The above-mentioned Turecky Vrch railway tunnel was opened for
early use on 13th July 2012. Since that day trains have been allowed
to pass through the tunnel using one running track, at the maximum
permitted speed of 50 km/h.

The 1775 m long Turecky Vrch tunnel is part of the construction
project package named Upgrading of the Nové Mesto nad Vdhom —
Puchov rail line, chainage km 100.500-159.100, for the speed up to
160 km/h, stage I and stage II (the Nové Mesto nad Vahom — Zlatovce
section). Turecky Vrch is the first modern rail tunnel built in Slovakia
and brought into service after more than a half of a century.

The preparatory work required for the uprgrading of the section
commenced in September 2009 by the site handover/takeover. The
ceremonial tunnel breakthrough took place on 25th November 2010.
According to the valid Works Schedule, the upgrading of the track
section is to take 44 months, with the completion planned for the end
of May 2013.

The project owner is Zeleznice Slovenskej Republiky (Slovak
Railways) and the contractor is a consortium led by OHL 7S, a. s.,
with Skanska SK, a. s., Vdhostav - SK, a. s., Doprastav, a. s. and Eltra,
spol. s r. 0. being the other members of the consortium. Reming
Consult a. s. is the general designer for the project. The construction
supervision has been carried out by a consortium consisting of Infram
SK, s. r. 0. and Bung Slovensko, s.r.o.

The funding of the construction work on the track section at the
amount of EUR 264 million (without VAT) is provided from the
Cohesion Fund of the European Commission. The project is co-fun-
ded from the Slovak Republic sources within the framework of the
Operational Programme Transport 2007-2013.

ING. MILOSLAV FRANKOVSKY,
[frankovsky@terraprojekt.sk,
TERRAPROJEKT, a.s., Bratislava

ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz

VALNE SHROMAZDENI CESKE TUNELARSKE ASOCIACE ITA-AITES
GENERAL ASSEMBLY OF THE ITA-AITES CZECH TUNNELLING ASSOCIATION

The General Assembly of the ITA-AITES Czech Tunnelling
Association was held at Hotel Duo, Prague 9, on Friday, the 1st
June 2012. There were 29 delegates from 50 member organisa-
tions, 8 individual members and 11 guests present at the event.

At the opening, Ing. Ivan Hrdina recalled merits of

Ing. FrantiSek Dvordk in designing and constructing utility
tunnels in Prague capital and of Ing. Petr Vozarik, who was for
many years the chairman of the Editorial Board of TUNEL



Obr. 1 Predseda CzTA Ing. Ivan Hrdina preddvd cenu za studentskou soutéz
o nejlepsi diplomovou prdci Ing. Veronice Onderkové

Fig. 1 Ing. Ivan Hrdina, the chairman of the CTA, is handing over the prize
for the student competition for the best diploma thesis to Ing. Veronika
Onderkovd

journal. Subsequently he handed over CzTA’s commemorative
medals to them. The General Assembly assessed last year’s
activities of the association, discussed the economic situation
and the proposal for the budget for 2012. Then the plan of acti-
vities of the Association was introduced. In the plan, the
Association focuses itself on the preparation of the internatio-
nal conference Underground Construction Prague 2013. It will
be held at Clarion Congress Hotel Prague in April 2013.

V patek 1. ¢ervna 2012 se konalo v hotelu Duo v Praze 9
valné shromazdéni Ceské tuneldiské asociace ITA-AITES.
Celkem bylo pritomno 29 delegétu z 50 ¢lenskych organizaci,
8 individudlnich ¢lent a 11 hostu.

Valné shromdzdéni zahdjil predseda CzTA ITA-AITES
Ing. Ivan Hrdina, ktery privital v§echny dcastniky. Vzapéti pfi-
pomenul zasluhy Ing. FrantiSka Dvordka pri kolektorizaci
Prahy a Ing. Petra Vozdrika, ktery byl mnoho let pfedsedou
redakéni rady Casopisu Tunel. Poté za potlesku vSech pritom-
nych predal obéma ocenénym pamétni medaili CzTA.

Nasledovala zprdva o ¢innosti CzTA od valného shromazdé-
ni konaného dne 8. ¢ervna 2011. Kladné byl zhodnocen prede-
v§im Casopis Tunel, ktery si udrZuje svoji vysokou tdroven.
Také publikacni ¢innost byla v minulém roce rozsdhld, v edici
Dokumenty CzTA byly vydany tfi publikace.

Doslo rovnéz k vyznamné inovaci webovych stranek, které
byly v roce 2012 vybrany Narodni knihovnou CR k archivaci.

Naddle pokracuje porddani vzdélavacich akci, v minulém
roce byla uskute¢néna Ctyfi Tuneldrskd odpoledne, od roku
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Obr. 2 Ing. Frantisek Dvordk (vpravo) a Ing. Petr Vozarik prevzali pamétni
medaili CzTA
Fig. 2 Ing. FrantiSek Dvordk (right) and Ing. Petr Vozarik receiving the
CzTA medal
2008 do Cervna 2012 jich bylo usporaddno jiz patnact. Na
zacatku roku 2012 se navic konal seminaf o rakouské legisla-
tivé pro podzemni stavby.

Zpravu o ekonomické situaci, ndvrhu rozpoctu na rok 2012
a o stavu Clenské zdkladny (k 1. 1.2012 bylo ¢leny asociace 50
organizaci a 50 jednotlivci) prednesl Ing. Viclav Soukup.
Konstatoval, Ze v roce 2011 byly vyCerpédny finanéni prostied-
ky ziskané z konference Podzemni stavby Praha 2010. Navrh
rozpoctu na rok 2012 nenf vyrovnany. Aby se zachoval stava-
jici rozsah aktivit asociace, doporudilo predsednictvo schvilit
rozpocet s predpoklddanou ztratou 250 tis. K&, kterd bude
pokryta ze zatim necerpané rezervy z WTC 2007 uloZené na
vkladovém uctu. NavrZzeny rozpocet pocitd i s omezenim
nékterych vydaju (limitovat pocet stranek ¢asopisu Tunel na
prumérné 98 str. v jednom vytisku, zru$it autorské honoréie
apod.).

Valné shromazdéni schvdlilo hospodareni asociace v roce
2011 a navrh rozpoctu na rok 2012 jednomyslné.

Doc. HrubeSova podala zprdvu o ¢innosti pracovnich skupin
CzTA a aktivité zdstupcu asociace ve WGs ITA-AITES.

Nasledovalo predstaveni aktivit chystanych na rok 2012.
Celkem budou usporadany tfi Tuneldfskd odpoledne a dva
semindre. Naddle je pldnovdno vydavani Casopisu Tunel.
V fijnu by se mél uskute¢nit odborny zdjezd do Rakouska,
ktery bude CéasteCné dotovan asociaci. Velkd pozornost je
vénovana pripravé konference PS Praha 2013, o postupu pri-
pravy informoval Ing. Butovic. Utastnici byli vyzvani
k podpofe konference a k zasldni abstrakti piispévku
do 30.6.2012.
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Vyhlédgeni vysledka studentské soutéZe o nejlepsi diplomo-
vou praci za rok 2011 ozndmil Ing. Novotny. Vyhodnoceni byli:

1. misto — Ing. Veronika Onderkova — FSv VSB-TU Ostrava

Modelovdni technologie ,,pipe roofing“ pro sanaci tunelu
Jablinkov

2. misto — Ing. Miroslav Lipka — FSv VUT Brno

Posouzent vlivu nového hlubinného zdkladu na konstrukci
primdrniho kolektorového tunelu

3. misto — Ing. Jan Vrbata — FSv CVUT Praha

Zpetnd analyza merenych deformact primdrniho ostént tune-
lu Brusnice

Mimoiadné ocenéni — Bc. Jakub Mikolasek — FSy CVUT
Praha

Historické pohranicni opevneni CR

V zéavéru jedndni Gcastnici valného shroméazdéni prijali jed-
nomyslné ndsledujici usneseni:

Usneseni z valného shromazdéni CzTA,
které se konalo 1. ¢ervha 2012 v hotelu Duo v Praze 9

1. Valné shromazdéni schvaluje zpravu predsedy o ¢innosti
asociace v obdobi od minulého valného shromézdéni, které se
konalo 8. ¢ervna 2011.

2. Valné shromazdéni schvaluje hospodafeni asociace za rok
2011 a ndvrh rozpoctu na rok 2012.

3. Valné shromazdéni vzalo kladné na védomi hlavni aktivi-
ty CzTA v roce 2012:

— porddani tuneldfskych odpoledni, semindia a tematického
zdjezdu do Rakouska;

— pripravu mezindrodni konference PS 2013.

Po ukonceni oficidlni ¢dsti valného shromdzdéni nédsledova-
la prednaska doc. Matouse Hilara, ktery informoval pfitomné
o pravé probéhlém svétovém tunelarském kongresu WTC
2012 v Thajsku.

Ing. Otakar Hasik sezndmil posluchace se stavbou Zeleznic-
niho tunelu Turecky vrch, kde je instalovdna pevnd jizdni
drdha. Stavba je prvnim novym zelezni¢nim tunelem ve
Slovenské republice po mnoha letech. Pfrednasku Ing. Hasika
uvedl dal§imi informacemi generdlni feditel spole¢nosti
Metroprojekt Praha, a. s., Ing. David Krasa.

Valné shromazdéni ukon¢il predseda CzTA Ing. Ivan Hrdina,
ktery podékoval pritomnym za dcast.

ING. MARKETA PRUSKOVA, Ph.D.,
pruskova@seznam.cz, CzTA ITA-ATIES

EXKURZE NA STAVBU TRASY V.A PRAZSKEHO METRA

Protoze se pred rokem nepodarilo uspokojit viechny zdjem-
ce o exkurzi na stavbu metra V.A, usporddala CzTA ve spolu-
préaci s firmou Metrostav, a. s., v patek 15. ¢ervna 2012 opa-
kovanou exkurzi s moznosti prohlidky plnoprofilovych zemi-
novych titi (EPBS). Pfislo celkem 35 zdjemci. Ucastnici
sestoupili do tratového tunelu jamou pro zménu logistiky pro
razbu Stity EPBS, kterd se nachazi mezi stanicemi Veleslavin
a Cerveny vrch (v budoucnu zde bude umistén vétraci objekt).
Zde je zaméstnanci Metrostavu, a. s., seznamili se zdkladnimi
fakty a ukdzali jim pripravené sloZené segmenty z dratkobe-
tonu (které jsou urCeny pro zkuSebni dsek délky 15 m).
Exkurze pokracovala levym (smérem do Dejvic) tratovym

tunelem do stanice Cerveny vrch, kde si prohlédli zeminovy
§tit S-609 pojmenovany ,,Tonda“, ktery byl pfipraven na start
razby tratového tunelu do stanice Dejvickd. V druhém trato-
vém tunelu pravé razil stroj S-610 ,,Adéla* (oba od némecké
firmy Herrenknecht), ktery se aktudlné nachdazel pred stanici
Cerveny vrch. Po navratu na povrch probéhla v zasedaci mist-
nosti druhd ¢ast odborného programu — sezndmeni se s mate-
ridly o stavbé a film vysvétlujici princip razby pomoci EPBS
v Praze a na stavbé metra v Barcelon¢.

ING. MARKETA PRUSKOVA, Ph.D.,
pruskova@seznam.cz, CzTA ITA-ATIES

PRIPRAVA 12. MEZINARODNI KONFERENCE PODZEMNI STAVBY PRAHA 2013

22.-24. DUBNA 2013, PRAHA, CESKA REPUBLIKA

PREPARATION OF 12TH INTERNATIONAL CONFERENCE UNDERGROUND CONSTRUCTION PRAGUE 2013
22ND - 24TH APRIL 2013, PRAGUE, THE CZECH REPUBLIC

Priprava 12. mezindrodni konference Podzemni stavby
Praha 2013 intenzivné pokracuje. Poradatelem konference je
Ceskd tuneldiskd asociace ITA-AITES, predsedou organizag-
niho vyboru je Ing. Alexandr Butovi¢, Ph.D. z firmy Satra,
s. 1. 0., a védeckou radu vede doc. Ing. Matou$ Hilar, Ph.D.,
(D2-Consult Prague, s. r. 0., a FSv CvuT Praha).

Na pripravé konference spolupracuje také Slovenskd tune-
larskd asociace ITA-AITES.

Vsechny potiebné informace o konferenci, jejiz soulasti
jsou také technickd vystava, odborné exkurze a posterova
sekce, 1ze nalézt na webovych strankach www.ita-aites.cz
pod nabidkou Konference PS 2013. Z nich lze také stdhnout

The intense preparation of the 12th International Conference
Underground Construction Prague 2013 is underway. The
organiser of the Conference is the ITA-AITES Czech
Tunnelling Association; the chairman of the Organising
Committee is Dr. Alexandr Butovic¢ from Satra, spol. s r. 0.; the
Scientific Council is chaired by Dr. Matous Hilar (D2-Consult
Prague, s. r. 0., and the Faculty of Civil Engineering of the
Czech Technical University in Prague).

The ITA-AITES Slovak Tunnelling Association also collabo-
rates on the preparation of the Conference.

All necessary information on the Conference, parts of which
are also the Technical Exhibition, technical excursions and



v PDF 2. oznameni i brozuru Nabidka pro partnery konfe-
rence a vystavovatele.

Pres uvedené webové stranky bude probihat komunikace
s autory prispévku i registrace uéastniku.

Druhé ozndmenf jiZ obsahuje jména odborniku, ktefi budou
fidit jednani jednotlivych sekci, i ndzvy a prednasejici klico-
vych a vyzvanych predndSek. Ty budou predneseny na zacat-
ku jednani sekci.

Klicové prednasky:

Libor Marik (éeské republika): Historie a soucasnost
NRTM v Ceské republice

Ermin Stehlik (Ceskd republika): Vystavba prazského metra
— historie, souc¢asnost a budoucnost

Martin Knights (Spojené krdlovstvi): Technologie a inovace
v tunelovani

Heinz Ehrbar (Svycarsko): Pravidlo vy3ich podth

oz 0 o

Zkusenosti z Gotthardského bazového tunelu

Vyzvané piednasky:

Sekce 1 Dopravni tunely ve méstech — projektovdni
a vystavba

Dr. Vojtech Gall (USA): Nedestruktivni alternativy projek-
ta mimodroviovych kiizeni vyuZivajici velmi mélké kon-
venéni tunelovani

Dr. Davorin Kolic (Chorvatsko): Méstské dopravni tunely
v podzemnim urbanismu

Sekce 2 Dopravni tunely mimo mésta — projektovdni
a vystavba

Prof. Bai Yun (Cina): Trans-ndrodni Zeleznice pod
Himélajemi

Sekce 3 Ostatni podzemni stavby — projektovdni a vystavba

Prof. Wulf Schubert (Rakousko): Pozadavky na nedopravni
podzemni stavby

Sekce 4 Geotechnicky priizkum a monitoring podzemnich
staveb

Prof. Anthony Steven O'Brien (Spojené krédlovstvi):
Geotechnické hodnoceni, posledni vyvoj a aplikace

Sekce 5 Numerické modelovdni, vyvoj a vyzkum podzem-
nich staveb

Prof. Robert Galler (Rakousko): Trojrozmérné numerické
modelovani v podzemnim inZenyrstvi — nékteré poznamky
k stavu veédy a soucasné vyzkumné aktivity

Sekce 6 Vybavent, bezpecnost provozu a tidrba podzemnich
staveb

Bernhard Kohl (Rakousko): Bezpec¢nost v silni¢nich tune-
lech — stav oboru

Sekce 7 Rizenf rizik, smluvni vztahy a financovdni podzem-
nich staveb

Sgren Degn Eskesen (Dénsko): Rizeni rizik vystavby —
novy vyvoj a priklady z minulosti

Dulezité terminy:

30. 9.2012 — Zahdjeni registrace ucastniku konference

1. 12. 2012 — termin pro zasldni komplexné zpracova-
nych prispévku

Na shledanou v Praze v dubnu 2013!!!
ING. MILOSLAV NOVOTNY,

sekretdr CzTA ITA-AITES,
ita-aites @metrostav.cz
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a Poster Section, is available on web pages www.ita-aites.cz
under Conference Underground Construction. The 2nd
Announcement and the Prospectus for Partners and Exhibitors
in PDF form can be downloaded from it.

All communication with authors of papers and the registration of
attendees will proceed through the above-mentioned web pages.

The second announcement already contains the names of the
professionals who will manage discussions in individual secti-
ons and the titles of key lectures and invited lectures, including
the names of particular lecturers. The lectures will be delivered
at the beginning of each section sessions.

Keynote lectures:

Libor Marik (Czech Republic): Past and present of NATM in
the Czech Republic

Ermin Stehlik (Czech Republic): Prague Metro construction
- past, present and future

Martin Knights (United Kingdom): Technology and innova-
tion in tunnelling

Heinz Ehrbar (Switzerland): The law of large numbers in
underground construction — Risk Management for Mega-
Projects — Lessons learned from the Gotthard Base Tunnel

Invited Lectures:

Section 1 Urban transport tunnels — design and construction

Dr. Vojtech Gall (USA): Non-Disruptive Alternatives for
Grade Separation Projects in Urban Settings Using Very
Shallow Conventional Tunneling

Dr. Davorin Kolic (Croatia): Urban Transport Tunnels in
Underground Urbanism

Section 2 Non-urban transport tunnels — design and con-
struction

Prof. Bai Yun (China): Trans-national railway under the
Himalayas

Section 3 Other underground structures — design and con-
struction

Prof. Wulf Schubert (Austria): Requirements for non-tran-
sport underground structures

Section 4 Geotechnical investigation and monitoring for
underground construction projects

Prof. Anthony Steven O'Brien (United Kingdom):
Geotechnical Characterisation, Recent Developments and
Applications

Section 5 Numerical modelling, development and research

for underground cons. projects

Prof. Robert Galler (Austria): 3-dimensional numerical
modelling in underground engineering — some remarks to the
state of the art and actual research activities

Section 6 Equipment, operational safety and maintenance in
underground structures

Bernhard Kohl (Austria): Safety in Road Tunnels - State of
the Art

Sekce 7 Risk management, contractual relationships and fun-
ding of underground construction projects

Sgren Degn Eskesen (Denmark): Construction Risk Manage-
ment — New developments and case histories

We are looking forward to meeting you in Prague in April
2013!!!

ING. MILOSLAV NOVOTNY,
Secretary of the ITA-AITES CzTA,
ita-aites @metrostav.cz
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Bezalkalickeé urychlovace pro strikané betony

Produkty pro TBM
pény pro zlepseni vlastnosti pldy, polymery, tmely a maziva

Vyrobky pro sparovani a konsolidaci
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