TouflHel

CASOPIS CESKEHO TUNELARSKEHO KOMITETU A SLOVENSKE) TUNELARSKEJ ASOCIACIE ITA/AITES
MAGAZINE OF THE CZECH TUNNELLING COMMITTEE AND SLOVAK TUNNELLING ASSOCIATION ITA/AITES

N




15. rocnik - €. 2/2006

EDITORIAL

Jsem velmi potéSen, Ze vdm mohu predstavit v poradi druhé
¢islo odborného ctvrtletniku Tunel vyddvané v roce 2006. Prvni
letosni ¢&islo uvedl prezident svétové tunelarské asociace
ITA/AITES pan Harvey W. Parker a velmi vystizné charakterizo-
val celosvétovou problematiku i budouci tikoly v podzemnim sta-
vitelstvi. Toto rozsahem mimoradné &islo bylo zaméreno hlavné
na predstaveni tuneldrského oboru v nasich dvou republikédch své-
tové odborné verejnosti s ohledem na pripravovany kongres WTC
2007 v Praze.

Pii této prilezitosti nemohu nevzpomenout, Ze takto vyznamny
kongres se bude konat v Praze znovu po 22 letech. Tehdy se kon-
gres konal pod ndzvem ,, TUNNEL — CITY* v zaf{ 1985 a byl vyji-
mecny tim, Ze probihal poprvé v zemi patiici do sovétského bloku.
Domnivam se, Ze tento pocin, jehoZ zaji$téni a kondni bylo vyji-
mecnou zdsluhou zakladatele naSeho casopisu Ing. Jaroslava
Gréna, byl také pfedznamenanim nadéje na zménu spoleenskych
poméru. Byla to vlastné prvni vyraznd prilezitost, hlavné pro
odborniky ze zemi vychodniho bloku, sezndmit se s problemati-
kou velkych svétovych tunelovych projekta té doby.

Ale nyni jiz k tomuto druhému c¢islu Tunelu v roce 2006.
V dvodu se vdm predstavuji dvé vyznamné firmy, které vyrazné
pusobily v minulosti i v soucasné dobé v podzemnim stavitelstvi.
Stavebni geologie-Geotechnika, a. s., je pokracovatelem 80leté
tradice inZenyrskogeologického pracovisté, které zaloZila v roce
1926 legenda inzenyrské geologie akademik Quido Zaruba. Dnes
jako moderni konzulta¢ni firma nabizi komplexni geotechnické
sluzby.

Metroprojekt Praha, a. s., ktery slavi 35. vyro¢i zaloZeni, se
zdsadnim zpusobem zapsal do rozvoje podzemnich staveb u nds.
Od absolutniho podilu na pripravé a projektovéni stavby prazské-
ho metra se stal nezdvislou projektovou, inZenyrskou a konzultac-
ni spoleCnosti schopnou zabezpecit pripravu kazdého velkého
investi¢niho dila.

Pracovnici téchto dvou spole¢nosti ve svych prispévcich pred-
stavuji velké a technicky ndro¢né projekty, na kterych se podileji.
V Metroprojektu to jsou hlavné stavby trasy IVC prazského
metra, stavby Zelezni¢nich koridora véetné tuneld, dalniéni tune-
ly na trase délnice D8 ¢i vysoce architektonicky cenény prichod
valem Prasného mostu na Prazském hradu.

SG-Geotechnika prezentuje svoje ¢innosti na jedné z nejvétsich
inZenyrskych staveb v Praze — na Zelezni¢nich tunelech Nového
spojeni a na kolektorech v centralni &dsti Prahy. Ctenafe bych
velmi rdd upozornil na ¢ldnek o vystavbé tuneli na Dullesové
letisti ve Washingtonu, D.C, kde mne upoutaly zkusSenosti z pozi-
ce NRTM inzenyra. Domnivdm se, Ze i u nds by byla tato funkce
velmi uzite¢nd, nékdy az nutnd, jakoZto prostrednik pro jednani
mezi dodavatelem a investorem. Vyznalovala by se jistou neza-
vislosti a doplnovala by vhodné odbornou erudici zdkaznika, coz
by uréité zvysilo nejen efektivnost, bezpe¢nost, ale i ekonomic-
nost vystavby.

Slovens§ti autofi pribliZzuji problematiku vystavby kanalizaéniho
sbérafe v Banské Bystrici ve slozité situaci méstské aglomerace
a zajimavé feSeni definitivnich betonovych konstrukci ddlni¢niho
tunelu Sitina v Bratislavé.

Snahou redakéni rady Casopisu je, aby v ¢asopise nebyly publi-
kovany jen ¢lanky o realizovanych projektech nebo o pouZiti
novych technologii ¢i materidld, ale vedle toho i kvalitni teoretic-
ké ¢lanky. To by méla byt vyzva pro ty z vds, ktefi mohou jako
autofi prispét k dobré drovni Casopisu, o ktery roste zdjem
i v zahranici.

ING. PETR VOZARIK,
predseda redakéni rady ¢asopisu Tunel

Tufel

EDITORIAL

It is a great pleasure for me to introduce the second issue of Tunel,
the quarterly technical journal. The first issue published this year was
introduced by Mr. Harvey W. Parker, the president of the international
tunnelling association ITA/AITES. He provided apt characteristics of
worldwide problems and future tasks of underground construction. This
issue of the magazine, which was extraordinary in terms of its size, was
focused mainly on the introduction of the tunnelling industry in our two
republics to the worldwide professional public in view of the forthco-
ming WTC 2007 in Prague.

On this occasion I must remind you of the fact that this significant
event will take place in Prague for the second time, after 22 years. The
previous congress was held in September 1985 under the title
“TUNNEL - CITY”. It was exceptional as the first congress held in
a country of the former Soviet block. I suppose that this event, which
was awarded to our republic and successfully organised owing to
exceptional efforts made by Mr. Jaroslav Grdn, the founder of our
magazine, was an indication of the hopes of a change in our political
circumstances. It was, in a way, the first significant opportunity for pro-
fessionals from the Eastern Block countries to acquaint themselves with
the problems of large tunnelling projects in the world of that period.

Let us get back to the second issue of Tunel 2006. The opening pages
are dedicated to the introduction of two important companies, which
have been working in the field of underground construction. Stavebni
geologie—Geotechnika a. s. has continued the 80-year tradition of the
engineering geological workplace established by academician Quido
Zaruba in 1926. It offers comprehensive geotechnical services as
a modern consultancy firm.

Metroprojekt Praha a. s., which is celebrating the 35th anniversary
of its foundation, has substantially affected the development of underg-
round construction in our country. Starting from assuming a lion share
in the work on planning and design of the Prague Metro construction, it
grew to become an independent design, engineering and consultancy
company capable of preparing any large capital project.

In their papers, employees of the above-mentioned two companies
introduce large and technically demanding projects where they are par-
ticipating. For Metroprojekt, the main projects are the Line IVC of the
Prague metro, construction of railway corridors including tunnels,
motorway tunnels on the D8 motorway route or the architecturally
renowned passage under the embankment of Pra$ny Bridge at Prague
Castle.

SG-Geotechnika a. s. presents its activities using as examples one of
the largest civil engineering projects in Prague, the railway tunnels on
the lines of the New Connection project and utility tunnels in the
Prague centre. I would like to call the readers’ attention to the paper on
the construction of tunnels at the Dulles International Airport,
Washington, D.C., where I found experience of an NATM engineer
interesting. In my opinion, this function would be useful in our conditi-
ons too, sometimes even necessary to provide mitigation between the
client and the contractor. It would be distinguished by a certain level of
independence and would become a suitable supplement to client’s pro-
fessional erudition. It would certainly improve efficiency, safety and
economy of the construction process.

Slovak authors outline the problems of the construction of a sewer in
Banskd Bystrica in difficult conditions of complicated urban concentra-
tion, and the interesting design of final concrete structures of the Sitina
motorway tunnel in Bratislava.

The editorial board makes an effort to obtain not only articles dealing
with completed projects or application of new techniques or materials,
but also to publish high quality theoretical papers. This should be a chal-
lenge to those of you who can contribute as authors to the good level of
the magazine, which has been exciting increased interest abroad.

PETR VOZARIK,
Chairman of Tunel Editorial Board
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VAZENIi CTENARI A KOLEGOVE!

Stalo se jiz tradici, Ze jubilujicim firmdm, sdruzenym v CTuK a STA,
poskytuje TUNEL vétsi prostor k prezentaci a vétSina z nich této moz-
nosti rdda vyuzivd. METROPROJEKT Praha, a. s., neni v tomto sméru
vyjimkou. Dne 1. kvétna 2006 uplynulo 35 let od jeho zaloZeni, a to je
jisté prilezitost k rekapitulaci i pohledu do budoucna. Soucasné vSak
musim konstatovat, Ze by nebylo pro nds dobrou vizitkou, kdybyste se
o nas dozvidali jen jednou za 5 let. Troufnu si tvrdit, Ze
METROPROIJEKT - presnéji feceno jeho zaméstnanci — patfili a patri
v tomto sméru k nejaktivnejsim, a proto by bylo noSenim diivi do lesa,
kdybych pouze opakoval, co jsme za uplynulé obdobi vykonali a jaké
tikoly pred ndmi stoji. O tom jste prubéZné informovdni nejen v naSem
Casopise, ale i v celé fade dalSich médii, hromadné sdélovaci prostiedky
nevyjimaje, a samoziejme predevsim pak v okamziku, kdy na vlastni o¢i
vidite nebo pouZivate dilo, kterd bylo realizovdno podle naSich projektu.

V této souvislosti v§ak nemohu nezminit jednu okolnost, kterd mne
i moje spolupracovniky moc neté$i. Metroprojekt byl zaloZen zcela tice-
lové v okamziku, kdy stét potieboval dostat pod svoji absolutni kontro-
lu pripravu a vystavbu prazského metra, coZ se mu nepochybné podarilo.
Presto ale, bez ohledu na politickou situaci, v ném vyrostli $pickovi
odbornici, kterf tspésné prekonali obtizné obdobi az do pocatku devade-
satych let. Dnes je METROPROIJEKT Praha, a. s., nezdvislou projekto-
vou, inZzenyrskou a konzultaéni spole¢nosti, schopnou koordinovat pii-
pravu, zabezpecit projektovani a podilet se na realizaci nejen metra, ale
prakticky jakéhokoli velkého investi¢niho celku. Jeho tloha — tedy tloha
jeho pracovniku — je vSak specidlné u téchto investic velmi Casto podce-
novana, nebo dokonce zcela opomijena, coZ je velmi nespravedlivé.

Velké stavby, at’ se jednd o trasu metra, tramvajovou trat, ddlnici,
zelezni¢ni koridor, vyznamny tunel, nebo jiny velky verejny objekt,
vzdy byly sledovany nejvys§imi politickymi a stdtnimi orgdny a pro-
a ani zdsadni politické zmény, k nimz doslo, na této skutecnosti prak-
ticky nic nezménily. Stale plati, Ze na dspé$ném dokonéeni nové linky
metra, nové délnice ¢i jakékoli jiné velké stavby md nejveétsi zasluhu
politické vedent, nasleduji statni nebo komundln{ organy a jejich inves-
torské slozky, pak realizdtori a nékde na samém konci této fady — pokud
jsou do ni vibec pfipusténi — jsou projektanti. Ano, jako ve vem, exi-
stuji vyjimky, ale jsem presvédCen, Ze docenéni duSevni prace, bez niz
by penize, materidly ani technika nikdy nic nezrealizovaly, by bylo nejen
spravedlivé, ale i pro spole¢nost prospésné.

Ze své dlouholeté zkuSenosti mohu prohlésit, Ze vZdy, kdyZ investor,
projektant a realizdtor stavby vystupovali jednotne, vzajemné se respek-
tovali a vychézeli si vstiic, bylo vysledkem skvélé dilo, budici opravne-
ny obdiv odbornik a nadSent vefejnosti. PraZské metro je nejvyraznéj-
$fm reprezentantem této symbidzy, ur¢it¢ ne vsak jedinym. Jsem pre-
svédcen, Ze viichni ¢lenové CTuK i STA, jejichz dlouholeté tizké kon-
takty a spoluprace jsou predmétem obdivu a oblas i zdvisti firem
z jinych odvétvi, maji v tomto sméru cestu usnadnénu. Casopis TUNEL
na tom mé nemalou zésluhu, a proto mu preji, aby v nastoupené cesté
déle dspésne kracel.
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DEAR READERS AND COLLEAGUES!

It has become a tradition that TUNEL offers more space to companies cele-
brating their anniversaries and that most of them use this opportunity for their
presentation. METROPROJEKT Praha, a. s. is no exception. The date of
1 May 2006 when 35 years will pass since its foundation is certainly an
opportunity of both recapitulating the past and looking into the future. At the
same time though, I must state that it would be no positive sign of our activi-
ties if you should learn about us only once in five years. I dare say that
METROPROJEKT or, better put, its employees have belonged among the
most active in this sense; it would therefore be ploughing the sands if I tried
merely to repeat what we have performed in the past and which tasks are
ahead of us. You have been informed about it continually not only in our
magazine but also in all other mass media and, of course, at the moment when
you can see with your own eyes or use the works completed according to our
designs.

In this context, however, I cannot leave one condition unmentioned, which
my collaborators and me are not too happy about. Metroprojekt was founded
intentionally at the moment when the state needed to gain absolute control
over the preparation and construction of Prague metro, which it undoubtedly
succeeded in. Despite this fact, irrespective of the political situation, top class
professionals grew in this company who successfully overcame the difficult
era till the beginning of the nineties. Today METROPROJEKT Praha, a. s. is
an independent design, engineering and consultancy firm capable of coordi-
nating preparation, providing design and participating in the implementation
not only of metro but also virtually of any large investment unit. Its role,
I mean the role of its employees, is, particularly in the case of these projects,
very often underestimated or even totally neglected, which is very unfair.

Large construction projects, be it a metro line, tramline, motorway, rail-
way corridor, important tunnel or other large public structure, have always
been followed by top political and governmental bodies and, through media,
also by the widest public. It has been so always and even the fundamental
political changes that have taken place have changed virtually nothing in this
reality. It still applies that success in completion of a metro line, new motor-
way or any other large project is attributable most of all to political manage-
ment followed by governmental and community bodies and their investment
section, then contractors and, somewhere at the end of this line, designers, if
they are admitted to the line at all. Yes, as everywhere, exceptions do exist.
I am, however, convinced that full appreciation of intellectual work, without
which money, materials or equipment would build nothing at all, would be
not only fair but also beneficial for the society.

From my long-term experience, I can state that whenever the client, desig-
ner and contractor acted cohesively, respected each other and tried to meet
each other’s wishes, the result was an excellent piece of work evoking justi-
fied admiration of professionals and enthusiasm of the public. Prague metro
is the most visible representative of this symbiosis, although not the only.
I'am convinced that all members of the CtuC and STA, who maintain long-
term close contacts and collaborate in a way which is admired and someti-
mes even envied by firms from other industrial branches, have their work
made easier in this respect. This fact is also a considerable credit to TUNEL.
Therefore [ wish the magazine success in the commenced way.

I,

Ing. JiFi Pokorny
generalni feditel a predseda predstavenstva
METROPROJEKT Praha, a. s.
C.E.O. and Chairman of the Board
METROPROJEKT Praha, a. s.
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VAZENI CTENARI CASOPISU TUNEL!

Jsem velmi rdd, Ze v okamziku, kdy se nase spolecnost ,,doziva 80 let*
nepretrzité existence, se na vds mohu obritit s pripominkou nejvyznamnéj-
Sich kapitol jejf historie.

U zrodu firmy stdl akademik Ing. Quido Zdruba, pozdéjsi akademik
a prvni prezident mezindrodn{ spoleCnosti pro inZenyrskou geologii IAEG.
Ten v roce 1926 zalozil prvni inZenyrskogeologické pracovisté v Ceskoslo-
vensku, a polozil tak zaklady jak pro nds obor, tak i pro nasi firmu.

Po vilce se na bdzi tohoto pracovisté konstituoval dstav Stavebni geolo-
gie. V jeho rdmci se intenzivné rozvijely vSechny specializace inZenyrské
geologie a geotechniky.

Stavebni geologie pak hréla rozhodujici roli pfi poskytovani geotechnic-
kych a geologickych podkladi pro vSechny velké stavby té doby na tizemi
Cech a Moravy.

Ve vInéch $la nejdfive velkd vodni dila, jako prehrady Vltavské kaskady,
podzemn{ kaverna Lipno, sypané hrédze Pfise¢nice, Jirkov, Nechranice.

Nésledovaly stavby pro energetiku. V prvni fadé pruzkum pro Temelin
a ostatni planované jaderné elektrarny, zajistén{ t¢zby v hnédouhelnych povr-
chovych dolech v SHD.

Dalsi skupinou staveb byla dila zajistujici pitnou vodu, jako privadéc
Zelivka, kanalizaénf sbérate Usti n. L., Hradec Krdlové, Kolin a dal3f.

Kli¢ovou c¢innosti nasi spolecnosti vzdy byly a jsou podzemni stavby
a tunely. V prvopocdtcich napriklad predbéZné prizkumy pro prazskou pod-
zemni drahu a geologickd asistence pii vystavbé Vinohradského tunelu.
Z dalSich vyznamnych podzemnich staveb lze jmenovat napiiklad velkou
podzemni kavernu na piehrad€ Lipno nebo podzemni dila na precerpavaci
elektrarmé Cerny Véh. Vyznamnym inZenyrskym dilem svétovych paramet-
1 byl podzemni zdsobnik plynu u Pfibrami v hloubce 1000 metrl pod zemi.

V soucasné dobé se Stavebni geologie — Geotechnika, a. s., zapojuje
vyznamnym zpusobem do rozvoje dopravni infrastruktury v Ceské republi-
ce. Béhem poslednich péti let neni v CR tunelové stavba, kde by nehrala
vyznamnou roli. Namdtkou tunely prazského metra IVC, Zelezni¢ni tunely
Biezno, Ml¢echvosty a Krasikov, Novd a Mald Huba, tunely Panenskd, Valik
nebo dokonceny vyznamny tunel na praZském silni¢nim okruhu Mrézovka.
Za zminku téZ stoji nas prispévek pri likvidaci povodnovych $kod v zatope-
nych pozemnich tsecich tras metra A, B a C v Praze a t¢ast pii budovani sité
kolektort v Praze.

V roce 1991 se firma zménila v moderni nezdvislou konzultaéni firmu
majici formu akciové spolecnosti.

Od t¢ doby Stavebni geologie — Geotechnika, a. s., pokracuje ve svém roz-
voji. Postupné rozsituje portfolio nabidky svych sluZeb o banské inZenyrstvi,
geotechnické konzultace, geodetické inZenyrstvi, projektovani geotechnic-
kych konstrukci, inZenyrské supervize a stavebni dozory inZenyrskych
staveb.

Cilevédomé investice a vysledky vlastniho technického vyvoje umoznily
firmé vyznamny konkurenéni ndskok v oblasti monitoringu podzemnich
staveb. V roce 2005 dosahuje Stavebni geologie — Geotechnika, a. s., se
170 stdlymi zaméstnanci ro¢niho obratu 340 miliont K¢&. Tim je v CR beze
sporu nejvetsi konzultaéni firmou podnikajici ve stavebnictvi.

V osmdesdtém roce své existence je Stavebni geologie — Geotechnika, a.s.,
v plné formé a pokracuje ve svém rozvoji tak, aby si dlouhodobé zajistila
novou dynamiku svého dalsiho rozvoje pii zachovéni své podnikatelské filo-
zofie kontinuity a svych tradi¢nich hodnot.

DEAR READERS OF TUNEL MAGAZINE!

I am very happy that I can address you with reminiscences of the most important
chapters in the history of our company, which is celebrating the 80th anniversary of
its uninterrupted existence.

The company was born with the help of Ing. Quido Zéruba, the future academici-
an and the first president of the IAEG, the International Academy of Engineering
Geology. He founded the first engineering geology workplace in Czechoslovakia in
1926, thus he laid the groundwork for both our business branch and our company.

After the war, the Institute of Engineering Geology was constituted on the basis of
the above workplace. The institute intensely developed all specialisations of engine-
ering geology and geotechnics. Stavebni Geologie played deciding role in providing
geotechnical and geological background for all major projects of that period imple-
mented in Bohemia and Moravia. Construction boom waves started with hydraulic
structures, e.g. the cascade of hydro-power plants on the Vltava, the underground
cavern at Lipno dam, earth-fill dams at Prisecnice, Jirkov, Nechranice.

Constructions for power engineering purposes followed. For the company it meant
first of all the investigation for Temelin and other planned nuclear power stations, as
well as for extraction of coal in brown-coal open-cast mines in SHD (North-Bohemi-
an Brown-Coal Mines).

Another group of constructions comprised of water supply projects, e.g. the Zelivka
water supply tunnel, interceptor sewers in Usti nad Labem, Hradec Kralové, Kolin etc.

Underground structures and tunnels have always been the key business of our
company.

At the very beginning, for instance, we carried out preliminary surveys for the Pra-
gue underground railway and geological assistance in the Vinohrady tunnel construc-
tion. Other important constructions were for example the large underground cavern
for the Lipno dam or underground works for the Cerny Véah pumped storage scheme.
Significant civil engineering works with top world parameters was the underground
gas storage facility near Piibram built at a depth of 1000m under the surface.

Currently Stavebni geologie — Geotechnika, a. s. is active to a significant extent in
the development of the Czech Republic’s transportation infrastructure. There has not
been a single tunnel construction in the Czech Republic in the course of previous 5
years where it did not play an important role. At random, I can mention tunnels of the
Prague metro line IVC, railway tunnels Brezno, MI¢echvosty and Krastkov, Nové and
Mald Huba; road tunnels Panenskd, Valik or the Mrdzovka tunnel, which is significant
for the City Circle Road in Prague. Worth mentioning is also our contribution to the repa-
irs of structures damaged by floods in inundated sections of metro lines A, B and C in
Prague and participation in the development of the network of utility tunnels in Prague.

In 1991 the company transformed into a modern independent consultancy firm,
a joint venture company.

The development of Stavebni geologie — Geotechnika, a. s. has been continuing
since. The company gradually expands the portfolio of services by adding mine engi-
neering, geotechnical consultancy, surveyor services, design of geotechnical structu-
res, engineering supervision and civil engineering construction site supervision.

Ambitious investment policy and results of its own technical development have
given the company the edge on its competitors in the field of monitoring underground
constructions. In 20035, Stavebni geologie — Geotechnika, a. s. with 170 permanently
employed workers achieved the annual turnover of CZK 340 million. This result pla-
ces the company to the position of the largest consultancy firm doing its business in
the construction industry.

In the eightieth year of its existence Stavebni geologie — Geotechnika is perfectly fit
and continues to develop to initiate new long-term dynamics of its further development
whilst maintaining its business philosophy of continuity and its traditional values.

Doc. Ing. Alexandr Rozsypal, CSc.

Predseda dozorCi rady SG-Geotechnika, a. s.
Chairman of the Supervisory Board SG-Geotechnika, a. s.
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PRIKLADY STAVEB REALIZOVANYCH PODLE PROJEKTU
METROPROJEKTU PRAHA, a. s.

EXAMPLES OF COMPLETED PROJECTS DESIGNED
BY METROPROJEKT PRAHA, a. s.

DAVID KRASA, JIRI RUZICKA

uvoD

Projektovd Cinnost v oboru tuneli a podzemnich staveb patii
v METROPROJEKTU Praha, a. s., mezi klicové obory ¢innosti firmy, které
jsme si dali do vinku od naSeho zaloZeni v roce 1971. Pohled do historie této
¢innosti pfinesl ¢ldnek Karla Zavory, publikovany v &isle 2/2001 tohoto
Casopisu u prileZitosti naseho 30. vyro¢i. Ten popsal zaldtky projektovani
a vystavby metra v Praze, pouZivané tuneldiské metody, sloZitou problema-
tiku raZeb pod zdstavbou méstského centra, innost sovétskych poraded atd.
Zde na tento ¢ldnek navazujeme a pokousime se o bilanci nasich vysledku
posledniho obdobi. Nejsme jiz v zaCdtcich, mdme 35 let zkuSenosti a hlav-
né, v nasi zemi doSlo k velkému rozvoji modernich technologii razeb
i vystavby osténi tunelt. Pro projektanty se tak oteviel svét zcela novych
moznosti. Nejen vstupem novych technologii, ale zejména objemem vystav-
by novych tunelovych staveb v poslednich letech. Jak jsme nabidnuty pro-
stor dokdzali v na¥f firm& vyuZit, posudte prosim z nékolika prikladi, které
my sami povazujeme za Uspésné.

ZACATKY NRTM NA STAVBE PRAZSKEHO METRA

V 90. letech minulého stoleti se na stavbé IV. provozniho tseku trasy
B objevuji prvni pokusy o vyuziti Nové rakouské tunelovani metody (NRTM).

Jednokolejné tratové tunely mezi stanicemi Kolbenova a Hloubétin byly
v prevdzném rozsahu realizovéany metodou NRTM. Po vyraZeni a zajisténi
vyrubu tuneld primdrnim osténim byla provédéna uzaviend vodotésna izolace
z PVC f6lif a ndsledovala betondZ definitivniho kruhového osténi z prostého
betonu. Kolejovéd doprava pro odtéZovéni rubaniny a zatizeni pro provadéni
vrtnych praci na Celbé, které mélo rovnéZ kolejovy podvozek, ale postup razby
zpomalovaly. Potvrdilo se, Ze profil jednokolejnych tunelt je pro nasazeni
vykonnych mechanizmu a zejména jejich stifdani na Celné maly.

Dokonéenti této stavby se diky nedostatku finanénich zdroju pfidélovanych
ze statniho rozpoCtu na stavbu prazského metra opozdilo. Podle pravidla, ze
vSechno Spatné je k né¢emu dobré, vyuZil zhotovitel stavby zpomalen{ postu-
pu vystavby k uplatnéni NRTM na nékterych dalsich objektech.

Vyznamnym pocinem pro dalsi vyuziti NRTM na této stavbé bylo ¢astec-
né nahrazeni dvou jednokolejnych tunelt v tratovém tseku Hloubétin — Raj-
skd Zahrada dvoukolejnym tunelem v délce cca 612 m. METROPROJEKT
Praha, a. s., navrhl pfi¢ny profil dvoukolejného tunelu s dosti plochou klenbou,
aby vyrub dvoukolejného tunelu byl srovnatelny s vyrubem dvou jednokolej-
nych tuneld, a tim byl dvoukolejny tunel ekonomicky piijatelny. I kdyZ se

INTRODUCTION

Design of tunnels and underground structures has belonged among key acti-
vities of METROPROJEKT Praha a.s. since 1971, the year of its foundation.
The history of this activity was outlined by Karel Zdvora in his paper published
inissue 2 /2001 of this magazine, on the occasion of the company’s 30th anni-
versary. The paper described the initial period of the design work and the con-
struction of metro in Prague, tunnelling methods used, complex problems of
underground excavation under built-up areas of the city centre, work of Soviet
consultants etc. Now we would like to add continuation to this paper, trying to
review our results achieved in the recent period. With our 35-year experience
we are no more beginners. Moreover, modern tunnelling techniques and con-
struction of tunnel lining have significantly developed in our country. The world
of completely new opportunities has opened for our designers, not only owing
to the new techniques but also, above all, thanks to the large volume of new
underground construction in recent years. You can pass your own judgement on
our work, how much we have managed to exploit the space offered to us, using
the following examples of projects which we consider to be the success.

NATM BEGINNING IN PRAGUE METRO CONSTRUCTION

First attempts to utilise the New Austrian Tunnelling Method (NATM) can be
found on a construction site of the fourth operational section of the line B (IV.B)
in the 1990s.

Major part of single-track running tunnels between the Kolbenova and Hloubg-
tin stations was driven using the NATM. Once the excavation was completed and
the opening supported by primary lining, waterproofing PVC membrane was instal-
led and final circular unreinforced concrete lining cast. Track haulage of muck and
rail-mounted drilling equipment reduced the advance rates. It was proven that the
single-track tunnel profile is too small for utilisation of high-performance equip-
ment, mainly for the operation of changing equipment sets at the heading.

Completion deadlines were postponed as a result of lack of funding allotted
from the state budget to the construction of the Prague metro. The rule that “no
great loss without some small gain™ applied here i.e. the contractor took advan-
tage of the slowed pace of the works and started to utilise the NATM on other
projects.

An important event regarding the further application of the NATM on this
project was the partial substitution of 2 single-track tunnels in the track section
Hloubétin — Rajskd Zahrada by an about 612m long double-track tunnel.
METROPROJEKT Praha a.s. designed the cross section of the double-track

Obr. 1 Jednokolejny tunel trasy IVB praZského metra
Fig. 1 Single-rail tunnel on the Line IVB of Prague metro

Obr. 2 Razba eskaldtorového tunelu stanice Hloubétin
Fig. 2 Excavation of the escalator tunnel in the Hloubétin Station
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Obr. 3 RazZba kaloty v SST stanice Hloubétin
Fig. 3 Top heading excavation in the central station tunnel in Hloubétin

ozgvaly hlasy skeptikil, Ze navrZeny pricny profil dvoukolejného tunelu md klen-
bu prili§ plochou a pri razbé dojde ke kolapsu, byl tunel dspé$né vyraZen, dokon-
ce dpadni razbou ve sklonu 39 %0. Mimochodem do dneSnich dnti bylo v tomto
profilu dvoukolejného tunelu na prazském metru vyrazeno celkem 2750 m.

Dal§im prikladem aplikace NRTM na této stavbé byla razba eskldtorovych
tuneld na tfech raZenych stanicich. Eskaldtorové tunely byly do této doby na
prazském metru povazovdny za jeden z nejobtiznéjsich, ne-li dokonce nejob-
tiZnéjsi tunelovy objekt v raZenych stanicich, ktery je moZno razit dpadné
prstencovou metodou a vystrojovat pouze litinovym osténim montovanym
specidlnim erektorem. Na stavbé IV. provozniho dseku trasy B se prokdzala
moznost razby eskaldtorovych tuneld NRTM s mezilehlou foliovou izolaci
a ndslednou betondzi definitivniho Zelezobetonového osténi. Vysledky razeb
i tésné pod povrchovou zdstavbou byly vic nez uspokojivé.

Rovnéz je treba zminit razbu technologického a stfedniho tunelu stanice
Hloubétin. Tato stanice byla raZena v prostredi silné tektonicky porusenych
zdhoranskych vrstev ordovickych bridlic. Aby nebyly problémy se stabilitou
Celby pii razbé stani¢nich tuneld prstencovou metodou, byly v profilech bo¢-
nich stani¢nich tuneld navrZeny pilottunely s montovanym litinovym osténim
profilu 5,1/5,5 m. Litinové osténi bylo pii ndsledné razbé stani¢nich tunelt
postupné demontovéno a vyuZito v jinych &dstech stavby jako trvalé osténi.
Tato koncepce byla podporena jeSte tim, Ze t€Zni Sachta pro vystavbu stanice
Hloubétin a navazujici tratové tunely byla umisténa pred stanicf, ale méla byt
vyuZivéna i pro razbu jednokolejnych tratovych tunell za stanici Hloubétin
smérem ke stanici Rajskd Zahrada. Zustdvalo otdzkou, jak provadét Clenéni
vyrubu pri razbé technologického a navazujiciho stfedniho stani¢niho tunelu.
Casto se pro Clenéni vyrubu stani¢nich tunelt ve zhorSenych geologickych
pomérech navrhovala stropni $tola. Ta byla provddéna napriklad v bo¢nich
stani¢nich tunelech i na stanici Kolbenova. ZkuSenosti se stropnimi Stolami
byly riznorodé. Nékdy se stévalo, Ze pokud razba stani¢niho tunelu zastihla
vyraznou geologickou poruchu, stropni Stola zdvalu nezabrénila.

Tyto zkusenosti vedly projektanta k ndvrhu dvodniho dil¢tho vyrubu jako
predrdzené kaloty ve tvaru velmi ploché kruhové dsece s polomérem klenby
vyrubu 4,7 m, §itkou dna vyrubu 8,3 m a vyskou 2,75 m. Razba byla provade-
na nedestruktivné frézou AM50 a klenba vyrubu byla zajisténa stitkanym beto-
nem tl. 150 mm v kombinaci s hydraulicky upinanymi svorniky délky 3 m.
Uspésnd razba stropni Stoly vedla projektanta a zhotovitele stavby k myslence
vyuZit tuto technologii i pro razbu celé napinaci komory eskaldtori a dosud
vyhradné pouZivané litinové osténi napinacich komor nahradit montovanym
osténim Zelezobetonovym v kombinaci s monolitickym Zelezobetonem prové-
dénym jiz ve vyrubu zajisténém primdrnim osténim ze stifkaného betonu.
I tento pokus vyuzit NRTM alespori pro dili vyruby byl velmi tspésny.

Dokonéenim stavby IV. provozniho dseku trasy B (etapove v letech 1998
az 1999) byla vystavba této v soucasné dobe nejdelsi trasy prazského metra
dlouhodobé ukoncena. Trasa protind celé mésto od zdpadniho okraje ve Zli-
¢iné az k vychodnimu okraji mésta na sidlisti Cerny Most. Paradoxné zatim
nejmladsi trasa byla dokonCena nejdrive.

PRECHOD TUNELU METRA POD VLTAVOU NA STAVBE IVC

Problematika prechodu Vltavy na této trase byla feSena jiz v roce 1980 pii
ndvrhu stanice NéddraZi HoleSovice. Po dlouhych diskuzich byla nakonec
realizovéana v tzv. univerzélni poloze tak, aby bylo mozno v budoucnu roz-
hodnout o zpiisobu prekonéni feky bud tunelem, nebo mostem. V té dobé to
bylo vniméno jako ne prili§ dobry kompromis. Z dne$niho pohledu, kdy je
jiz prechod pod Vltavou realizovdn, je moZno konstatovat, Ze se presto
podafilo vyhovujici feSeni najit. Mélce zahloubend stanice je pro cestujici
1épe pristupné nez hluboce uloZend stanice, kterd by umoznovala klasickou
raZbu navazujicich tuneli pod Vltavou.

tunnel to have rather flat a vault so that the excavation for the double-track tun-
nel were comparable with the excavation of 2 single-track tunnels, thus to make
the double-track tunnel more acceptable in terms of economy. Despite the fact
that sceptics raised their voices that the designed cross section of the double-
track tunnel had a too flat vault and the excavation would collapse, the tunnel
excavation was completed successfully, despite a difficult 39°/00 down gradi-
ent. By the way, to date the Prague metro has seen completed excavation of
a total of 2700m of this profile double-track tunnel.

Another example of the NATM application on this project was the excava-
tion of escalator tunnels at 3 stations. Escalator tunnels at mined stations had
been considered one of the most difficult, possibly even the most difficult struc-
ture to excavate, with the only construction method possible, i.e. a downhill
drive, the ring method and cast-iron lining installed with an erector. The possi-
bility to build escalator tunnels using the NATM with an intermediate waterp-
roofing membrane and reinforced concrete cast-in-situ final lining was proven
on the construction of the line IV B. Results of the excavation at a shallow depth
under existing buildings were better than satisfactory.

Also worth mentioning is the excavation of the technical services tunnel and
the central tunnel of the Hloubétin station. This station was driven through hea-
vily tectonically disturbed Ordovician shales of the Zahorany Member. To avoid
problems due to instability of the excavation face in the course of the station
tunnel drive using the ring method, pilot tunnels were designed to be driven in
the profiles of side station tunnels, with 5.1/5.5m diameter cast-iron lining. The
cast-iron lining was continually dismantled in the course of the subsequent
excavation of the station tunnels and was utilised in other parts of the construc-
tion as permanent lining. This concept was supported by another fact: the hois-
ting shaft for the construction of the Hloubétin station and adjacent running tun-
nels was positioned before the station although it was to be utilised also for the
excavation of single-track running tunnels beyond the Hloubétin station, toward
the Rajskd Zahrada station. A question remained which excavation sequence
was to be designed for the technical services tunnel and adjoining central stati-
on tunnel. A top heading and bench sequence was often designed for excavati-
on of station tunnels in worsened geological conditions. The top heading was
carried out, for example, in side station tunnels of the Kolbenova station. Expe-
rience in application of the top heading and bench sequence varied. Sometimes
it happened that the top heading did not prevent a collapse when the station tun-
nel excavation encountered a major tectonic fault.

With this experience, the designer designed the initial partial excavation as a top
heading having the cross section in the form of a flat circular segment with the
vault diameter of 4.7m, excavation bottom width of 8.3m and height of 2.75m. The
excavation was carried out by a blast-less method using an AMS50 roadheader. The
excavation roof was supported with a 150mm thick layer of shotcrete and 3m long
rock bolts expanded by pressurised water. The success of the top heading excava-
tion inspired the designer and contractor to utilise this technique even for the exca-
vation of the entire escalator tensioning chamber and to replace the cast-iron
lining, which had been used till that time in tensioning chambers, by reinforced
concrete segmental lining combined with cast-in-situ reinforced concrete lining
erected in openings supported by shotcrete primary lining. Also this attempt to uti-
lise the NATM at least in partial headings was very successful.

The completion of the line IV B (in phases from 1998 to 1999) meant that the
construction activities on this currently longest line of the Prague metro system
were terminated for a long time. The line crosses the whole city from the wes-
tern edge in Zli¢in to the eastern edge in Cerny Most residential development.
Paradoxically, the for the time being youngest line was completed first of all.

PASSAGE OF TUNNELS UNDER THE VLTAVA ON THE LINE IV C

The issue of the passage of this line under the Vltava River was solved as
early as 1980 when the HoleSovické Nadraz{ station was being designed. Long
discussions resulted in a universal position of the station. It was built at a level
which allowed both possible alignments of the passage to be designed, either
through a tunnel or via a bridge. At that time this solution was considered as
anot too good compromise. Today, when the passage under the Vltava has been
completed, we can state that it was very wise a decision. The cut-and-cover sta-
tion built shallow under the surface is better accessible for passengers than
a deep seated station, which would have allowed traditional excavation of adja-
cent tunnels under the Vltava.

In 1980-1992 METROPROJEKT Praha a.s. developed several studies on the
tunnel crossing of the Vltava. Initially, variants based on application of non-
mechanised shields and the lining consisting of cast-iron tubings were under
consideration. The crucial problem was that the excavation passed through the
environment where non-cohesive water-saturated gravel sands extended into
a larger part of the tunnel cross section. One of the variants assumed several deep
cofferdams built one at a time and construction of the tunnels in open pits. In
1989 a variant consisting of 25m long prefabricated immersed tunnel boxes built
in a riverbank cofferdam and step by step lowered into a trench in the Vltava
riverbed was discussed.




TuHel

V letech 1980-1992 zpracoval METROPROJEKT Praha, a. s., nékolik
studif na tunelové prekroceni Vltavy. Pfedevsim v zacdtcich tohoto obdob{
byly sledovény varianty vychazejici z pouZiti nemechanizovanych §tita
a provedeni osténi tunell z litinovych tybinku. Zdsadnim problémem byla
razba v prostredi, kdy do prevdzné ¢sti profilu tunelu zasahuji nesoudrzné,
vodou nasycené $térkopisky. Jedna z variant predpoklddala postupné prove-
denf nékolika hlubokych $tétovych jimek a vystavbu tuneli v otevienych
jamdch. V roce 1989 byla navrzena varianta prefabrikovanych plavenych
skiini délky 25 m, realizovanych v bfehové jimce a postupné osazovanych
do predem pripravené ryhy ve dné Vltavy.

V roce 1992 rozhodl investor sledovat v dokumentaci pro tzemn{
rozhodnuti a ndsledné i v dokumentaci pro stavebni povoleni variantu jim-
kovéni. Jednim z hlavnich duvodi bylo to, Ze u této varianty je zdsah do
feciste i do rezimu plavby na Vltavé nejvetsi a je nutno ziskat souhlasné sta-
novisko od spravce vodniho toku i od Stétni plavebni spravy.

V roce 2000 jiz vybrany zhotovitel stavby inicioval snahu nalézt jiné,
moderni technické fesent, které by mélo mensi negativni vliv na Zivotni pro-
stfedi v dobé realizace stavby a bylo ¢asové méné naroéné nez jimkovani.
Po diskuzich s projektantem bylo dohodnuto sledovat variantu postupného
vysouvdni tuneld ze stavebni jamy na trojském biehu do ryhy ve dné feky.
Po kratkém obdobi, kdy byly provérovéany zejména moznosti dlouhodobého
tésnénf styku postupné vysouvané konstrukce a Celni stény stavebni jamy
u feky a rychlost betonéZe kontra nezbytnd doba potiebnd k dosazeni para-
metrt betonu z hlediska vodotésnosti, doporucil projektant tuto variantu
opustit. Navrhl sledovat koncepci betondZe vzdy celého tubusu tunelu ve
stavebni jamé hloubenych tunelt na trojském brehu Vltavy. Po dokonéeni
betondze provést provizorni uzavreni Cel tunelu, zaplaveni stavebni jamy
a otevieni Celn{ $t€tovnicové stény smérem do Vltavy. Potom toto téleso
jako ponorku vysunout do ryhy ve dné feky a stabilizovat ho v definitivn{
poloze. Cely proces potom opakovat i pro druhy tunel. Timto ndvrhem byl
zdsadnim zpUsobem ovlivnén dalii a dnes jiz miZeme Fici, velmi dspésny
postup pripravy a ndsledné realizace naplavovanych tunelu.

Pii této prilezitosti bychom se chtéli zminit je$té o jednom detailu, ktery
priznivé ovlivnil kvalitu dila z hlediska vodotésnosti. Pfi zpracovévani reali-
zaéni dokumentace bylo nutné vyfesit problém optimélniho zptsobu betona-
7e jednotlivych sekef tunelu. Tubus tunelu je v pri¢ném profilu uzavieny ram.
Pro dosazeni vodotésnosti betonu je potieba provadét nepretrzitou betonaZ
dna, stén i stropu této konstrukce. To ale vyZaduje specidlni bednéni s vniti-
ni ¢ésti zajisténou proti vztlaku vyvozovanému erstvou betonovou smési pri
betondZi dna a stén tunelu. Dal$i moZnosti byla oddélend betondZ dna
a s Casovym odstupem betondZ stén a stropu. Je to bézné pouZivany postup,
ale nelze zabranit vzniku pracovni spéry a zdroven smr$tovacim trhlindim na
styku dna se sténou (rizné stéii betonu). Zhotovitel stavby navrhl postup
fizené betondze, pri kterém bylo pouZito jednoduché bednéni s otevienym
dnem umoznujicim kvalitn{ provadéni betondZe dna tunelu bez vzniku pra-
covni spary na styku dna a stény tunelu. To byl dal$i v§znamny krok pro
uspésnou realizaci této stavby, kterd byla v roce 2002 ocenéna na mezina-
rodnim kongresu FIB v Japonsku, v témZe roce ziskala cenu InZenyrské aka-
demie CR a v roce 2005 byla ocenéna Ceskou betondfskou spolecnosti jako
vynikajici betonové konstrukce v oboru inZenyrskych staveb zrealizovanych
v letech 2003 az 2004.

JEDNOLODNI RAZENA STANICE KOBYLISY

Vyvoji koncepce dispozi¢niho feseni této stanice, projektovému feseni
i zméndm postupu razby provddénym operativné v prubéhu realizace bylo
vénovino jiz nékolik ¢ldnk uverejnénych v Casopisu TUNEL.

Rédi bychom na tomto misté pripomnéli, Ze stanice Kobylisy je prvni
razend stanice se zcela novym feSenim technologické Césti. Na rozdil od
vSech razenych stanic na prazském metru, které mely zasadné technologic-
ky tunel situovany na trovni néstupiste, je zde technologické ¢4st umisténa
v hloubeném podpovrchovém vestibulu a s vlastni stanici je propojena tech-
nologickou Sachtou. Na trovni néstupisté jsou zachovdny jen minimalné
nezbytné nutné prostory. Oba vestibuly stanice jsou rovnéZ propojeny tech-
nologickou chodbou umisténou mélce pod terénem. SkuteCnost, Ze byla
Uspésne vyrazena v ndro¢nych geologickych podminkdch kaverna s pric-
nym profilem 220 m2 pod obytnou zéstavbou a frekventovanymi méstsky-
mi ulicemi s mnoha inZenyrskymi sitémi, svéd¢i o kvalité projektu. Kon-
strukce definitivniho osténi stanice byla v roce 2005 ocenéna Ceskou beto-
ndfskou spole¢nosti jako vynikajici betonova konstrukce v oboru inZenyr-
skych staveb zrealizovanych v letech 2003 — 2004.

DVOUKOLEJNE TRATOVE TUNELY METRA NA STAVBE IVC

Pii projektové pripravé stavby IV. provozniho dseku trasy C — 1. etapa
(IVC1) byla pro ndvrh koncepce tratovych tunelt duleZitd skuteCnost, Ze
trasa metra v tomto tseku prekondvd vyskovy rozdil v reliéfu terénu vice
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In 1992 the client decided that the design documentation for issuance of
zoning and planning decision and subsequently also the final design would fol-
low up the variant with cofferdams. One of the main reasons was the fact that
this variant meant the most extensive impact on the riverbed and the Vltava
navigation regime and it was necessary to obtain approval from the watercour-
se administration and the State Navigation Authority.

In 2000 the contractor, which had been selected before, initiated an effort to
find a new, modern technical solution, which would have had smaller negative
environmental impact at the time of the construction, and would have been less
time consuming than the method using cofferdams. Discussions with the desig-
ner resulted in the decision to follow up a variant described as gradual launching
of the tunnel tubes from a construction trench on the Tréja bank into a trench on
the riverbank. After a short period of time when possible methods of long-term
sealing of the joint between the structure moving during the launching and the
front wall of the construction trench at the riverbank were being verified toget-
her with verification of the concrete casting rate versus the time necessary for
the concrete to achieve the required water-retaining properties, the designer
recommended that this variant be abandoned. He proposed the conception to be
followed up consisting of casting of the entire length of the particular tunnel
tube in the construction trench excavated for the cut-and-cover tunnel section
on the Trdja bank of the Vltava; temporarily closing the ends of the completed
tunnel tube; inundating the construction trench and opening the front-end she-
etpile wall adjacent to the Vltava. Then pushing/pulling the complete concrete
body out, as a submarine, into a trench in the riverbed and stabilising it in the
terminal position; repeating the whole process with the other tunnel tube. This
proposal principally affected the further, and very successful as we know now,
development of preparation and subsequent execution of the immersed tunnels.

On this occasion we would like to mention one detail, which positively affec-
ted quality of the works regarding the waterproofing. It was necessary during
the work on the detailed design to solve the issue of optimum procedure of cas-
ting the individual sections of the tunnel. The tunnel tube cross section is a clo-
sed frame. To obtain a waterproof concrete structure it is necessary to cast the
bottom, walls and roof deck continuously. This, however, requires specialist
formwork with its internal part protected against uplift forces exerted by green
concrete mix when the tunnel bottom and walls are being cast. Another option
was the casting of the bottom separately and continuing with the walls and roof
deck with a delay. It is a commonly utilised procedure. Although, it is impos-
sible to prevent origination of a construction joint and shrinkage cracks at the
contact of the tunnel bottom and walls (different concrete age). The contractor
proposed a controlled concrete casting procedure where a a simple form with
an open bottom was used. This system allowed quality casting of the tunnel bot-
tom, without any construction joint developing at the interface between the bot-
tom and tunnel wall. It was another important step toward successful execution
of this construction, which was recognised at the FIB international congress in
Japan in 2002, awarded by the Engineering Academy of the Czech Republic in
the same year and recognised with the Czech Concrete Society Award as an
excellent concrete structure in the field of civil engineering construction execu-
ted in 2003 to 2004.

KOBYLISY SIINGLE-VAULT MINED STATION

There have been several articles in TUNEL magazine dedicated to the deve-
lopment of the concept of disposition of this station, the design and changes in
the excavation procedure adopted during the course of the works.

We would like to remind the readers that the Kobylisy station is the first
mined station with an absolutely new design of the technical services section.

S, Ny

Obr. 4 Vyrub jednolodni stanice Kobylisy
Fig. 4 Excavation of the Hloubetin one-vault station
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nez 100 m. Od ddoli feky Vltavy na tiroven severni terasy v oblasti Kobylis
a ddle smérem k obchodnimu centu Ladvi stoupd trasa metra v prevazném
rozsahu ve sklonu témér 40 %w. To je maximdlni podélny sklon povoleny pro
traté prazského metra pro pouZivany typ vlakovych souprav.

Razba delsich jednokolejnych tratovych tuneld metra pii téchto sklonech
Cinila jiz na dfive realizovanych tdsecich metra problémy, predevsim
pii odtéZovani rubaniny kolejovou dopravou. Nebyly k dispozici dalnf loko-
motivy, které by zajiStovaly dopravu v potrebnych objemech a zdroven
vyhovély z hlediska banskych bezpecnostnich piedpisu. To byl také jeden
z hlavnich divodu, pro¢ projektant navrhoval na této stavbé v maximalnim
mozném rozsahu dvoukolejné tratové tunely realizované technologif
NRTM. Dalsim divodem je nasazeni vykonnych kolejovych mechanizma,
pro které je profil dvoukolejného tunelu jiz ,,dostate¢né veliky*. Pfi zpraco-
vavan{ realiza¢ni dokumentace projektant pochopitelné vyuzil vSechny zku-
Senost, ziskané pii vystavbeé dvoukolejného tunelu na trase IVB.

Po uvedeni trasy IVC1 do provozu v roce 2004 pokracuje v soucasné
dobé vystavba 2. etapy IV. provozniho tseku trasy C (IVC2). I na této stav-
bé jsou v raZenych tratovych dsecich navrZeny v maximalnim rozsahu dvou-
kolejné tunely. V soucasné dobé je jiz razba tunelt dspésné dokoncena. Radi
bychom pfipomnéli ndro¢nou razbu tunelu mélce pod obytnou zdstavbou
v tratovém udseku mezi stanicemi Prosek a Letnany (viz. asopis TUNEL
1/2006). V tratovém tdseku Ladvi — Stiizkov byla provddéna razba tunelu
pod mostnimi objekty nad ulici Libereckou, kde je vedena kapacitni ¢tyr-
proudovd komunikace. Razbé tratového tunelu mezi stanicemi Ladvi
a Stiizkov a zejména podchazeni vySe uvedenych most je vénovan samo-
statny ¢ldnek v tomto Cisle Casopisu TUNEL.

ZELEZNICNI TUNELY NA TRANZITNICH KORIDOROVYCH
TRATICH €D

METROPROIJEKT Praha, a. s. zpracovéval v letech 2000 — 2005 vSech-
ny stupné projektové dokumentace optimalizace trati Krasikov — Ceskd Tre-
bovd. V rdmci této stavby byly realizovany tunel Krasikov (délka 1101 m)
a tunel Tatenice (délka 143,7 m). Na tuto velmi dspéSnou stavbu, dokonce-
nou v roce 2005, navazuje dalsi optimalizace trati Zdbieh — Krasikov, kde
naSe firma zpracovdvala realizani dokumentaci dalsich tif raZenych tunelu.
Z nich tunel Mald Huba (délka 324 m) byl dokoncen v roce 2005, v sou-
Casné dobeé je jiz v provozu i dalsi tunel Hnévkovsky I (délka 180 m) a treti
tunel Hnévkovsky 1T (délka 462 m) se dokonCuje a bude uveden do provo-
zu v srpnu letosniho roku.

Stavbdm vyse uvedenych Zelezni¢nich tunell bylo v asopisu TUNEL
vénovano rovnéZz nékolik ¢lanka.

STAVBY DALNICNICH TUNELU

Na stavbach ddlnice D8 z Prahy do DréZdan zpracovdvala nase firma
dokumentaci pro tizemni fizeni, stavebni povoleni a dokumentaci pro vyber
zhotovitele tunelt Radej¢in a Libouchec. Tunely Radej¢in s délkou zapadni
tunelové trouby 620 m a vychodni tunel s délkou trouby 610 m jsou soucasti
stavby 803, tj. pricchod dilnice Ceskym Stiedohofim. Bohuzel diky priita-
hiim s povolenim této stavby se jeji realizace opozdila. V rdmci stavby 807,
tj. Usek Trmice — sttn{ hranice se SRN jsme zpracovévali projekty tunelt
Libouchec, kde je délka zdpadni tunelové trouby 460 m a vychodni tunelo-
vé trouby 420 m. Tato stavba bude dokoncena v listopadu letosniho roku.

Na stavbé ddlnice D5 (Praha — Rozvadov) jsme v rdmci délni¢niho
obchvatu Plzné, v letech 1996 az 1997, zpracovdvali dokumentaci pro sta-
vebni povoleni tunelu Valik. S ohledem na malou délku tunelt (cca 300 m)
a navazujici hluboké zérezy u portdlu tunelu jsme navrhli tunel jako dvojici
tunelovych trub se spole¢nou Zelezobetonovou stredni opérou. Dvé samo-
statné trouby obvykle navrhované u délni¢nich tunelt by znamenaly zna¢né
zvétSeni objemu vykopu v navazujicich zérezech. Koncepce byla zachova-
na i pii dal§i projektové piipravé této stavby, které se jiz nase firma ned-
Castnila. V rdmci dalsi projektové pripravy a ndsledné pii realizaci byl zmé-
nén konstrukéni systém stfedni opéry. Opéra byla pavodné uvaZovana jako
jednotny prvek definitivniho osténi. To bylo zménéno na systém primérn{
osténi, 2x mezilehld izolace s drendZemi a 2x definitivni osténi boku tune-
lovych trub. Jsme presvéddeni, Ze ptvodni ndvrh byl vhodnéjsi.

Také se u tunelu nevyuzila prileZitost fesit ho bez trvalého drendzniho
systému. Mald vyska hladiny podzemni vody nad klenbou tuneli a kon-
strukce uzavieného profilu se spodni klenbou k tomuto feSeni vybizeji.
Moznost zminéného feSeni byla zevrejnéna jiz v roce 1997 na konferenci
Podzemn{ stavby 1996 v prispévku pdnt Kuridka a Ruzicky. Pies nase kri-
tické pozndmky je mozno konstatovat, Ze tunel Valik bude koncem leto$ni-
ho roku tispésné dokoncen a uveden do provozu. Ob¢ané Plzné i okolniho
regionu se kone¢né zbavi nepiijemné zdté7e intenzivni tranzitni dopravy na
provizornich objezdech.

Tuel

In contrast with all mined stations of the Prague metro, where the technical
services tunnel is positioned at the platform level, this tunnel has the technical
services section in a cut-and-cover subsurface concourse. It is connected to the
station proper through a technical services shaft. Only spaces necessary as
a minimum were maintained at the platform level. Both station concourses are
also interconnected through a technical services corridor positioned shallow
under the surface. The fact that the 220m? cross-section cavern was successfully
excavated in difficult geological conditions, under residential buildings and busy
streets with many utility networks is the proof of the design quality. The station
final lining structure was awarded by the Czech Concrete Society in 2005 as an
outstanding concrete structure in the field of civil engineering structures built in
2003 — 2004.

METRO LINE IV C DOUBLE-TRACK TUNNELS

At the time of design preparation of the construction of the 4th operational
section of the Line C — phase 1 (IV C1), the fact that the metro alignment over-
comes a difference in the ground level altitude over 100m in this section was
crucial for the conception of the running tunnel design. From the Vltava River
valley to the level of the northern terrace in the area of Kobylisy and further to
Ladvi shopping centre, the alignment rises at a nearly 40%/oo gradient. This is
the maximum longitudinal gradient allowed for Prague metro tracks using the
current type of trains.

Excavation of longer single-track running tunnels of metro had caused pro-
blems before in case of such gradients, above all in terms of rail-bound hauling
of muck. Mine locomotives capable of transporting required volumes and, at the
same time, satisfying mining safety specifications were not available. It was one
of the main reasons why the designer proposed NATM double-track running
tunnels on this section of the line at a maximum extent. Another reason is the
possibility to utilise high-performance rail-bound equipment for which dimen-
sions of the double-track tunnel cross section are already sufficient. Naturally,
the designer used all experience gained from the excavation of the double-track
tunnel on the line IV B when the detailed design was being prepared.

The line IV C1 has been operating since 2004. Currently the construction
work is in progress on the phase 2 of the 4th operational section of the line C (IV
C2). This construction has also maximum extent of double-track tunnels desig-
ned for the mined running tunnels sections. Today the excavation of the tunne-
Is has been successfully completed. We would like to remember the difficult
tunnel excavation at a shallow depth under existing residential buildings in the
track section between the Prosek and Letnany stations (TUNEL 1/2006). The
track section Ladv{ — Stfizkov had to be mined under bridge structures spanning
above Libereckd Street, which carries a high-capacity four-lane highway. The
excavation of the running tunnel between the Ladvi and Stfizkov stations and
namely the passage under the above-mentioned bridges is dealt with in a sepa-
rate article in this issue of TUNEL.

RAILWAY TUNNELS ON TRANSIT CORRIDORS
OF CZECH RAILWAYS' LINES

In 2000 — 2005 METROPROJEKT Prague a.s continued to develop all
design stages for the optimisation of the railway line from Krasikov to Ceskd
Trebova. This project contained two tunnels, the 1101m long Krasikov tunnel
and 143.7m long Tatenice tunnel. Another project, the optimisation of the Zabreh
— Krasikov line, links to this very successful construction. Our company develo-
ped the detailed design for other 3 mined tunnels on this project: the Mald Huba
tunnel (324m long) completed in 2005, the Hnévkov I tunnel (180m long),
which is also already operating, and the Hnévkov II tunnel (462m long), which
is being completed and will be opened to traffic in August 2006.

Also the above-mentioned tunnel constructions were dealt with in several
articles in TUNEL.

MOTORWAY TUNNEL CONSTRUCTION

Regarding the project of the D8 motorway from Prague to Dresden, our
company developed the design documentation for issuance of zoning and plan-
ning decision, the final design and tender documentation for the Radej¢in and
Libouchec tunnels. The Radejcin tunnel, with the western and eastern tunnel
tubes 620m and 610m long respectively, is part of construction lot No. 805, i.e.
the motorway passage across the Ceské Stredohori mountains. Unfortunately,
delays in the process of issuance of the building permit delayed the works. We
developed design of the Libouchec tunnel, which is part of construction lot No.
807 (the section from Trmice to the state border with Germany). The western
tube of this tunnel is 460m long, the eastern tube length is of 420m. This con-
struction will be finished in November 2006.

Regarding the D5 motorway (Prague — Rozvadov) bypass of Plzen, we deve-
loped the final design for the Valik tunnel in 1996 — 1997. With respect to the
short length of the tunnel (about 300m) and adjacent deep open trenches at the
tunnel portal, we designed a twin-tube tunnel configuration with a reinforced




PRUZKUMNA STOLA VISNOVE

V letech 1998 aZ 2002 se na Slovensku v prostoru mezi Zilinou a Vriit-
kami realizovala prizkumnd §tola pro pripravovany dalni¢ni tunel Visniové
na ddlnici DI (v soucasné dobé se uvazuje se dvéma tunelovymi tubusy
délky 7460 m) v ddlni¢nim tseku Lietavskd Liicka — Turany.

Nase firma zpracovdvala realizaéni dokumentaci pro tuto prizkumnou
Stolu. Celkové délka pruzkumné §toly je 7480 m. Byla raZena z obou porta-
14. Ze zépadni strany (od Ziliny) se razil podkovovity tvar Stoly s plochou
vyrubu 11,6 m? (rovné dno), respektive 12,9 m? v dsecich se spodni klen-
bou, technologiif NRTM. Razba probihala v pfevazném rozsahu tpadné ve
sklonu 2,27 %. Touto technologif bylo vyraZeno celkem 3118 m. Z vychod-
niho portélu (od Vritek) byla provddéna razba plnoprofilovym razicim stro-
jem (TBM) o pruméru vyrubu 3,5 m (plocha vyrubu 9,6 m?). Touto techno-
logii bylo vyrazeno 4362 m.

Nejvetsim problémem raZeb z obou portdlt byla podzemni voda. V tseku
razeném tpadné NRTM byly pritoky do Stoly az 154 1/sec. Po trase Stoly
byly budovany jimky s vykonnymi Cerpadly, které slouZily jako precerpd-
vaci stanice. Celkem bylo vybudovdno 7 jimek. Jen kritkodobd vyluka
dodédvky elektrické energie v intervalu nékolika desitek minut znamenala
zatopeni Celby véetné strojniho zafizeni.

Razba z vychodniho portdlu (TBM) byla provddéna sice dovrchné, ale
pritoky vody, které dosahovaly na ¢elbé az 120 l/sec s tlakem 3,1 MPa
a v celé Casti této Stoly az 420 1/sec, razbu rovnéZ velmi komplikovaly. Dal-
$im velkym problémem byly pfi razbé TBM poruchové z6ny vyskytujict se
v pdsmu vyvielych hornin (granodioritl). Zcela zdegradovand hornina se

Obr. 5 Soustredéené
vyrony vody v prizkumné
Stole Visniové

Fig. 5 Concentrated
water strikes in the
Visnové exploration
gallery

Obr. 6 Pruzkumnd $tola Visiiové — feznd hlava TBM
Fig. 6 The Vistiové exploration gallery — TBM cutterhead
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concrete central wall shared by both tubes. Two independent tunnel tubes,
which are usually designed in case of motorway tunnels, would have meant sig-
nificant increase in the volume of excavation of the adjacent open trenches. This
concept was maintained even in the further design preparation for this con-
struction, which our company was no more involved in. In this phase and sub-
sequently in the course of the construction works, the structural system of the
central support was changed. The support was originally considered as an inte-
grated element of the final lining structure. It was changed to a system consis-
ting of primary lining, 2x intermediate waterproofing with drainage and 2x final
lining of the sidewalls of the tunnel tubes. We are confident that this modifica-
tion was no advance.

Nor the opportunity to design the tunnel without a permanent drainage sys-
tem was taken advantage of. The small height of the water table above the tun-
nel crown combined with the fact that the tunnel profile is closed by an invert
structure calls for this solution. This option was mentioned as early as 1997 at
the conference Underground Construction 1997, in presentations by the authors
Kundk and Ruzicka. Despite our critical comments, we can state that the Valik
tunnel will be successfully completed and inaugurated at the end of 2006. At
long last, residents of Plzen and the surrounding region will be freed of the unp-
leasant burden by intense transit traffic led along temporary road diversions.

VISNOVE EXPLORATION GALLERY

An exploration gallery was driven in the years of 1998 to 2002 in Slovakia,
in the area between Zilina and Vritky, for the Vistiové tunnel on the D1 motor-
way section Lietavskd Lucka - Turany, which was being prepared then (cur-
rently 2 tunnel tubes 7460m long are under consideration).

Our company developed the detailed design for this exploration gallery. The
total length of the gallery amounts to 7480m. It was driven from both portals.
From the western side (from Zilina), a horseshoe shape configuration with the
excavated cross-section area of 11.6m? and 12.9m? in sections with a flat bot-
tom and inverted arch respectively, using the NATM. The gallery was excava-
ted mostly on a 2.27% downhill gradient. A total of 3118m was driven using this
technique. From the eastern portal (from Vritky), a 3.5m-diameter TBM was
used (excavated cross-section area of 9.6m?). The TBM completed 4362m of
the gallery excavation.

Ground water was the biggest problem of the excavation from both portals.
In the downhill driven NATM section, inflows reached even 154 1/s. Sumps,
which were built along the route of the gallery, served as intermediate pumping
stations. A total of 7 sumps was built in this section. Even a short power supp-
ly break not exceeding several tens of minutes meant inundation of the heading,
including mechanical equipment.

Despite the fact that the section driven from the eastern portal with the TBM
was inclined upwards, it was also seriously complicated by ground water
inflows reaching 120 I/s and a pressure of 3.1 Mpa at the excavation face, and
up to 420 I/s in the whole length of this part of the gallery. Another significant
problem were weakness zones existing in the area of igneous rock (granodiori-
te). The completely degraded rock changed to soft ,,custard on contact with
water. The small diameter of the TBM cutterhead and difficult access in front
of the machine were another complication for operations carried out in front of
the cutterhead.

The above information itself is sufficient for readers to understand that the
work was extremely interesting and very difficult for designers and, above all,
for contractors. On behalf of our company we can say that it was great honour
for us to participate in this construction and gather lot of experience valuable for
our work.

Obr. 7 Pruzkumnd $tola Visiiové — raZba TBM
Fig. 7 The Vistiové exploration gallery — TBM excavation



15. rocnik - €. 2/2006

|
RAZBA SPODNI
RAZBA KALOTY : CASTI TUNELU
TOP HEADING | EXCAVATION OF
EXCAVATICON | BOTTOM PART
|
i

Obr. 8 Pri¢ny profil
osteni tunelu
(prichod valem
Prasného mostu)
Fig. 8 Cross-section
through the tunnel
lining (the passage
through the Powder
Bridge embankment)

v pritomnosti vody ménila na mékky ,,tvaroh®. Maly prumér hlavy stroje
a obtizny pristup pred feznou hlavou také velmi komplikovaly sana¢ni prace
pred strojem.

Jiz z této stru¢né informace je patrné, Ze pro projektanty, ale predevsim
pro pracovniky zhotovitele stavby to byla mimoradné zajimavd a velmi
ndro¢na prace. Za nasi firmu muZeme fici, Ze pro nds bylo velkou cti se na
této stavbe podilet a ziskat mnoho zkuSenosti pro nasi dalsi praci.

PRAZSKY HRAD - TUNELOVY PRUCHOD
VALEM PRASNEHO MOSTU

Tato rozsahem velmi mald stavba, je jak technologii razby a zajisténim
svahl hloubenych &4sti, tak i zpiisobem provedeni vnitiniho cihelného osté-
ni, velmi zajimavd. Nékolika pozndmkami a obrdzky chceme jen doplnit
¢lanek pana Janského, uvetejnény v ¢isle 1/2002 v ¢asopisu TUNEL.

Stavba byla realizovdna letech 2001 az 2002 a nase firma zpracovavala
realizaéni dokumentaci razené Cdsti tunelu a zajisténi svaht v hloubenych
portalovych jaméch tunelu.

Tunel md tvar znané prevySené podkovy (obr. 8), razba byla provddéna
horizontdlné ¢lenénym vyrubem. Nejprve byla v celé délce tunelu vyraZena
kalota s pfi¢nym proﬁlem ve tvaru pulkruhu. Potom nésledovala razba spod-
ni &4sti tunelu se soucasnym rozebirdnim mohutného osténi stdvajici terezi-
anské Stoly, kterou protékd potok Brusnice. PFi¢né ocelové nosniky zabudo-
vané do dna kaloty a Sroubové spojené s patami pithradovych oblouku
BRETEX, vklddanych do osténi klenby ze stifkaného betonu, byly pfi pro-
hlubovani spodni ¢ésti tunelu ponechény jako do¢asné rozpéry. Nahrazova-
ly kotveni boku klenby kaloty, protoZe tinosnost kotev v navazkach charak-
teru suti by byla velmi problematickd. Po dokonceni osténi spodni Césti
tunelu a vytvrdnuti betonu byly s ¢asovym odstupem demontovany. Zaro-
ven byly sledovdny deformace ostén{. Nosné jednovrstvé osténi tunelu tvorf
stifkany beton tloustky 250 mm. Vnitini velmi elegantni cihelné osténi ma
pouze charakter obkladu (viz. obrizky v ¢lanku profesora Bartdka
v TUNELU 1/2005). Proti pfipadnym prasakum zejména z bo¢nich mirné
zaklenutych stén je cihelny obklad chréanén profilovanou drendzni folif,
ktera zajiStuje odvedeni prisakové vody do koryta potoka Brusnice vedené-
ho ve dné tunelu.

ZAVER
Z vyctu tunelovych staveb zrealizovanych v poslednich letech podle pro-
jekta firmy METROPROJET Praha, a. s., je podle naSeho nézoru ziejmé,
jak jsme zhodnotili dlouholeté zkusenosti z projektovéni prazského metra na
nové budovanych trasdch i na jinych tunelovych stavbach v&etné aplikace
modernich tuneldfskych technologii.
ING. DAVID . KRASA e-mail: krasa@metroprojekt.cz,

ING. JIRI RUZICKA e-mail: ruzicka@metroprojekt.cz,
METROPROJEKT Praha, a. s.

Obr. 9 Razba kaloty (dtto)
Fig. 9 Top heading excavation (ditto)

Obr. 10 Zdéni cihelného obkladu (dtto)
Fig. 10 Erection of the brick lining (ditto)

PRAGUE CASTLE - TUNNEL PASSAGE UNDER THE POWDER
BRIDGE EMBANKMENT

This project, small in terms of its extent, is very interesting considering the
excavation technique and the method of support of slopes in cut-and-cover sec-
tions, as well as the way in which the internal brick lining was erected.

The construction was executed in 2001 - 2002; our company developed
detailed design for the mined section of the tunnel and support of slopes in the
cut-and-cover portal sections of the tunnel.

The tunnel has the shape of a vertically elongated horseshoe (see Fig. X);
a horizontal sequence of headings was used. First the semi-circular top heading
passed the whole length of the tunnel. The bench excavation followed, concur-
rently with dismantling of a mighty liner of the existing Theresian gallery which
the Brusnice brook flows through. Transversal steel beams embedded in the
bottom of the top heading and bolt-fixed to the legs of BRETEX lattice girders
installed in the shotcrete vault lining were left in place as temporary braces in
the course of the excavation of the bench. They substituted anchoring of the
sides of the vault in the calotte because the capacity of anchors in the emban-
kment material having the character of debris was questionable. They were
removed when the lining of the lower part was finished and concrete hardened.
At the same time, deformations of the lining were monitored. The structural
single-layer lining of the tunnel consists of a 250mm thick layer of sprayed
concrete. The elegant internal brick lining has only the character of cladding
(see pictures in the article by Prof. Bartdk in TUNEL 1/2005). The brick clad-
ding is protected against contingent seepage, above all on the slightly vaulted
side walls, by dimple sheet waterproofing. It drains seepage water to the Brus-
nice brook, which flows at the tunnel bottom.

CONCLUSION

It is, in our opinion, obvious from the list of tunnel constructions completed
in recent years according to designs developed by METROPROJEKT Praha
a.s. that we invested a lot of experience gathered from the years of our work on
designs of the Prague metro system in newly built lines and other tunnel con-
structions, including modern tunnelling techniques.

ING. DAVID | KRASA e-mail: krasa@metroprojekt.cz,
ING. JIRI RUZICKA e-mail: ruzicka@metroprojekt.cz,

METROPROJEKT Praha, a. s.
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RAZENY DVOUKOLEJNY TUNEL MEZI STANICEMI

-~ oo

LADVI A STRIZKOV TRASA IVC2 PRAZSKEHO METRA

MINED DOUBLE-RAIL TUNNEL BETWEEN LADVI AND
STRIZKOV STATIONS ON LINE IVC2 OF PRAGUE METRO

MIROSLAV KOCHANEK, JAROSLAV KELISEK

uvoD

Stavebn{ oddil 09, tratovy dsek Ladvi — Stfizkov, navazuje na objekt
hloubenych obratovych koleji za provozovanou stanici Ladvi (staveb-
ni oddil 08) a konc&i u hloubené stanice Stiizkov (stavebni oddil 10).
Hlavnim stavebnim objektem tratového tseku je raZzeny dvoukolejny
tunel s navazujicim hloubenym tunelem pred stanici Stfizkov. Razeny
dvoukolejny tunel je dlouhy 975,062 m a hloubeny 80,665 m. Celko-
vé délka tratového dseku je 1055,727 m. V pfevdzném rozsahu raze-
ného tunelu je osovd vzddlenost koleji 3,70 m. Pouze pred portdlem
obratovych koleji u stanice Ladvi se vzdalenost koleji postupné zvét-
Suje aZ na hodnotu 4,66 m.

Vystavba raZzeného dvoukolejného tunelu byla navrZena ze stavebn{
jamy hloubeného tseku SO 08 u zdpadniho portdlu. Po kritké upadni
razbe cca 100 m a vybudovani sbérné jimky se pokracovalo dovrchné
v délce cca 400 m. Soucasné probihala tpadni protirazba od vychod-
niho portélu u stanice Stfizkov.

GEOLOGICKE POMERY ZASTIZENE PRI RAZBE

Ve stavebnim oddilu 09 je vrstevny sled horninového prostiedi od
povrchu tvoren kvartérnimi zeminami (v&etné navéZzek) o mocnosti od
1 do 4,5 m. Jedn4 se vetSinou o sprase, spraSové hliny a jilovito-pra-
chovito-pis¢ité hliny s tlomky hornin, které jsou s mocnosti 1 az
2 m na bézi sprasového komplexu (S, D+E). Dal§{ polohu tvori sli-
novce (opuky). Povrch i baze této polohy jsou mirné zvinény; celkova
jeji mocnost kolisd od 7 do 11 m. Slinovce jsou ruzného stupné zpev-
nén{ a promenlivé pevnosti (R2-R3), misty v povrchové zéné zvetra-
vani maji charakter zeminy pevné az tvrdé konzistence. Hornina je
deskovité az kvddrovité odlu¢nd, s jednim hlavnim subhorizontalnim
a dvéma subvertikdlnimi systémy puklin. Hustota diskontinuit je stfed-
ni, v z6né€ zvétrani az velkd. Misty pod polohou vdpencu je lokdlné
vyvinuta poloha prachovet aZ prachovitych jiloveu, kterd vznikla
odvéapnénim puvodnich jilovitych vdpencu.

Pod vrstvami slinovcu se nachdzi poloha svétle Sedych jila, které
prechézeji do zlutohnédych az ZlutoSedych jiloveu, deskovit€ odluc-
nych, s limonitickymi krustami a povlaky na trhlindch. Tato vrstva
jilovet je prakticky nepropustnd, kopiruje zvlnénou bdzi opuk
a v celém rozsahu stavebniho oddilu 09 m4 stabilni mocnost cca 6 m.

NiZe nasleduji piskovce korycanského souvrstvi, tvofené polohou
glaukonitického jilovitého (drobovitého) piskovce o mocnosti 1 aZ
2 m v horni &dsti korycanského souvrstvi. Jeho pevnost je pomérné
nizkd R4 az R6. Pod vrstvou glaukonitického piskovce je souvrstvi
kiemennych piskovci, prevdzné jemnozrnnych a7 nestejnozrnnych.
V subhorizontélnich vrstvdch o mocnosti nékolika dm az m se stridaji
polohy s ruznym stupném diagenetického zpevnéni. Jejich pevnost
kolisd mezi R4 a R5. Lokélné mékéi polohy jsou drolivé a snadno roz-
padavé na pisek. Hustota diskontinuit je mal4, hornina je blokovité az
kvéadrovité odlu¢nd se dvéma hlavnimi subvertikdlnimi systémy puk-
lin, navzdjem téméf kolmymi.

V podlozi piskovct se nachdzi bazalni kiidové souvrstvi jilu a jilov-
cu se stiidanim piskovcu, které nebyly prizkumem zachyceny. Jednd
se 0 uhelné jily s lokdlnimi slojkami uhli, které maji strop pod kétou
265 m n. m., tj. vice nez 10 m pode dnem tunelu.

Na bdzi slinovcl je nesouvisly turonsky obzor podzemni vody
s mocnosti 0,5 0,5 m, ktery neprfiznivé ovliviiuje stabilitu hornin.
Tento obzor je misty mirné zaklesnut do polohy nepropustnych jilov-
ct. Kromé této horni nesouvislé tirovné podzemni vody je v piskovco-
vych polohdch vyvinuta druhd (spodni) hladina podzemni vody nad
polohou Sedocerného jilovce. Vyrony podzemni vody do Celby v pre-
véazné délce tunelu se pohybovaly v desetindch az nékolika mélo 1/s.

INTRODUCTION

Construction lot 09, i.e. the construction section Ladvi - Strizkov, links to the
cut-and-cover structure of return tracks after the operating Ladv{ station (con-
struction lot 08) and ends at the cut-and-cover station StifZkov (construction lot
10). The main structure of this track section is the mined double-rail tunnel with
the adjoining cut-and-cover tunnel before the Stfizkov station. The mined doub-
le-rail tunnel and cut-and-cover tunnel is 975.062m and 80.665m long respecti-
vely. The total length of the track section is of 1055.727m. Apart from a short
section before the portal of the return track at the Ladvi station where the distan-
ce between track centres grows gradually to 4.66m, the track centre distance of
3.70m is maintained along the whole mined section length.

The double-rail tunnel excavation was designed to be carried out from the
construction trench of the cut-and-cover section SO 08, the western portal.
After a short about 100m long downhill drive and construction of a collecti-
on sump, the tunnel was driven inclined upwards at a length of about 400m,
simultaneously with the downhill excavation from the opposite eastern portal
at the Stiizkov station.

GEOLOGICAL CONDITIONS ENCOUNTERED
BY THE EXCAVATION

The sequence of strata found within construction lot 09 starts at the surface
by Quaternary loams (including made ground) from 1m to 4.5m deep consis-
ting mainly of loess, secondary loess and clayey-silty-sandy loam with rock
debris, which is at a thickness of 1m to Im found on the base of a loessal com-
plex (S, D+E). The next layer consists of marlstone (cretaceous marl). The sur-
face and base of this layer are slightly undulated; the overall thickness varies
from 7m to 11m. The marl is of various degree of consolidation and varying
strength (R2-R3), locally, in the upper weathering zone, it has the character of
stiff to hard consistency loam. The rock mass exhibits platy to cuboidal jointing
with one main sub-horizontal joint system and two sub-vertical systems. The
density of discontinuities is medium, even high in the weathering zone. A layer
of siltstone to silty claystone developed locally under the limestone layer as
a result of decalcification of the original clayey limestone.

Under the marl layers, there is a layer of light grey clay, which transits to yel-
low-brown to yellow-grey claystone with platy jointing; the joints exhibit limo-
nite crusts and coating. The clay layer is virtually impervious; it copies the
undulated cretaceous marl base; its thickness of about 6m is constant within the
entire extent of construction lot 08.

Underneath, the Korycany Member shales follow. They are formed by a 1 to
2m thick layer of glauconitic clayey (greywacke-like) sandstone found in the
upper part of the Korycany Member. Its strength is relatively very low, R4 to R6.
A series of layers of quartzose sandstone, mostly fine grained to inequigranular,
is under the glauconitic sandstone. Layers with varying degree of diagenetic con-
solidation alternate within the several decimetres to several metres thick sub-
horizontal layers. Their strength fluctuates between R4 and RS. The locally sof-
ter layers are friable and easily decomposing into sand. Spacing of discontinuiti-
es is relatively loose, the rock mass exhibits cuboidal to rectangular jointing with
two main sub-vertical joint systems nearly perpendicular to each other.

The base of the sandstone consists of basal Cretaceous series of clay and
claystone with interlayers of sandstone, which have not been registered by the
exploration. It is a matter of coal clay with local minor coal seams having their
roof under the elevation of 265.0m a.s.l., i.e. deeper than 10m under the tun-
nel bottom.

Rock mass stability is unfavourably influenced by a discontinuous
0.5 + 0.5m thick Turonian groundwater aquifer, which is found on top of the
marlstone base. This aquifer is locally slightly wedged into the impervious
claystone layer. Apart from this upper discontinuous groundwater level, another
(lower) water table has developed in the sandstone layers, above the grey-black
claystone layer. The groundwater flows into the heading fluctuated from tenths
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Pri razbé dvoukolejného tunelu byly vyrubem tunelu postupné zasti-
Zeny Ctyfi geotechnické typy hornin odli$nych vlastnosti, a to slinovce
(SL), jily a jilovce (J), glaukonitické piskovce (GL) a kiemité piskovce
(P). Pfi tGpadni razbé od vychodniho portélu byl zpocdtku vyrub ve sli-
novcich a klenba zasahovala do z6ny navétrani. Jily a jilovce se vysky-
tovaly pouze ve dné. Postupné se vyrubni prufez zahluboval do jilovca
a asi v poloviné tseku se zahloubil do jilovct i vrchol klenby. Soucas-
né zacal vyrubni prufez dnem zasahovat do piskovcu, nejdiive do glau-
konitickych typt, pozdéji do kiemitych piskovca. Pii dovrchni razbé od
zépadniho portdlu byl zpoCdtku cely vyrubni prifez zastiZen pouze
v kfemitych piskovcich s nadlozim piskovcu (véetné glaukonitickych)
az 4 m. Ve vzdélenosti cca 300 m od zdpadniho portdlu zacala klenba
postupné zasahovat do piskovcu glaukonitickych a nakonec do jiloveq.

Jilovce — Claystone

Sedy jil - Grey Clay
Glakoniticky piskovec — Glauconitic Sandstone

Piskovec+ Sandsl‘imjl “"
A

Obr. 1 Geologicky profil tunelu pod mostnimi objekty
Fig. 1 Geological profile of the tunnel under the bridge structures

RAZENY DVOUKOLEJNY TUNEL

Razeny dvoukolejny tunel je dlouhy 975,062 m a predstavuje nejvetsi
objekt celého tratového dseku. V portalovém tseku u stanice Strizkov byl
v délce 112 m navrZen zdkladni profil dvoukolejného tunelu pro osovou
vzdalenost koleji 3,7 m s prohloubenym dnem. Duvodem pro prohloube-
ni dna je odpruZeni kolejového télesa pro utlumeni hluku a vibraci
v daném tuseku a sniZenf jejich vlivu na povrchovou zdstavbu. V zdvis-
losti na stupni odpruzeni kolejového svrsku byly navrzeny dva typy pro-
hloubeného prifezu s rozdilnou hloubkou dna pod temenem kolejnice
(typ I a II). Tunel ddle pokracuje v zdkladnim profilu v dseku dlouhém
803,062 m. Pfred zdpadnim portdlem dochdzi k postupnému zvétSovani
profilu tunelu v souladu s rostouci osovou vzdalenosti koleji. Na zdklad-
ni profil postupné navazuji iseky tunelu délky 25 m pro osovou vzdale-
nost koleji 3,9 m, 25 m pro osovou vzdélenost koleji 4,405 m a 10 m pro
osovou vzddlenost koleji 5 m. VSechny prifezy dvoukolejného tunelu
maji tvar ovdlu, jehoZ rozméry respektuji prajezdné prurezy metra a roz-
misténi technického vybaveni tratovych tuneld.

Konstrukce osténi dvoukolejného tunelu byla provedena jako dvou-
plastovd s mezilehlou féliovou hydroizolaci. Vnéjsi priméarni osténi je ze
stifkaného betonu SB 25, s proménlivou tloustkou plasté od 200 mm do
350 mm, v zdvislosti na skute¢né zastiZenych geologickych podminkdch.
Hydroizola¢ni félie a vnitfni osténi se provadely s velkym odstupem, az
po vyrazeni celého tunelu. Vnitini osténi je z monolitického Zelezobeto-
nu C 25/30 a md minimdlni tloustku 400 mm.

Razba tunelu byla provddéna podle zdsad Nové rakouské tunelovaci
metody (NRTM). Na zédkladé zatridéni geologa byly zastiZzeny horniny ve
tfidach raznosti 3, 4, 5al a 5a2. Rozpojovani hornin pii razbé od zdpad-
niho portélu se uskute¢nilo vyloZnikovou frézou Eickhoff 380 s pfi¢nou
hlavou. Pfevazna ¢ast tseku se nachdzela v kiidovych kiemitych piskov-
cich s nadloZni vrstvou glaukonitického piskovee s mocnosti 1 a7 2 m,
které s postupujici razbou zasahovaly do kaloty. Celba byla prevdzné
suchd bez vlivu podzemni vody. Rozpojovéni horniny pfi protirazbé od
vychodniho portdlu bylo provddéno pomoci tunelového bagru Schaeff
ITC 312. V pevnéjsich polohdch hornin (opuky, piskovce) se v omeze-
ném rozsahu pouZivaly trhacich prace. Razba byla provadéna pfi nizkém
nadlozi s Cetnymi inZenyrskymi sitémi a v komplikovanych geologic-
kych podminkéch, s rozvétranymi a rozpukanymi slinovci v nadlozi
a mekkymi jilovci ve dné. Vzhledem k tpadni razbé byla Celba ovlivne-
na diky relativné propustnému nadloZi podzemni vodou.

Technicky nejndro¢néj$im a nejzajimavéj$im dsekem byla razba
v misté, kde dvoukolejny tunel podchdzi v t€sné blizkosti pod zdklady
mostd mimotroviiového kiiZeni ulice Liberecké a Stielni¢né. V rdmci
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to several I/s along overwhelming part of the tunnel length. Four geotechnical
rock types were successively encountered in the course of the double-rail tun-
nel excavation, i.e. marlstone, clay and claystone, glauconitic sandstone and
quartziferous sandstone. The downhill excavation from the eastern portal pas-
sed in the beginning through marlstone and the crown extended into the weat-
hering zone. The clay and claystone occurred only at the bottom. The excava-
ted cross section sunk gradually into claystone and, approximately in the midd-
le of the section, even the excavation crown of the arch sunk into the claystone
layer. At the same time the bottom of the excavated cross section started to reach
into sandstone, first into the glauconitic type, then into quartziferous sandstone.
Regarding the uphill excavation from the western portal, in the beginning the
entire excavated cross section was found only in quartziferous sandstone with
a sandstone cover (including glauconitic sandstone) up to 4.0m thick. At
a distance of about 300m from the western portal, the crown of the arch started
gradually to extend into glauconitic sandstone and eventually into claystone.

MINED DOUBLE-RAIL TUNNEL

With its length of 975.062m the mined double-rail tunnel represents the lar-
gest structure of the entire track section. The basic cross section for the track
centre distance of 3.7m with a deepened bottom was designed for the 112m long
portal section adjacent to the Strizkov station. The reason for the deepening of
the bottom was the need for noise- and vibration-absorbent embedment of the
rail track along the particular section so that the noise and vibration impact on
the surface buildings were reduced. Depending on the degree of elastic recove-
ry of the rail track, two types of the deepened cross section were designed, dif-
fering in the depth of the bottom under the top of rail (type I and II). The tunnel
further continues with the basic profile along a section 803.062m long. The tun-
nel profile starts to gradually grow before the western portal, along with the
track centre distance growing. The basic profile changes step by step, starting
with a 25m long section designed for the track centre distance of 3.9m, conti-
nuing through a 25m long section with the distance of 4.405m, and a 10m long
section designed for the track centre distance of 5.0m. The shape of all of the
double-rail tunnel cross sections is oval. Their dimensions respect requirements
for the clearance profile of metro and for positioning of running tunnel equip-
ment. The structure of the double-rail tunnel lining consisted of two shells with
an intermediate waterproofing membrane. The outer primary lining is from
shotcrete SB 25 with variable thickness, from 200 to 350mm, depending on
actually encountered geological conditions. The waterproofing membrane and
inner lining were carried out with a significant delay, when the whole tunnel
excavation had been over. The cast in situ C 25/30 reinforced concrete inner
lining is 400mm thick as a minimum. The tunnel was driven using the New
Austrian Tunnelling Method (NATM). According to the classification carried
out by a geologist, excavation classes 3, 4, 5al and 5a2 were encountered. The
excavation from the western portal was carried out using an Eickhoff 380 road-
header with a transversal cutterhead mounted on the boom. Major part of the
section was found in Cretaceous quartziferous sandstone with an overlaying
layer of glauconitic sandstone 1 to 2m thick, which gradually, with the excava-
tion face advancing, extended into the top heading. The face was mostly dry,
unaffected by groundwater. The counter-excavation from the eastern portal was
carried out with a Schaeff ITC 312 tunnel excavator. The drill and blast was
used to a limited extent in harder layers of rock (cretaceous marl, sandstone).
The excavation passed under a shallow cover with numerous utility networks,
and in complicated geological conditions with weathered and fractured marl-
stone and claystone at the bottom. The fact that the tunnel was excavated on
a down gradient combined with groundwater seeping through relatively perme-
able cover affected the excavation face. The technically most difficult and most
interesting excavation was in the section where the double-track tunnel passes
in close proximity to foundations of bridges of the grade-separated intersection
of Libereckd and Stfelni¢nd Streets. The work on the mined double-rail tunnel
also solved the underpinning of central bridge pillars to minimise subsidence
resulting from the tunnel excavation, and the method of balancing the subsi-
dence of bridge abutments.

DESCRIPTION OF THE STRUCTURE
OF THE BRIDGES BEING PASSED UNDER

The bridge consists of two independent bridge structures. The northern brid-
ge and the southern bridge carry the roadway of VysoCanskd Street in the direc-
tion toward Ladv{ and toward Strizkov respectively. There are two traffic lanes
2 x 3.5m plus 3.5m wide pavement on each of the bridges. The road passing
underneath, the north-south backbone road, has two pairs of traffic lanes sepa-
rated by a central reserve, complemented by slip lanes (the total width of 25m).
The bridges were designed for the A-class of loading according to CSN 73 6002
valid at the time of the work on the design.

In the longitudinal direction, the bridge acts as a system with three redundant
members, with splayed piers and split hinges at the feet. The load-bearing slab




razeného dvoukolejného tunelu bylo také feSeno podchyceni stiednich
mostnich podpér pro minimalizaci poklesu vyvolanych raZbou tunelu
a zpusob vyrovndni poklest u krajnich mostnich opér.

POPIS KONSTRUKCE PODCHAZENYCH MOSTNICH OBJEKTU

Mostni objekt se sklddd ze dvou samostatnych mostu. Severni most pre-
vadi vozovku ul. VysoCanské smérem do Ladvi a jizni most vozovku ul.
Vyso¢anské smérem na Stifzkov. Na kazdém mosté jsou dva dopravni
pruhy §. 2 x 3,5 m a chodnik §. 3,5 m. Podchdzejici komunikace — severo-
jizni magistrdla — je obousmérnd &tyiproudovd se stiednim délicim pasem
a doplnénd pfipojovacimi pruhy o celkové $ifce 25 m. Mostni objekty byly
navrZeny pro zatiZeni tf. A podle CSN 73 6002 platné v dobé ndvrhu.

V podélném sméru pisobi most jako tiikrét staticky neurcita konstruk-
ce o tiech polich se Sikmymi stojkami a vrubovymi klouby v patkéch. Na
krajnich opérach je nosna deska uloZena prosté na kluznych ocelovych
loziskdch. Rozpéti mostovky je 10,80 + 24,60 + 10,80 m. Rozpéti
v ramovych stojkdch v drovni patek je 31,40 m. Deska nosné konstrukce
z betonu B 400 je na konci krajnich poli 550 mm vysoka s parabolickym
nabéhem na délku 4,05 m smérem ke stfednim podpordm, kde se zvétSu-
je na 700 mm. Ve strednim poli je uprostfed rozpéti vyska nosné desky
600 mm s parabolickym ndbéhem ke stojkdm, kde ¢ini 1000 mm.
V podélném smeru byla konstrukce plné predepnuta 50 stotunovymi
kabely s 24 F P7. V pri¢ném sméru je deska vyztuZzena oceli 10 400 A.

Ramové stojky byly rovnéZ navrzeny z betonu B 400. Rdmové stojky
maji proménnou §itku i vysku. Klouby jsou vrubové, rovnobézné s nos-
nou konstrukei, vyplnéné heraklitem a zalité plastickou asfaltovou zaliv-
kou. Vyztuz stojek je z oceli 10 400 A. Zakladové patky byly navrzeny
z prostého betonu B 170 a jsou zaloZeny v proménnych vyskdch s ohle-
dem na pri¢ny spad nosné konstrukce. Horni ¢ast zdkladovych patek byla
provedena z betonu B 330, zéroveri s vyztuZ{ kloubt z oceli 10 400. Kraj-
ni opéry a kridla jsou zaloZeny na Zelezobetonovych pilotach 300/300
mm 4,5 m dlouhych na podloZi ze zvétralych opuk. Zéklady opér jsou
z prostého betonu B 135, armované tlozné prahy z betonu B 170. Ki{d-
la byla celd provedena z prostého betonu B 135. LoZiska na obou kon-
cich jsou kluznd z ocelovych plecha.

Na zdkladé prepoctu mostniho objektu v roce 1990 (EKOS a. s.) byly
stanoveny tyto zatiZitelnosti mostni konstrukce: normdlni 340 kN,
vyhradni 760 kN a vyjimecnd 2200 kN. Nejnizsi hodnoty zatiZitelnosti
byly dosazeny v misté styku desky a vzpéry zprava.

PODCHAZENI TUNELU POD MOSTNIMI OBJEKTY

Pri razbé€ tunelu pod t€mito mosty bez dalSich technickych opateni by
na zéakladé vypoctu mohlo dojit k poklesim terénu aZ do 40 mm, které
stévajici mostni konstrukce neni schopné prenést. Aby byly tyto poklesy
minimalizovany, navrhl projektant podchyceni stfednich podpér pomoci
dvou sprahujicich predpjatych Zelezobetonovych trdmi se soustavou
injektovanych mikropilot, jejichZ pata dosahovala pod droven dna tunelt
metra. Sprahujici Zelezobetonovy tram §itky 1600 mm a vysky 3600 mm
propojil zdkladové patky obou soubéznych mosta.

Sprazeni stdvajicich patek s novym Zelezobetonovym tramem bylo
navrZeno jednak pomoci trnl z betonarské oceli, jednak tfemi predpjaty-
mi kabely (lanovy predpinaci systtm DYWIDAG). Trny byly do patek
vlepovany. Pfedpinaci kabel z lan byl osazen do pfipravenych kabelovych
kanalkl a kotven samosvornymi trojdilnymi Celistmi kuZelovitého tvaru
uloZenymi v kuZelovych otvorech kotevnich objimek. Lana byla po
napnuti zainjektovdna pod tlakem cementovou maltou. Zachyceni sil
v kotevni oblasti bylo zajisténo doplnkovou vyztuzi.

NavrZend konstrukce sprdhla vSechny Ctyfi samostatné zédkladové
patky na obou koncich mostu priénym ztuZujicim nosnikem tak, aby
doslo k vyrovnani nerovnomérnosti poklest vnitinich patek pri raZeni
prenesenim pritiZeni do vnéjsich patek a systému mikropilot, ktery zajis-
til bezpe¢né prenesent sil ze ztuzujictho nosniku do podlozi mimo oblast
horninového prostredi spoluptsobiciho s primérnim osténim. Pfi navrze-
ném zpusobu podchyceni mostl vyslo vypoétem seddni vnitinich podpér
maximdlné do 8 mm.

Krajni opéry nebylo mozné podchytit kvuli jejich nepfistupnosti pro
mechanizaci, vysoké finan¢n{ ndklady a pri zachovani dopravy na mos-
tech. Proto bylo navrzeno vyrovndvani poklesi pomoci hydraulickych
lisi osazenych mezi opéry a spodni ¢dst mostni desky a pomoci plechu
potiebné tloustky, vklddanych mezi dolni a horni &dsti loZiska. Lisy byly
vloZeny mezi ocelové prvky prikotvené ke stdvajicim opérdm a protileh-
1€ ocelové prvky kotvené do spodni ¢ésti mostni desky. Ocelové prvky
byly na mostni konstrukei pripevnény pomoci lepenych Sroubu.

Dalsi opatfenti pro sniZeni poklest mostnich objektt byla piijata pfi razbé
tunelu pod mosty v délce 80 m. Postupy a vystrojovaci prostredky byly pfi
razbé navrZeny tak, aby dochdzelo k minimdlnimu vzniku deformaci
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is supported by abutments freely, resting on steel sliding bearings. The bridge
deck length is of 10.80 + 24.60 + 10.80m spans. The span between the bottoms
of the frame piers is of 31.40m. At the ends of the side spans, the B 400 conc-
rete load-bearing slab is 550mm thick; a 4.05m long parabolic haunch toward
the central piers increases the thickness to 700mm. The load-bearing slab thick-
ness at the mid point of the central span is of 600mm. It grows via parabolic
haunches to 1000mm at the piers. The structure was fully pre-tensioned by 50
pieces of 100-ton tendons with 24 F P7. Transversally, the slab is reinforced
with rebars, steel grade 10 400 A. The frame piers were also designed from
B 400 concrete. The frame piers have variable width and height. The split hin-
ges are parallel with the load-bearing structure, filled with wood wool and plas-
tic asphalt sealant. Steel grade 10 400 A was used for the reinforcement of the
piers. Pad footings were designed from unreinforced B 170 concrete. They are
founded at various levels, with respect to the transversal inclination of the load-
bearing structure. The upper parts of the pad footings were cast using B 330
concrete, together with the reinforcement of the joints using steel grade 10 400.
The abutments and wings are founded on 4.5m long reinforced concrete piles
300/300mm, on the sub-base consisting of weathered cretaceous marl. Founda-
tions of the piers are from B 135 unreinforced concrete; the bridge pier caps are
from reinforced concrete B 170. The wings are from unreinforced concrete
B 135. The bearings are of the sliding type, from steel plates, on both ends. The
following values of allowable bridge structure loading were determined on the
basis of recalculation of the bridge carried out in 1990 (EKOS a.s.): normal
340 kN, exclusive 760 kN and exceptional 2200 kN. The lowest values of allo-
wable loading were achieved at the contact between the slab and the pier from
the right side.

TUNNEL PASSAGE UNDER BRIDGE STRUCTURES

Calculations proved that there was a possibility that surface subsidence up to
40mm, which could not be withstood by the existing bridge structure, could
have occurred during the tunnel excavation under the above-mentioned bridges
without additional technical measures. To minimise the subsidence, the desig-
ner proposed a system of underpinning the central piers by two integrating pre-
tensioned reinforced concrete beams with a system of grouted micropiles
having their toes under the metro tunnel bottom level. The integrating reinfor-
ced concrete beam (1600mm wide and 3600mm high) connected pad foundati-
ons of the two parallel bridges.

The composite action of the existing pad footings and the new reinforced
concrete beam was designed to be secured using dowels from concrete reinfor-
cement bars plus three pre-tensioned tendons (a DYWIDAG tendon pre-tensi-
oning system). The dowels were glued in the pad footings. The stranded pre-ten-
sioning tendon was inserted into prepared cable ducts and anchored with coni-
cal three-part self-gripping chuck jaws installed in conical holes in U-straps.
The tendon ducts were filled with grout when the tensioning of tendons had
been finished. The anchoring area was reinforced by additional rebars to be able
to carry the forces.

The designed structure integrated all of the four independent pad footings at
both ends of the bridge by a transversal reinforcing beam, which ensured balan-
cing of uneven subsidence of internal pad footings during the excavation by
transfer of the surcharge load to the external pad footings and to the micropile
system, which provided safe transfer of the forces from the reinforcing beam to
the sub-base, outside the rock environment which displays composite action
with the primary lining. The calculation of the subsidence of the internal abut-
ments in the case of the designed method of underpinning resulted in a maxi-
mum value of 8 mm.

It was impossible to underpin the side abutments because of impossible
access for equipment, high cost and necessity to maintain the traffic on the brid-
ges. For that reason a system of balancing the subsidence by means of hydrau-
lic presses installed between the abutments and the lower part of the bridge slab
and steel plates of required thickness inserted between the lower and upper parts
of the bearing was designed. The presses were installed between steel elements
anchored to the existing abutments and opposite steel elements anchored to the
lower part of the bridge slab. The steel elements were fixed to the bridge struc-
ture with glued bolts.

Another measures designed to reduce the subsidence of the bridge structures
were adopted during the course of the driving of the 80m long tunnel section
under the bridges. The procedures and means of support were designed to ensure
minimum development of deformations of the surrounding rock mass. The exca-
vation proceeded according to the modified excavation class 5al specification,
using some elements designed for class 5a2. This concerns namely the maximum
length of unsupported excavation advance of 1m, utilisation of self-drilling rock-
bolts for anchoring, closer spacing of 4m long spiles, increased thickness of con-
solidation spray applied to the exposed surface, face support by shotcrete in each
excavation round, etc. The invert excavation and closing of the primary lining ring
took place at a distance of 4 — 6 m from the excavation face. The behaviour of the
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Obr. 2 Podélny Fez osou tunelu pod mostnimi objekty
Fig. 2 Longitudinal section on the tunnel centre line
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okolniho horninového prostredi. Razba postupovala podle modifikované
technologické tiidy 5al s vyuzitim nékterych prvka podle TT 5a2. Tykd se
to zejména max. délky nevystrojeného zdbéru 1 m, pouZzivani samozavrt-
nych svorniki pro kotveni, zhusténi jehel dl 4 m, zesileni tloustky konzoli-
da¢niho néstiiku vyrubu, zajisténi Celby stifkanym betonem po kazdém
zdbéru atd. Dobirka dna a uzavieni prstence primérniho osténi byly prova-
dény na vzddlenost 4 — 6 m od Cela vyrubu. Chovdni &ela pri razbé tunelu
v poloze jilovca bylo ovéfeno monitoringem pred prichodem razby pod
patky mostu. Pfi razbé pod kanalizaCnimi sbéra¢i uprostied ulice Liberecké
bylo nutno postupovat se zkrdcenym kotvenim klenby ve vrcholové ¢ésti,
aby nedoslo k navrtdn{ stok. Cely tsek byl razen s omezenim trhacich pract,
pripadné s vyloucenim trhacich praci pod kanalizaci.

Pri raZen{ tunelu bylo bezpodmine¢né nutné stdlé sledovéni deformaci
mostni konstrukce presnou nivelaci. Na zdkladé téchto méfeni bylo
potom rozhodnuto o vyrovnéavéni poklesi u krajnich opér pomoci hyd-
raulickych list a rektifika¢nich plecha vklddanych do loZisek. Max. pfi-
pustnd nerovnomérnd deformace ¢inila dle provedeného statického vypo-
¢tu 5 mm. Uvedené sledovani bylo zajisténo formou geomonitoringu.

MONITORING

Monitoring byl navrzen na zdklad¢ stavebni dokumentace mostu a tech-
nické prohlidky. Na opéréch, podpérich a roznéSecich trdmech bylo osaze-
no po 14 nivela¢nich bodech pro kazdy smér dle schématu. Soubézné pro-
bihalo v tunelu sledovéni konvergenénich profilt, doplnéné o méfeni kon-
taktnich napéti. Cely monitoring byl na povrchu jesté rozsiten o inklino-
metrické vrty, extenzometricky profil a terénni nivelacni profil.

Monitoring mostu probihal dle realizaéni dokumentace. Pfi razbé tune-
lu v dseku 40 m pfed mostem a za mostem (,,ochranné pismo*) bylo pro-
vddéno denni méfeni poklest na vySe uvedenych bodech. Casovy inter-
val (2. 2. 2005 — 14. 3. 2005) reprezentoval postup razby v ochranném
pdsmu mostu. Vlastni méfent bylo velice ndro¢né jak na presnost, tak i na
Casovy prubéh v&. zpracovdni a vyhodnoceni. Casovou naro¢nost vlast-
niho méfeni zvySovaly hlavné pozadavky na presnost namérenych hod-
not, protoZe Smm vzdjemny posun dvou bodi znamenal nutnost okamzi-
tého provedeni vyskové rektifikace opér. Nametrené hodnoty jsou zobra-
zeny na priloZenych grafech. Maximélni namefeny pokles na podpérach
byl 7,5 mm, maximalni nerovnomérné sednuti v roviné podpér bylo
zaznamendno 7,1x107. Prabéh sedani je graficky znazornén na obr. 6,
kde je ilustrativni graf ¢asového prubéhu sedén{ severniho mostu.
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Obr. 5 Schéma umisténi nivelaénich bodi
Fig. 5 Layout of levelling points
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face during the tunnel excavation through the claystone layer was verified by
monitoring before the arrival of the excavation under the pad footings of the brid-
ge. Shortened anchoring had to be used at the tunnel crown in the course of the
excavation under trunk sewers in the middle of Libereckd Street to prevent the
sewers from being damaged by drilling. The entire section was driven with limi-
tation of the blasting or without blasting under the sewers.

Continuous monitoring of deformations of the bridge structure by precise
levelling was unconditionally necessary during the tunnel excavation. Decisions
on compensation of subsidence at the side abutments with hydraulic presses and
rectification steel plates were made on the basis of the measurements. The maxi-
mum differential settlement allowable according to the structural analysis
amounted to Smm. The above-mentioned observation was provided in the form
of geomonitoring.

MONITORING

Monitoring was designed on the basis of the bridge design and a condition
survey. Levelling points were installed on the abutments, piers and spread
beams: 14 pieces for each direction according to the layout scheme. Monitoring
of convergence profiles supplemented by measurement of contact stresses was
carried out simultaneously. The complete monitoring system was extended on
the surface by inclinometer boreholes, an extensometer profile and a surface
levelling profile.

The bridge monitoring was carried out according to the detailed design. Daily
measurement of subsidence of the above-mentioned points was performed
during the excavation of a section which started 40m before the bridge and
ended 40m behind (“a protected zone™). The progress of the excavation in the
protected zone was represented be the time interval (2.2.2005 — 14.3.2005). The
measurement proper was very demanding both in terms of accuracy and pro-
gress with time, including the processing and assessment. The consumption of
time by the measurement proper rose mainly due to requirements for accuracy
of the measured values because a Smm displacement of two points against one
another meant a necessity for immediate rectification of the elevations of the
abutments. The measured values are presented in the charts enclosed. The
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Graf sedani v pficném fezu podpéry Strizkov (mm)
Settlement chart at a cross section through the abutment on the Stiizkov side (mm)
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Obr. 6 Poklesovd kotlina

v misté podpér Stiizkov
Fig. 6 Settlement trough at the

abutments on the Strizkov side

maximum subsidence measured on

Oga tyndlu
Tunn¢l akis

the abutments was of 7.5mm, the
maximum recorded value of the diffe-

|

rential subsidence in the plane of the
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abutments amounted to 7.1x107. The

development of settlement is display-

ed graphically in Fig. 4 showing

a graph of the development of settle-
ment of the northern bridge.

The subsidence measured on the
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side abutments was higher by 14mm
(maximum). Because the limit values

of differential settlement determined

by the structural engineer were rea-
ched at the abutments, the differences
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V misté krajnich opér byl zaznamenédn pokles vyssi, a to az 14 mm.
ProtozZe v misté opér byly dosaZeny statikem stanovené limitn{ diference
poklest, byla ndsledné provedena rektifikace a dorovnéni vyskovych roz-
dili mostovky.

Rektifikace byla provadéna postupné ve dvou fazich. Nejprve v soula-
du s polohou Celby razeného tunelu v misté opéry na stiizkovském pred-
mosti, kde bylo v prvni fdzi provedeno vyrovnani u bodu 4 o 4,86 mm.
ProtoZe poklesy mostni opéry ddle pokracovaly, bylo s mési¢nim odstu-
pem provedeno druhé vyrovndni poklest o 3,84 mm. Tato druhd féze rek-
tifikace se Casové shodovala s prvnf fazi rektifikace u predmosti dablic-
kého, kde bylo provedeno vyrovndni o 5,67 mm. Kvuli doznéni sedén{
nebyla druhd féze rektifikace na déblickém predmosti jiZ realizovéna.

Vlastni rektifikace byla provddéna pomoci hydraulickych list pres roz-
ndseci desky a konzoly vybudované v predstihu, v rdmci zajistovacich
praci podpér. ProtoZe byla nutnd plynuld regulace zmény rozdilt a nive-
laéni méfeni bodu kvuli své Casové ndrocnosti bylo nepouzitelné, byla na
opérach a mostovce provedena fixace méficich bodu pro sdzeci defor-
mometr. Sdzeci deformometr je vybaven setinnymi digitalnimi mikro-
metry s rozsahem +/- 5,5 mm. Pfi rektifikaci byl provadén kontinudln{
odecet na priloZeném deformometru a podle rychlosti a velikosti posunu
bodu na opéfe a mostovce byly korigovény zvedaci sily jednotlivych lis.
Rektifikace sama o sob¢ trvala vzdy priblizné 1 — 1,25 h. Bez pouziti
deformomentru a pti zdvislosti na geodetickém méreni by operativni rek-
tifikace byla neproveditelnd.

ZAVER

Realizovand opatfeni pro sniZeni velikosti a nerovnomérnosti poklesu
predpjatych Zelezobetonovych mosti mimodroviiového kiiZeni ulice
Liberecké a Strelni¢né byla velmi Gi¢innd. Pfi razb¢ tunelu pod mosty bez
zajisténi byly vypoctem predpokladdny poklesy terénu az do 40 mm. Pro
stejny piipad byl predikei vysledku geomonitoringu z razby predchoziho
useku predpokldddn pokles v misté zaloZeni mostt do 30 mm. Zajistén{
vnitfnich podpér a zpusob rektifikace mostni desky u krajnich opér mostu
byly proto navrZzeny tak, aby byly vylouCeny nerovnomérné poklesy
a aby velikosti poklest byly minimalizovény. Pfi navrZzeném zpusobu
podchyceni mostu byly vypolteny velikosti poklesu vnitinich podpér
maximalné do 8 mm. Pfi realizaci tunelu byly potom presnou nivelaci
zjistény skute¢né maximdlni poklesy téchto podpér 7,5 mm. Nejvetsi
poklesy u krajnich podpér, které nebylo mozné pro technickou ndro¢nost,
vysoké finanéni ndklady a bez vylouceni dopravy na mosté podchytit,
dosghly velikosti do 14 mm. Na téchto opéréach byly v prubéhu razby pro-
vedeny vyskové rektifikace mostni desky u loZisek, aby vzajemny pokles
sledovanych bodu ¢inil max. 5 mm. Pfedpoklady projektanta dobre
korespondovaly se skuteCnosti a navrzené technické feSeni zajisteni
mostu pfi podchazent tunelu bylo spravné.

ING. MIROSLAV KOCHANEK, e-mail: kochanek@metroprojekt.cz,
METROPROJEKT Praha, a. s.
ING. JAROSLAV KELISEK, e-mail: jkelisek@iol.cz

the Strizkov end of the bridge where
the point No. 4 was lifted 4.86mm.
Because the bridge abutment continued to sink, another rectification was carri-
ed out after a month, with a difference of 3.84mm removed. The time of this
second rectification phase was identical with the time of the rectification of the
Diblice end of the bridge where the difference in elevation of 5.67mm had to
be balanced. The second rectification phase at the Déblice end of the bridge did
not take place because the further development of settlement faded away.

The rectification proper was carried out using hydraulic presses, via spread
plates and support brackets constructed in advance, in the framework of the
work on the underpinning of the piers. Because of the necessity for smooth
regulation of the changes in differences and the fact that levelling of the mea-
surement points was inapplicable due to the high consumption of time, measu-
rement points for a striding deformation meter were fixed to the abutments and
bridge deck. The striding deformation meter is equipped with centigrade scale
digital micrometers with the measuring range +/- 5.5mm. Continual reading of
the deformation meter was carried out during the rectification; the lifting forces
of individual presses were adjusted according to the velocity and magnitude of
displacement of the points on the abutment and bridge deck. The rectification
itself took always approximately 1-1.25h. Without application of the deforma-
tion meter, i.e. in the case of dependence on surveyors, the process of operative
rectification would have been infeasible.

CONCLUSION

The measures implemented with the aim of reducing the magnitude and irre-
gularity of subsidence of the pre-tensioned reinforced concrete bridges of the
grade-separated intersection of Libereckd and Strelni¢nd Streets were very
effective. The surface settlement values determined by calculation for the tun-
nel excavation passing under the bridges without underpinning reached up to
40mm. Those values (settlement under the bridge abutments) determined by
prediction based on results of geomonitoring of the excavation of the previous
section amounted to 30mm. This was the reason why the support of internal
abutments and the method of rectification of the bridge deck at the side abut-
ments were designed in a manner preventing excessive differential settlement
and minimising the magnitude of settlement. The values of subsidence of the
internal abutments calculated for the designed method of underpinning of the
bridges amounted to 8mm as a maximum. The actual maximum subsidence of
the abutments measured by precise levelling in the course of the tunnel excava-
tion amounted to 7.5mm. The largest subsidence values at the side abutments,
which could not be underpinned because of technical problems, the high cost
and impossibility to interrupt traffic on the bridge, reached up to 14mm. The ele-
vations of the bridge deck were rectified on these abutments, at the bearings,
during the course of the excavation so that the difference between the settlement
values were less than Smm. The designer’s assumptions well corresponded with
reality; the designed technical solution of the bridge support during the passage
of the tunnel underneath was correct.

ING. MIROSLAV KOCHANEK, e-mail: kochanek@metroprojekt.cz,
METROPROJEKT Praha, a. s.
ING. JAROSLAV KELISEK, e-mail: jkelisek@iol.cz
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GEOTECHNICKY MONITORING NA TUNELECH NOVEHO SPOJENI
NEW CONNECTION TUNNELS - GEOTECHNICAL MONITORING

MILAN KOSSLER, JOSEF TESKA

uvob

Stavba Nové spojeni Praha hl. n., Masarykovo n. — Liben, Vysoca-
ny, HoleSovice (dédle jen Nové spojeni) je dopravni liniovou stavbou
umisténou v intravildnu hlavniho mésta Prahy. SlouZi potfebdam déalko-
vé, piimestské a méstské osobni Zelezni¢ni dopravy. Cilem stavby je
zkapacitnéni privodni traté do Zst. Praha hl. n. ze sméru Praha-Liber,
Praha-Vysocany a Praha-HoleSovice, zapojeni Zst. Masarykovo n. do
systému priméstské a mestské Zeleznice a ndslednd modernizace
zapadni ¢asti zst. Praha hl. n.

Jednim z mnoha objektu stavby jsou dva dvoukolejné tunely a por-
talové udseky. U nich nase firma provadi komplexni geotechnicky
monitoring pro investora stavby — Sprdva Zelezni¢ni dopravni cesty,
statni organizace (SZDC).

Oba tunely jsou vedeny v podéIné ose vrchu Vitkova a maji ndsle-
dujici zdkladn{ parametry:

Délka razené Casti severniho tunelu — 1 150,64 m

Délka razené Casti jizniho tunelu — 1 251,00 m

Ve sméru razby (od vychodu k zdpadu) je tunel veden v celé délce
tpadné, ve sklonu 3,3 %oo.

Sitka obou tuneli je 12,8 m, vy$ka 9,5 m a plocha vyrubu 96 m?.

Maximdlni vy$ka nadloZi: 42 m, minimdlni: 12,5 m (oblast vjezdo-
vého portdlu).

Tunely jsou raZeny dle zdsad NRTM, tj. metody, pfi které se maxi-
mdlné vyuzivd samonosnost horniny v mife, kterd je deforma¢né tinos-
né pro povrch a nadzemni, prip. podzemni stavebni konstrukce.

ZASTIZENE INZENYRSKOGEOLOGICKE POMERY

V predmétném tizemi byly doposud stavebnimi aktivitami zastiZe-
ny horniny $areckého a zejména dobrotivského souvrstvi, které jsou
sttednéordovického stdif — reprezentujf stupné llarvin a dobrotiv.

Sarecké souvrstvi bylo zastizeno pri stavbé vychodniho portédlu
a ve vychodnf &4sti raZenych dseku. Tento typ hornin je v oblasti vyvi-
nut monoténné ve facii CernoSedych jilovitych az piscitych, bitumi-
ndznich bridlic. Plochy diskontinuit jsou rovinné, seviené a drsné.
Horniny jsou pomérné pevné a kompaktni s deskovitou az lavicovitou
odlucnosti a vyzaduji trhavinové rozpojovdni, ¢i rozpojovéni tézkou
technikou.

Postupné (déle na zdpad) byly Sdrecké vrstvy vystiidany dobrotiv-
skym souvrstvim, které je charakteristické stfiddnim dvou litofacif —
facif skaleckych kiemencu a facii dobrotivskych bfidlic.

: DRIt e’ . .5 N
Obr. 1 Pohled na provizorni vychodni portdl
Fig. 1 View of the temporary East Portal
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INTRODUCTION

The project ,,New Connection of Prague Main Station, Masarykovo
Station — Liben, Vysofany, HoleSovice“ (hereinafter referred to as
.New Connection) is a transit line construction positioned in the
built-up area of the City of Prague. It serves the needs of long-distan-
ce, suburban and urban railway traffic. The aim of the project is to pro-
vide capacity railway connection to Prague Main Station from the
directions of Prague Liben, Prague Vysocany and Prague HoleSovice,
incorporation of Masarykovo Station into the system of suburban and
urban railway, and subsequent upgrading of the western part of Prague
Main Station.

One of many structures of the project “New Connection” is a couple
of double-rail tunnels with their portal sections. Our company has been
carrying comprehensive geotechnical monitoring of the tunnels for the
owner, Spréva Zelezni¢ni dopravni cesty, statni organizace (SZDC).

Both tunnels run along the longitudinal axis of Vitkov hill. Basic
parameters of the tunnels are as follows:

The length of the mined part of the northern tunnel — 1150.64m

The length of the mined part of the southern tunnel — 1251.00m

The entire length of the tunnel is driven in the east-west direction,
on a down gradient of 3.3%oo0.

Both tunnels are 12.8m wide and 9.5m high; excavated cross-secti-
on area is of 96m>.

Maximum depth of overburden: 42m; minimum depth: 12.5m (at
the entrance portal).

The tunnels are driven using principles of the New Austrian Tun-
nelling Method (NATM), i.e. a method which uses self-supporting
capacity of rock to a maximum degree which is acceptable for the sur-
face and surface or underground structures in terms of deformations.

ENGINEERING GEOLOGICAL CONDITIONS ENCOUNTERED

The construction activities have still encountered rock belonging to
the Séarka and Dobrotivy Members, which are of Middle Ordovician
age; these members are represented by the Llarvin and Dobrotiv stages.

The Sarka Member was encountered in the course of the construc-
tion of the East Portal and in the eastern part of the mined sections.
This rock type developed by monotonous sedimentation in a facies of
black-grey clayey to sandy bituminiferous shales. Discontinuity surfa-
ces are planar, closed and rough. The rock is relatively strong and com-
pact, with tabular to bedded jointing. It requires drill and blast techni-
ques or breaking with heavy equipment.

Gradually (further to the west) the Sdrka Member was replaced by
the Dobrotivy Member, which is characterised by alternation of two
lithofacies, i.e. the Skalec Quartzite facies and the Dobrotivy Shale
facies. The Skalec Quartzite found in the massif of ZiZkov is charac-
terised by alternation of tables/beds of whitish, ochre to red coloured
quartzose sandstone (incorrectly but traditionally marked as quartzite)
and interlayers of schistose bedded sandy micaceous sandstone, silt-
stone and claystone, which can be greyish, dark grey but also black
colour associated with high degree of Corg. Average thickness of the
interlayers amounts to several dm. The quartzite is medium fractured,
locally tectonically faulted. Discontinuity surfaces are closed, rough,
mostly limonitised and hematitised. The shale is mostly quartziferous,
grey to grey-black, locally coloured with limonite and hematite. The
shale is abundantly finely micaceous, laminated.

The tunnel alignment is situated in parallel to the Prague Fault. This
situation is associated with sporadic tectonic disturbances. A crossing
of the Prague Fault (striking in ENE — WSW direction, dipping about
50 — 60° SW) with a significant tectonic fault (striking in NW — SE
direction, dipping about 45° SW). This faulting is even visible in the
1:25000 geological map (Straka et al. 1985). An inclinometer borehole

above the East Portal was situated to this marked tectonic line.
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Obr. 2 Pri¢ny rez portilovou konstrukci
Fig.2 Cross section through the portal structure

Skalecké kfemence jsou v masivu Zizkova charakterizovany
stiiddanim desek az lavic bélavych, okrové &i Cervenavé zbarve-
nych kfemitych piskoveu (nesprdvné, ale tradi¢né oznalovanych
jako kfemence) a vlozek bridli¢naté zvrstvenych pis€itych slid-
natych piskovcu, prachoveu a jiloveu, které mohou mit Sedavé,
tmavé Sedé, ale i Cerné zabarveni spojené s vysokym obsahem
Corg. Primérnd mocnost vloZek ¢ini nékolik dm. Kfemence jsou
stfedné rozpukané, misty tektonicky porusSené. Plochy diskon-
tinuit jsou seviené, drsné, prevdzné limonitizované a hemati-
tizované.

Bridlice jsou prevdzné prokfemenélé, Sedé az Cernosedé, misty zbar-
vené limonitem a hematitem. Bfidlice jsou hojné jemné slidnaté, lami-
nované vrstevnaté.

Trasa tuneld je situovdna paralelné s Prazskym zlomem, coZ s sebou
doslo ke kiizeni Prazského zlomu (smér VSV — ZJZ, sklon cca
50 — 60° k JZ) a vyrazné tektonické poruchy (smér SZ —JV, sklon cca
45° k JZ). Tato porucha je patrnd i z geologické mapy 1:25000
(Straka et al. 1985). Do této vyrazné tektonické linie byl situovan
i inklinometricky vrt nad vychodnim portdlem.

STRUCNY POPIS DOSUD PROVEDENYCH
STAVEBNICH PRACI

Stavebni prdce zacaly na podzim roku 2004 hloubenim provizorni-
ho vychodniho (vyjezdového) portdlu (SO 803). Portdl je situovin
v prikrém severovychodnim svahu vrchu Vitkova, 15 m pod nynéjsim
portilem jednokolejného Zizkovského tunelu mezi dvéma provozova-
nymi Zelezni¢nimi tratémi, které privadeji vlaky na hlavni a Masary-
kovo nddrazi. Omezeny prostor a strmost svahu predurcily mimorad-
né parametry tohoto portalu. Jeho délka je cca 125 m, Sitka 37 m a nej-
vetsi vyska portdlové konstrukce je asi 30 m.

Portdlovd stavebni jaima byla budovdna ve dvou etapach, které
jsou oddéleny vyskovou drovni 228 m. OdtéZovéani masivu probiha-
lo po vyskovych drovnich 3,5 m. Konstrukce sestdvd z vrtanych oce-
lovych mikropilot Tr108/16 mm, které jsou po vySce opatfeny kot-
venymi prevdzkami v rozteCich 3,5 m. Kotvy jsou Sesti- a Ctyfpra-
mencové (predpinaci sily 470 a 720 kN), dl. kotev 10 az 22 m.
Vrcholy stén horni i spodni trovné jsou opatfeny tuhym Zelezobeto-
novym kotvenym prahem, do kterého jsou upnuty hlavy mikropilot.
Celd sténa je zastiikdna betonem SB20 tl. 20 cm s vloZenou ocelo-
vou KARTI siti.

Po dobudovani portdlovych konstrukei byla pod ochranou mikro-
pilotového destniku (Tr 108/16 mm, dl. 15 m) zahdjena z vychodni{
strany razba tunell. V kvétnu 2005 byla slavnostné oteviena razba
jizni tunelové trouby (JTT) a v mésici srpnu severni tunelové trou-
by (STT). Pro razbu pod vrchem Vitkov byly projektantem navrze-
ny 4 typy technologickych tiid — III, IVa, IVb a Va. Tfida Va je do
nejnepiiznivéjsich inZenyrskogeologickych pomért a do sloZitych
technickych dseka. Byla pouZita pravé v priportdlovych dsecich
z davodu stabilitni ochrany subtilniho mezilehlého horninového
pilife. Této tfidé nélezi vertikdlni i horizontdlni ¢lenéni vyrubu,
metrovy zdbér a nejmasivnéjsi vystrojeni véetné protiklenby
v po¢ve. Trida III je naopak pouzivdna v pfiznivych pomérech, je
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BRIEF DESCRIPTION OF TO DATE COMPLETED
CONSTRUCTION WORK

Construction work started in the autumn 2004 by excavation of the
temporary (exit) East Portal (SO 803). The portal is situated in a steep
northeastern slope of Vitkov hill, 15m under the portal of the existing
Zizkov tunnel, between two operating railway tracks which carry tra-
ins to Main Station and Masarykovo Station. The confined space and
steepness of the slope predetermined the extraordinary parameters of
this portal. It is about 125m long, 37m wide, and the biggest height of
the portal structure is about 30m.

The construction pit for the portal was built in two stages, which are
separated by the elevation of 228m. The massif was excavated in steps
— 3.5m high benches. The structure consists of bored micropiles (steel
pipes 108/16mm) provided with anchored walers installed at 3.5m spa-
cing. The 10 to 22m long anchors have six and four strands (pre-stres-
sing forces of 470 and 720 kN). The top of the pile walls supporting
the upper and lower levels are provided with a stiff, anchored reinfor-
ced concrete capping piece, which the heads of anchors are fixed in.
The entire wall is covered with a 20cm thick layer of shotcrete SC20
with KARI mesh.

When the portal structures had been finished, the tunnel excavation
started from the eastern side, under the protection by a micropile umb-
rella (pipes 108/16mm, 15m long). The ceremonial commencement of
excavation of the southern tunnel tube (STT) and northern tunnel tube
(NTT) took place in May 2005 and August 2005 respectively. The
designer designed 4 types of technological classes (III, IVa, IVb and
Va) to be applied to the excavation under Vitkov hill. Class Va is for
the least favourable engineering geological conditions and sections
complex in terms of technology. It was used particularly in the portal
sections with respect to the need to protect stability of the subtle inter-
mediate rock pillar. This class specification contains a combination of
vertical and horizontal excavation sequences, one-meter round length
and the most massive support elements, including an invert. To the
contrary, class III is used in favourable geology. It is divided into two
sequences, i.e. top heading and bench, the round length is of two met-
res, and the support elements are subtler. May 2005 also saw the start
up of construction work on the West Portal. This portal is also situated
in a steep slope, which inclines north-west.

The system of support and the excavation technique for the western
construction trench is similar to that used on the eastern side, i.e. an
anchored micropile wall erected in two stages by step-wise excavation
of 3.5m thick benches. Similarly to the eastern side, the walls were
also provided with reinforced shotcrete coating. The dimensions of the
portal structure are smaller in this case; the portal is about 60m long
and 37m wide, the biggest hight reaches approximately 20m.

OBSERVATION METHOD APPLICATION
CONSTRUCTION — GEOMONITORING

During the construction, the quantities used in the process of moni-
toring the behaviour of the rock environment, structures being built,
and also existing surface and subsurface structures are measured and
assessed. Engineering geological, hydrogeological and geotechnical

Fig. 3 View down the NTT portal section in class Va, with a convergence
measurement station
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Obr. 4 Situace méreni vychodniho portdlu
Fig. 4 Situation of measurements on the East Portal

¢lenéna nadvakrat (kalota + jadro), ma dvoumetrovy zabér a je sub-
tilnéji vystrojena.

V kvétnu roku 2005 se také rozbehly stavebni prace na zdpadnim
portdle. Tento portdl je rovnéz situovan do strmého svahu, jehoZ uklo-
nénf je tentokrat severozdpadnim smérem.

Zajisténi i technologie provddéni zdpadni jdmy je obdobné jako na
strané vychodni — mikropilotovéd kotvend sténa vybudovand ve dvou
etapach postupnym odtéZovdnim etdZi vysokych 3,5 m. Podobné jako
na vychodni strané i zde byly stény opatfeny vyztuZenym torkretem.
Rozméry portdlové konstrukce jsou v tomto pripadé mensi: délka por-
talové je cca 60 m, §itka 37 m, a nejvetsi vyska portalové konstrukce
je asi 20 m.

APLIKACE OBSERVACNI METODY — GEOTECHNICKY
MONITORING STAVBY

V prubéhu stavby jsou méfeny a vyhodnocovény veli¢iny monitoru-
jict chovdn{ horninového prostredi, budovanych stavebnich konstruk-
cf a také nynéj§i povrchové a podpovrchové zéstavby. Soucasné jsou
kontinudln€ s postupem stavebnich praci sledovany inZenyrskogeolo-
gické, hydrogeologické a geotechnické vlastnosti masivu. Na zdklade
souboru vysledka méfeni a pozorovéni jsou prijimdna takova opatient,
aby deformacni chovani bylo udrZeno v projektem predpoklddanych
mezich a aby byla zaji§téna bezpe€nost i ekonomicnost stavebniho
dila.

Néplni geomonitoringu na této stavbé jsou tato konkrétni méfeni
a sledovani:

1. Geodetickd méfeni na terénu;

2. Geodetickd méfent stdvajicich objektt povrchové zastavby;

3. Deformometrickd méfeni (mérenf $itky trhlin) nadzemnich i pod-

zemnich objektu;

4. Extenzometrickd a inklinometrickd méfent;

5. Konvergenéni méfent;

6. Geologické a geotechnické sledovani vyrubu;

7. Hydrogeologické sledovani;

8. Dynamickd, seismickd a akustickd méfent,

9. Dozorovéni prukaznich a kontrolnich zkousek svorniku;

10. Dynamometrickd méfeni na kotvach zdpadniho a vychodniho

portalu;

11. Dokumentace tvaru vyrubi a primdrni obezdivky;

12. Pasportizace objektu ndrodniho pamadtniku.

Vyse uvedena méfeni jsou ukladdna a prezentovédna na internetovém
portdle Barab. Na ten maji prabézné piistup vSichni ziucastnéni, tj.
investor, stavitelé, projektant, zpracovatel geotechnického monitorin-
gu, prizvani experti a pripadni dal$i d¢astnici.

Mimo tuto formu zprostfedkovani dat probihd pravidelné kazdy
tyden schuzka vSech subjektd na hromadné poradg, tzv. radé vystavby.
Zde se aktudlni data prezentuji, diskutuji a pripadné se v rdmci pra-
covniho porddku stavby prijimaji konkrétni stavebnétechnickd, orga-
niza¢ni ¢i jind opatreni.

V pripadé dosaZeni varovnych stavi nebo v pripadé nepfiznivého
trendu vyvoje mérenych veliin svolavd zhotovitel monitoringu schiz-
ku zdCastnénych stran okamzite telefonicky.

properties of the massif are followed up concurrently, continually with
the excavation proceeding. Based on the set of results of the measure-
ments and observations, such measures are adopted that keep the
deformation behaviour within the limits assumed by the design and
ensure safety and economy of the works.

The geomonitoring operations performed on this construction con-
sist of the following measurements and observations:

1. Survey of ground surface

2. Survey of existing surface buildings

3. Measurement of deformations (width of cracks) in surface and

underground structures

4. Extensometer and inclinometer measurements

5. Convergence measurements

6. Geological and geotechnical observation of the excavation

7. Hydrogeological observation

8. Dynamical, seismic and acoustic measurements

9. Supervision of preconstruction and check testing of rock bolts

10. Tensionmeter measurements on anchors at the West and East Portals

11. Documentation of geometry of the excavation and primary lining

12. Condition survey of National Monument

The above-mentioned measurements are stored and presented in
Barab Internet portal. The portal is permanently accessible to all parties
to the construction, i.e. the owner, contractors, designer, geotechnical
monitoring provider, invited experts and other contingent participants.

Apart from this form of data mediation, regular weekly meetings of
all subjects are held in the form of collective sessions of so-called Con-
struction Board. Actual data is presented, discussed in the session, and
particular technical, organisation or other measures adopted.

In case the trigger levels are reached or an unfavourable trend in the
measured quantities appears, the monitoring contractor immediately
calls (by phone) a meeting of the interested parties.

DESCRIPTION AND RESULTS OF SELECTED
MEASUREMENTS AND OBSERVATIONS

Monitoring of stability of the East Portal

There are several types of measurements carried out at the East Por-
tal: an inclinometer borehole, surveying and tensionmeter observation
of selected anchors, convergence observation in portal sections, and
survey inside the existing Zizkov tunnel.

The inclinometer borehole is situated to the slope above the portal,
16m SE from the front end of the southern tunnel. Tensionmeters and
survey points are installed regularly all over the surface of the portal
walls. A total of 25 pieces of tensionmeters are installed at the East
Portal. The number of survey points to be installed was originally the
same, but due to negative development of deformations the decision
was made to install additional survey points. An emergency took place
in the course of partial excavation of the central wall and simultaneous
excavation of the STT during June and July 2005. The wall leaned out
and movements of the slope above the wall were registered. This was
because the central wall which formed an intermediate rock pillar
between the STT and the construction trench was a relatively subtle
element, which was, in addition, weakened by a NW-SE trending geo-
logical fault about 10m thick dipping at about 50°. We could simply
say that a leap in deformation (leaning out by about 1cm) took place
with excavation of individual benches: 3 benches meant about 3cm
deflection. The same deformation trend was proven also by conver-
gence measurements of the adjacent STT and the inclinometer bore-
hole. Also the tensionmeters registered relevant increase in tension in
anchors. The tension in the most exposed anchor rose from 470kN to
650kN. The deflection of the wall itself by 3cm would not have been
so dramatic; a more serious problem was seen in the extent of the
moving slope area. Movements were proven even by the inclinometer
that was installed at a distance of 35m from the wall. Fortunately, no
deformations were registered by the monitoring in the adjacent railway
tunnel. Based on comprehensive assessment of results of the measure-
ments, it was decided that additional 5 pcs of 30m long 6-strand
anchors be installed in the slope above the portal, and the STT invert
be immediately closed in the portal section. Further, additional draina-
ge boreholes were drilled into the central wall. Another inclinometer
borehole was installed at a bigger distance from the portal for the pur-
pose of verifying the extent of the movements. The movements started
to gradually settle when the above measures had been implemented.
Although they completely faded away only at the end of 2005. Thus
the continuous monitoring made safe and at the same time economic
construction of the portal possible.




Obr. 5 Detail hlavy kotvy osazené dynamometrem a geodetickym bodem
Fig. 5 Detail of an anchor head with a tensionmeter and survey point installed

POPIS A VYSLEDKY VYBRANYCH MERENIi A SLEDOVANI

Monitorovani stability vychodniho portalu

Na vychodnim portélu se provadi nékolik druht méfeni — inklinovrt,
geodetické a dynamometrické sledovdni vybranych kotev, konver-
gendni sledovéni v priportdlovych dsecich a geodetickd méreni ve sta-
vajicim Zizkovském tunelu.

Inklinovrt je situovan do svahu nad portdlem, 16 m JV smérem od
lice jizniho tunelu. Dynamometry a geodetické body jsou umistény
rovnomerné po celé plose portdlovych stén. Celkem je na vychodnim
portdle osazeno 25 ks dynamometrd. Pivodné mél byt osazen i stejny
pocet geodetickych bodu, aviak z divodu negativniho vyvoje defor-
maci bylo rozhodnuto o dodate¢né instalaci dal§ich geodetickych
bodu. Tato mimoradnd udélost se stala pfi odtéZovani prostiedni stény
a soub&zné razbé JTT v prubéhu mésicl ervna a ervence 2005, kdy
doslo k vyklonéni této stény, ale i k svahovym pohybum nad sténou.
Prostredni sténa totiZ tvorila mezilehly horninovy pilif mezi JTT a sta-
vebni jamou. Slo o pomérné subtilni prvek, ktery byl navic oslaben
geologickou poruchou mocnosti cca 10 sméru SZ — JV, uklonénou cca
pod thlem 50°. Zjednodusené by se dalo fici, Ze pri odtéZovani jedno-
tlivych etdzi dochéazelo vzdy ke skokovym deformacim (vyklonéni cca
1 cm), celkem pri tfech odt€Zenich cca 3 cm. Stejny trend deformaci
byl potvrzen i z konvergen¢nich méfeni prilehlé JTT a inklinovrtu.
Také dynamometry zaznamenaly patfi¢ny ndrast kotevnich sil, nejvice
exponovand kotva se napnula z 470 kN na 650 kN. Vyklonéni samot-
né stény o 3 cm by nebylo tak dramatické, vaznéjsi problém spocival
v rozsahu pohybu zastizeného horninového masivu. Pohyby byly totiZ
potvrzeny i inklinometrem, ktery je od stény vzdélen 35 m. V prileh-
lém Zelezni¢nim tunelu nebyly monitoringem deformace nastésti
potvrzeny.

Na zédkladé komplexniho zhodnoceni vysledka méfeni bylo rozhod-
nuto o dodate¢ném prikotveni svahu nad portdlem 5 ks 6pramenco-
vych kotev, dl. 30 m, ddle o okamZitém uzavirdni dna JTT v portdlo-
vém tuseku. Déle byly vyvrtdny dodate¢né odvodniovaci vrty do pro-
stiedn{ stény. Pro potvrzeni rozsahu pohybut byl instalovan dals{ inkli-
novrt déle od portalu. Po provedeni téchto opatieni se postupné pohy-
by ustalovaly. K jejich dplnému odeznéni v8ak doslo az na prelomu
roku 2005/2006. Prubézny monitoring tak umoznil bezpe¢né a zdroven
i ekonomické provedeni portélu.

Monitorovani zapadniho portalu

Soubor méfeni pouzitych na zdpadnim portdlu je shodny jako na
strané vychodni (dynamometry, inklinometr a soubor geodetickych
méfeni). Také zde byl pfi odtéZovéni jednotlivych etdzi zaznamendm
narust kotevnich sil u jednotlivych kotev (nejvice exponovand kotva se
doposud napnula z projektovanych 300 kN aZ na 400 kN). Nérust sil
viak nebyl tak dramaticky jako na vychodnim portdle. V prubéhu
méfeni nebyly zaznamendny vyrazné deformace, a tak prace prob&hly
bezpecné bez prijimani zvlastnich opatieni.

Méreni a sledovani razby v podzemi
Zékladnim typem méfeni v podzemi je mérfeni konvergence. V tune-
lech Nového spojeni byla generelni vzdalenost mezi jednotlivymi
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Monitoring of the West Portal

The set of measurements used at the West Portal is identical with the
set used on the eastern side (tensionmeters, inclinometers and a set of sur-
vey results). Similar increase in stresses in anchors during excavation of
individual benches was registered there as well (the stress in the most
exposed anchor grew from the designed 300kN to 400kN). Although, the
increase was not so dramatic as at the East Portal. No significant defor-
mations were registered in the course of the measurements, therefore the
work went on safely, without implementation of special measures.

Measurements and observation of the excavation

in the underground

Basic type of measurement carried out in the underground is con-
vergence measurement. Regarding the New Connection tunnels, the
general distance between individual convergence measurement stati-
ons was of 30m. Detailed geotechnical assessment of each round and
survey of the profile using a profilemeter is carried out together with
this measurement. Monitoring of rock mass quality and its properties
at the face is part of the NATM technique. Rock quality determined by
the geotechnical assessment of the headings depending on dimensions
of the excavation face is a direct basis for determination of the NATM
class, thus also for determination of the excavation technology and the
system of the support. Another direct input for the classification is the
size of deformations determined at the convergence stations.

As described above in the paragraph dealing with the completed
construction work, the design divided the excavation into 4 technolo-
gical classes.

Classes Va and IVb (closed invert) were specified for the about
100m long portal sections, sections with contact line recesses and
50m long sections at the crossing with the Zizkov pedestrian tunnel —
in total about 200 sections with an invert in each tube.

The remaining part of the route where the excavation has been com-
pleted to date had been categorised as more economic classes III and
I'Va (without invert) (about 850m of the STT and about 500m of the
NTT) because of favourable stability behaviour of the excavation
during the work. In general, maximum radial deformations of the exca-
vation (beyond the portal sections) do not exceed 15mm. Substantial
financial means have thus been successfully saved compared to the
original assumptions. For example, the design assumed that only 28%
of the alignment would be driven in the most economic class, class III.
To date (just before the end of the excavation) nearly 40% of the align-
ment length have been excavated in this class.

Another measurement, which is carried out during underground
excavation, is the survey of geometry of individual excavation rounds
by a profiler. The measured values are further used as a basis for the
checking whether excavation tolerances are maintained, and as a basis
for contractor’s claims for paid overbreaks.

Monitoring on the surface
On the surface, monitoring is focused on protection of existing

Obr. 6 Celba JTT - stiiddni bfidlic a kiemencii
Fig. 6 STT excavation face — alternation of shale and quartzite
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konvergenénimi profily 30 m. Spolu s timto méfenim se provadi
podrobné geotechnické hodnoceni kazdého zéberu a zaméfeni profilu
profilermetrem.

Sledovéni kvality horninového masivu a jeho vlastnosti na celbé je
souddsti technologie NRTM. Kvalita horniny zji§ténd geotechnickym
hodnocenim Celeb v zdvislosti na velikosti vyrubu je pfimym podkla-
dem pro zatfidéni do tfidy NRTM, a tim i pro stanoveni technologie
razby a zpusobu vystrojeni. Dal§im pfimym vstupem pro rozhodovan{
o zatf{dén{ je velikost deformaci zji§ténd na konvergencnich profilech.

Jak jiz bylo napsdno v odstavci popisujicim provedené stavebni
prdce, rozdélil projekt razbu do 4 technologickych tiid.

V tiidach Va a IVb (uzavfend protiklenba) se razily priportdlové
useky, dl. cca 100 m, dseky trakénich vyklenku a udseky
dl. 50 m v misté kifzen{ s Zizkovskym tunelem pro péii, celkem tedy
cca 200 m dseku s protiklenbou v kazdé troubé. Zbytek dosud vyraZe-
né trasy (cca 850 m u JTT a cca 500 m u STT) byl z divodu dobrého
stabilitntho chovani vyrubu pfi razbé zarazen do ekonomictéjsich tiid
III a IVa (bez protiklenby). Generelné se totiZ max. radidlni deforma-
ce vyrubu (mimo pfiportdlové dseky) pohybuji do 15 mm. Oproti
puvodnim predpokladum se tak podafilo uetfit nemalé finanéni pro-
sttedky. Napf. v nejekonomic¢téjsi tridé III projekt predpokladal, Ze
bude pouze 28 % trasy. K dne$nimu dni (pfed ukonéenim razeb) je
v této tiidé vyraZeno jiz témér 40 % trasy.

Dalsim mérfenim, které se pfi razbé v podzemi provédi, je geome-
trické zaméfovani tvaru jednotlivych stavebnich postupl pristrojem
profiler. Namérené hodnoty ddle slouZi jako podklad ke kontrole dodr-
Zeni toleranci vyrubu a jako podklad k uplatnéni nadvyrubu ze strany
zhotovitelu.

Monitoring na povrchu

Méfeni na povrchu se zamérfuje na ochranu stavajicich povrchovych
objektu. Na vrchu Vitkov je totiz situovdna budova Nédrodniho pamat-
niku na Vitkové s jezdeckou sochou Jana Zizky a nékolik mensich
budov. Objekt narodniho pamdtniku byl pred zapoCetim raZeb podrob-
né pasportizovén, aby se predeslo piipadnym dohadum o $kodéch zpu-
sobenych razbou tuneld.

Na terénu vrchu Vitkova je instalovdno 5 povrchovych profili pro
ovéfeni tvaru a rozsahu pii¢né poklesové kotliny. Pfi razbé ndm uve-
dené body ukdzaly, Ze deformace na povrchu budou mensi, neZ se
predpokladalo v projektu. Max. seddni bylo ve skute¢nosti do 5 mm.
To predstavovalo max. sklon poklesové kotliny 1:10000, tedy opti-
mistickou prognézu pro budovu narodniho pamatniku.

V soucasné dobé razba JTT pravé podchdzi pod objektem pamétni-
ku. Jeho poklesy jsou monitorovdny presnou nivelaci na 30 bodech
s dvoudenni Cetnosti. Dosud nejvétsi naméfené seddni je 2 mm. To
predstavuje ndklon v pfi¢ném sméru 1:15000 — bezpeény stav.

Z uvedeného vyplyvd, Ze vétsi vliv na potencidlni poskozeni této
budovy mohou mit tc¢inky od trhacich praci. Celd budova je totiZ oblo-
Zena mramorovymi deskami, u kterych bylo pfi pasportu zjisténo
jejich nedokonalé uchyceni k nosné konstrukci (zkorodované, ¢i chy-
b&jici kotvicky), coz muZe mit za nasledek odpadnuti desky pri vetsim
rozkmitdni. Budova je proto osazena dvéma stalymi seismickymi sta-
nicemi a vysledky jsou bezprostiedné rozesilany vSem subjektim na
mobilni telefony. Pfi pribliZeni k varovné hranici rychlosti kmitdn{ (ta
¢inf u obkladovych desek 12 mm/s pri frekvenci nad 50 Hz) je opera-
tivné€ zkracovén zdber, ¢i upravovano vrtné schéma, aby se eliminova-

ly seismické ucinky.
ZAVER

Dobre fungujici systém observaéni metody (spravné vyhodnoceni
naméfenych parametru a v€asnd reakce na nové vzniklou situaci) je
dulezitym predpokladem pro dspéSnou a ekonomickou realizaci
stavby.

Myslime, Ze vSichni dcastnici vystavby od investora, projektanta az
po dodavatele vytvorili G¢inné spolupracujici tym, ktery dspé$né pro-
vadi inZenyrské dilo $pi¢kovych parametru.

Maéme vsak za sebou teprve necelou prvni ¢dst stavby. Po prordzce
nés jeSt¢ Cekd vybudovani definitivni obezdivky a technologické
vystrojeni tunelu. Na zdkladé dobrych deformacnich vlastnosti je nyni
projektantem zvaZovdna varianta nevyztuZenych dsekd sekundérni
obezdivky, coz by vedlo k dalsi dspore finan¢nich prostiedku.

ING. MILAN KOSSLER, e-mail: kossler@geotechnika.cz,
JOSEF TESKA, e-mail: teska@geotechnika.cz,
SG-GEOTECHNIKA, a. s.
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Obr. 7 Priklad vystupu z méreni tvaru vyrubu
Fig.7 An example of the excavation geometry measurement output

buildings. This is because there are the National Monument with an
equestrian statue of Jan Zizka and several smaller buildings situated
on Vitkov Hill. Detailed condition survey of the building of the Nati-
onal Monument had been carried out before the commencement of the
excavation so that contingent debates about claims for compensation
of damages caused by the tunnel excavation were avoided.

There have been 5 surface monitoring stations installed on the sur-
face of Vitkov Hill to for the purpose of verification of the shape and
extent of the transversal settlement trough. The measurement point
showed during the course of excavation that deformations at surface
level will be less than those assumed by the design. Actual maximum
settlement amounted to Smm. This represented the maximum slope
value 1:10000. This value meant an optimistic prognosis for the Nati-
onal Monument building. Currently the STT excavation face is passing
just under the building of the monument. The values of subsidence of
the building are monitored by precision levelling on 30 points, with
a two-day frequency. The to date highest measured settlement value is
of 2mm. This represented 1:15000 tilt in transversal direction, which
means a safe condition.

It follows from the above text that blasting operations can have lar-
ger influence on potential damaging of the building. This is because
the entire building is clad in marble slabs. As proven by the condition
survey, the slabs are fixed to the walls insufficiently (corroded or mis-
sing anchors). This may result in falling of the slabs away in the case
of higher vibration. For that reason two permanent seismic stations
have been installed on the building, and the results are immediately
distributed to mobile telephones of all subjects. When the trigger level
of vibration velocity is about to be achieved (12mm/s at frequency
over 50Hz applies to the cladding slabs), the round length is operati-
vely reduced or the drilling pattern adjusted to eliminate the seismic
effects.

CONCLUSION

A properly functioning system of an observational method (correct
assessment of measured parameters and timely response to any newly
developed situation) is a significant precondition for successful and
economic implementation of the project.

We believe that all parties to the project, from the owner through the
designer to the contractor, have managed to establish an efficiently
working team, which is successfully performing engineering works of
first-rate parameters.

All of us have been through only the incomplete first half of the
works. Erection of final lining and installation of tunnel equipment are
the operations that are waiting for us once the tunnel has been broken
through. Taking into consideration the favourable deformation proper-
ties, the designer is now contemplating a variant with unreinforced
sections of the secondary lining, which would result in other savings
in the financial means.

ING. MILAN KOSSLER, e-mail: kossler@geotechnika.cz,
JOSEF TESKA, e-mail: teska@geotechnika.cz,
SG-GEOTECHNIKA, a. s.
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TECHNOLOGICKY A OBSLUZNY TUNEL NA DULLESOVE
MEZINARODNIM LETISTI U WASHINGTONU

UTILITY AND SERVICE TUNNEL
IN DULLES INTERNATIONAL AIRPORT, WASHINGTON

RADKO BUCEK, VACLAV VESELY, ONDREJ KOSTOHRYZ

uvob

Dulles International Airport (obr. 1) je mezindrodni letisté obsluhujici
Washington D.C. a Zdpadni Virginii. Z divodu jeho vyhodné polohy
blizko Washingtonu a vzhledem k prostoru, ktery je kolem letist€ k dis-
pozici pro dalsi rozvoj, dochazi v soucasné dobé k rekonstrukci a moder-
nizaci leti§t€ v planované hodnoté presahujici ti a pul miliardy dolaru.
Rekonstrukce zahrnuje vystavbu nové vzletové drahy, termindld, fidici
letové véZe a vlakového letistniho systému. Souddsti této modernizace je
i sit' obsluznych tunell mezi letiStnimi termindly a servisnimi budovami.

Razba tunelt byla zahdjena v roce 2000, kdy zacala stavba dopravni pro-
pojky hlavniho termindlu s termindlem B (obr. 2). V listopadu téhoZz roku
doslo ke kolapsu rozestavéného tunelu, pri kterém prisel o Zivot jeden z dél-
niku kontraktora. Ndsledné vySetfovani kolapsu dalsi stavbu zdrZelo, nic-
méné na jare roku 2004 byly zahdjeny prace na razbé druhého technologic-
kého tunelu (obr. 2). Vzhledem ke zkuSenostem s razbou prvniho tunelu
byla soucdsti tendru na stavbu druhého tunelu i podminka na zajisténi kon-
tinudlniho dozoru skupinou nezévislych konzultantd s praxi s razbou tunel
metodou NRTM. Autofi ¢lanku méli prileZitost se na této Einnosti podilet.

Po dspésném dokonceni technologického tunelu se v roce 2005 roz-
béhly razby obsluznych tunela.

DEFINICE POZICE INZENYRA NRTM

Vzhledem k tomu, Ze pozice NRTM inZenyr je zfejmé specifikum
Spojenych stiti a v Evropé jsme se s ni nesetkali, povaZujeme za uZi-
te¢né nejdrive vysvétlit, jaké jsou povinnosti a odpoveédnost inZenyra
vykondvajiciho takovouto funkci.

NRTM inZenyra lze nejobecnéji charakterizovat jako nositele know-
how v oblasti technologie razby tuneld pomoci NRTM, garantujiciho
jeji efektivni, sprdvné a bezpecné pouZziti.

V praxi pak pfi razbach na letisti Dulless NRTM inZenyr provadél
geologickou sluzbu v&etné mapovdani Celby, zatfidéni horninového
masivu dle technologickych tfid, ur€oval dalsi postup razeb, provadél
dpravy projektu v zdvislosti na skutenych podminkéch, provadel pld-
novani a vyhodnocovani monitoringu (projekt monitoringu neexisto-
val) a byl i odpovédny za optimalizaci a bezpecnost postupu praci
v podzemi. Byl rovné€Zz dulezitym partnerem pri jakychkoli jedndnich
se zastupci investora tykajicich se technologie a postupu razeb.

Pro vytvoreni takovéto pozice jsou v USA dva hlavni divody.

Snizovéni ndkladd vedlo v USA stavebni firmy k minimalizaci
poctu stélych zaméstnancu. To spolu s faktem, Ze se v USA piili§

Obr. 1 Dullesovo mezindrodni letiste
Fig. 1 Dulles International Airport

INTRODUCTION

Dulles International Airport (see Fig. 1) is an airport which serves Was-
hington D.C. and West Virginia. The current reconstruction and upgrade
to the airport at the planned cost over three and half billion dollars takes
place owing to its advantageous position near Washington and the space
around the airport, which is available for further development. The recon-
struction consists of the construction of a take-off path, terminals, a con-
trol tower and an airport train system. Part of this upgrade is a network of
service tunnels between the terminals and service buildings.

The excavation of the tunnels, namely a traffic connection between the
main terminal and terminal B (see Fig. 2), commenced in 2002. Novem-
ber of the same year saw a collapse of the unfinished tunnel where one of
the contractor’s workers got killed. The further operations were delayed
due to the subsequent investigation of the collapse. Nevertheless, work
on the second utility tunnel started in the spring 2004 (see Fig. 2). Based
on the experience gained from the excavation of the first tunnel, part of
the tender for the second tunnel was a condition that continual supervisi-
on by a group of independent consultants experienced in excavation of
tunnels using the NATM be provided. The authors of this paper had the
opportunity to participate in this activity.

The excavation of the service tunnels started in 2005, after successful
completion of the utility tunnel.

DEFINITION OF THE NATM ENGINEER POSITION

As the NATM engineer position is probably a particularity of the Uni-
ted States and we have not encountered it in Europe, we consider useful
if we first of all explain the duties and responsibilities of an engineer in
this position.

A NATM engineer can be characterized in the most general sense as
a holder of know-how in the sphere of tunnel excavation using the
NATM, who guarantees effective, proper and safe application of the
method.

In practice, during the excavation at Dulles Airport, the NATM engi-
neer provided geological services including face mapping, determinati-
on of rock mass technological classes and the further excavation pro-
cess, modification of the design according to existing conditions, plan-
ning and assessment of monitoring and its results (no monitoring design
existed), and was responsible for optimization and safety of the underg-
round work procedure. In addition, he was an important party at all mee-
tings with client’s representatives regarding the excavation technology
and procedure.

There are two main reasons in the USA for existence of such the
position:

The process of reduction of costs by contractors in the USA resulted
in minimization of the number of permanent employees. This, together
with the fact that NATM tunnels were not too frequent in the USA in the
past, has led to serious lack of qualified workforce in the field of underg-
round construction. For instance Kiewit, one of the biggest construction
companies in the USA, does not have on its permanent payroll more
than two experienced foremen and three engineers who have worked on
more tunnel projects. Experience in monitoring and its relation to exca-
vation operations is zero. Construction companies therefore have to hire
specialists for each project separately.

With respect to the above-mentioned situation, the client requires that
a third subject participate in the excavation process. This subject is, on
one hand, paid by the contractor and, on the other hand, acts at the same
time as a guarantor of safety and optimization of the excavation
operations and as a mediator between the contractor and the
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Obr. 2 Schéma WUTB
Fig.2 The WUTB scheme

mnoho NRTM tuneld v minulosti nerazilo, vyustilo ve velky nedosta-
tek kvalifikovanych pracovniki v oboru podzemnich staveb. Napri-
klad Kiewit, jedna z nejvétsich stavebnich firem v USA, nemd ve std-
1ém stavu vice neZ dva zkuSené mistry a tfi inZenyry se zkuSenosti ze
stavby vice tuneli. ZkuSenosti s monitoringem a jeho navaznosti na
razbu zcela chybéji. Stavebni firmy si tedy musi najimat specialisty na
kazdou stavbu zvlast.

Vzhledem k vySe uvedenym skuteCnostem pozaduje investor pfi
razbdch tucast tretiho subjektu, ktery je sice placen dodavatelem, ale
funguje zédroven jako garant bezpeCnosti a optimalizace razeb a jako
prostfednik mezi dodavatelem a zdstupcem investora. Jeho nezdvis-
lost a kvalita je garantovdna jeho profesiondlni povésti, kterd neni
pouze jakousi referenci z doslechu, ale je pfimo evidovéana v profesio-
ndlnich databézich.

TECHNOLOGICKY TUNEL (WUBT)

Projekt a zpusob zad4ni stavby

V tenderu na realizaci stavby zvitézila firma Kiewit Construction
Co. Dodavatel vyhral zakdzku s nejnizsi cenou, ke které byla navic pfi-
pojena patnéctiprocentni rezerva na ,,doplikovd® opatfeni. Fakturace
pak byly pocitdny dle celkovych cen za jednotlivé tiidy a jednotko-
vych cen za doplikové opatfeni a byly odsouhlasovany zdstupcem
investora.

Tomuto systému byl pfizpusoben i projekt. Autorem projektu pro
zadéni stavby byl ILF USA, ktery na stavbé provadél i autorsky dozor.
V projektu byly definovény tii technologické tfidy svymi zdkladnimi
charakteristikami, tj. délkou zdbéru, typem piihradového nosniku
(ramendtu), tlouStkou osténi ze stiikaného betonu, zakladnimi kotvami
a nastiikem Celby. Tyto tfidy byly ohodnoceny jako celek. Navic byla
pro kazdou tridu navrZzena doplnkova opatfeni a pro né byly stanove-
ny jednotkové ceny. Tato doplinkovd opatfeni pak mohla byt pouZita
pouze se souhlasem zdstupce investora.

Zakladni technologickeé tridy

Trida | ] [}
Postup 2m 1.8m 12m
Ramenat Typ1 Typ1 Typll
Obezdivka 15 cm 20 cm 25 cm

Nastrik celby - ano ano
o X = Ix ICx

Doplnkova opatieni

Trida | ] 1

Svorniky ano ano ano
Jehly ano ano
AT systém ano ano ano
Laminatove kotvy do Celby ano

Tento systém se relativné osvedCil, nicméné i zde vznikly problémy.
Napiiklad pouZiti ochrannych deStniki z AT systému bylo vyZadovdno
nikoli z geotechnickych duvodu, ale pfedevsim z divodu tykajicich se

client’s representative. His independence and quality are guaranteed by
his professional reputation. The reputation is not only a reference by
hearsay, it is recorded in professional databases.

UTILITY TUNNEL (WUBT)

Design and contract procurement method

The tender for the construction was awarded to Kiewit Construction Co.
The contractor won the contract as the lowest bidder (the cost plus fifteen
per cent provision for “additional” measures). Invoices were calculated
and approved by the client’s representative according to lump sums allot-
ted to individual classes and unit prices for additional measures.

The design was accommodated to this system. The author of the detai-
led design of means and methods, ILF USA, carried out consulting engi-
neer’s supervision on site. The design defined three technological clas-
ses with their particular characteristics, i.e. the round length, type of the
lattice girder, thickness of the shotcrete liner, basic anchors and applica-
tion of shotcrete to the face. These classes were evaluated as a whole.
Apart from the above specification, additional measures were designed
for each class, including unit prices. The additional measures could be
applied only if agreed by the client’s representative.

Basic technological classes

Class | ] 1]

Round Length 2m 1.8m 1.2m
Lattice Girder Type Typel Typell
Liner 15cm 20cm 25cm

Face Shotcrete
Anchors

“F = E =

Additional measures

Class | ] (]
Rockbolts yes ano yes
Spiles yes yes
AT system yes yes yes
GRP anchors to the face yes

This system relatively acquitted itself; nevertheless, problems arose
even here. For instance the utilization of the AT system canopies was
required not for geotechnical reasons, but because of an uncertainty
regarding the depth of airport utility networks and related uncertainty
regarding the real thickness of the tunnel overburden. Despite the fact
that the AT system had originally been planned only for class III, the
canopies were used for the above-mentioned reasons even in situations
where the conditions were assessed from the geotechnical viewpoint as
technological class 1.

The tunnel excavation was divided into the top heading and invert
sequences (see Fig. 3). First of all, the complete length of the top hea-
ding excavation was finished, then the invert excavation followed. The
temporary invert was not closed in the course of the top heading exca-
vation. The top heading excavation was carried out according to the par-
ticular technological classes. When the invert was being excavated, the
spacing of lattice girders complied with the requirements of the specifi-
cations (classes) but the thickness of shotcrete was constant.

EXCAVATION

The total length of the tunnel amounted to 348m. The excavation was
carried out via an access adit, with two headings, i.e. toward the north
and the south.

The excavation of the
shallow tunnel (8m cover)
with a 6m span was carri-
ed out in simple geologi-
cal conditions: bedded
claystone with unconfined
compressive strength of
20 to 40Mpa. The claysto-
ne was massive, nearly
ideal in terms of excavati-
on. The permeability was
of the fissure type; it was
mostly dry. The fissure
permeability was high;

Obr. 3 Clenéni razby
Fig. 3 Excavation sequences




Obr. 4 Fréza Voest Alpine
Fig. 4 Voest Alpine roadheader

nejistoty v hloubce uloZeni leti§tnich inZenyrskych siti a ndsledné nejisto-
ty tykajici se skutené mocnosti horniny nad klenbou tunelu. Piestoze
bylo pivodné s AT systémem pocitdno pouze pro tiidu III, z vySe uvede-
nych duvoda byly pouZity tyto destniky i za situace, kdy byly z geotech-
nického hlediska poméry v tunelu hodnoceny jako technologickd trida I.

Razba tunelu byla rozdélena na razbu kaloty a dordzku dna (obr. 3).
Nejdiive byla vyrazena kalota v celé délce a teprve poté bylo v celé délce
uzavfeno dno. DoCasné dno pri razbé kaloty se neuzaviralo. Pro razbu
kaloty platilo zatfidéni podle tiid, dno dodrZovalo rozte¢ ramendtu, ale
tloustka stifkaného betonu byla konstantni.

RAZBY

Celkova délka tunelu byla 348 m. Razilo se z pristupové Stoly na dvou
Celbdch smérem na sever a na jih.

Razba mélkého tunelu (nadloZi 8 m) o rozpéti 6 m probihala v jednodu-
chych geologickych pomérech, ve vrstevnatych jiloveich s pevnosti v pro-
stém tlaku mezi 20 az 40 Mpa. Jilovce byly masivni, z hlediska raZeb témér
idedlni. Jejich propustnost byla puklinovd a byly prevazné suché. Propust-
nost po puklindch byla vysokd, jiZ po dvou hodindch po zacdtku desté se na
puklindch objevovala voda. Pii piivalovém desti se kapacita Gerpadel ukd-
zala nedostatecnd a doslo k ¢astecnému zaplaveni severniho segmentu tune-
lu. Destovd voda, ale predevsim technologické voda z proplachovéni potru-
bi pro dratkobeton, zpusobovala rozbfidani jiloveu na doCasném dné
a dusledkem byla kontinudlni, 20 cm hlubokd vrstva bldta na dné tunelu.

Samotnd razba byla provadéna frézou Voest Alpine (obr. 4). Stiikané
dratkobetony byly aplikované malym mechanizovanym robotem jako
mokré, s dopravou betonu potrubim az na celbu.

Kotveni bylo provadéno dvoulafetovym Jumbem Atlas Copco. Kotvy
i jehly byly typu SN injektované pryskyfict, kterd byla instalovana do vrtu
v plastikovych ampulich.

Prevdzna vétSina délnikd, strojnikd i operdtort byla vySkolena tésné
pied nebo v prubéhu razeb a neméla Zadnou predchozi zkuSenost s razbou
tunelt. Ndbéhovd kiivka efektivity raZeb kulminovala priblizné po mésici
a ustdlila se na Sesti zdberech za den (tfi na kazdé Celbg).

Razby segmentti B (obr. 5) jih i sever probihaly bez problému. Pfechod do
druhé, vyjimecné treti technologické tiidy z divodu nepfiznivych geologic-
kych podminek byl omezen na prachod nékolika poruch. Relativné dlouhy
tsek na segmentu B sever raZeny ve tiidé I1I byl dusledkem nejistoty ohled-
né polohy velkoprimérové letitni kanalizace, kterd kiiZila tunel pod dhlem
15°. Kanalizace byla postavena v padesdtych letech. Jeji stavebni doku-
mentace se nenasla a existovala obava, Ze ryha vyhloubend ve skdle pro
poloZeni roury o priméru 1,5 m muZe zasahovat aZ do profilu tunelu. Navic
skdla v okoli ryhy mohla byt vazné porusend neSetrnym strilenim. Po pro-
vedeni sondédznich predvrta, které narazily ve sméru od priblizujici se kana-
lizace na mékké polohy charakteru jili v drovni koruny &elby, bylo rozhod-
nuto cely tsek projit pod ochranou destnikt vytvorenych z injektovanych,
samozdvrtnych mikropilot. Pro tento tcel byl pouzit AT systém, ktery se
velmi osvédil. Vrtani Sesti deStnikt 12 m dlouhych nebylo provddéno pres
celou klenbu, ale vzdy pouze pod kanalizaci v nadlozi. Ta kifZila tunel zleva
doprava pri pohledu ve sméru razby. Ochranny destnik se posouval po stro-
p¢ pod kanalizaci. Rychlost podchodu kritického mista byla nakonec vyssi
neZ pri pouZiti jehel v kazdém zabéru a zcela jisté i bezpe¢néjsi.

Ke konci segmentu B jih se na Celb¢ zacaly objevovat rozeviené trhliny
vypInéné jilem, doprovézené systémem subparalelnich puklin. Tyto systémy
sméfovaly zhruba od severu k jihu a byly tedy témér paralelni s tunelem.
Byly rovnéZ pomérné strmé a zapadaly pod thlem 75° smérem k vychodu.
V segmentu B jih nepredstavovaly 7ddné nebezpeli, ale za odbockou L
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water appeared in fissures as early as two hours after the beginning of rain.
The capacity of pumps showed to be insufficient and the northern segment
of the tunnel got partially inundated during a storm. Rainwater, but above
all water used for flushing the steel fiber reinforced concrete supplying
pipeline, turned the claystone at the temporary bottom to mud. As a result,
a continuous 20cm thick layer of mud lay on the tunnel bottom.

The excavation proper was carried out using an Atlas Copco twin-
boom Jumbo. The anchors and spiles were of the SN type, grouted with
resin installed to the boreholes in plastic cartridges.

Overwhelming majority of workers and operators were trained just
before or in the course of the excavation; they were without any previ-
ous experience in tunnel excavation. The learning curve culminated app-
roximately after one month and settled subsequently at six rounds per
day (three rounds at each of the headings).

The excavation of segments B (see Fig. 5) North and South was car-
ried out without problems. Transition to technological class II or, excep-
tionally, class III due to unfavorable geological conditions was restricted
to passage through several weakness zones. The relatively long section
of the segment B North driven in the conditions of class III resulted from
the uncertainty regarding the position of a large-diameter airport sewer,
which crossed the tunnel at an angle of 15°. The sewer was built in the
1950s. The design documents had not been found and it was feared that
the trench dug in the rock for the 1.5m diameter pipeline could have
extended into the tunnel profile. Moreover, the rock around the trench
could have been damaged by inconsiderate blasting. Once the probe dril-
ling ahead of the face found soft layers of clayey character at the crown
level in the direction in which the sewer was drawing near to the face,
the decision was made that the entire tunnel section would be driven
under a protective canopy consisting of injected self-drilling micropiles.
The AT system which was utilized for this purpose proved to be very
good. The drilling for the 12m long canopies was carried out only under
the sewer found in the overburden (not to support the entire tunnel span).
The position of the canopy moved along with the position of the sewer,
which crossed the tunnel from the left side to the right side (viewed in
the direction of the drive). The advance rate in the critical tunnel section
was eventually higher and certainly also safer than it would have been
in the case of application of spiles at each round.

At the end of the segment B South, open joints filled with clay started
to appear at the face. They were accompanied by a system of sub-paral-
lel joints. The joint systems headed approximately from north to south,
it means nearly in parallel with the tunnel. They were relatively steep,
dipping eastward at 75°. They posed no threat in the segment B South,
but beyond the turning L (see Fig. 5), where the tunnel turned westward,
the situation abruptly changed. Despite the fact that the face anchoring
operations started immediately, big blocks of rock continued to slide
along the joint planes during the excavation. But the process of sliding
never extended so far to reach the area supported by the grouted spiles
or to cause a collapse of the whole face.

Compared with Europe, one of differences was the structure of pro-
fessions of technicians employed by the contractor and organization of
working shifts at the headings.

The tunnel construction was organized at a 24h/day, 3-shift operation.
Each shift was led by a foreman, who organized workers and, for major
part of the shift, operated one of the machines. He was assisted by a juni-
or engineer, who was responsible for filling records and reports, materi-
al supplies, but also for installation of guidance lasers, mounting of con-
vergence points, execution of pull-out tests on anchors, extensometer
and pressure cell measurements, etc. A NATM engineer responsible for
the excavation was also present at each shift. The project manager was
an engineer who had experience from the Storebelt Tunnel excavation in

Postup / Direction of heading iy Technologicka tfida I / Excavation class |
W L odboéka / L branch I Technologicka tfida Il Excavation class Ii
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Obr. 5 Schéma ocekdvané a skutecné zastizené geotechnické situace
Fig. 5 Chart of the anticipated and actually encountered geotechnical situation
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Obr. 6 Schéma DAPM
Fig. 6 The DAPM scheme

(obr. 5), kdy se tunel obrdtil k zépadu, se situace rdzem zmenila. PrestoZe se
zaCalo s okamZitym kotvenim Celby, dochédzelo po téchto poruchich pri
razbé k sesuviim vétsich blokt horniny. Sesuvy se vSak nikdy nerozsitily nad
klenbu zajisténou injektovanymi jehlami ani nedoslo ke kolapsu celé elby.

Jednou z odlisnosti oproti Evropé bylo profesni sloZen{ technikt doda-
vatele a organizace pracovnich smeén pri razbach.

Stavba tunelu byla organizovéna ndsledovné. Razby probihaly dvacet
Ctyfi hodin denné v trojsménném provozu. Kazdd sména byla vedena mist-
rem, ktery organizoval délniky, ale po vétSinu Casu i obsluhoval néktery ze
stroju. K ruce mél ,.junior* inZenyra po $kole, ktery byl odpovédny za vypl-
fiovéni vykazu a hldSeni, za zdsobovani materidlem, ale i za instalaci nava-
décich laseru, osazen{ konvergen¢nich bodi, provadéni tahovych zkousek
na kotvach, méfen{ extenzometrt a tlakovych podusek atd. Na kazdé sméné
pak byl rovnéz NRTM inZenyr odpoveédny za razby. Hlavni manaZer pro-
jektu byl inZenyr se zkuSenostmi z raZeb Storebelt tunelu v Dansku.

Zvlastnim specifikem raZeb pak byla skutecnost, Ze razby probihaly
piimo na leti§ti mezi rolovacimi drdhami, a jak provoz stavby, tak i pohyb
inZenyru byl regulovan dopravnimi, ale i bezpe¢nostnimi predpisy letisté.

Razba WUTB probéhla dspesne. Razby zaCaly pocdtkem srpna 2004
a kalota byla dokoncena v predstihu v poloviné prosince 2004. Dorazka
dna pak probihala do konce ledna 2005.

Tunel byl navrZen jako dvoupldstovy, pné izolovany, s mezilehlou izo-
laci a byl dokonCen v prvni poloviné roku 2005.

OBSLUZNY TUNEL (DAPM)

V roce 2005 zacala razba obsluznych tuneld (obr. 6,7). Kontrakt vyhré-
lo sdruzeni firem Clark/Shea. Pozadavek investora (Metropolitan Wa-
shington Airports Authority) na kontinudlni pritomnosti NRTM inZenyra
pfi razbéch byl uplatnén i pro tento kontrakt.

Celkova délka tunelu je pres 3 km (2 mile), budou na nich ¢étyfi hlou-
bené stanice. Severni ¢ast tunelu je raZena klasicky metodou NRTM.

vz

Vychodni ¢ast tunelu pak pomoci TBM.

ZAVER

Nejzajimavéjsim aspektem raZeb byla jednak rozdilnd organizace praci
i struktura dodavatele v porovndni se zabéhnutymi zvyklostmi v Evropg,
a zvIaSte pak smluvni vztah mezi majitelem a dodavatelem, ve kterém hrél
dulezitou roli NRTM inZenyr. Pomineme-li technické aspekty price, tak
prostfednika mezi dodavatelem a zdstupcem investora. VétSina jedndni
o0 zméndch projektu, uplatnéni doplikovych opatreni a dalsich poZadavcich
dodavatele byla vedena mezi zdstupcem investora a inZenyry NRTM. Stej-
né tak poZadavky investora vici dodavateli, tykajici se kvality &i bezpec-
nosti prace, byly projedndvény s inZenyry NRTM. Tento zpusob price
i komunikace se pIné osvéd¢il a v prubéhu stavby nedoslo k Zddnym pro-

fesiondlnim sporim mezi Gcastniky vystavby.
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Obr. 7 RaZba DAPM
Fig. 7 DAPM excavation

Obr. 8 Vizualizace
obsluzného vlaku
Fig. 8 Visualization
of the service tunnel

Denmark. Special particularity of the excavation was the fact that the
excavation took place directly at the airport, between taxiways; both the
construction operations and movement of engineers had to comply with
requirements of traffic and airport safety rules. The WUTB excavation
was completed successfully. It commenced at the beginning of August
2004 and the top heading was completed ahead of schedule, in the midd-
le of December 2004. The invert excavation was finished at the end of
January 2005. The tunnel was designed as a two-pass structure, with
a closed system of intermediate waterproofing. The first half of 2005
saw the completion of the tunnel construction.

SERVICE TUNNEL (DAPM)

The excavation of the service tunnels (see Fig. 6, 7) started in 2005.
The contract was awarded to the Clark/Shea joint venture. The clien-
t’s (Metropolitan Washington Airport) requirement for continuous pre-
sence of a NATM engineer during the excavation was contained in this
contract too.

The total length of the tunnels exceeds 3km (2 miles). There will be
four cut and cover stations on the route. The northern part of the tunnel
is mined using the conventional NATM method. The eastern part of the
tunnel is driven by a TBM.

CONCLUSION

The most interesting aspects of the excavation were the different
organization of the works and the structure of the contractor’s staff
compared with the common customs in Europe, above all the contrac-
tual relationship between the owner and contractor where the NATM
engineer played an important role. Apart from the technical aspect of
his work, probably the most important role the NATM engineer play-
ed on the site was his role of a mediator between the contractor and the
representative of the client. Most of the discussions about design vari-
ations, implementation of additional measures and other requirements
of the contractor were held between the client’s representative and
NATM engineers. Similarly, client’s requirements for the contractor
regarding quality or safety at work were discussed with the NATM
engineers. This method of work and communication acquitted itself
well; no professional dispute between the parties to the project arose
during the course of the construction.

ING. RADKO BUCEK, Ph.D., e-mail: bucek@geotechnika.cz,
ING. VACLAV VESELY, Ph.D., e-mail: vesely@geotechnika.cz,
ING. ONDRE] KOSTOHRYZ, e-mail: kostohryz@geotechnika.cz,
SG-GEOTECHNIKA, a. s.
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VYBRANE POZNATKY Z GEOTECHNICKEHO MONITORINGU
KOLEKTORU CENTRUM POD UL. VODICKOVA V PRAZE

GEOTECHNICAL MONITORING OF CENTRUM UTILITY TUNNELS
UNDER VODICKOVA STREET - SELECTED PIECES OF KNOWLEDGE

RADOVAN CHMELAR, LIBOR SILA

Kolektor Centrum 1.A trasa Vodickova ulice je praZskym distribucnim
kolektorem 3. kategorie, ktery primo navazuje na jiz vybudovany kolektor
Centrum A JindriSskd — Panskd. Kolektor v ul. Vodickova, razeny Cds-
tecné v historickém centru Prahy, se nepochybné stane dalsi Zivou vetvi
koSatého stromu prazskych kolektorii a predevsim diilezitym Clankem pro
predpoklddany rozvoj kolektorii na prekomé se rozvijejici ctvrt Smichov,
kterd lezi na druhém brehu Vltavy. Geotechnicky monitoring kolektorii
Vodickova ul. v takto exponovaném miste hlavniho mésta Prahy vyrazné

prispél ke zddrnému ukonceni razeb vsech iisekii této stavby.

uvob

Souddsti vystavby kolektoru 3. kategorie v centru Prahy je etapa
0004 — Vodickova. Zdkladni pdter kolektoru je vedena od Jindrisské
ulice pod ulici Vodi¢kovou az na Karlovo ndmésti. Délka trasy je
1288 m a profil 13 az 22 m?. Cely kolektor je budovéan jako raZené
dilo, v nadloZi s tramvajovou dopravou a s minimdlnim omezenim
pésiho a silni¢niho provozu.

Investorem je hlavni mésto Praha (odbor méstského investora)
a povéfenym mandatafem ZAVOS, s. r. 0., ktery rovnéZ zajiStuje a ridi
geotechnicky monitoring vystavby. Zhotovitelem stavby je sdruZeni
prednich ¢eskych tuneldrskych firem Subterra, a. s. a Metrostav, a. s.,
projektantem Pragoprojekt, a. s. Razby pod ulici Vodickovou byly
ukonceny v tnoru 2006.

Geotechnicky monitoring obsahuje soubor ¢innosti obvyklych pro
sledovani ndro¢nych podzemnich staveb v komplikovanych mést-
skych podminkidch (zejména inZenyrskogeologicky dozor, mereni
hladiny podzemni vody, konvergencni méreni, nivelaéni sledovani
povrchu terénu, tramvajové trati a zdstavby, geodetické méteni hori-
zontdlnich posunt a ndklond, inklinometrické a geofyzikdlni méfent,
pasportizaci a prubézné sledovéni{ objekti béhem stavby, pevnost beto-
nu primdrni a sekunddrni obezdivky).

Dodavatelem geotechnického monitoringu je sdruzeni PUDIS — SG
Geotechnika, z dal$ich spolupracujicich organizaci md nejvétsi podil
INSET, s. r. 0., vedoucim zhotovitelem geotechnického monitoringu je
PUDIS, a. s. Tato projektova, prazkumnd a konzultadni spole¢nost ma
v oboru tunelového stavitelstvi jiz dlouhodobé zkuSenosti (letos si pripo-
ming 40 let od svého zaloZeni). Z fady vyznamnych projekti uvedme
napiiklad 4 stanice na trase C prazského metra (Muzeum, VySehrad,
Kacerov a Hlavni nadrazi), dale pak Strahovsky tunel a tunel Mrazovka.
Z pruzkumnych praci pro podzemni stavby byl PUDIS v letech 1967 az
1976 zpracovatelem prazkumu pro tunely celé sité prazského metra
(trasa C v tiseku Florenc — Héje, trasa A v tiseku Dejvicka — Zelivského)
a ddle napiiklad pro III. Vinohradsky Zelezni¢ni tunel a vyznamné silni¢-
ni tunely — Strahovsky tunel a tunel Mrazovka. V dobé soucasné napii-
klad pro dal3f silni¢n{ tunely méstského okruhu v Praze (v dsecich: Malo-
vanka, Myslbekova — Prainy most, Spejchar — Pelc Tyrolka ,,Blanka“)
a silni¢niho okruhu kolem Prahy (stavba 514 Slivenec — Lahovice).
V geologickém dozorovani prazskych kolektort navazuje PUDIS napfi-
klad na &ést geologického sledovéni kolektoru 2. kategorie Centrum I,
kterd byla realizovdna v devadesatych letech minulého stoleti.

HISTORIE KOLEKTORU V CENTRU PRAHY

Se systematickou vystavbou kolektorové sité v centru Prahy se zapo-
¢alo v roce 1985 razbou hlubinné ¢asti kolektorového systému kolekto-
rem Centrum I, ktery privddi inZenyrské sit¢ oblastniho vyznamu do jed-
notlivych &asti centra Prahy. Realizace kolektoru v centru Prahy v této
dobé navdzala na bohaté zkuSenosti s vystavbou kolektorti na novych

prazskych sidlistich. Nelze vSak také opomenout, Ze v samotném centru

Centrum 1.A utility tunnel, the Vodickova Street route, is a 3rd category
Prague utility tunnel (distribution tunnel). It is directly connected to the com-
pleted utility tunnel, Centrum 1.A Jindrisskd Street — Panskd Street. The uti-
lity tunnel in Vodickova Street, which is being driven partially under the his-
toric centre of Prague, will undoubtedly become another live branch of the
widely spreading tree of utility tunnels in Prague. Above all, it will become
an important element for the planned development of utility tunnels in the
rapidly developing Smichov district, a Prague district found on the other
bank of the Vitava River. Geotechnical monitoring of the utility tunnels under
Vodickova Street, which is a highly exposed location in the City of Prague,
has significantly contributed to the successful completion of excavation of all
sections of this construction lot.

INTRODUCTION

Part of the construction of 3rd category utility tunnels in the centre of Pra-
gue is the phase 004 — Vodickova. The arterial route of the tunnel runs from
Jindfisskd Street along Vodickova Street to Charles Square. The route is
1288m long; its cross section varies from 13 to 22m’. The entire tunnel is
built by mining methods, with tram traffic and minimum limitation of pede-
strian and vehicular traffic on the surface.

The owner is the City of Prague (the Department of the City Investor) and
the authorised mandatary is ZAVOS s.r.0., which also secures and controls
geotechnical monitoring of the construction. The contractor is a group of lea-
ding tunnelling companies consisting of Subterra a.s. and Metrostav a.s., the
designer is Pragoprojekt a.s. The excavation operations under Vodi¢kova
Street finished in February 2006.

The geotechnical monitoring is a set of activities which are usual in moni-
toring of demanding underground constructions in complicated urban condi-
tions (above all engineering geological supervision, measurement of water
table, convergence measurements, levelling of ground surface, tramline and
existing buildings, survey of horizontal displacements and inclinations, incli-
nometer and geophysical measurements, condition survey and continual
observation of buildings during the course of construction operations,
strength of concrete of the primary and secondary liners).

The geotechnical monitoring services are provided by a PUDIS — SG Geo-
technika group of companies and other collaborating companies with INSET
s.r.0. having the largest share; the leading contractor for geotechnical moni-
toring is PUDIS a.s. This design, exploration and consultancy company
offers long-term experience in the field of tunnel construction (this year it
will celebrate 40 years of its existence). Out of the notable projects we can
mention for example 4 stations on the Line C of the Prague metro (Muzeum,
Vysehrad, Kacerov and Hlavni NédraZi), the Strahov tunnel and the Mrézov-
ka tunnel. Out of the exploration operations for underground constructions,
PUDIS was the contractor for exploration for tunnels of the entire network of
the Prague metro in 1967 — 1976 (the Line C section Florenc — Héje, the Line
A section Dejvickd — Zelivského) and, for instance, for the Vinohrady III
railway tunnel and important road tunnels on the City Circle Road in Prague
(sections Malovanka, Myslbekova — Prainy Most, Spejchar — Pelc Tyrolka
“Blanka”) and the Prague City Ring Road (construction lot 514 Slivenec —
Lahovice). Regarding the geological supervision of Prague utility tunnels by
PUDIS, this work is continuation of the previous geological monitoring
assignments, eg. monitoring of Centrum [ utility tunnel, the 2nd category uti-
lity tunnel system which was performed in the 1990s.

HISTORY OF UTILITY TUNNELS IN THE CENTRE OF PRAGUE

Systematic development of the network of utility tunnels commenced in
1985 by the development of a deep-set part of Centrum I utility tunnel system
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Prahy jiz drive, v letech sedmdesatych, byly realizovany razené kabelo-
vé a vodovodni kolektory, napriklad na Véclavském ndmésti, které byly
uvedeny do provozu v roce 1977. Na hlubinny kolektor 2. kategorie
Centrum I (dokonceny v roce 2002) navdzal v centru Prahy podpovr-
chovy, distribu¢ni systém kolektorii 3. kategorie, privadéjici média
piimo ke spotiebitelim. Vystavba tohoto systému zapocala v roce 1986
kolektorem Celetnd. Pozdéji byly realizovany dal$i kolektory 3. katego-
rie, a sice kolektory Nové radnice, Rudolfinum, Tylovo divadlo, kolek-
tory Centrum [.A v oblasti ulic Panskd — Jindfi§skd — Politickych véziu
a kolektor Pifkopy. V roce 2002 byl téZ dokon&en dstiedni dispecink
kolektorového systému na Senovazném nameésti.

CLENENI PRAZSKYCH KOLEKTORU

JelikoZ Praha, coby hlavni mésto Ceské republiky, md vyrazné sloZi-
ty systém inZenyrskych siti, bylo zde pouZito jiz zminéného roz¢lenéni
kolektortl na nésledujici tfi kategorie:

Kolektory 1. kategorie — transverzalni, napdjejici. Tyto kolektory maji
celostdtni nebo celoméstsky vyznam a v Praze nebyly prozatim realizo-
vany.

Kolektory 2. kategorie — jsou kolektory zdsobovaci, oblastniho nebo
celoméstského vyznamu. Obvykle privadéji média do zdsobované oblas-
ti nebo do prevodnich uzlt. Jsou raZeny v hloubkéch 22 — 30 m. V oblas-
ti historického centra Prahy, oznacené jako CIA, jsou kolektory 2. kate-
gorie dnes jiz prakticky dokonceny.

Kolektory 3. kategorie — distribu¢ni, spotiebni. Tyto kolektory maji
ptimou vazbu na jednotlivé stavebni objekty, a to vétSinou prostfednictvim
domovnich pripojek. Jsou razeny v mensich hloubkdch do 10 — 12 m.
K vzdjemnému propojeni systému kolektort 2. kategorie s kolektory
3. kategorie slouZi dnes nékteré vystupni Sachty, naptiklad na Ovocném
trhu. Pro centrdlni oblast Prahy bylo tcelné vytvoreni prozatim dvou
navzdjem propojenych systému kolektort 2. a 3. kategorie, které se odli-
Sujf jednak funkci a jednak vySkovym situovanim.

SITUACE KOLEKTORU VODICKOVA

Kolektor Centrum I.A trasa Vodic¢kova ulice se skldd4 z hlavni paterni
vétve, kterd byla navrZzena v linii celé ulice Vodickova od Karlova ndmés-
tf aZ po Viéclavské namésti, kde 3achtou S 16 v ulici Jindfisskd navazuje
na jiz vybudovany kolektor Centrum I.A (trasa Jindfi$skd — Panskd). Na
hlavni vétev kolektoru v ulici Voditkovd jsou napojeny vétve odbocné,
a to v ulicich Palackého, V Jamé, v ulici Skolskd a v ulici Lazarskd. To
vie je patrné ze situace na obr. 1. Odbocné vétve vétSinou navazuji na
vétev hlavni v technickych komoréch, které maji prevazné vétsi prifez.

PRUBEH VYSTAVBY

Pred zahdjenim vystavby samotného kolektoru byly v obdobi fijen
2000 — duben 2002 realizovany predstihové prace. Jednalo se predevsim

P
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in the centre of Prague. Centrum I carries utility networks of regional impor-
tance to individual parts of the centre of Prague. The construction of utility
tunnels in the centre of Prague then exploited the wealth of experience gai-
ned from the construction of utility tunnels in new Prague residential areas.
It, however, must not be forgotten that mined cable and water distribution
tunnels were constructed in the 1970s, e.g. in Wenceslas Square. They were
commissioned in 1977. A subsurface distribution system of 3rd category uti-
lity tunnels, which carried media directly to consumers, joined Centrum I, the
2nd category deep-set utility tunnel system (completed as the whole in 2002)
in the centre of Prague. The construction of this system started in 1986 by the
utility tunnel under Celetnd Street. Other 3rd category utility tunnels were
built later, i.e. Novd Radnice, Rudolfinum, Tyl Theatre, Centrum I.A in the
area of Panskd — Jindfisskd — Politickych Véziiu Streets and Prikopy. The
central control facility of the utility tunnel system in Senovazné Square was
completed also in 2002.

DIVISION OF PRAGUE UTILITY TUNNELS

Because the system of infrastructure networks in Prague, which is the capi-
tal of the Czech Republic, is very complex, the following above-mentioned
division of utility tunnels into three categories has been used:

Ist category utility tunnels — feeding purpose transversal tunnels. These
utility tunnels are of state-wide or city-wide importance; they have not been
built in Prague yet.

2nd category utility tunnels - supply tunnels of regional or city-wide
importance. They usually carry media to the area being supplied or to tran-
sfer nodes. They are mined at depths of 22 — 30m. Regarding the historic
centre of Prague, which is marked as CIA, the 2nd category utility tunnels
have been virtually completed.

3rd category utility tunnels — distribution tunnels, consumer supply. These
utility tunnels are directly connected to individual buildings, mostly through
house service connections. They are driven at smaller depths up to 10 — 12m.
Interconnection between the 2nd category and 3rd category utility tunnel
systems is today via some exit shafts, for instance the shaft in Ovocny Trh
Square. It was reasonable for the central area of Prague that, for the time
being, two interconnected systems of utility tunnels, i.e. the 2nd and 3rd
category tunnel systems differing in their function and elevation, have been
developed.

SITUATION OF VODICKOVA UTILITY TUNNEL

The Vodickova route of Centrum IA utility tunnel consists of the main arte-
rial branch, which was designed to run along the whole length of Vodickova
Street from Charles Square up to Wenceslas Square, where it joins the alrea-
dy completed part of Centrum LA utility tunnel system (the route Jindrisskd
— Panskd) through the S 16 shaft in Jindfi§ska Street. The main branch of the
utility tunnel in Vodickova Street receives secondary branches, namely
branches in Palackého, V Jamé, Skolské and Lazarskd Streets. The above
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LEGENDA:

Razba v prachovitych ordovickych bridlicich dobrotivského souvrstvi — v nadlozi
l:l terasa Karlova ndmésti

Excavation through silty Ordovician shales of the Dobrotiv Member — in the overburden
terrace of Charles Square

Obr. 1 Situace kolektorit Centrum IA - trasa Vodickova ul.
Fig. 1 Layout plan of utility tunnels Centrum IA — Vodickova Street route

Razba ve §tércich a piscich udolni maninské terasy Vltavy — misty v dolni &dsti vyruby
ordovické bridlice — dobrotivské souvrstvi

Excavation through gravels and sands of the Maniny valley terrace of the Vltava — locally
Ordovician shales of the Dobrotiv Member in the bottom part of the cross section

Razba v S$tércich a piscich maninské terasy Vltavy — v nadlozi organické sedimenty
vyplné mokfadu

Excavation through gravels and sands of the Maniny valley terrace of the Vltava — organic
sediments filling the wetland

ﬁ Smér toku zaniklych vodoteg (potoku) / Direction of flow of disappeared watercourses (streams)



Obr. 2 Fotografie z razby kolektoru na Karlové namesti
Fig. 2 Photo of the utility tunnel excavation in Charles Square

0 vystavbu kolektorové Sachty S 34 a pomocného Fidiciho stiediska
(PRS) ve dvornim objektu &. p. 670 na Karlové ndmésti, ddle pak razbu
unikové Stoly z hlavni vétve budouciho kolektoru k této Sachté a vybu-
dovéni Sachty S 30 pro odbo¢nou vétev v Lazarské ulici. K pifpravnym
pracim néleZelo samoziejmé i zajisténi zédstavby v okoli téchto objektl
a Castedné i objektt na rohu ulice Vodi¢kova a Vaclavské namésti.

Zahdjeni vystavby hlavni a odbo¢nych vétvi kolektoru bylo v fijnu
2003. Nejprve byly provedeny prace na zajistén{ okoln{ zastavby. Samot-
né stavebni prdce zacaly v breznu 2004 hloubenim téZnich Sachet
a ndslednou razbou z nich. Razba probihala od kvétna 2004 do dnoru
2006 paralelné na nékolika pracovistich z Sesti téZnich Sachet. A to ze
dvou Sachet na Viclavském ndmésti (Sachty S 17c a S 17a), z Sachty na
Karlové nédmésti (S 33), z Sachet u kiiZeni ul.Voditkova s ul. Jung-
mannovou (Sachta S29) au krizovatky ul. Vodi¢kova s ulicf Skolskou
(S 26). Odbocnd vétev v ulici V Jame byla razena od ulice Stépanska ze
Sachty (S 21) smérem k ulici VodiZkova (obr. 1). Ostatni odboéné vétve
byly raZeny vzdy z vétve hlavni.

ZPUSOB RAZBY

Razba byla v celé své délce provadéna pomoci strojniho rozpojovani
horniny. Probihala postupné po jednotlivych tsecich (obr. 1) z nékolika
téZnich Sachet. Pro razbu byla pouZita metoda s prvky NRTM. Tento zpu-
sob razby ovSem v pripadé kolektoru 3. kategorie respektuje predevsim
nadrazené priority, které vyplyvaji jednak z umisténi kolektoru pod ulici
v historickém centru Prahy (z toho vyplyvajicim jednostrannym ovlivné-
nim zdstavby na obou stranich ulice), a jednak z vyskového vedeni
kolektoru pod drovnémi, kde se nalézaji inzenyrské sité. Predev§im jsou
to vodovodni fad v dnes jiZ neuspokojivém stavu, kabelovody, plynovo-
dy a kanalizacni sbérace. Kolektor byl mnohdy razen velmi tésné pod
riznymi podzemnimi objekty. V oblasti Vaclavského ndmésti to byl ves-
tibul stanice metra Mustek na trase A (coZ je soucasné podchod pro pési)
spole¢né s kabelovym kolektorem SPT Telecom. Tento ndro¢ny tsek
razby je patrny na geologickém fezu (obr. 3). Uzkd vazba vyskového
vedeni kolektoru na koncepci geotechnického monitoringu vyplyva
z rozsahu aktivni zény v nadloZi kolektoru vymezujici zénu ohroZeni na
povrchu terénu, v niZ se nachédzeji Casti prilehlé zédstavby. Ve vyrazné
Casti stavby je primo v této z6né ohroZeni vysoce frekventovand trat’
tramvajové dopravy. Zde bylo nutné dodrZet velmi prisn4 kritéria pro jeji
provoz. Pod terénem v ulici Vodi¢kovd i prilehlych ulic se pri razbé
kolektoru nachézely v aktivni z6né nadloZi provozované inZzenyrské sité,
jejichZ uZzivatelnost a neporuseni musi byt samozrejmé zachované.

Pouzitd observaéni metoda kladla diraz predev§im na bezpe&nostni
sledovani vSech objektu v aktivni z6né a z6né ohroZeni. At uz se jednd
o prilehlou zdstavbu, tramvajovou trat, nebo o inZenyrské sité. Je nutné
mit vzdy na védomi, Ze na chovdni aktivni zény (tim i z6ny ohroZenf)
a viech objektu, které jsou v ni, mé obvykle vliv nejen samotnd razba, ale
i realizace doplnujicich stabilizanich opatieni, realizovanych zpravidla
z podzemi. Pfedev§im pak provadéni modult tryskové injektaZe — jedno-
tlivych ochrannych kornoutl realizovanych pred postupem razby
v nesoudrznych zemindch. Je tedy nutné nejen méfit deformace vybra-
nych objektu, ale provadét i velmi Casté revizni prohlidky v dotéenych
kanaliza¢nich sbéracich apod.
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description is shown in Fig. 1. The secondary branches mostly join the main
branch in technical chambers with larger cross sections.

THE COURSE OF CONSTRUCTION

Advanced work operations were carried out in the period of October 2000
— April 2002, before the commencement of construction of the utility tunnel
proper. They comprised above all of construction of the utility tunnel shaft
S 34 and the auxiliary control centre, ACC (in a building found in the cour-
tyard of the building No. 670 in Charles Square), excavation of an escape adit
from the main branch of the future utility tunnel leading to this shaft and con-
struction of the shaft S 30 for the secondary branch in Lazarskd Street. Of
course, the advanced work also comprised of securing the buildings in the
vicinity of the above-mentioned structures and partially also the buildings on
the corner of Vodickova Street and Wenceslas Square.

October 2003 saw the commencement of construction of the main branch
and secondary branches of the utility tunnel. First of all the nearby buildings
were secured. Construction work proper started in March 2004 by sinking
hoisting shafts followed by tunnel excavation from them. The excavation
continued from May 2004 to February 2006, simultaneously at several hea-
dings from six hoisting shafts: two shafts in Wenceslas Square (S 17¢ and
S 17a), one shaft in Charles Square (S 33), one shaft at the intersection of
Vodickova Street and Jungmanova Street (S 29) and one shaft at the Vodic-
kova — Skolskd Streets crossing. The secondary branch in V Jamé Street was
driven from the shaft S 21 in Stépédnsk4 Street toward Vodickova Street (see
Fig. 1). The other secondary branches were always driven from the main
branch.

EXCAVATION METHOD

The whole length of the excavation was carried out using mechanical equ-
ipment. Individual sections were excavated successively (see Fig. 1), from
several shafts. The excavation method contained elements of the NATM. Alt-
hough, this excavation method applied to 3rd category utility tunnels com-
plies with higher priorities following both from the location of the tunnel
under a street in the historic centre of Prague (and from this fact following
one-sided affection of buildings on either side of the street) and the depth of
the tunnel, which is under the level of buried services. Among those, above
all, are a water main, which is toady already in an unsatisfactory condition,
cableways, gas pipelines and sewers.

The utility tunnel was often excavated very close to various underground
structures, namely the concourse of Mustek metro station on the Line
A (which is at the same time also a pedestrian subway) and SPT Teleco-
m’s cable tunnel in Wenceslas Square. This difficult section of the excavati-
on can be seen in the geological section (see Fig. 3). The close relationship
between the elevation of the utility tunnel alignment and the conception of
geotechnical monitoring follows from the extent of the active zone in the
overburden, which determines the endangered zone on the surface where
parts of the adjacent buildings are found. There is busy tram traffic directly
in the endangered zone in a significant part of the tunnel construction. It was
necessary for this section to comply with very stringent operation criteria.
Operating utility services, which had to remain operable and undamaged,
were found under the surface of Vodickova Street and adjacent streets during
the tunnel excavation, in the active zone of the overburden.

Significant element of the observational method used was the stress placed
on safety monitoring of all structures found in the active zone and endange-
red zone, no matter whether these were adjacent buildings, a tramline or uti-
lity services. It must always be kept on mind that the behaviour of the active
zone (thus also the endangered zone) and of all structures found within this
zone, is usually affected not only by the excavation work proper, but also by
implementation of additional stabilisation measures, which are implemented
mostly from within the tunnel (above all execution of jet grouted canopies
ahead of the excavation face in noncohesive ground). It is therefore necessa-
ry not only to measure deformations of selected buildings, but also to con-
duct frequent inspection in affected sewers etc.

GEOLOGICAL AND HYDROLOGICAL CONDITIONS

The bedrock in the area of concern, i.e. Vodickova Street from Charles
Square to Wenceslas Square, is formed by Ordovician sediments which sett-
led at the bottom of a cold Ordovician sea (mostly silty Dobrotivy shales).
They are part of the today already famous geological formation called Bar-
randiene. However, also massive Skalec quartzite was partly encountered by
the excavation in Wenceslas Square, in a tectonically limited block.

From the bedrock weathering point of view, there is certain diversity there.
Weathered zones of the rock massif have remained in the full thickness in the
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Obr. 3 Schematicky geologicky Fez podchodem kolektoru pod vestibulem stanice metra Mustek na trase A
Fig. 3 Schematic geological section through the utility tunnel passage under the concourse of Mustek metro station on the Line A

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Skaln{ podloZi zajmového tizem{ Vodickovy ul. od Karlova ndmésti po
Viclavské ndmésti tvorif ordovické sedimenty, které se usazovaly na dné
chladného ordovického more a tvori soucdst dnes jiz klasického geolo-
gického ttvaru Barrandienu. Jedn4 se prevazné o prachovité dobrotivské
bridlice. Na Vdclavském ndmésti byly raZbou zachyceny Cdstecné
i pevné skalecké kiemence v tektonicky ohrani¢ené kre.

Z hlediska zvétran{ horninového masivu skalniho podloZi zde existuje
urditd diverzita. Ve skalnim podloZi pod terasou Karlova ndmésti zastaly
zachovény z6ény zvétrani horninového masivu v pavodni plné mocnosti,
oproti tomu prevazna ¢ast zon zvetrani pod terasou tdolni (maninskou)
byla erozi Vltavy odstranéna (obr. 4).

V nejmladsich geologickych dobéach — v pleistocénu (starsi ¢asti kvar-
téru), kdy se stridaly doby ledové s meziledovymi, feka Vltava nejen
ménila své koryto, ale postupné se i zahlubovala, ¢imzZ tvorila terasové
stupné, na kterych nésledné ukladala prevazné piscité a Stérkovité fluvi-
alnf sedimenty ve forme terasovych akumulaci. Tim vytvorila v oblasti
dnesni Vodickovy ulice jednak niz$i akumulaci nejmladsi udolni manin-
ské terasy s bdz{ na kote 184 — 185 m n. m., a jednak vy$si akumulaci
star${ terasy Karlova nameésti s bazi 200 m n. m.

Akumulace tdoln{ terasy maninské od terasy Karlova namést je oddé-
lena skalnim stupném v dobrotivském souvrstvi, ktery je prekryt rozvle-
Cenymi fluvidlnimi sedimenty. Tento skalni stupen je patrny i dnes v mor-
fologii terénu. Na situaci (obr. 1) je vidét ohranieni ddolni terasy pri-
blizné podél ulice Lazarské, kolmo pres ulici Skolskou a ul. V Jamé.
Oproti situaci v ulicich Skolskd a V J4mé neni viak skalni stupeii mezi
jednotlivymi terasami ve Vodickove ulici zdénlivé tak vyrazny, nebot’
razba pod touto ulici neprotinala okraj maninské terasy kolmo. Tim se
prokézalo, Ze prechod mezi jednotlivymi terasami byl pozvolnéjsi a roz-
sdhlejsi, priblizné od Novoméstské radnice, dokonce a7 za kiiZovatku
s ul. Jungmannovou. U terasovych sedimentu se jednd o inosné pisCité
Stérky s dobre opracovanymi valouny s polohami stfedné zrnitych piska.

Akumulace terasy Karlova ndmésti, jejiz relikty jsou jednak na Karlo-
v& ndmésti, ale také vychodné od zdjmového tizemi v oblasti ul. Stépan-
ské, dfive obsahovala pomérné vydatnou zvoden podzemni vody, kterd
vyvérala na povrch v severni &asti Stépanské ul. Odtud voda proudila ve
formé obCasnych vodotedi (potoki) smérem k dne$ni ul. Voditkové
(obr. 1). Bylo to piblizné soub&zné s ulici V Jamé a také ul. Skolskou.
Pod svahem se ¢innosti vodoteci vytvorila rozsdhld terénni deprese, vypl-
nénd vodou, kterd v dal§im vyvoji byla postupné zapliovand rozmanity-
mi sedimenty. Jednalo se pravdépodobné o prirodni prutocnou nadrz.
Tento mokiad moznd plnil funkci napajedla pro dobytek ¢i kalisté prasat.
Zminény mokrad byl vyplnén bahnitymi sedimenty, které se stiidaly se
splachovymi sedimenty, které tvorily vyplavové kuZzely spoCivajici na
tdolni maninské terase.

V dobe své nejmladsi existence byl tento mokfad zapliovan jak antro-
pogennimi navazkami, tak i pfi vydatnych srazkdch prirodnimi splachy.

bedrock under the Charles Square terrace, whilst major part of weathered
zones under the Maniny valley terrace was removed, eroded by the Vitava
(see Fig. 4).

In the latest geological periods, the Pleistocene (older part of Quaternary),
where glacial periods alternated with interglacial periods, the Vltava River
not only changed its bed but also cut it deeper. Thus it formed terrace-like
steps and subsequently covered them with mostly sandy and gravely sedi-
ments in the form of terrace accumulations. This is how the lower accumula-
tion of the youngest Maniny valley terrace at an altitude of 184 — 185m a.s 1.
and the higher accumulation of the older terrace in Charles Square with its
base at 200m a.s.l. originated.

The accumulation of the Maniny valley terrace is separated from the
Charles Square terrace by a rock step found in the Dobrotiv Member. The
step is covered with spread fluvial sediments. It is visible in the terrain
morphology even today. The boundary of the valley terrace running appro-
ximately along Lazarskd Street, perpendicularly to Skolskd and V Jamé
Streetts, is visible in the plan (see Fig. 1). Contrary to the situation in Skol-
skd and V Jame Streets, the step between the individual terraces is seeming-
ly not so noticeable in Vodickova Street because the excavation under this
street did not cut the edge of the Maniny terrace at so perpendicular angle.
This was a proof that transition between the terraces was more gradual and
more extensive, approximately from the New Town Hall, even beyond the
intersection with Jungmanova Street. The terrace sediments consist of com-
petent sandy gravels with well shaped boulders and layers of medium-gra-
ded sand.

The accumulation of the Charles Square terrace, which has its relics not
only in Charles Square but also east of the area of concern, in the area of Sté-
panskd Street, contained in the past a relatively high-yield aquifer with

Obr. 4 Fotografie geologickych
poméri na éele vyrubu pod
Viclavskym ndméstim

Fig. 4 Photo of geological
conditions at the excavation
face under Wenceslas Square
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To mohlo byt az do ranného stredoveku (11. az 12. stol.). Zasypani mocd- a spring on the surface in the northern part of Stépanskd Street. Water flew
lové sniZeniny oznacované jako ,,jdma" ¢i ,Jlouze” (odtud pochdzi jeji from this place in the form of occasional watercourses (streams) running
mistni ndzvy — patrné na obr. 5) organickymi deponiemi odpadu (kaZe, toward today’s Vodickova Street (see Fig. 1), approximately in parallel with
sldma a vykaly) zfejmé souviselo s postupujicim trvalym osidlovanim V Jamé and Skolskd Streets. An extensive depression filled with water and
a zastavbou Nového Mésta prazského (zaloZzeného 1348). Toto zasypa- later with other sediments was created by the action of the watercourse under
véani mohlo probihat do konce 16. stol. Smérem k soucasnému povrchu the slope. It was probably a natural flow-through reservoir. This wetland may
terénu byly pak ukladdny jiZ jen antropogenni suté a heterogenni nasypy. have performed the function of a watering place for cattle or a muddy pool

Podzemni vody se v lokalit® kolektorti Vodi¢kova dnes vyskytuji for swing. The abov‘.e mud pool was filled. with mud §ediments, whith alter-
v souvislych zvodnich, a to jednak na bézi terasy Karlova namésti na koté ?atetd with wash sediments, forming alluvial fans resting on the Maniny val-

ey terrace.

200-201 m n. m. (v oblasti Novoméstské radnice dokonce pod ni az ve
zvétralém skalnim podloZi), a jednak na bdzi Gdolni terasy na kétach 184
— 185 m n. m. Terasové stupné jsou oddéleny vySe uvedenym skalnim
stupném, jehoZz sklon priblizné sleduje i spad hladiny podzemni vody,
kterd stékd ve sméru sklonu hornin skalniho podkladu smérem k severo-
zdpadu.

In the period of its youngest existence, this mud pool was continuously fil-
led with both anthropogenic fills and natural wash during storms. This is how
it could have been up to the early Middle Ages (the 11th to 12th century). The
fact that the marshy depression called “jdma ” (a hollow) or “louze” (a pudd-
le) (see the local names in Fig. 5) was filled up with organic waste as skin,
straw and faeces, was probably connected with continuing permanent pro-
cess of settlement and building in Prague New Town (founded 1348). The fil-

VYBRANE POZNATKY Z GEOTECHNICKEHO MONITORINGU ling could have lasted till the end of the 16th century. Only anthropogenic

V tnoru 2006 byla provedena slavnostni prordzka a tim ukonceny debris and heterogeneous fills had been deposited there since that time befo-
razby. Na zévéreCné vyhodnoceni geotechnického monitoringu je v sou- re they reached the current surface level.

Casné dobeé prili§ brzy. Avsak jiz nynf 1ze upozornit na nékteré poznatky, Today, groundwater occurs in the location of the utility tunnels in Vodic-

které jsou uZiteCné a vyuzitelné na dalSich stavbach obdobného typu. kova Street in the form of continuous aquifers, namely on the basis of the

Charles Square terrace at the level of 200-201m a.s.l. (in the area of the New

NOVY PRISTUP VE ZPRACOVANI Town Hall even lower, in the weathered bedrock) and on the basis of the val-

GEOLOGICKE DOKUMENTACE RAZBY ley terrace at the levels 184 — 184m a.s.l. The terrace steps are separated by

. L. . the above-mentioned rock step. The gradient of the step is roughly followed

Na kolektorech Vodickova se postupné vyv:nul vhodny pristup zazna- by the gradient of the water table (the water flow follows the gradient of the
mendni aktudlniho stavu geologickych pomert a dopliujicich stabilizac- bedrock surface, i.e. the north-eastern direction).

nich opatfeni na Cele vyrubu kazdého z pracovist stavby pomoci geo-
technického pasportu, ktery obsahuje cilené provadéné digitalni fotogra- SELECTED PIECES OF KNOWLEDGE

fie nezajisténého Cela i bokl vyrubu. FROM GEOTECHNICAL MONITORING

Do téchto fotografii, umisténych na druhé strané listu geotechnické-
ho pasportu, jsou graficky (pomoci tabletu — ,.grafické pocitacové
mySsi“) interpretovény tlozné poméry geologickych poméru, pritoky
podzemni vody, popiipadé rozhodujici diskontinuity v horninovém
masivu skalniho podloZi. Pro prostredi, ve kterém se mélké distribu¢ni

pitm§ mapk i koo mess sklni podctim a poyens vary | NEW APPROACH TO PROCESSING GEOLOGICAL
(napf. ddoln{ terasou Vltavy). Zaznamenavani geologickych a ¢dstecné DOCUMENTS QF EXCAVATIQN ) N
i technologickych informaci na viech pracovistich (¢elbdch) umoziiuji An appro_a_ch su1tab]§ .for.recordmg the actual state_of geological conditi-
viem zainteresovanym stranim — investorovi, projektantovi, dodavate- ons and additional sta.\b.lllsatlon measures at each.headmg has bgen gradually
lim stavby i povéfenym externim specialistim vytvofit si ucelenou develgp_ed fgr_the utility tunnels Vodickova, using a geoteghmcal passport
predstavu jak o geologickych pomérech, tak i stavu zastizenych tech- co?_tammg digital photographs of the unsupported face and sides of the exca-
P o - Lo NV Y. vation.

3:;%1:11;}/;};53@’ napriklad dopliujicich stabilizacnich opatrenich ve The ground bedding conditions, groundwater inflows or major discontinu-
ities in the rock mass forming the bedrock are interpreted in those photo-
graphs using a tablet — a “graphical computer mouse” (the photographs are
placed on the other side of the geotechnical passport sheet. This approach is
very suitable for the environment which the shallow distribution utility tun-
nels are excavated in. It provides visual identification e.g. of the contrast bet-
ween the bedrock and cover bodies (e.g. the Vltava valley terrace). The
recording of geological and partly also technological information at all work-
places (headings) allows all parties, the client, designer, contractor and aut-
horised external specialists, to develop a comprehensive idea about geologi-
cal conditions and the state of the technological elements encountered, for
instance additional stabilisation measures in relation to the excavation.

This geotechnical passport is stored digitally in the geotechnical monito-
ring database, in the freely accessible pdf format. It is filed and made acces-
sible to all parties in the geotechnical monitoring office using a protected
remote connection of external computers to the monitoring office network.

: T i Hard copies of the documents (with the digital photos printed by perfecting

] 8 s of the geotechnical passport) are immediately submitted to all headings. The

' B ) documentation of engineering geological conditions at the heading proces-
I sl sed in the above way complies both with requirements contained in § 17 of

h e CBU notice No. 55/1996 Coll. and Technical Specifications for Documen-
F = i APR3 tation of Construction of Community Collectors (TKP-D-STIS) from 2003.
The geological conditions verified by the excavation and the assumed geo-

Obr.5 Ht:stor icky Pvlfi" casti Vodiékovyvuz. aul.V Jamé . 3 logical conditions in the vicinity of the tunnel are interpreted continually
; - ; ?5::521 Zz a_h:Z:zlit? ;sfltrlzivgat’:;gf:;nfi_vll,:; ;eli‘lvozvz";‘l’itcke'f 175;sltgll48z“tel{ with the utility tunnel excavation proceeding, in unexaggerated geological
8 — sidovské domy (L;Jrenc 1973) ’ ’ sections of the main branch anq secondgry brapches of .th.e tunnel. In.t.he
Fig. 5 Historic plan o fpart’o \f Vodickova Street and V Jdmé Street final phase, the a§sumed geological condlt.lons in the vicinity of the utility
1 - Town Hall; 2 — tower; 3 — salted herring store; 4 — plot of ground from tqnnel, above all in the overburdeq, are refined using Fhe re.sultshof.geotech—
! g’ ’ nical documentation of technological probe holes drilled in buildings, and

the beginning of the 15th century; 5 — Jewish garden; 6 — new route of ;
Viadislavova Street; 7 — puddie; 8 — Jewish houses (Lorenc, 1973) by means of documentation of other underground structures, for example

The excavation was finished by a breakthrough ceremony held in Februa-
ry 2006. It is too early today for final assessment of the geotechnical moni-
toring. It is, however, possible even now to draw attention to some pieces of
knowledge which are useful and applicable at other projects of a similar type.
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Obr. 6 Kanceldr geotechnického monitoringu na Karlové ndmésti
Fig. 6 Geotechnical monitoring office in Charles Square

Tento geotechnicky pasport je digitdlné ukldddn do databdze geotech-
nického monitoringu ve volné pristupném formétu PDF. Zde v kanceldri
geotechnického monitoringu na Karlové ndmeésti (obr. 6) je archivovén
a zpristupnén vSem zainteresovanym strandm pomoci zabezpeceného
vzddleného pripojeni externich politacu k siti kanceldfe monitoringu. Ve
formé tistené (kde jsou digitdlni fotografie otistény za pomoci oboustran-
ného tisku na druhou stranu geotechnického pasportu) je tato dokumen-
tace ihned preddvéna na vSechna provozovand pracovisté stavby. Toto
zpracovani dokumentace inZzenyrskogeologickych poméru na Cele vyru-
bu spliiuje jak poZadavky na néj kladené v § 17 vyhl. CBU &. 55 / 1996
Sb., tak i v technickych kvalitativnich podminkdch pro dokumentaci sta-
veb sdruZenych tras inZenyrskych siti (TKP-D-STIS) z roku 2003. Pru-
béZné s vystavbou kolektora jsou raZbou ovéfené a predpokladané
geologické poméry v okoli kolektoru interpretovany do nepievysenych
geologickych feza hlavni i odbo¢nych vétvi kolektoru. V koneéné fazi
jsou predpoklddané geologické poméry v okoli kolektoru, predevsim
v jeho nadloZi, zprestiovdny pomoci vysledku geologické dokumentace
technologickych pruvrta do objektt zéstavby a pomoci dokumentace dal-
Sich drobnych podzemnich dél. Napriklad hloubenych kabelovych
komor ¢&i Sachtic a §tol pro opravu kanaliza¢nich sbéraca.

PRINOSNA SPOLUPRACE GEOLOGU S ARCHEOLOGY

£ ¥z

V historické casti centra Prahy je pro interpretaci a poznani geologic-
kych poméru (a to predevsim v aktivni z6né nadloZi kolektoru 3. katego-
rie) velmi piinosn4 spoluprdce inZenyrského geologa s archeology, kterym
z litery zdkona mus{ byt umoZnén zdchranny archeologicky pruzkum kul-
turnich vrstev zpfistupnénych jednotlivymi podzemnimi dily. U kolektort
Vodickova se jednalo predev§im o udsek razby, kterd probihala ve fluvidl-
nich sedimentech tidolni maninské terasy, avsak s nadloZim tvorenym pre-
vazné organickymi sedimenty rann¢ stfedovekého mokfadu, vyplnéného
posléze antropogennim materidlem. Tato vrstva sloZend z prevazné orga-
nickych hlinitych a pis¢itych zemin s riznymi organickymi zbytky dfev,
kuzi, sldmy (dokonce i koster zvifat — obr. 7) dosahovala co do obsahu
organickych latek v zeming a7 16,3 %. Piicemz podle CSN 73 1001
Zékladové puda pod plosnymi zdklady* se u pis¢itych zemin za organic-
ké zeminy povazuje zemina s obsahem organickych latek vySsim nez 3 %
a u jemnozrnnych s obsahem vySs$im nez 5 %. Velké mnoZstvi organické
piimési znemoznuje vyuZiti organickych zemin jako zékladové pudy.
Z tohoto duvodu lze povazovat z dnesniho soucasného pohledu zdklado-
vou pudu pod &sti budov v oblasti tohoto byvalého moktadu za nevhod-
nou pro plo$né zaklddani. Normové geotechnické charakteristiky téchto
organickych zemin se pak obvykle stanovuji pro jednotlivé konkrétni pii-
pady podle vysledkt zkousek a podle mistnich zkuSenosti.

Predpoklddany plosny rozsah téchto sedimentu je patrny na obr. 1
a obr. 5. To, Ze tato vrstva je pro interpretaci geotechnického monitorin-
gu nezanedbatelnd, hovoii i jeji mocnost. Napt. pred tstim ulice Skolskd
do ulice Vodickova ¢inila 3,5 m (vrstva byla dokumentovéna od 3 do
6,5 m pod terénem). Nékterd star$i historickd zdstavba byla na téchto
nepriznivych zdkladovych pomérech pravdépodobné alespon CdsteCné
zaloZena. Piikladem muZe byt budova byvalé Vyssi divei Skoly na rohu
ulic Skolskd a Vodigkova.

Obr. 7 Organické sedimenty mokiadu v okoli visti ul. Skolské do ulice Vodickovy.
Nalevo Sachta S 26 u ,»Divéi $koly*, vpravo dole lebka koné, nalezend v této
Sachté, vpravo nahore S$tola pro opravu kanalizacniho sbéracée nad iirovni
kolektoru

Fig. 7 Organic sediments of the wetland in the vicinity of the junction of Skol-
skd Street and Vodickova Street. Left side — S 26 shaft at the girls’ school;
right bottom corner — horse skull found in this shaft; right top corner
— gallery for repair of a trunk sewer above the utility tunnel level

cut-and-cover cable chambers or shafts and galleries used for repairs of
trunk sewers.

FRUITFUL COLLABORATION OF GEOLOGISTS
WITH ARCHAEOLOGISTS

In the historic part of the centre of Prague it is fruitful for engineering geo-
logists in terms of interpretation and recognition of geological conditions (pri-
marily in the active zone of the overburden of 3rd category utility tunnels) to
collaborate with archaeologists, who have the legal right to carry out saving
archaeological survey of cultural strata made accessible by particular underg-
round works. Regarding the utility tunnels under Vodickova Street, this was
above all the case of the excavation section passing through fluvial sediments
of the Maniny valley terrace where the cover consisted mostly of organic sedi-
ments of an early medieval wetland filled later with anthropogenic material.
The organic content of the soil in this layer, which consisted mostly of orga-
nic loamy and sandy soils with various organic remains of wood, skins, straw,
even animal skeletons (see Fig. 7), reached a value of up to 16.3%, whilst,
according to CSN 73 1001 “Foundation of structures, Subsoil under shallow
foundations”, soil containing over 3% and 5% of organic matter is considered
organic in the case of sandy soils and fine-grained soils respectively. Large
proportion of organic addition makes the use of organic soils as foundation
ground impossible. For that reason, viewed from the modern perspective, the
foundation ground under a part of the buildings in the area of the former wet-
land can be considered unsuitable for shallow foundations. Characteristic geo-
technical properties of those organic soils are usually determined for indivi-
dual specific cases according to testing results and local experience.

The anticipated extent of the area covered by those sediments can be seen
in Fig. 1 and Fig. 2. The fact that this layer is nonnegligible for interpretati-
on of the geotechnical monitoring is even clearer if we consider its thickness.
For instance in Skolské Street, before the junction with Voditkova Street, it
amounted to 3.5m (the layer was documented at a depth from 3m do
6.5m under the surface). Some older historic buildings are likely to have been
founded, at least partly, in these unfavourable foundation conditions. As an
example we can mention the building of the former girls’ school on the
corner of Skolské and Voditkova Streets.

Based on the results of the geotechnical monitoring, we know today that
relatively higher values of deformations were measured for instance at the
end of V Jamé Street joining Vodickova Street, where this layer of organic
sediments is undoubtedly found in the overburden of the secondary branch of
the utility tunnel. The diversity of deformations measured on buildings adja-
cent to the utility tunnel also appeared, due to the presence of organic sedi-
ments. Although, owing to technical measures implemented prior to the
construction of the tunnel, first of all underpinning of the foundation by jet
grouting or jet grouted columns forming curtains set forward of the buildings,
the values of settlement of adjacent buildings were in the order of millimetres.
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Z vysledku geotechnického monitoringu dnes vime, Ze relativné vy3§i
deformace terénu nad kolektorem byly naméfeny napriklad v usti ulice
V Jdmé do ulice Vodickovy, kde je nesporné tato vrstva organickych
sedimenti v nadloZi kolektorové odbo¢né vétve. Diverzita deformaci
meéfenych na zédstavbé prilehlé ke kolektoru se téZ projevila vlivem pii-
tomnosti organickych sedimenti. AvSak diky technickym opatfenim rea-
lizovanym pied vystavbou kolektoru, predevsim podchycenim zdkladu
pomoci tryskové injektdZe ¢i predsunutych clon ze sloupu tryskové injek-
taZe, byly poklesy prilehlé zastavby pouze v fadu jednotkdch mm.

VYUZITELNOST HYDROGEOLOGICKYCH VRTU

PRO DOPLNENI INZENYRSKOGEOLOGICKEHO PRUZKUMU

V rdmci predstihovych praci pro zajisténi zastavby bylo provedeno jed-
nak podchyceni zdkladu tryskovou injektdzi, popfipadé mikropilotami.
Tam, kde z néjakych divodi nebylo mozné toto podchycovani realizovat,
byly provedené pred zdstavbou predsunuté clony ze sloupu z tryskové
injektédZze, v pripadé Novoméstské radnice clona z vrtanych pilot (obr. 8).
Do vybranych sloupl tryskové injektdZe pred dileZitymi objekty
(u Novoméstské radnice do vrtané piloty) byly realizovdny inklinome-
trické vrty. Thned v ndvaznosti, jeSté v rdmci zajiSthjicich praci, byla
postupné vytvorena sit’ hydrogeologickych vrt. Pri jejich realizaci se
osvedCilo provést tyto vrty pomoci jadrového vrtani, nebot’ z vysledku
jejich geologickych popisu a s piihlédnutim k zaznamenané geologii
z vrtnych praci pfi realizaci zajisténi zdstavby, doslo k vyraznému zpres-
néni obrazu o geologickych pomérech oproti geologickému pruzkumu.
Zv1aste se oziejmil velmi pozvolny prechod skalniho stupné mezi jedno-
tlivymi terasami v hlavni trase kolektoru a geologické poméry v dolni
Casti odbocné vétve v ul. V Jamé. Tyto nové poznatky bylo mozné
zohlednit je3té v realizani projektové dokumentaci jednotlivych tseku
razby. Hydrogeologické vrty téZ zpresnily predstavu o hydrogeologic-
kych pomérech v trase kolektoru. Nepotvrdily se napiiklad obavy z toho,
7e v oblasti Véclavského ndmésti 1ze oCekévat zvysené pritoky do vyru-
bu kolektoru z terasovych sedimentt tidolni maninské terasy. Tato oblast
je jiz zna¢né vzdélend od feky Vltavy, proto zde neni patrny jeji vliv.
Navic od realizace metra trasy A zde doSlo pravdépodobné k drendZi této
zvodné. Druhou obavou byl predpoklad vyraznych pritoku na Karlové
namésti v oblasti tsti Zitné ulice do Karlova ndmésti. Tyto pfitoky z vys-
Sich poloh nad Karlovym ndméstim (oblasti ulice Na Rybnicku) v sou-
Casné dobé nejsou pravdépodobné vlivem realizaci ruznych technickych
zésaht do horninového masivu nad Karlovym ndméstim tak vydatné
a projevily se pfi razbé jen ojedinélym soustfedénym pritokem o malé
vydatnosti. Z hlediska chemismu podzemni vody odpovidaly v celé trase
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Obr. 8 Schematicky geologicky Fez u Novoméstské radnice na Karlové ndmesti
Fig. 8 Schematic geological section at New Town Hall in Charles Square
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UTILIZABILITY OF HYDROGEOLOGICAL BOREHOLES FOR
ADDITION TO ENGINEERING GEOLOGICAL INVESTIGATION

Existing buildings were secured in the framework of advance works
consisting of underpinning of foundations by jet grouting or micropiles.
Wherever, for any reason, the underpinning could not be performed, forward
set curtains made up by jet grouted columns or bored piles (at the New Town
Hall) (see Fig. 8) were carried out.

Inclinometer boreholes were executed in selected jet grouted columns in
front of important buildings (in a bored pile in the case of the New Town
Hall). A network of hydrogeological boreholes was installed subsequently,
still as part of the securing operations. A reasonable decision was made to use
core drilling technology because the drill logs, combined with information on
geology obtained by drilling for the building securing operations, made sig-
nificant refinement of knowledge of the geological conditions which had
been provided by original geological investigation possible. In particular, the
very gradual transition of the rock step between the individual terraces found
on the main route of the utility tunnel and geological conditions at the bottom
part of the branch in V Jdmé Street were clarified. It was still possible to ref-
lect the new pieces of knowledge in the design of means and methods of indi-
vidual sections of excavation. The hydrological boreholes also improved
knowledge of hydrogeological conditions along the utility tunnel route. The
fear, for instance, that increased inflows into the excavation from terrace sedi-
ments of the Maniny valley terrace which could have been expected in the
area of Wenceslas Square did not materialise. This area is already at a suffi-
cient distance from the Vltava River therefore its influence is no more per-
ceptible there. In addition, this aquifer had been gradually drained since the
completion of the Line A of metro. Another fear was an assumption of signi-
ficant inflows in Charles Square, in the area of Zitnd Street ending at Char-
les Square. Intensity of these inflows from higher elevations above Charles
Square (the area of Na Rybnicku Street) is not currently so high, probably due
to various construction activities affecting the rock mass above Charles Squa-
re in the past. The inflows appeared during the course of the tunnel excavati-
on rather rarely, as low-yield concentrated flows. Groundwater chemistry
gave some evidence that the water encountered along the entire route of the
utility tunnel comes from the Quaternary aquifers existing on both terraces.
It was proven by a slight degree of XAl corrosivity determined by chemical
analyses.

MONITORING OF INFLUENCE OF CROSSING OF UTILITY
TUNNEL BRANCHES ON DEFORMATIONS IN THE
NEIGHBOURHOOD

The direction of excavation of branches of 3rd category utility tunnels in
Prague is usually designed to follow the streets. Technical chambers are
mostly built in the points where the branches join. The locations where the
branches join are more difficult in terms of tunnelling, therefore they require
more attention to be paid by geotechnical monitoring. Because superposition
of deformation effects on the tunnel surroundings occurs during the excava-
tion of junctions of branches, induced both by the main branch and the diver-
ting branch, this phenomenon has to be monitored. It can be registered by
monitoring stations with levelling points pointedly situated on the surface
(thus the gradual development of the settlement trough can be monitored) and
by inclinometer measurement carried out in a borehole situated in the locati-
on of the utility tunnel branches crossing (or directly opposite the point where
the secondary brancg meets the main). The result of precision inclinometer
measurement carried out in a specially cased borehole situated to the offset
curtain (to a jet grouted column) found between existing buildings and the
junction of the main branch of the utility tunnel in Vodickova Street and the
secondary branch in Lazarskd Street can be used as an example. This jet
grouted column curtain had been constructed before the excavation of the uti-
lity tunnel, as part of the existing buildings securing operations. Interpretati-
on of results of the inclinometer measurement at the junction of tunnel bran-
ches must be based not only on geological conditions of in this location, but
also on the timing sequence of excavation along individual branches. The
influence of geological environment on horizontal deformations of the jet
grouted curtain during the course of the main branch under Vodickova Stre-
et (therefore “in the region” of the inclinometer borehole) is obvious from
Fig. 9. As early as the second measurement, it is possible to register the dif-
ference between deformations of the jet grouted column keyed into the Dob-
rotivy Shale bedrock and its deformations in the Quaternary cover (terrace
sediments and made-ground). All further measurements registered the influ-
ence of the excavation of the branch in Lazarskd Street in superposition with
the influence of the main branch excavation.
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kolektoru podzemni vody prevdzné kvartérnim zvodnim v obou teraséch,
coz prokazal z chemickych analyz i slaby stupen jeji agresivity XAl.
MONITORING VLIVU KRIZENI KOLEKTOROVYCH VETVI

NA DEFORMACE OKOLI

Kolektory 3. kategorie v Praze jsou raZzeny obvykle tak, aby jejich
vétve smerové kopirovaly situace jednotlivych ulic. V mistech, kde se
jednotlivé vétve na sebe napojuji, se vetsinou realizuji technické komory.
Tato mista kifZeni jednotlivych vétvi jsou z hlediska tunelovani ndroc-
néjsi a vyzaduji pozornost geotechnického monitoringu. JelikoZ pri razbé
kiiZeni jednotlivych vétvi dochdzi k superpozici deforma¢niho ovlivnéni
okoli kolektoru jednak od vétve hlavni, tak i od vétve odboc¢né, je nutné
tento jev monitorovat. Lze jej zaznamenat cilené situovanymi méricimi
nivela¢nimi profily na terénu (kde miZeme monitorovat postupny vyvoj
poklesové kotliny) a také méfenim inklinometrickym, umisténym ve vrtu
v mist¢ kifZeni kolektorovych vétvi (respektive naproti napojeni vétve
vedlejsi na vétev hlavni). Piikladem muZe byt vysledek méfeni presné
inklinometrie provadéné ve specidlné vystrojeném vrtu, ktery byl situo-
vén do predsunuté clony (do sloupu tryskové injektdZe) umisténé mezi
zédstavbu a kifZen{ hlavni vétve kolektoru v ul. Vodi¢kova s vétvi odboc-
nou v ul. Lazarskd. Tato clona ze sloupu tryskové injektdZe byla realizo-
vand pred raZbami kolektoru v rdmci zajiStovacich praci okolni zdstavby.
Interpretace vysledka inklinometrického méfeni musi v misté kifzen{
kolektorovych vétvi vychézet nejen z geologickych poméra tohoto mista,
ale i z Casového postupu razeb v jednotlivych vétvich. Vliv geologické-
ho prostredi na horizontdlni deformace clony z tryskové injektdZe je pri
razbé hlavni vétve ulici Vodic¢kova (tedy ,,okolo* inklinometrického vrtu)
patrny z obr. 9. JiZ od druhého méfent se projevuje rozdil v deformacich
sloupu tryskové injektdze vetknutého do skalniho podlozi z dobrotiv-
skych bridlic a jeho deformaci v kvartérnich pokryvnych ttvarech (tera-
sovych sedimentech a navazkach). Dalsi méfen{ jiz zaznamendvaji vliv
razby do odbo¢né vétve v Lazarské ulici v superpozici s vlivem razby ve
vetvi hlavni.

ZAVER

Geotechnicky monitoring kolektoru 3. kategorie v ul. Vodi¢kova hraje
dulezitou roli ve vystavbe téchto kolektoru a jiz v dobé soucasné, kdy
byly dokon&eny vSechny razby, Ize pfipomenout nékteré jeho poznatky.
Je to napriklad uZiteCnost interdisciplindrniho pfistupu pri interpretaci
vysledku geotechnického monitoringu. Vzdjemna spoluprdce geotechni-

Prahy mnoho cennych podnéta pfi interpretaci vysledku jeho jednotli-
vych méfeni. Dal3i planovany rozvoj kolektort rozhodné muZe Cerpat ze

o551
Hlavni vétev P hgo 7
kolektoru R
The main branch §§ ok L
of the utility §§’§ §JE
S
tunnel 3832H

Obr. 9 Vysledky presné inklinometrie ve sloupu tryskové injektdze, ktery je
souddsti predsunuté clony u kriZeni hlavni vétve ul. Vodickova s odboénou
vétvi v Lazarské ul. (SG-Geotechnika)

Fig. 9 Results of precision inclinometer measurement in a jet grouted column,
which is part of an ahead offset curtain at the junction of the main branch in
Vodickova Street and secondary branch in Lazarskd Street (SG-Geotechnika)

CONCLUSION

Geotechnical monitoring of the 3rd category utility tunnels in Vodickova
Street plays an important role in the construction of the utility tunnels. Some
of the pieces of knowledge gained during the monitoring can be discussed alre-
ady now, when all excavation operations are over. This is, for instance, utility
of the interdisciplinary approach to interpretation of results of geotechnical
monitoring. In historic parts of Prague, joint cooperation between geotechnici-
ans, engineering geologists and archaeologists yields many valuable ideas in
the course of interpretation of results of individual measurements. Certainly,
the further planned development of utility tunnels can use experience obtained

not only from the construction of these particular utility tunnels, but also from
the twenty-year history of utility tunnel construction in Prague. 5
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zkuSenosti nabytych jak z realizace t€chto kolektort v ul. Vodickova, tak
samoziejmé i z celé dvacetileté historie vystavby kolektorti v Praze.

RNDr. RADOVAN CHMELAR, Ph.D.,

) e-mail: radovan.chmelar @ pudis.cz

Mgr. LIBOR SILA, e-mail: libor.sila @ pudis.cz, PUDIS, a. s.

LITERATURA /7 REFERENCES

Cilek, V. (2001): Antropogenni zmény reliéfu Prahy, in Kovanda, J. a kol.: NeZiv4 piiroda Prahy a jejiho okoli. Academia spolu s Ceskym
geologickym udstavem, Praha

Dvorak, F. (1994): Limitujici faktory pro ndvrh a realizaci kolektoru 3. kategorie v centru Prahy. Sbornik konference Podzemn{ stavby Praha
1994, Praha, s. 79 — 82

Dvorak, F. (2000): Kolektory v centru Prahy — vliv vyskové polohy nivelety na névrh a realizaci stavby. Sbornik konference Podzemni
stavby Praha 2000, Praha, s. 206 — 211

Dvorik, F. (1997): Tryskové injektdze pro zajisténi zdstavby a razby kolektora v centru Prahy. Sbornik konference Podzemni stavby Praha
1997, Praha, s. 15 — 18

Dvorak, F. (2003): Podzemni stavby v centru Prahy a principy podzemniho urbanismu. Sbornik konference Podzemni stavby Praha 2003,
Praha, s. 22 — 26

Fabian, O. (1997): Kolektorova sit’ Vodickova—Jungmannova. Sbornik konference Podzemni stavby Praha 1997, Praha, s. 19 — 21
Chmelar, R. — Sila, L. (2004-2006): Kolektor Centrum 1.A, etapa 0004 Vodickova. InZenyrskogeologicky dozor pri razbé — etapové
mési¢ni zprdvy. PUDIS, a. s., Praha

Lorenc, V. (1973): Nové Mésto prazské. SNTL, Praha, 204 s.

Sochurek, J. (1994): Vyvoj a tendence feSeni razenych kolektort a technologie provddéni. Sbornik konference Podzemn{ stavby Praha 1994,
Praha, s. 121-125

Svoboda, J. — Poloprudsky, P. — Fabian, O. (2000): Kolektor Centrum I.A — trasa Vodickova ul.

Sbornik konference Podzemni stavby Praha 2000, Praha, s. 219-224

Svoboda, J. (2003): Pfipravovana vystavba kolektoru III. kategorie v centrdlni oblasti hlavniho mésta Prahy. Tunel, ro¢. 12, ¢. 4, s. 45-47
Vintera, J. (1997): Kolektorizace centra Prahy. Sbornik konference Podzemn{ stavby Praha 1997, Praha, s. 67-69

Verner, L. — Ko¢ik, M. (1975): Kabelové a vodovodni kolektory na Viclavském ndmésti. Zpravodaj Metro, r. 6., €.1, s. 3-6

Zavrel, J. (2003): Praha 1 — Nové Mésto Vodickova ul. &.p. 1277/11 — Geologické poméry archeologické lokality, Praha, 15 s.



15. rocnik - €. 2/2006

DEFINITIVNE BETONOVE KONSTRUKCIE DIALNICNEHO
TUNELA SITINA

FINAL CONCRETE STRUCTURES OF THE SITINA MOTORWAY
TUNNEL

VIKTORIA CHOMOVA, MILOSLAV FRANKOVSKY, VLADIMIR HLASEK

uvob

V sucasnosti najsledovanejSou podzemnou dopravnou stavbou na Slo-
vensku je vystavba tunela Sitina v intravilane hlavného mesta Slovenske;j
republiky, Bratislavy. Tunel je stucastou tseku dialnice D2 Lamacska
cesta — Staré grunty, ktory po uvedeni do prevadzky vyrazne prospeje
nielen obyvatelom okolia Mlynskej doliny a Patrénky, ale najmé vodi-
¢om a cestujlcim prichddzajicim do Bratislavy denne v smere od Brna.
Usekom Lama&skd cesta — Staré grunty sa skompletizuje prepojenie dia-
Inic D1 (Bratislava — KoSice) a D2 (Bratislava — hranica SR/CR) na
tizemi hlavného mesta, vytvdrajtice obchvat jeho centra.

Vystavba tunela Sitina prebieha od leta roku 2003, priCom obe tune-
lové riry boli prerazené v jarnych mesiacoch roku 2005. Stbezne
s razenim boli budované aj definitivne nosné konstrukcie a v druhej
polovici roku 2005 aj vozovka s cementobeténovym krytom. Uvede-
nie tunela do skiSobnej prevadzky sa ocakava zaciatkom roku 2007.

Hlavnf dcastnici vystavby sd nasledovni:

Investor: Narodna dialni¢nd spolo¢nost, a. s., Bratislava
Projektant: Dopravoprojekt, a. s., Bratislava
Zhotovitel’: Joint Venture Taisei — Skanska

Podzhotovitelia: Skanska — BS, a. s., Prievidza, razenie tunelovych
objektov
Tubau, a. s., Zilina, definitivne ostenie
Skanska — DS, a. s., zdvod Uherské Hradisté,
cementobeténova vozovka
Terraprojekt, a. s., Bratislava, realizand projektovd
dokumentdcia tunelovych objektov
SHB, a. s., Brno, realiza¢nd projektova dokumentécia
vozovky v tuneli

TECHNICKE RIESENIE TUNELA
Zakladné technické parametre

Zakladné technické parametre tunela sd nasledovné:

Dopravny priestor: 75x48m

Plocha vyrubu: 79 — 98 m? (Standardny profil)

Dlzka tunela: 1415 m (zépadnd tunelova rira)

1440 m (vychodnd tunelovd rdra)

Vetranie: pozdlzne )

Obe tunelové riry st rozdelené na tseky budované razenim a hlbe-
né useky budované v otvorenej stavebnej jame pri oboch portdloch,
ktoré budu nésledne zasypané.

Razenie tunelovych rur

Tunel Sitina bol razeny v granitoidnom masive pahorku Sitina
nachddzajiceho sa na kontakte Malych Karpat a Lamacského prielo-
mu. NajpodstatnejSou charakteristikou masivu bola jeho nerovnoro-
dost, podmienena pritomnostou tektonickych portich rézneho charak-
teru. V blizkosti tektonickych portdch boli horniny silne alterované,
miestami intenzivne mylonitizované. Horninovy masiv sa pocas raze-
nia javil ako pomerne suchy, podzemnd voda v iom bola najmi zrdz-
kového povodu, viazand na polohy zvetranych z6n hornin.

Stavebné prace sa zacali v lete roku 2003 vybudovanim tunelovych
portdlov na juhu v Mlynskej doline ako aj na severe v aredli Sloven-
skej akadémie vied. Obe tunelové riry sa zacali razit'od juzného por-
tdlu v Mlynskej doline na konci roku 2003, v nasledujicom roku sa
zacalo razit’ aj na dvoch pracoviskach od severného portdlu. V marci
2005 bola prerazend ako prvad zdpadnd tunelovd rdra a v mdji 2005
vychodnd tunelova rura.

INTRODUCTION

Currently the most watched underground transit construction in
Slovakia is the construction of the Sitina tunnel in the built-up area of
the capital of the Slovak Republic, Bratislava. The tunnel is part of the
D2 motorway section between Lamacskd Cesta and Staré Grunty,
which will after completion significantly benefit not only those living
in the neighbourhood of Mlynskd Dolina and Patrénka, but also dri-
vers and passengers arriving daily from Brno direction. The comple-
tion of the section Lamac¢skd Cesta — Staré Grunty, will mean com-
pletion of the interconnection of the motorways D1 (Bratislava —
Kosice) and D2 (Bratislava — the SR/CR state border) in the area of
the capital, which will allow bypassing of the city centre.

The construction of the Sitina tunnel has been continuing since the
summer 2003; both tunnel tubes broke through in the spring 2005.
Final load-bearing structures were erected simultaneously with the
excavation; the roadway with concrete pavement was built in the
second half of 2005. Commissioning of the tunnel is expected at the
beginning of 2007.

Main parties to the construction:

Client: Narodnd dialni¢nd spolo¢nost’ a.s., Bratislava
Designer: Dopravoprojekt a.s., Bratislava
Contractor: Joint Venture Taisei — Skanska

Subcontractors: Skanska — BS a.s. Prievidza for tunnel excavation
Tubau a.s. Zilina for final lining
Skanska — DS a.s., Uherské Hradisté plant for
concrete pavement
Terraprojekt a.s., Bratislava for design of means
and methods for tunnel structures
SHB a.s. Brno for detailed design of concrete
pavement in the tunnel

TECHNICAL SOLUTION OF THE TUNNEL
Basic technical parameters

Basic technical parameters of the tunnel are as follows:

Traffic space 7.5 x 4.8m

Excavated cross-section area 79 — 98m? (standard profile)

Tunnel length 1415m (the western tunnel tube)

1440m (the eastern tunnel tube)

Ventilation longitudinal

Both tunnel tubes are divided into sections built by mining methods
and cut-and-cover sections built in construction trenches provided at
each portal.

Tunnel excavation

The Sitina tunnel excavation passed through a granitoid massif of
Sitina hill, which is found at the end of the Low Carpathians, at the
contact with the Lamacsky Pass. The most significant property of
the massif was its inhomogeneity conditioned by the presence of
tectonic faults of various characters. In the vicinity of the tectonic
faults the rock was heavily altered, locally intensely mylonitised.
The rock mass appeared relatively dry during the excavation;
ground water was mostly of rainfall origin, bound to interlayers of
weathered rock.

Construction work started in the summer 2003 by erection of tun-
nel portals in the south, in Mlynskd Dolina, and in the north, in the
grounds of the Slovak Academy of Sciences. The excavation of both
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Razenie prebiehalo v silade s principmi Novej rakiiskej tunelovacej tubes started from the southern portal in Mlynskd Dolina at the end of
metddy. Vzhladom na skutocny stav masivu boli trhacie prace pouzité 2003; two headings were opened next year at the northern portal. The
v menSom rozsahu, neZ sa predpokladalo v zaddvacej dokumentacii stav- western tube broke through first, in March 2005, the other tube follo-
by. Primdrne ostenie zo striekaného beténu bolo realizované v hriibkach wed in May 2005.
od 150 do 250 m s vystuZenim jednou alebo dvomi vrstvami ocelovych The excavation was carried out according to the principles of the
sieti a prichradovymi ocelovymi skruZami Arcus. Dal$im prvkom bolo New Austrian Tunnelling Method. Because of the actual condition of
systematické radidlne kotvenie vyrubu SN kotvami dizky 4 a 6 m. Vzhla- the rock mass, the drill-and-blast technique was utilised in a smaller

dom na opakované problémy s vypaddvanim horninového materidlu zo
stropu a Cela vyrubu bolo prijaté rieSenie spocivajice v systematickom
zosilneni predzaistenia stropu prostrednictvom 8 m dlhych samozavrtd-
vacich kotiev.

Stcastou prac vykondvanych zhotovitelom bol aj geotechnicky moni-
toring, zahfnajici merania najma konvergencii vyrubu, extenzometrické
merania a merania napdti. Namerané hodnoty deformdcii vyrubu dosa-
hovali obvykle 15 — 25 mm (maximdlna namerand hodnota 70 mm), pri-
¢om ustdlenie deformécie nastalo spravidla do siedmich dni.

scope than expected in the tender documents. The 150 to 250cm thick
primary lining from shotcrete was reinforced with one or two layers
of steel mesh and lattice girders Arcus. Another element was syste-
matic radial anchoring of the excavation using SN anchors 4 to
6m long. Because of recurring problems with the rock material falling
down from the roof and face of the excavation, the solution was ado-
pted to systematically reinforce the roof support ahead of the face by
means of 8m long self-drilling anchors.

Part of the work performed by the contractor was geotechnical

DEFIN'T"VNE OSTENIE TUNELOVYCH RUR monitoring comprising of measurement, above all convergences of

. . . . the excavation, extensometer measurements, extensometer measure-
Koncepcia navrhu definitivneho ostenia ments and measurements of stresses. The measured values of defor-

Definitivne ostenie je navrhnuté ako monolitickd beténovd konstrukcia mations of the excavation amounted usually to 15 — 25mm (maximum
z beténu triedy B30, splfiajiceho podla preukaznej skiiSky najprisnejSie measured value reached 70mm), whilst the deformations settled usu-
podmienky STN EN 2061 na mrazuvzdornost'a odolnost’ vo¢i chemic- ally in seven days.
kym a posypovym latkam. Betondrska vystuz pouzitd do sekundarneho
ostenia e triedy R 10 505, FINAL LINING OF TUNNEL TUBES

Koncepcia ndvrhu konStrukcie definitivneho ostenia vychddzala zo X o i
$vajCiarskeho pristupu k definitivnym konStrukcidm, tj. Cast’ zataZenia The final lining design concept

dlhodobo prendSa primdrne ostenie, preto bolo moZné v prevaznej miere The final lining is designed as a monolithic concrete structure from
uvazovat so s,eku.ndarnym ostenim z prostého beténu. ) concrete class B30 complying, according to a preconstruction test,
Geologicky prieskum, na zdklade ktorého bola spracovand dokumen- with the most stringent conditions of STN EN 206-1 on frost

ticia pre.stav.eb,né povo.len%e a zaddvacia dokumenticia stavby, Efedpo' resistance and resistance against chemicals and spreadings.
klaﬁial priaznive geOIOSICke podmllenky v trase a kgmphkovanqsw tek.- Concrete reinforcement steel used for the secondary lining is the
tonické zlomy s mylonitozovanymi zénami iba v priportdlovych oblasti- R 10 505 class.

ach. Na zdklade tejto skutocnosti bolo v zaddvacej dokumentécii uvazo-
vané iba s niekolkymi vystuZenymi blokmi sekundarneho ostenia v pri-
portalovych oblastiach.

Rozpor medzi prognézami z geologického prieskumu a skuto¢nymi
geologickymi podmienkami v trase sa prejavil takmer hned po zacati
razenia z Mlynskej doliny — juzného portdlu. Nizke nadloZie, tektonické
zlomy, premenlivé horninové prostredie a rozpukand hornina s nepriaz-
nivym uklonom vrstiev smerom do Celby nevytvdrali predpoklady na

The concept of the design of the final lining structure is based on
the Swiss approach to final structures, i.e. part of the load is carried
by the primary lining in long run therefore secondary lining from
unreinforced concrete could be designed for prevailing part of
the tunnel.

Geological investigation used for the final design and tender
package development purposes anticipated favourable geological

vytvorenie horninovej klenby, s ktorou sa uvazovalo v zaddvacej doku- conditions along the route; more complicated tectonic faults with
mentdcii. Na zdklade skuto¢ne zistenych charakteristik horninového mylonitised zones only in the portal areas. Based on this fact, the ten-
masivu a vysledkov geotechnickych merani (najmid konvergencné der documents contained only several reinforced concrete blocks of

secondary lining in the portal areas.

A difference between the prognoses by geological investigation
and actual geological conditions along the route appeared nearly
immediately after the beginning of the excavation from the sout-
hern portal in Mlynskd Dolina. The shallow overburden, tectonic
faults, variable rock environment and fractured rock mass with
unfavourable dipping of layers to the heading did not create condi-
tions for formation of natural rock arch as assumed by the tender
documents. A new structural analysis of the final lining was carried
out based on the actually determined properties of the rock mass
and results of geotechnical measurements (mainly convergence and
extensometer measurements). An assumption of 80% : 20% distri-
bution of the load between the primary and secondary lining was
applied to the analysis. The actual number of fully reinforced
blocks amounted to about 23% of the length of the mined tunnel. It
significantly exceeded the assumptions contained in the tender
documents.

Foundation structures

Foundation structures of the mined tunnel tubes consist of strip
foundation or the invert and strip foundation in sections in less favou-
rable geological conditions. The sections of the tunnel tubes with the
invert represent 300m from the total length of 2348m of mined tunnel
tubes, i.e. approximately 13%. The invert was designed and construc-

=

@ — cementobetonovy kryt dvojvrstvovy, ® — obalbvané kamenivo hrubozrnné,
® — cementova stabilizdcia, ® - drendzna a protimrazovd vrstva 0 — 45 mm

© - Concrete pavement, double-layer, ® — Coated aggregate, coarsely grained, ted from unreinforced concrete with a vertical construction joint app-
® — Cement stabilised soil, ® — Drainage plus frost blanket course 0 — 45 mm roximately in the middle of the profile. The 400mm thick strip foun-
dation was designed in two alternatives: fully reinforced in unfavou-

Obr. 1 Vzorovy prieény rez razeného tunela s konstrukciou vozovky rable conditions and with only local reinforcement of the articulated

Fig. 1 Typical cross section through the mined tunnel with the roadway structure joint between the foundation and the upper vault.




Obr. 2 Betond? definitivneho ostenia razeného tunela
Fig. 2 Casting of final lining in the mined tunnel

a extenzometrické merania) bol spracovany spresnujdci staticky vypocet
definitivneho ostenia. Pri vypocte bol pouzity predpoklad rozdelenia
zatazenia 80 % : 20 % medzi primdrne a sekunddrne ostenie. Skuto¢ny
pocet plne vystuZenych blokov dosiahol cca 23 % dlzky razeného tune-
la, ¢im vyrazne prevysil predpoklady zaddvacej dokumentécie.

Zakladové konstrukcie

Zakladové konstrukcie razenych tunelovych rur su tvorené zdkladovy-
mi pasmi, resp. spodnou klenbou a zdkladovymi pdsmi v udsekoch
s menej priaznivymi geologickymi podmienkami. Usgky tunelovych rir
so spodnou klenbou predstavuji 300 m z celkovej dlzky 2348 m raze-
nych tunelovych rir, ¢iZe priblizne 13 %. Spodna klenba bola navrhnuta
a realizovand z prostého beténu s vertikdlnou pracovnou Skdrou pribliz-
ne v strede profilu. Zdkladové pdsy hribky 400 mm boli navrhnuté
v dvoch alternativach, v nepriaznivejSich geologickych podmienkach si
plne vystuZené, v podmienkach priaznivejsich bola navrhnutd len lokdl-
na vystuz klbového spojenia pasu a hornej klenby.

Horna klenba definitivheho ostenia

Po dozneni deformécii horninového masivu a osaden{ hydroizolacné-
ho stvrstvia chrdniaceho definitivne ostenie pred vplyvmi podzemnej
vody sa pristiipilo k betondZi sekunddrneho ostenia. BetondZ sa realizo-
vala do pojazdného debniaceho vozu dlzky 10 m. Vzhladom na potrebné
mnoZstvd (cca 100 m3 beténovej zmesi pre jeden blok) sa betona reali-
zovala prevazZne v noci, aby sa predislo problémom s plynulostou dodév-
ky beténovej zmesi zo vzdialenej betondrky.

V razenom tuneli bolo spolu realizovanych 118 blokov sekundarneho
ostenia vo vychodnej tunelovej rire a 120 blokov v zdpadnej tunelove;j
rire, z toho v kazdej rire po 4 bloky s rozsirenym profilom nidzového
zalivu. Spolu sa v oboch tunelovych rdrach zrealizovalo 58 plne vystu-
Zenych blokov s mnozstvom vystuze 8 — 6 ¢ R10 na bm v hlavnom smere
a minimdlnou hribkou ostenia 300 mm. Krytie vystuZze bolo predpisané
hodnotou 50 mm. VystuZ bola viazand z pritovej vystuZe doplnend
o pomocné stuzujlice prvky tak, aby klenba vytvorend z betondrske;j
vystuzZe bola samonosnd. Plne vystuzené bloky sa nachddzaji v miestach
s nizkym nadlozim (priportdlové zény), v blokoch s priecnymi prepoje-
niami, vo vsetkych geologickych poruchach, respektive v miestach
s vysokymi deforméciami horninového masivu.

Co sa findlnej kvality tyka, snahou vSetkych zainteresovanych bolo
minimalizovat’ mnoZzstvo miest sanovanych vyspravkovymi hmotami.
Bol kladeny velky doraz na kvalitu zabudovéavanej beténovej zmesi, ako
aj dodrZiavanie technologického postupu pri samotnej betondzi. Kvalita
beténov zrealizovaného sekundédrneho ostenia plne vyhovuje poZiadav-
kdm, ktoré kladd technicko-kvalitativne podmienky. Problematickymi
ostdva tvorenie ,,bublin“ na povrchu v miestach klenby s negativnym
sklonom a vytvdranie reologickych trhlin v strede nevystuZenych blo-
kov, opdtovne v Castiach klenby s negativnym sklonom, kde je odchyl-
ka od projektovanej hribky sekunddrneho ostenia najvicsia (miestami aj
viac ako +100 %). Kone¢nd tiprava povrchov sa realizovala dvojvrstvo-
vym akryldtovym ndterom, chraniacim konStrukciu pred ucinkami
NOx a COx a umoznujicim kvalitnejSiu ddrzbu tunelového ostenia
pocas prevadzky.
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Upper vault of the final lining

Once the rock mass deformations had faded away and the waterp-
roofing layers protecting the final lining against the influence of
ground water had been installed, the final lining casting commenced.
Concrete was cast behind 10m long traveller formwork. Because of
the volumes required (about 100m? of concrete mix for one block),
the casting was carried out mostly at night so that problems with flu-
ency of concrete supplies from a distant batching plant were avoided.

A total of 118 blocks and 120 blocks of secondary lining were cast
in the eastern tunnel tube and western tunnel tube respectively. Out
of that 4 blocks with the cross section enlarged for an emergency
lay-by are in each tube. A total of 58 fully reinforced blocks conta-
ining 8 — 6 ¢ R10 reinforcement bars per meter in the main directi-
on were cast in both tubes (300mm minimum thickness of the
lining). A 50mm cover was prescribed. Reinforcement was tied up
from reinforcement bars with complementing stiffening elements in
a manner ensuring that the vault assembled from concrete reinfor-
cement bars was a self-supporting structure. The full reinforcement
is provided in the blocks found in locations with shallow overbur-
den (portal zones), blocks combined with cross passages, blocks
found in geological faults or in locations with significant deforma-
tions of the rock massif.

Regarding the final quality, all parties concerned in the constructi-
on made all effort to minimise the number of places where patching
materials had to be applied. Strong emphasis was placed on quality of
concrete mix being cast and on adherence to technological procedu-
res in the course of concrete placement. Quality of the completed
secondary lining concrete fully complies with requirements of the
specifications. Problems have remained concerning development of
blow holes on the surface in negatively inclined areas of the vault, and
development of rheological fissures in the middle of the unreinforced
blocks, also in negatively inclined areas where the deviation from the
design thickness of the secondary lining is the largest (locally even
over +100%). The surface finishing consisted of two acrylate coats
protecting the structure against effects of NOx and COx and allowing
better quality maintenance of the lining in the course of the tunnel
operation.

Construction work on the final lining

Apart from the standard tunnel cross-section, there are several spe-
cial blocks in the tunnel tube which contain niches and other features
serving safety and technological purposes. The niches are always situ-
ated in the middle of the block.

A single-sided emergency lay-by is provided approximately at the
mid point of each tube. The lay-by is 40m long (formed by 4 blocks
10m long each). Because of the fact that the geometry of those blocks
is less advantageous, all blocks with the emergency function are rein-
forced (the final lining is 350m thick). Apart from emergency lay-bys
in the mined tunnel tubes, there is a service lay-by in each tube, in the

Obr. 3 Juzny portdl tunela
Fig. 3 Southern portal of the tunnel
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Obr. 4 Severny portdl tunela so zasypdvanim hlbenych usekov
Fig. 4 Northern portal of the tunnel with backfilling of the cut-and-cover
sections

Stavebné upravy definitivheho ostenia

Okrem Standardného tunelového prierezu je v kazdej tunelovej rire
viacero $pecidlnych blokov s vyklenkami a tipravami, sltiziacimi bezpec-
nostnym a technologickym funkcidm. Vyklenky su situované vzdy v stre-
de prislusného bloku.

Priblizne v strede kaZdej tunelovej riry sa nachddzaju jednostranné
nudzové zdlivy. Dizka zélivu j je 40 m, pncom kazdy je tvoreny 4 blokmi
dlzky 10 m. Vzhladom na staticky menej vyhodny tvar su vSetky bloky
nddzového zdlivu vystuZené, pri¢om hribka definitivneho ostenia je 350
mm. Okrem zdlivov s nidzovou funkciou v razenom tuneli sa v kazdej
tunelovej riry nachddza aj servisny zaliv v hibenom tseku, v predpo-
slednom bloku pred vyjazdom z tunela. Tento zaliv s rovnakym profilom
ako nidzovy zdliv ma slizit pre odstavenie vozidiel prevadzky a ddrzby,
nakolko sa z neho vchddza do servisnych objektov.

Kazdych 150 m sa v tuneli nachddzaji SOS zariadenia. Vyklenky pre
SOS zariadenia a vyklenky pre elektrozariadenia maju kvoli zjednoduSe-
niu rovnaké rozmery. Vyklenky pre hydranty poziarneho vodovodu,
umiestnené v tuneli kazdych 90 m, st tvarovo navrhnuté tak, aby umoz-
nili fixdciu otvorenych dveri v 135° uhle pocas zdsahu hasicov. V nevy-
stuzenych blokoch je definitivne ostenie SOS vyklenkov a vyklenkov
poZziarneho vodovodu len lokdlne vystuZené. Vyklenky pre Cistenie dre-
ndze sd vytvorené tak, aby umoznili vstup do Sachty drendZzneho odvod-
nenia. Sachta je uzatvorend horizontilne uloZenym Begu poklopom.
Vzhladom na optimélne navrhnuty tvar nemusi byt definitivne ostenie
vyklenkov pre Cistenie drendZe vystuZené.

Pozdiz tunelovych rir je umiestnenych 5 prie¢nych prepojeni, umoz-
nujlcich v pripade poziaru tinik osobdm do druhej tunelovej riry. Na
oboch koncoch prepojeni si umiestnené dvojkridlové poZiarne dvere.
Unikovi cesta &. 3 zatstend v niidzovom zélive zabezpetuje moznost'pri-
jazdu vozidiel zachrannych jednotiek. Bloky definitivneho ostenia, v kto-
rych je situované napojenie unikovych ciest, st vZdy plne vystuzené.

Hibené tunelové riry

Nosné konstrukcie hibenych tunelovych rir pozostdvali z 26 blokov
vychodnej tunelovej riry a 25 blokov zdpadnej tunelovej riry. Zaklado-
vé doska hriibky 550 az 800 mm bola realizovand z bet6nu triedy B30
a vystuze R 10505. Horné klenby hlbenych dsekov boli navrhnuté v tom
istom tvare ako pri razenom tuneli, aby bolo mozné pouzit'ten isty typ
debniaceho voza doplneného o vonkajsie protidebnenie. Hriibka hornych
klenieb sa pohybovala od 450 do 600 mm. Krytie vystuZe bolo z obi-
dvoch strdn navrhnuté 50 mm.

Pri ndvrhu sa vychadzalo najmé zo zataZenia spitnym zdsypom, zata-
Zenia od teploty pri portdlovych blokoch, ndhodilym pohyblivym zataze-
nim pri zasype (pojazd vozidiel) a nerovnomernym zatazenim pri obsy-
pe tunelovych rir. MnoZstvd vystuZe sa pohybovali v rozpiti 10 ¢ R14 az
18 na bm konstrukcie v hlavnom smere. Vystuz bola, tak ako v razenom
tuneli, viazand z pritovej vystuze doplnend o pomocné stuZujice prvky
tak, aby klenba vytvorend z betondrskej vystuze bola samonosnd. Von-
kajsi povrch je chraneny hydroizolaénym stivrstvim totoZnym s razenym
tunelom a 100 mm vrstvou striekaného beténu doplneného o Kari siet.

Pri betondzi bolo potrebné kldst' déraz na plynulost betondZe a zhutne-
nie jednotlivych vrstiev beténovej zmesi, vzhladom na velké mnoZstva

TufHel

cut-and-cover section (the last but one block before the tunnel exit).
This lay-by, with the cross section identical with that of the emergen-
cy lay-by, is to be used for parking of operation and maintenance
vehicles because it is accessible from service spaces.

SOS niches are provided in the tunnel every 150m. Dimensions of
the SOS niches and dimensions of niches for electrical installations
are identical. Fire hydrant niches are installed in the tunnel every
90m. Their shape is designed in a manner allowing the door to be
fixed at an angle of 135° during a fire intervention. In the unreinfor-
ced blocks, the final lining is reinforced only locally, at the SOS and
fire hydrant niches. The design of drainage cleaning niches allows
entry to drainage manholes. The manholes are covered with horizon-
tally placed Begu covers. Owing to the optimal design of the draina-
ge cleaning manhole the concrete of the final lining of the niche does
not need to be reinforced.

There are 5 cross passages built within the length of the tunnel
tubes, which allow escape of persons to the other tunnel tube in case
of a fire. Both ends of each cross passage are equipped with a doub-
le-wing fire-proof door. The escape way No. 3, which leads to the
emergency lay-by, is designed to make access of emergency vehicles
possible. The blocks of final lining where the connection of escape
ways is situated are always fully reinforced.

Cut-and-cover tunnel tubes

The structures of the cut-and-cover tunnel tubes consist of 26
blocks of the eastern tunnel tube and 25 blocks of the western tun-
nel tube. The 550 to 800mm thick foundation slab was cast using
B30 concrete and R 10505 steel reinforcement. The geometry of
the upper vaults of the cut and cover sections was designed to be
identical with that of the mined tunnel vault so that the same type
of the traveller formwork could be used (complemented with an
external counter-form. The thickness of the upper vaults varied
from 450mm to 600mm. The concrete cover was designed to be
50mm thick at both surfaces.

The main loads taken into consideration in the structural analysis
were the load imposed by the backfill, by temperature in the portal
blocks, the live moving load imposed by moving vehicles during the
backfilling, and the uneven load originating during the course of the
backfilling operations. The amount of reinforcement fluctuated bet-
ween 10 to 18 ¢ R14 per meter of the structure, in the main directi-
on. Identically with the mined tunnel, reinforcement was tied up
from reinforcement bars with complementing stiffening elements in
a manner ensuring that the vault assembled from concrete reinforce-
ment bars was a self-supporting structure. External surface is pro-
tected by a waterproofing system identical with the system applied
to the mined tunnel, plus 100mm thick shotcrete layer with Kari-
type mesh.

With respect to the considerable quantity of reinforcement, it was
necessary to place stress on concrete casting fluency and compaction
of individual layers of the concrete mixture. The main problem of the
concrete casting seemed to be the necessity to find optimum consi-
stency of concrete mixture delivered to the site to be well workable
(considering the large quantity of reinforcement bars in the form-
work) and not to affect the final properties of concrete of the final
structure.

Long-term measurements of final structures

The following measurements are designed to be carried out in the
framework of monitoring of final tunnel structures:

Measurement of stress in the secondary lining. This measurement
will follow up magnitudes of the stress in normal direction at selected
profiles of secondary lining. The measurement will be carried out
using strain gauges installed in a manner allowing assessment of
stresses in the required direction. The measurements should be con-
ducted 0.5 year after the zero measurement, with periodicity of 0.5
year in the initial 3 years, and periodicity of 1 year in the following
time. The minimum overall duration of the measurements is assumed
to be 10 years from the zero measurement.

Survey of vertical displacements of a pair of bottom points of the
measurement profiles and newly determined levelling points on esca-

pe ways.




Obr. 5 Zaciatok betondze krytu pred severnym portdlom
Fig. 5 Beginning of the casting of the pavement in front of the northern
portal

vystuzZe. Ako problematické sa pri realizicii javilo najmai ndjst optimalnu
konzistenciu Cerstvej beténovej zmesi, tak aby bola dobre spracovatelnd
(vzhladom na velké mnoZstvo vystuZe v debneni) a nemalo to vplyv na
konec¢né vlastnosti beténov definitivnej konstrukcie.

Dlhodobé merania definitivhych konstrukcii

V rdmci monitoringu definitivnych konstrukcii tunela je navrhnuté
vykondvanie nasledovnych merani.

Meranie napitia v sekunddrnom osteni. Tymto meranim sa bude sle-
dovat velkost'a zmena napiti v normdlovom smere vo vybranych profi-
loch v sekunddrnom osteni. Na meranie sa pouZiji tenzometre, umiest-
nené tak, aby umoznili vyhodnocovanie napiti v poZzadovanom smere.
Merania by sa mali uskuto¢nit’0,5 roku po nultom merant, s periodicitou
0.5 roku pocas prvych troch rokov a periodicitou 1 rok v dalsom obdobf,
pri¢om celkovi dobu merani predpokladdme minimdlne 10 rokov od nul-
tého merania.

Geodetické meranie vertikdlnych posunov dvojice spodnych bodov mera-
cich profilov a novourcenych nivela¢nych bodov v meste tinikovych ciest.

Geodetické meranie absolttnych a relativnych priestorovych 3D posu-
nov bodov v hornej klenbe tunela. V oboch tunelovych rirach je navrh-
nutych celkom 17 meracich profilov.

Umiestnenie meracich profilov je priblizne totoZné s polohou vybra-
nych meracich profilov, v ktorych boli realizované merania deformacif
pocas razenia.

VOZOVKA S CEMENTOBETONOVYM KRYTOM
Odoévodnenie pouzitia cementobeténovej vozovky

Ako je v odbornej verejnosti vieobecne zndme, v obdobi rokov 1999
az 2001 sa udialo niekolko védznych poZziarov v cestnych tuneloch
s katastrofdlnymi ndsledkami. Analyzy ich vzniku a priebehu poZiarov
okrem iného poukdzali na vysoku horlavost asfaltovych vozoviek a toxi-
citu ich vyparov pri horeni. V porovnani s asfaltovymi nepredstavuju
beténové vozovky zvysené poziarne zatazenie. Dal$im dolezitym fakto-
rom podporujiicim pouZitie cementobetéonovych vozoviek v tuneloch je
ich vysSia trvanlivost, oprava vozovky v tuneli je spravidla technicky
a dopravne komplikovanejsia neZ oprava vo volhej trase komunikécie.
Vzhladom na uvedené fakty sa Standardne pozadovanym rieSenim pre
tunely v Eurépe stdvaji cementobeténové vozovky. Na Slovensku bolo
prvé rozhodnutie o vystavbe modernych cementobeténovych vozoviek
na dialhiciach prijaté prave v stvislosti s dialhi¢cnymi tunelmi Branisko
a neskor Horelica.

Projektové riesenie vozovky

Hoci bola v stitaznych podkladoch navrhnutd spojite vystuZend cemen-
tobeténovd vozovka, investor napokon prijal ponuku zhotovitela na
modifikované technické rieSenie. Modifikované projektové rieSenie spo-
Civalo v ndvrhu vozovky s cementobetonovym nevystuZenym krytom
s kotvenymi pozdlZnymi Skdrami a s prie¢nymi Skdrami opatrenymi
klznymi tfami.

Sirka vlastnej cementobeténovej vozovky v tuneli &ni 7,13 m, nako-
Iko cast’ Sirky vozovky je tvorend obrubnikovymi prefabrikatmi.

15. rocnik - €. 2/2006

Survey of absolute and relative 3D displacements of point installed
in the upper vault of the tunnel. A total of 17 measurement profiles is
designed for both tunnel tubes.

The positions of the measurement profiles are approximately iden-
tical with the positions of the measurement stations where the defor-
mations were measured during the excavation.

ROADWAY WITH CONCRETE PAVEMENT
The reason for the use of concrete

As generally known among the professional public, several con-
flagrations occurred in the 1999 to 2001 period in road tunnels, with
catastrophic consequences. Analyses of their origination and deve-
lopment proved, among others, the high degree of combustibility of
asphalt pavement and toxicity of the evaporation during the fire.
Compared with asphalt pavement, concrete pavement does not
represent increased fire load. Another significant factor supporting
the application of concrete pavement in tunnels is the higher dura-
bility; repairs of pavement in a tunnel are usually more complicated
in terms of technology and traffic than repairs of a road in the open
air. Because of the above-mentioned facts, cement pavement has
become a standard requirement for tunnel design in Europe. The
first decision to build modern cement pavement on motorways in
Slovakia was made just in the context of the Branisko motorway
tunnel, and then the Horelica tunnel.

Pavement design

Despite the fact that the tender documents required continuously
reinforced concrete pavement of the roadway, the client eventually
accepted contractor’s proposal for a modified roadway design. The
reinforced pavement was changed to unreinforced concrete pavement
with anchored longitudinal joints and transversal joints provided with
dowels.

The width of the concrete pavement in the tunnel amounts to
7.13m; part of the roadway width consists of precast curbs. Unlike the
design of the pavement in the at grade alignment of the motorway, the
pavement in the tunnel required a number of specific issues to be sol-
ved, e.g. details of the pavement at sewerage manholes, details of dra-
inage with respect to a bituminous intermediate layer in the roadway
structure, joints layout considering the blocks of the tunnel seconda-
ry lining, positioning of manholes, transition between cut-and-cover
and mined sections etc.

The structure of the roadway in the cut-and-cover sections was as
follows:

Concrete pavement, double-layer 70/180mm

CBI 250mm
Coated aggregate, coarsely grained OKH | 50mm
Infiltration bitumen emulsion Pl, EKM 0.50kg/m?
Cement stabilised soil SC 180mm
Drainage plus frost blanket course SD min. 270mm
Roadway structure total min. 750mm

The roadway structure in the cut-and-cover sections was modified
with respect to the fact that the base course was a reinforced concre-
te foundation slab, not ground. It was therefore possible to leave out
the drainage layer as follows:

Concrete pavement, double-layer, 70/180mm  CB | 250mm
Coated aggregate, coarsely grained OKH | 50mm
Infiltration bitumen emulsion Pl, EKM 0.50kg/m’
Cement stabilised soil SC | 220mm
Roadway structure total min. 520mm

The concrete pavement is divided by a longitudinal joint positi-
oned at a distance of 125mm from the roadway centre line so that
its collision with road markings is avoided. The basic length of the
slab is of 5.00m. The longitudinal joint is anchored with anchor
rods made from deformed reinforcement bars, steel & 20mm, 3 pcs
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Na rozdiel od technického rieSenia vozovky vo volnej trase dialhice
bolo v tuneli nevyhnutné riesit'rad Specifickych otdzok, ako napr. tpra-
vy vozovky v miestach reviznych Sachiet kanalizécie, Gpravy odvodne-
nia s ohladom na asfaltovd medzivrstvu v konstrukcii vozovky, skaro-
rez s ohladom na bloky sekunddrneho ostenia tunela, situovanie reviz-
nych Sachiet, prechody medzi hlbenymi a razenymi tdsekmi a pod.

Konstrukcia vozovky v razenych tsekoch tunela bola nasledovna:

Cementobetonovy kryt dvojvrstvovy

70/180 mm CBI 250 mm
Obalované kamenivo hrubozrnné OKH | 50 mm
Asfaltovy postrek infiltracny PI, EKM 0,50 kg/m?
Cementova stabilizacia SCI 180 mm
Drenazna a protimrazova vrstva

(frakcia 0 — 45) SD min. 270 mm
Konstrukcia vozovky celkom min. 750 mm

Konstrukcia vozovky v hiben}'/ch dsekoch tunela bola modifikovand
s prihliadnutim na fakt, Ze podloZie vozovky netvorila zemnd plan ale
Zelezobeténovd zakladova doska, takZe bolo mozné vynechat’ drendznu
vrstvu nasledovne:

Cementobetonovy kryt dvojvrstvovy 70/180 mm  CB | 250 mm
Obalované kamenivo hrubozrnné OKH | 50 mm
Asfaltovy postrek infiltracny Pl, EKM 0,50 kg/m’
Cementova stabilizacia SCI 220 mm
Konstrukcia vozovky celkom 520 mm

Cementobeténovy kryt je deleny pozdiinou Skdrou umiestnenou
125 mm od osi vozovky tak, aby nekolidovala s vodorovnym dopravnym
znacenim. Zdkladnd dlzka dosky je 5 m. PozdlZna $kdra je kotvend kotev-
nymi ty¢ami z rebierkovej ocele & 20 mm v pocte 3 ks na dlzku dosky.
PozdlZzna Skdra je tesnend profilom Phoenix. Prie¢ne Skdry su opatrené
klznymi tiimi z hladkej ocele & 25 mm s plastovym povlakom, osade-
né kazdych 250 mm. Prie¢na Skdra je tesnend asfaltovou zélievkou za
hortca. Dilatdcia cementobeténového krytu v priecnom smere medzi
Strbinovymi Zlabmi a obrubnikmi je zaistend dilatatnou vlozkou z polys-
tyrénu hribky 10 mm. Skéra je na povrchu tesnend zalievkou za hortica.

Realizacia vozovky

V priebehu mesiacov septembra a oktébra roku 2005 sa v oboch tune-
lovych rirach polozili podkladové vrstvy vozovky, comu predchadzali
dpravy podloZia vozovky v dsekoch, ktoré svojimi parametrami nevyho-
vovali poziadavkam.

V oktébri 2005 sa zacala betondz krytu v zdpadnej tunelovej rire
v smere od severného portdlu tunela (po spade). Po ukonceni betondze
v zépadnej tunelovej rire bol finisér Wirtgen SP 1600 prevezeny opit na
sever a zaala sa betondZ vychodnej tunelovej riry. Dna 14. 11. 2005 boli
ukoncené prace na betondzi vozovky v oboch tunelovych rirach, odstav-
nych pruhov v nidzovych zélivoch a prejazdnych prie¢nych prepojeni.
Realizdcia definitl’vnych uprav $kdr a Sachiet odvodnenia prebehla zaci-
atkom jari 2006, ked podmienky v tuneli zabezpetili poZadovanu teplo-
tu. Uprava 53 reviznych Sachiet situovanych vo vozovke bola vykonand
na Slovensku prvykrat pouZitou technolégiou. Kénusy Sachiet boli zakry-
té a prebeténované pocas betondZe krytu. Dodato¢ne po zatvrdnuti krytu
boli po starostlivom zamerani odvitané otvory priemeru 1 m, do nich osa-
dené poklopy a vykonand zdverecnd Uprava povrchu krytu vozovky.

ZAVER

Navrh a realizédcia definitivnych beténovych tunelovych konstrukeif st
obzvlast'dolezité vzhladom na fakt, Ze akdkolvek oprava alebo sandcia si
vyziadaju uzatvorenie tunela, resp. tunelovej riry. Této skuto¢nost nado-
umiestneného v meste. Z pohladu projektantov vyjadrujeme presvedce-
nie, Ze bolo vykonané maximum preto, aby boli obyvatelia Bratislavy
v budticnosti ¢o najmenej vystavovani uzatvdraniu tunela a sivisiacemu
zhorSeniu dopravnej situdcie v celom meste. 3 )

ING. VIKTORIA CHOMOVA,
DOPRAVOPROJEKT, a. s., Bratislava
e-mail: chomova@dopravoprojekt.sk

ING. MILOSLAV FRANKOVSKY,

e-mail: frankovsky@terraprojekt.sk,
TERRAPROJEKT, a. 5., Bratislava

ING. VLADIMIR HLASEK, SHB, a. s., Brno
e-mail: v.hlasek@shb.cz

Obr. 6 Findlna tiprava rezanych skdr zdlievkou
Fig. 6 Final treatment of cut joints using hot-applied sealant

within the length of the slab. The longitudinal joint is sealed with
a Phoenix profile. Transversal joints are provided with dowels
made from plastic coated smooth steel bars & 25mm installed at
a 250mm spacing. The transversal joint is sealed by hot-applied
asphaltic sealant. Expansion of the concrete pavement in the trans-
versal direction between slotted channels and curbs is secured by
a 10mm thick polystyrene expansion strip. The joint is sealed on
the surface by hot-applied sealant.

Roadway construction

Sub-base courses were laid during September and October 2005 in
both tunnel tubes, after treatment of the roadway base carried out in
the sections with parameters which did not conform to specifications.

The casting of the pavement in the western tunnel tube started in
October 2005, in the direction from the northern portal (down the
slope). When the casting operations in the western tube had been
over, the paver Wirtgen SP 1600 was transported to the north and
the casting in the eastern tunnel tube started. The casting of the
roadway in both tunnel tubes, the emergency lay-bys and vehicu-
lar sized cross-passages was finished on 14.11.2005. Final treat-
ment of joints and drainage manholes was carried out in the early
spring 2006 when the required ambient temperature was reched in
the tunnel. The construction of 53 manholes situated in the pave-
ment was performed using a technique never used in Slovakia
before. The manhole cones had been covered and concrete was cast
over by the paver. Subsequently, when the pavement concrete had
hardened, Im-diameter openings were carefully staked and drilled,
provided with covers, and finishing of the pavement was carried
out.

CONCLUSION

The design and construction of final concrete structures in the tun-
nels are particularly important because of the fact that any repair or
rehabilitation will require closure of the tunnel or a tunnel tube. The
importance of this fact further grows in this case of a heavily traffic-
ked tunnel located in a city. From designer’s point of view, we would
like to express our conviction that maximum efforts have been made
for Bratislava residents to be exposed as little as possible to the tun-
nel closures and associated deterioration of the traffic situation in the
whole city. |
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TUNEL KLIMKOVICE - DODATECNE ZVYSENI STABILITY
SVAHU STAVEBNI JAMY INJEKCNIMI ZAVRTAVACIMI
KOTEVNIMI TYCEMI TYPU TITAN

THE KLIMKOVICE TUNNEL - ADDITIONAL IMPROVEMENT
OF STABILITY OF THE CONSTRUCTION TRENCH SLOPES
WITH SELF-DRILLING TITAN INJECTION ANCHORS

ZDENEK CIGLER, DRAHOMIR JANICEK, JIRI PECHMAN

ZAKLADNI INFORMACE O TUNELU

Tunel Klimkovice je ddlni¢ni tunel se dvéma samostatnymi jednosmér-
nymi dvoupruhovymi tunelovymi rourami. Prochdzi pod protdhlym névr-
$fm mezi obcemi Klimkovice a Hylov. Tunel A je ur€en pro dopravni smér
Brno — Ostrava, tunel B pro smér Ostrava — Brno. Tunel A méd délku
1 076,826 m, tunel B mé délku 1 088,090 m. Svétly tunelovy prafez ma
$itku mezi zvy$enymi obrubami 9,50 m a vysku 4,80 m. Tunely jsou budo-
vany z Cdsti v oteviené stavebni jame s ndslednym presypanim a z vetsi
Casti jsou raZené ve skalnim masivu. Tunel A je pfesypany v délkdch
158,933 m z brnénské strany, 39,41 m z ostravské strany a raZeny v délce
857 444 m. Tunel B je presypany v délkdch 159,518 m na brnénské strané
a 39,637 m na ostravské strané a razenou ¢dst ma délky 867,896 m. Podél-
ny sklon vozovky v tunelu je konstantni 0,6 %. Tunely jsou budovany
v horninéch flySového vyvoje — v souvrstvi jilovea s bridli¢natou odlug-
nosti, s polohami piskovct a drob. ZastiZzené horniny jsou v rizném stupni
navétrdni — od zvétralych az po mdlo navétralé, v proménném sklonu vrs-
tevnatosti s pestrym vyskytem puklinovych systému a poruchovych pasem.

Stavebni jamy hloubenych tsekl dosahuji hloubky 12 az 22 m. Sta-
bilita a ochrana bo¢nich svahu stavebni jamy brnénského hloubeného
useku je zajisténa nasledujicim zpisobem:

e pokryvna vrstva spraovych hlin kvartéru prikotvenou geotextilii,

o méné soudrzné az navétralé svrchni partie skalnich a poloskalnich

hornin vrstvou strikaného betonu s vyztuznou siti a hfebikovanim,

e pomérné zdravé horniny v niz§ich drovnich pomoci Zelezobetonovych

prevézek prikotvenych tyCovymi horninovymi kotvami, se stabilizaci
skalniho povrchu néstiikem betonu pres prikotvené plotové pletivo.

Pii odtéZzovani jednotlivych etdZi stavebni jamy hloubeného tunelového
useku Brno byl pravym svahem zastizen nepriznivy dklon vrstevnatosti

BASIC INFORMATION ON THE TUNNEL

The Klimkovice tunnel is a motorway tunnel with two separate uni-
directional double-lane tubes. It passes under a hill between the villa-
ges of Klimkovice and Hylov. The tube A is designed for the traffic
direction from Brno to Ostrava, the tunnel tube B is for the direction
from Ostrava to Brno. The tunnel A is 1,076.826m long, the tunnel B is
1,088.090m long. The width clearance between elevated curbs and
height clearance is of 9.50m and 4.80m respectively. The tunnels are
being built partly in an open pit with subsequent backfilling and, the
longer part, by mining through a rock massif. The tunnel A consists of
a 158.933m and 39.41m long cut-and cover section on the Brno side
and Ostrava side respectively and an 857.444m long mined section.
The tunnel B consists of a 159.518m and 39.637m long cut-and cover
section on the Brno side and Ostrava side respectively and an
867.896m long mined section. The longitudinal gradient of the road-
way in the tunnel is constant, 0.6%. The tunnels are being built in flysh
sedimentation-type rock, i.e. in series of claystone layers with slaty
cleavage, combined with sandstone and greywacke layers. The rock
encountered is weathered to various degrees — from weathered to
moderately weathered; the layering dip varies; dense joint systems and
weakness zones occur.

The depth of the construction trenches for the cut-and-cover secti-
ons reaches 12 to 22m. Stability and protection of the side slopes of the
construction trench for the Brno cut-and-cover section is provided as
follows:

e The secondary loess superstratum with anchored geotextile,

e less cohesive to moderately weathered upper parts of rock and

semi-rock massif by a shotcrete layer with mesh and nails,

PRUBEH HORIZONTALNICH DEFORMACI SVAHU NA VYBRANYCH BODECH
V PRICNYCH PROFILECH Ii, Ill, IV, V.

SLOPE DEFORMATION PROGRESS WITH TIME AT SELECTED POINTS IN CROSS PROFILES II, Iil, IV, V.

Body umistény pfriblizné v poloviné vysky svahu v blizkosti urovnhé dodatec¢ného prikotveni.
The points are placed in the middle of the slope height, near the level of the additional anchoring.
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ZAJISTENI STAVEBNI JAMY CHARAKTERISTICKY PRICNY REZ V KM 141,240
CONSTRUCTION TRENCH SUPPORT CHARACTERISTIC CROSS-SECTION AT KM 141.240

km 141,240

Obr. 2 Charakteristicky pricny rez
stavebni jamou s technickym
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horniny, umocnény poruchovym pasmem. Deformace na povrchu svaha
jsou monitorovany na péti pri¢nych fezech geodeticky a v masivu v tésné
blizkosti jamy prostfednictvim dvou inklinometrickych vrtii. Na hlavédch
vybranych tycovych kotev jsou sledovany deformace i kotevn sily.

CHARAKTERISTIKA PROBLEMU

Pii odtéZovani poslednich dvou etdZi stavebni jamy bylo v méfenych
profilech v km 141,160, 141,200 a 141,240, tj. priblizné na dvou tretindch
délky pravého svahu jamy monitorovéno zrychleni ndrustu deformaci.
Prabéh deformaci byl ze strany investora, vedeni stavby a projektanta
dusledné sledovan a vyhodnocovan v&etné progndz a zavislosti na klima-
tickych vlivech. Maximdlni deformace byly zjistény v prostoru nad lavi¢-
kou svahu a na horni prevazce ty¢ovych kotev. Z petrografického popisu
inklinometrického vrtu v profilu km 141,240 bylo zfejmé, Ze se v hloubce
2.9 — 8,2 m pod drovn{ horni hrany svahu naléza pasmo geologické poru-
chy. Skalni masiv jilovct je v oblasti poruchy rozpukén do strmych ploch
vrstevnatosti o sklonu 75° — 90° a v oblasti se rovnéZ vyskytuji pasma
s jilovcovou drti v mocnostech cca 0,1 — 02 m. Udaje monitoringu
i vysledky vypoctu neprokazovaly vznik nestabilniho mechanismu. Prog-
néza pocasi vSak ohlasovala prichod destivého obdobi a ndslednd zména
hydrogeologickych poméru v lokalité dotaci prosdklé vody do poruchové-
ho pasma by zcela jist¢ negativné ovlivnila stabilitu svahu v rozsahlém
useku. Pro zamezen{ tohoto rizika, v souladu s doporucenim ,,Rady moni-
toringu” ze dne 21. 6. 2005, rozhodl investor urychlené realizovat doda-
te¢né konstrukce pro zvyseni stability svahu ve vymezeném tseku.

TECHNICKE RESENI

Technické feSeni zajiSténi stability pfedmétné &dsti svahu v km
141,160 — 141,250 bylo stanoveno projektovou dokumentaci, kterou
zpracovala spole¢nost Amberg Engineering Brno, a. s.

Obr. 3 Zahdjeni vrtdni kotev dne 27. 6. 2005
Fig. 3 Commencement of installation of the self-drilling anchors on 27.6.2005

o relatively sound rock at lower levels by reinforced concrete walers
anchored by rod-type rock bolts, with the rock surface stabilised
by shotcrete applied to anchored chain-link mesh.

Unfavourable dipping of the rock layers combined with a weakness
zone was encountered during the excavation of individual benches of
the construction trench for the Brno cut-and-cover section on the right
side. Surface deformations of the slopes are monitored by surveying of
five cross sections; internal deformations of the rock mass are monito-
red in the close vicinity of the trench by means of two inclinometer
boreholes. Deformations and anchoring forces are observed on heads
of selected rod-type anchors.

CHARACTERISTICS OF THE PROBLEM

Accelerated increase in deformations was determined by monitoring
in the course of the excavation of the last two benches of the con-
struction trench at profiles at km 141.160, 141.200 and 141.240, i.e.
approximately at two thirds of the length of the right-hand slope of the
trench. Development of the deformations was carefully monitored and
assessed (including forecasting and dependence on climatic effects) by
the client, contractor and designer. Maximum deformations were
determined in the area above the berm and on the waler. It was obvi-
ous from the petrographical description of the inclinometer borehole at
the profile km 141.240 that a geological weakness zone is found at
a depth of 2.9 — 8.2m under the upper slope edge level. The claystone
massif is fractured with steep bedding planes dipping at 75°- 90°in the
weakness zone. In addition, zones with claystone debris about 0.1 —
0.2m thick occur in the weakness zone. The monitoring data and
results of calculations had not proven origination of an unstable
mechanism. The weather forecast, however, announced an onset of
a rainy period. A subsequent change in the hydrogeological conditions
in the location due to addition of seepage water to the weakness zone
would certainly have negatively affected stability of the slope within
a long section. To prevent this risk, in compliance with the recom-
mendation by the Monitoring Board of 21.6.2005, the client decided
that additional structures be promptly installed to improve stability of
the slope within the critical section.

TECHNICAL SOLUTION

The technical solution of the problem of securing stability of the part
of the slope in question (at km 141.160 — 141.250) was determined by
the design developed by Amberg Engineering Brno a.s.

Based on modelling and structural assessment, the solution was
designed consisting of the following measures:

1. Immediately to carry out anchoring of the reinforced concrete

waler at the lower bench by rod-type anchors; rapid-set grout

EKOMENT RT to be applied.




Obr. 4 Pokracovdni dalsiho vrtdni dne 1. 7. 2005 po vyméné pracovni ploSiny
Fig. 4 Continuation of of other installation of self-drilling anchors on
1.7.2005, after replacement of the hoisting platform

Na zdkladé modelovani a statického posouzeni bylo navrzeno feSeni

sestdvajici z téchto opatfent:

1. Neprodlené realizovat prikotveni Zelezobetonové prevazky spodni
etdze tyCovymi kotvami, s uplatnénim rychletuhnouci injekén{
smési EKOMENT RT.

2. Priblizné v poloviné vyskové drovné svahu a inkriminované délce
svahu zhotovit dodate¢né prikotveni pomoci ty¢ovych kotev a ocelo-
vych prevéazek. Jako kotvy zvolit injekéni zavrtdvaci kotevni tyce
TITAN 40/20 délky 12 m, do vrtu délky 11,5 m, v osovych vzddle-
nostech kotev 3,5 m a tiklonu 15° od vodorovné. Prikotveni bude pro-
vedeno pres prevazky z profilu LARSEN IIIn délky 5,5 m. Pro injek-
taz kotev pouZzit rychletuhnouci smés EKOMENT RT. Kotvy prede-
pnout na kotevni silu P, = 300 kN s koeficientem bezpecnosti odpo-
ru YR,;, = 1,35 dle CSN EN 1537, se zaji$ténou volnou nezainjekto-
vanou délkou difku kotvy v délce 3 m.

3.Pokud vznikne potreba dal§tho navySeni stability svahu, budou
dodate¢né navic odstranény povrchové kvartémi vrstvy tak, aby
v hloubce cca 2 m pod horn{ hranou svahu vznikla lavicka $itky cca
1,85 m. Povrch lavic¢ky bude pficné sklonén smérem do jamy; proti
zatékani srazkové vody bude spolu se svahem ochrdnén 50 mm sil-
nou vrstvou stifkaného betonu pevnosti C16/20.

Soubor uvedenych opatieni poZadoval investor realizovat bez jakych-

koli prodlev bezprostredné ihned po jejich dohodnuti.

PRUBEH REALIZACE

Veskeré préce a doddvky musely byt provedeny z divoda rizika z &aso-
vé prodlevy v co nejkrat§im case. Tohoto nelehkého tkolu se ujala spolec-
nost Minova Bohemiia, s. r. 0. K zaji$téni stability svahu bylo nutné pro-
vést navrZené opatreni, které sestdvalo z realizace 28 ks injek¢nich zavrté-
vacich kotev Titan 40/20 mm délky 12 m do ocelovych prevazek z profilu
Larsen ITIn délky 5,5 m a predepnutim kotev na kotevni silu 300 kN. Prdce
byly realizovany v nepretrZitém provozu ve dvou dvandctihodinovych
sméndch. Vzhledem k jiZ provedenému odtéZeni svahu musely byt veske-
ré vrtaci a montazni prace realizovany z vysokozdvizné plosiny.

VRTANI KOTEV TITAN 40/20

Po prohlidce stavenisté dne 24. 6. 2005 bylo projedndno a rozhodnuto,
Ze vrtani kotev Titan se bude provddét hydraulickou vrtaci soupravou
Morath, upevnénou pomoci specidlnich tichyti na pracovnim kosi hyd-
raulické pracovni plosiny s vySkovym dosahem 12 m, pfi¢emZ hydrau-
licky agregdt vrtaci soupravy bude umistén na dné stavebni jamy. Ve
dnech 25. a 26. 6. 2005 byly provedeny pripravné a pomocné prace
a vlastn{ vrtani kotev Titan bylo zahdjeno 27. 6. 2005.

Souprava Morath, sestdvala z:

o vrtaci lafety AK 25 s hydraulickymi kleStinami (upevnéno na vyso-

kozdvizné ploing),

o ovladaciho pultu (spolu s obsluhou na plosing),

o vrtactho kladiva HBL 21 (rotaéné piiklepné kladivo, v daném pripa-

de pouzito levotoCivé vrtdni),

o hydraulického agregdtu KU 800 (umistén na dné jamy).

K vrtdni byly pouzity ztracené vrtaci korunky z tvrdokovu typ T40
EXX, pruméru 64 mm. Jednotlivé kotvy byly sestavovany z ty&i délky
2 m, pfi zavrtdvani nastavovany spojniky T40 54x104 mm. Zavrtan{
viech 28 ks kotev v celkové délce 336 m bylo provedeno ve tfech dnech
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2.To install additional anchoring by rod-type anchors and steel
walers approximately in the middle of the slope height, along the
length of the slope in question. TITAN Injection anchors 40/20,
12.0m long to be installed into 11.5m deep boreholes, on
3.5m centres, at 15° from the horizontal. The anchors will pass
through walers made from 5.5m long LARSEN IlIn profiles.
Rapid-set grout EKOMENT RT to be used for the grouting of
anchors. The anchors to be post-tensioned at the anchoring
force P, = 300kN, with the factor of safety of resistance
YR,i, = 1,35 according to CSN EN 1537, with guaranteed free
length of the anchor body of 3.0m.

3. In the case of necessity for additional increase in the stability of
the slope, the Quaternary surface layers will be removed so that
an about 1.85m wide berm is formed at a depth of about 2m under
the upper edge of the slope. The surface of the berm will be inc-
lined toward the trench; it will be protected against rainwater
together with the slope by a 50mm thick layer of sprayed concre-
te C16/20.

The client required that the above set of measures be implemented

immediately after being mutually approved, without any delay.

THE COURSE OF THE IMPLEMENTATION

All work and supplies had to be carried out as quickly as possible
due to the risk of a delay. This difficult task was undertaken by Mino-
va Bohemia s.r.o. The measures designed to support the slope, which
had to be implemented, consisted of 28 pieces of 12.0m long self-dril-
ling TITAN Injection anchors 40/20mm installed to steel walers made
from 5.5m long Larsen IIIn profiles, and post-tensioning the anchors
at 300 kN. The work was carried out as a continuous operation (two
12h shifts). Because the slope excavation had been completed before-
hand, all drilling and installation operations had to be performed from
a hoisting platform.

INSTALLATION OF THE TITAN 40/20
SELF-DRILLING ANCHORS

After a visit to the site on 24.6.2005, the decision was negotiated
and made that the installation of the self-drilling TITAN anchors will
be done using a Morath drilling rig fixed by special holders to the work
basket of a hydraulic hoisting platform with a 12m lift height, with the
hydraulic unit installed at the bottom of the construction trench. Pre-
paration and auxiliary work was carried out on 25 and 26.6.2005; the
installation of the self-drilling anchors started on 27.6.2005.

The Morath drill rig consisted of:

e a drilling feed AK 25 with a hydraulic gripper (mounted on the

hoisting platform),

e a control console (together with the operators on the platform),

Obr. 5 Vrtaci souprava Morath upevnénd na konstrukci pracovniho kose,
ovlddaci pult vrtaci soupravy je umisten v pracovnim kosi

Fig.5 The Morath drill rig mounted on the working plarform; the position
of the control console of the drilling rig is in the working basket
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Obr. 6 Provadeni injektdze
Fig. 6 Grout injection operation

od 27. do 30. 6. 2005. Maximdlni denni vykon ¢inil 10 ks kotev
tj. 120 m.

INJEKTAZ KOTEV

Bezprostiedné po zavrtani kotev byla provadéna jejich injektaz rychle-
tuhnouci kotevni smési Ekoment RT. K injektédzi bylo pouZito injekéni er-
padlo IBO REP umisténé na dné stavebni jamy. Ostatni potfebné prace byly
provadény z pracovni plosiny MP 13. Volny diik kotvy v délce 3 m byl sepa-
rovan od injekéni hmoty polyetylenovou chranickou. Kotvy byly injekto-
vany tlakem 3 — 4 MPa. InjektaZz vsech 28 ks kotev byla provedena ve dvou
dnech. Celkova spotieba injek&ni smési Cinila 1940 kg — v pruméru na
1 kotvu 69,3 kg. Ekoment RT je hydraulickéd prefabrikovand smes uréend
pro upinani ty¢ovych ocelovych nebo syntetickych kotev. Je jednoduse zpra-
covatelnd, vykazuje velmi malé smr$téni a je objemove stdld. V kritkém
Case dosahuje vysokych hodnot pevnosti v tlaku a v tahu za ohybu:

v tlaku 5,5 MPa,
v tlaku 23,0 MPa
v tlaku 46,0 MPa
v tlaku 52,0 MPa

pevnost po 12 hod.
pevnost po 1 dni
pevnost po 7 dnech
pevnost po 28 dnech

v tahu za ohybu 1,5 MPa
v tahu za ohybu 4,5 MPa
v tahu za ohybu 6,0 MPa
v tahu za ohybu 6,5 MPa

MONTAZ PREVAZEK, PREDEPNUTI KOTEV

Dokonceni procesu sestdvalo z osazeni 14 ks ocelovych prevazek
o délkdch 5,5 m z profilu Larsen IIIn na dvojice sousedicich kotev. Dose-
dacfi plocha pod prevédzkami byla upravena a vyrovnana stifkanym beto-
nem tak, aby prevazky dosedaly vZdy kolmo k dfiktim kotev. Za pomoci
bézného automobilového jefdbu a montdZni ploSiny byly tyto préce pro-
vedeny ve tfech dnech. Prichyceni prevazek k difkam kotev se provedlo
pfes ocelové kotevni desky 200x200x20 mm maticemi T 40. Dne
4.7.2005 pak bylo provedeno predepnuti v§ech 28 kotev Titan na prede-
psanou silu 300 kN. Pro predpinani kotev byl pouzit hydraulicky tahomér
TORO 3, veskeré price byly opét provedeny z pracovni plosiny MP 13.
ZAVER

Operativni uplatnéni ty¢ovych kotev Titan 40/20 a prubéh realizace
dodatecného zvySeni stability svahu prokazuji, Ze vyuZiti modernich
materidli, hmot a technologii, spolu s odbornym poznénim a zkuSenost-
mi, umoznuje zabezpeCit a zvlddnout ve velmi kratkém Casovém obdobi
technicky i organizatné ndro¢ny tkol.

Monitoring svahu prokazuje, Ze bezprostfedné po dokonceni praci
doslo k prakaznému a dlouhodobému zastaveni deformaci svahu. Zvyse-
ni stability svahu bylo provedeno rychle a kvalitné, technické feSeni je
ucinné a jeho provedeni bylo opravnéné.

Na zdkladé dosavadniho vyvoje deformaci jsou vypracovany progné-
zy jejich dalstho vyvoje. Tyto prokazuji prijatelny vyvoj deformaci po
celou dobu otevrent stavebni jamy do doby zpétného zdsypu hloubenych
tunelovych konstrukef, ktery mé byt ukoncen priblizné ke konci roku
2006 a v I. Ctvrtleti roku 2007.

ING. ZDENEK CIGLER, e-mail: cigler@minova.cz,

ING. DRAHOMIR JANICEK, e-mail: janicek@minova.cz, MINOVA
.. BOHEMIA,s.r. o.

ING. JIRI PECHMAN, e-mail: jiri.pechman@dalnice-D47 .cz,
AMBERG ENGINEERING BRNO, a. .

TufHel

e HBL 21 drifter (rotation percussive drifter; left-hand drilling app-

lied in the given case),

e KU 800 hydraulic unit (positioned at the bottom of the constructi-

on trench).

Sacrificial hard metal bits T40 EXX, 64mm in diameter, were
used for the drilling. Individual anchors consisted of 2.0m long
rods connected by T40 54x104mm couplers during the drilling
operation. Installation of all 28 pcs of the self-drilling anchors
at the total length of 336m was completed in three days, from 27
to 30.6.2005. Maximum daily output amounted to 10 pcs of
anchors, i.e. 120m.

ANCHOR INJECTION

The anchors were injected with grout immediately after the installa-
tion of self-drilling anchors had been finished. Rapid-set anchor grout
EKOMENT RT was injected using an IBO REP pump positioned at
the bottom of the construction trench. The other operations were carri-
ed out from an MP 13 working platform. The free body of the anchor
at a length of 3.0m was separated from the grout by a polyethylene
casing tube. The injection pressure varied from 3.0 to 4.0 MPa. The
grouting of all 28 anchors took two days. The total consumption of
grout amounted to 1,940kg — 69.3kg per anchor on average.
EKOMENT RT is a hydraulic prefabricated mix designed for fixation
of steel synthetic rod anchors. It is simply workable, exhibits stability
of volume and minimum shrinkage. It reaches high values of com-
pressive strength and flexural tensile strength:

Strength at 12 h
Strength at 1 day
Strength at 7 days
Strength at 28 days

flexural tensile str. 1.5MPa
flexural tensile str. 4.5MPa
flexural tensile str. 6.0MPa
flexural tensile str. 6.5Mpa

compressive str. 5.5Mpa,

compressive str. 23.0Mpa,
compressive str. 46.0Mpa,
compressive str. 52.0Mpa,

INSTALLATION OF WALERS,
POST-TENSIONING OF ANCHORS

The final operation of the process consisted of the installation of
14 pcs of 5.5m long steel walers made from Larsen IlIn profiles on
pairs of neighbouring anchors. The contact surface under the walers
was treated and levelled with shotcrete so that the walers seated always
perpendicularly to the bodies of the anchors. Those operations were
completed in 3 days using an ordinary truck crane and hoisting plat-
form. The walers were fastened to the anchors by T 40 nuts and
200x200x20mm steel faceplates. All of the 28 TITAN anchors were
post-tensioned on 4.7.2005 at prescribed 300kN. A TORO 3 hydraulic
tensionmeter was used for the post-tensioning of the anchors. This
work was again carried out from the MP 13 hoisting platform.

CONCLUSION

The operative application of the TITAN 40/20 anchors and the cour-
se of the implementation of the additional measures improving stabili-
ty of the slope proves that the use of modern materials and technolo-
gies combined with technical know-how and experience allows us to
cope even with tasks difficult in terms of technology and organisation
in a very short time period.

The monitoring of the slope has proven that immediately after the
completion of the work, deformations of the slope ceased to develop
and this effect is of a long-term character. The improvement of stabili-
ty of the slope was accomplished quickly and in high quality, the tech-
nical solution is effective and the operation was justified.

Forecasts of the further development of the deformations, which
are based on to date development of deformations, have proven that
the development will be acceptable for the entire time of existence
of the open trench, i.e. up to the time of backfilling the cut-and-
cover structures (approximately the end of 2006 and first quarter
of 2007).

ING. ZDENEK CIGLER, e-mail: cigler@minova.cz,

ING. DRAHOMIR JANICEK, e-mail: Jjanicek@minova.cz,
MINOVA BOHEMIA, s. r. o.

ING. JIRf PECHMAN , e-mail: jiri.pechman@dalnice-D47 .cz,
AMBERG ENGINEERING BRNO, a. s.
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STAVBA HLAVNEHO KANALIZACNEHO ZBERACA
V BANSKEJ BYSTRICI

THE CONSTRUCTION OF THE MAIN INTERCEPTOR SEWER
IN BANSKA BYSTRICA

JOZEF FRANKOVSKY, JURAJ KENDERESSY

uvoD

Hlavny kanaliza¢ny zbera¢ ,,A* DN 1800 je stcastou stavby Stustava na
likvidédciu odpadovych vod v Banskej Bystrici — 1. fiza. Zbera¢ bude odvad-
zat' dazdové a splaskové vody do rekonstruovanej Cisticky odpadovych vad,
ktord sa stavia v katastri obce Rakytovce. Trasa zberaca je situovand sCasti
v intravildne, sCasti v extravildne. Cast’ zberaca v dizke 2130 m v intravilane
sa budUJe bezvykopovo Cast'v extravilane v dizke 1880 m hibenfm v otvo-
renej nezapazenej ryhe. Trasa privddzaca je situovand v tidolnej nive rleky
Hron, vedend relativne blizko jeho koryta v hibke 6 — 6,5 m pod drovnou
terénu a pod troviiou hladiny spodnej vody. Hron méd v Banskej Bystrici eSte
charakter horného toku a tomu zodpoveda aj charakter jeho ndplavov, v kto-
rych sa zberac razil. Komplikaciou je aj velké mnoZstvo krizujicich a para-
lelne prebiehajiicich podzemnych vedenich inZinierskych sieti, dopravnych
komunikdcif a zastavanych ploch. Pre razent bezvykopovu Cast'zberaca ,,A*
sa zvolili varianty razenia otvorenymi nemechanizovanymi a polomechani-
zovanymi Stitmi ako aj klasickym banskym spdsobom. Na razenom tseku
zberaCa sa vybudovalo celkom 12 §acht, ktorymi sa spristupnili jednotlivé
useky razenia.

VSEOBECNE UDAJE O STAVBE

Existujiica COV v Banskej Bystrici méd nedostatoéni kapacitu na Cistenie
pritekajticeho mnoZstva odpadovych vad hlavne pri vydatnych dazdoch a jar-
nom topeni snehu. V t)’/chto pripadoch preteka Cast’ odpadovych vod cez
odlahCovacie priepuste pnamo do rieky Hron. ZvicSenim profilu potrubia
a uloZenim zbera¢a do viiciej hibky ako aj zvyienim kapacity COV sa vytvo-
ria podmienky nielen pre mesto Banskd Bystrica a odlahcenie ekologického
zathZenia rieky Hron, ale aj moznost'pripojenia okolitych obci na kanalizdciu.

Dostavba viac ako 15 rokov rozostavanej Cisticky odpadovych vod pre
Bansku Bystricu a jej blizke okolie je financovand z prostriedkov fondu
Eurdpskej dnie ISPA. Po dobudovani by mala vyhovovat projektovanou
kapacitou potrebdm mesta do roku 2030. Cely projekt je rozdeleny na 2
etapy s celkovym rozpoctom 46 miliénov eur, z ¢oho na tarchu eur6pskeho
fondu pdjde 50 %, Statny rozpocet prispeje podielom 25 % a ostatnych 25 %
uhradf investor. Na I. etapu st rozpoctové ndklady 10 435 000 eur. V jej
rdmci v obdobi 1/2004 —~1/2006 sa dokoncia stavebné a technologické Casti
COV a vybuduje sa hlavny kanalizatny zbera¢ ,A“ v km 0,76525 —
4,77480. Cast’kanalizacného zberaca v km 0,00000 — 0,76525 vratane sied-
mich pristupovych Sachiet bola vybudovand v rdmci samostatnej investicie
s pouzitim odstredivo liateho sklolamindtového potrubia DN 2000 mm
v rokoch 1999 — 2000.

V nadviizujicej II. etape stavby v obdobi 1/2006 —1/2008 sa md dobudo-
vat'zvysok zberata ,,A“ v dlzke 3,1 km a dalsich 61 km kanaliza¢nych potru-
bi DN 300 — DN 1200 mm.

Funkciu hlavného kanaliza¢ného zberaca doteraz plni iny zberac, vybu-
dovany Z betonovych rir DN 1200. Trasa povodneho zberaca je na celej
ti 3 — 8 m, na troch miestach sa vSak s nim krizuje. Po dokoncem nového zbe-
raca bude stary slizit'ako odlah¢ovaci.

Zariadenie staveniska kanaliza¢ného zberaca ,,A* v km 2,64525 —4,77480
sa nachddza na juznom okraji mesta Banskd Bystrica. Usek bezvykopovej
Casti zac¢ina v Sachte ¢. 19 pri moste do Kremnicky nad Statnou cestou 1/66
Zvolen — Banskd Bystrica, krizuje nadjazd tohto mosta a vedie sCasti
pod spevnenymi, s¢asti pod nespevnenymi zelenymi plochami pred budova-
mi priemyslového aredlu, kde sa v Sachte ¢. 28 lom{, kriZuje Statnu cestu 1/66
a konci v Sachte ¢. 30 v km 4,77480.

Trasa kanalizacného zberaca ,,A* v bezvykopovej Casti krizuje, alebo je
v stibehu s viacerymi podzemnymi vedeniami. Ku kolizii, vzhladom na hlbo-
ké zaloZenie trasy, s tymito vedeniami nedochddza. Naproti tomu mnoZstvo
podzemnych, v mnohych pripadoch nedostato¢ne zdokumentovanych vede-
ni, bolo vaznou komplikéciou pri zakladan{ a hlben{ pracovnych jam.

INTRODUCTION

The main interceptor sewer “A”, DN 1800, is part of the Sewage Disposal Sys-
tem for Banskd Bystrica — Phase 1. The sewer will direct storm runoff and sewer
waste to a sewage treatment plant, which will be reconstructed in the cadastral
district of Rakytovce. The route of the sewer passes both through built-up and
non-built-up areas. A trenchless technology is applied to a 2,130m long portion
found in the built-up area; placement in open, unsupported trench is designed for
the 1,880m long part passing trough the non-built-up area. The sewer alignment
is situated in the Hron River plain, relatively close to the river bed, at a depth of
6 — 6.5m under the ground surface, and under the water table level. The charac-
ter of the Hron River in Banskd Bystrica is still that of headwater. The character
of the alluvium the sewer was driven through corresponded to the given river
character. Another complication is also the number of crossing or parallel buried
services, roads and built-up areas. The variants selected for the trenchless secti-
on comprised open-face non-mechanised and semi-mechanised shields, as well
as traditional mining methods. A total of 12 shafts were sunk along the mined sec-
tion, providing access to the individual excavation sections.

GENERAL CONSTRUCTION DATA

The capacity of the existing STP in Banskd Bystrica is not sufficient for the
inflow rate of fault water, primarily during storms and spring snow thawing. In
those cases part of the water overflows via relief sluices directly to the Hron
River. The increase in the pipeline diameter and placement of the sewer to a gre-
ater depth, together with the increase in the STP capacity, will create proper con-
ditions not only for the town of Banska Bystrica and for relieving the environ-
mental burdening of the Hron River, but also for neighbouring municipalities,
which will be able to connect to the sewerage system.

European Union’s ISPA provides funds for the completion of the sewage tre-
atment plant serving Banskd Bystrica and neighbouring municipalities, which
has been under construction for over 15 years. Once completed, its design capa-
city should satisfy the needs of the town by 2030. The overall project is divided
into two phases, at a total cost of 46 million euro. The European fund will bear
50% of this sum, 25% will be paid by the government, and remaining 25% by the
owner. The phase I budget amounts to 10,435,000 euro. This phase comprises the
completion of civil and M&E work on the STP, and the construction of the main
interceptor sewer “A” from km 0.76525 to 4.77480, to be carried out from
01/2004 to 01/2006. The part of the sewer from km 0.00000 to 0.76525, inclu-
ding seven manholes, has already been completed in the framework of an inde-
pendent project in 1999 - 2000, using centrifugally cast glassfibre reinforced
plastic (GRP) pipes DN 2000mm. The remaining part of the interceptor sewer
“A” at a length of 3.1km, and other 61km of sewerage pipelines DN 300 — DN
1200mm are to be constructed in the subsequent phase. The function of the main
interceptor sewer is currently fulfilled by another trunk sewer, constructed using
DN 1200mm concrete pipes. The route of the original sewer is, along the whole
length, mostly identical with the newly built sewer, running at a distance of
3 — 8m; nevertheless, the two routes cross each other at three points. Once the
new interceptor sewer is completed, the old one will serve as a relief conduit.

The construction site facility for the interceptor sewer “A” section km 2.64525
—4.77480 is located on the southern edge of the town of Banskd Bystrica. The
trenchless section starts at the manhole No. 19, at a bridge to Kremnicka over the
national road 1/66 Zvolen — Banskd Bystrica. It crosses the on-ramp of this brid-
ge, and leads partly under paved areas, partly under unpaved green areas in front
of the buildings of an industrial park, where its direction breaks in the manhole
No. 28, crosses the national road 1/66, and ends in the manhole No. 30, at km
4.77480.

The trenchless part of the route of the interceptor sewer “A” crosses or runs in
parallel to several underground lines. It does not collide with them owing to its
greater depth. Nevertheless, the high number of underground services, frequent-
ly insufficiently documented, posed a serious complication for the excavation of
construction shafts.
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ZAKLADNE UDAJE STAVBY

Investor: Stredoslovenska vodarenska spolo¢nost; a. s.,

Banska Bystrica

Zdruzenie COV Bansk4 Bystrica, J. V., v zloZent:
Skanska BS a. s., Prievidza — vedci ¢len zdruZenia,
Skanska DS a. s, Prost€jov — ¢len zdruZenia

K+ HKINETIC, a. s., Slovenskd Lupca — ¢len zdruZenia
Skanska BS, a. s., Prievidza so subdodavatefom
Hydrocoop Bratislava

Stavebny dozor: Project Management Limited, Dublin, {rsko

Zaciatok a ukoncenie stavby: 1/2004 — 1/2006 (I. etapa)

Celkovd dlzka zberaca ,,A“: 4 775 m (v rdmci inej stavby v r. 1999 — 2 000

vybudovanych 765 m)

Z toho: 2 130 m bezvykopovou technolégiou (razenfm)

1 880 m hlbenim v otvorenej ryhe

Primdrne ostenie: pri razeni Stitom Zelezobeténové prefabrikdty s hribkou
steny 18 cm, pri razeni banskym spésobom TH vystuz K 21 s pazinami
Union

Vnutorné ostenie: sklolamindtové riry HOBAS s hriibkou steny 33 mm

Sticastou hlavného kanalizatného zberaca je 33 Sacht a stavebnych jam,
z toho v aktudlne razenej Casti zberaCa 13 Sdcht a stavebnych jém, v tseku
vybudovanom v minulosti 8 $4cht, v aktudlne hlbenom dseku zberaca 12 §acht.

Na stavbu Ststava na likviddciu odpadovych vod v Banskej Bystrici, 1.
féza, je uzavrety kontrakt podla medzindrodnych dodacich podmienok
FIDIC D-B.

Clenovia Zdruzenia COV Bansk4 Bystrica sa na stavbe podielajii takto:

Skanska BS, a. s., Prievidza — stavba zberaca ,,A*“ v km 0,76525 — 4,77480

Skanska DS, a. s, Prostéjov — stavebnd Cast COV

K + H KINETIC, a. s., Slovenskd Cupca — technologickd ast COV.

Na vykon stavebného dozoru a dalsich Cinnostf si investor vybral sprévcu
stavby, ktorému urc¢il povinnosti a pravomoci stanovené v zmluve o dielo
podla podmienok FIDIC D-B.

Cinnost’ spréveu stavby na tomto projekte vykondva tym pracovnikov
firmy Project Management Limited, Dublin, Irsko. Vzhladom na pouzity
zdroj financovania stavby z eurépskeho fondu ISPA a zahrani¢ného spravcu
je jazykom stavby angliCtina.

Zhotovitel’

Projektant:

GEOLOGICKE PODMIENKY
NA RAZENYCH USEKOCH ZBERACA

Aj ked ide o stavbu zaloZenti v malej hibke, na trase zberaca a jeho nadlo-
Zia vystupuju viaceré suvrstvia stratigraficky patriace do mezozoika, neogé-
nu a kvartéru. Povrchové vrstvy tvoria vicSinou ndvazky, ktoré siahaji do
hlbky priblizne 1,5 m. V prevéZznej Casti trasy vystupujui zahlinené a piesci-
té Strky s okruliakmi (valinmi) a balvanmi roznej velkosti (obr. 1). Niektoré
z bludnych balvanov presiahli rozmer az nad 1 m (obr. 2). Toto Strkopiesko-
vé sCasti zahlinené a balvanmi spestrené suvrstvie md mocnost priblizne
4 -7 m.V Casti trasy sa vSak vyskytuje aj skalné podloZie tvorené mezozo-
ickymi vdpencami a bridlicami v keuperskom vyvoji s vlozkami vépencov,
kremencov aj pieskovcov.

Podzemnd voda je viazand na polohu piesCitych alebo slabo zahlinenych
Strkov a pohybuje sa v hlbke 14 — 3,0 m. Z chemickych rozborov vyplyva,
Ze podzemné vody vykazuji slabu agresivitu CO,. Priepustnost’ vrstiev bola
o nieco nizSia ako prognéza podla vysledkov podrobného geologického
a hydrogeologického prieskum, ktory bol na trase zberaca vykonany v roku
1999. Pritok vody pocas razenia nepresiahol na Ziadnej Celbe 15 I/s.

Obr. 1 Charakter naplavenin rieky Hron
Fig. 1 Character of the Hron River alluvium

BASIC PROJECT DATA

Owner:
Contractor:

Stredoslovenskd voddrenskd spolocnost, a. s., Banskd Bystrica
ZdruZenie COV Banskd Bystrica, J. V. joint venture,
consisting of:

Skanska BS a. s., Prievidza — the lead partner

Skanska DS, a. s. Prostéjov — member

K + HKINETIC, a. s., Slovenskd Lup¢a — member
Skanska BS, a. s., Prievidza and a sub-contractor Hydrocoop
Bratislava

Site supervision: Project Management Limited, Dublin, Ireland

Commencement and end of the project: 01/2004 — 01/2006 (Phase I)

Total length of the sewer “A”™: 4,775m (765m constructed in 1999 — 2000 in

the framework of another project)

Out of that: 2,130m constructed using trenchless techniques (mining)

1,880m in open trench

Primary lining: precast segments 18cm thick at the shield driving technique

TH steel sets with UNION steel sheet lagging at the traditional mining methods

Internal lining: GRP pipes HOBAS, wall thickness of 33mm.

The main interceptor sewer comprises 33 manholes and construction shafts,
out of those 13 manholes and construction shafts are found in the currently mined
section, 8 manholes in the previously constructed section and 12 manholes in the
section being currently constructed in an open trench.

The contract concluded for the project of the Sewage Disposal System for
Banskd Bystrica — Phase 1 was prepared in accordance with the FIDIC D-B
International Conditions of Contract.

The portions of the works undertaken by the individual members of the Zdru-
zenie COV Banskd Bystrica joint venture are as follows:

Skanska BS, a. s., Prievidza — construction of the interceptor sewer at km

0.76525 - 4.77480

Skanska DS, a. s., Prostéjov — civil work on the STP

K + HKINETIC , a. s., Slovenskd Lupéa — M&E work on the STP.

The owner hired a project manager to perform the function of site supervisor
and other activities, and defined his responsibilities and authority in the contract
according to the FIDIC D-B conditions. The project manager’s duties are dis-
charged by a team of employees of Project Management Limited, Dublin,
Ireland. Because of the fact that the project is funded from European financial
means, the ISPA, and the project manager is a foreign company, the official
language is English.

Designer:

GEOLOGICAL CONDITIONS ON THE MINED SECTIONS
OF THE INTERCEPTOR SEWER

Despite the fact that the alignment is not too deep, several series of measures
rise to the level of the sewer and its overburden, categorised in terms of strati-
graphy as the Mesozoic, Neogene and Quaternary. The surface layers consist
mostly of made-ground reaching up to a depth of approximately 1.5m. Loamy
and sandy gravels with pebbles and boulders of various sizes are found along pre-
vailing part of the alignment (see Fig. 1). The dimensions of some of the erratic
boulders exceeded 1m (see Fig. 2). The thickness of this gravel-sand, series of
measures (partly loamy and containing boulders) amounts to 4 — 7m. A part of the
alignment, however, passes trough the bedrock consisting of Mezzozoic limesto-
ne and the Keuper shale with inter-layered limestone, quartzite and sandstone.
The aquifer is confined within the layer of sandy or slightly loamy gravels, and
is found at a depth of 1.4 —3.0m. Chemical analyses proved that the ground water
is slightly CO, corrosive. The permeability of the layers was a little bit lower than
anticipated according to the results of the detailed geological and hydrogeologi-
cal investigation, which was carried out along the route of the interceptor sewer

Obr. 2 Bludny balvan extrémnych rozmerov vytiZeny na trase zberaca
Fig. 2 Extreme sizes of an erratic boulder dug out along the alignment of the sewer



Obr. 3 Ukladanie Zelezobetonovych segmentov pomocou vyloZnikového poddvaca
Fig. 3 Installation of reinforced concrete segments using an erector

TECHNOLOGIA S POUZITIM RAZIACICH STITOV

V tych tusekoch trasy zberaca, ktoré prechddzaji polohami piesCitych
a mdlo zahlinenych §trkov, na ktoré je zdroven viazand pritomnost’ podzem-
nej vody, sa pouzili otvorené, tak nemechanizované, ako aj mechanizované
raziace $tity DN 2560. Primdrne ostenie pri razeni $titmi sa buduje zo Zele-
zobeténovych prefabrikatov. Raziace Stity su preto vybavené jednoduchymi
mechanizmami, ktoré ulahcuji ukladanie prefabrikdtov (obr. 3). Vzhladom
na nepriaznivé geologické pomery niektoré z raziacich Stitov boli vybavené
vysuvnymi noZmi a mechanickym zariadenim na paZenie Celby a jej postup-
né otvdranie po jednotlivych sekvencidch (obr. 4). Razenie zberaca pokraco-
valo plynulo od jednej ku nasledujicej pracovnej jame. Zatahovanie sklola-
mindtovych rir vnitorného ostenia nasledovalo az po vyrazeni celého tseku.
Medzikruzie medzi Zelezobeténovym ostenim a sklolaminatovou riirou sa
zakladalo Strkovym zdsypom.

Celkovo sa na stavbe pouzivali 3 sicasne raziace $tity rovnakého prieme-
ru, ale s rozlicnou vybavenostou doplnkovymi mechanizmami. Jeden zo $ti-
tov bol vybaveny podkopovym bagrom a pasovym dopravnikom na odtazbu
ribaniny. Tato vybava Stitu sa celkom dobre osvedcila. V malom profile raze-
nia pasovy dopravnik plnil takmer na 100 % aj nakladaciu funkciu. V neme-
chanizovanom variante raziacich §titov sa na rozpojovanie horniny pouZiva
pneumatickd zbfjacka a na nakladanie prehadzovaci nakladac typu NL-12.

Pred odstartovani raziaceho Stitu sa prislusny blok horniny za paZiacou ste-
nou pracovnej jamy speviioval preinjektovanim cementovou suspenziou.

RAZENIE BANSKYM SPOSOBOM

V tych tsekoch trasy, kde skalné podloZie zasahuje velkou Castou do pro-
filu zberaca, razi sa §tdlna malého profilu klasickym banskym spdsobom.
V pdvodnom technologickom projekte sa uvazovalo alternativne s lichobez-
nikovym profilom LB 5 alebo oblikovym profilom OO — 02, razilo sa v§ak
iba v oblikovom profile OO — 02. Primdrne ostenie predstavuje banska
vystuz TH z ocelovych oblikov K 21 v kombindcii s pazenim ocelovymi
plechmi Union (obr. 5). V skalnych hornindch sa razi s pouZitim trhavin,
avSak s obmedzenou velkostou naraz odpalovanej ndloze do max. 8 kg.
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Obr. 4 Raziaci §tit s vysuvnym noZovym predstitkom
Fig. 4 The shield with an extendible cutting blade (“pre-shield”)

in 1999. The water inflow did not exceed a value of 1.5 /s in the course of the
excavation, at none of the headings.

SHIELD EXCAVATION TECHNIQUES

Open-face shields DN 2560, both mechanised and non-mechanised, were uti-
lised in the sections of the interceptor sewer passing through the aquifer-forming
sandy and little loamy gravels. Reinforced concrete precast segments are used for
the primary lining. The shields are therefore equipped with simple mechanisms
making the installation of the segments easier (see Fig. 3). Because of the unfa-
vourable geological conditions, some of the shields were equipped with exten-
dible segments of the cutting blade and a mechanical system of bracing the face
and stepwise removal of the braces (see Fig. 4). The sewer tunnel excavation con-
tinued smoothly from one construction shaft to the other one. The GRP pipes for-
ming the internal lining were pulled into the tunnel only when the excavation of
the whole section had been completed. The annulus between the reinforced conc-
rete lining and the GRP pipes was packed with gravel.

In total 3 shields of identical diameter but with different additional equipment
were operated simultaneously. One of the shields was equipped with a backhoe
and a belt conveyor for the mucking out. This equipment of the shield proved to
be quite good. The belt conveyor used in the small diameter excavation perfor-
med also nearly 100% of the muck loading function. Regarding the non-mecha-
nised variant of the shields, the rock was broken with pneumatic picks, and the
muck was loaded with an NL-12 overhead loader.

Before launching the shield, the particular block of the rock behind the diap-
hragm wall supporting the construction shaft wall was consolidated by injecting
cement suspension.

TRADITIONAL MINING TECHNIQUES

In the sections where the bedrock extends into a large portion of the excavated
cross section, a small-profile gallery is driven by traditional mining methods. The
LB 5 trapezoidal cross-section or the OO — 02 vaulted profile had originally been
designed as alternatives, but the OO — 02 vaulted profile was eventually used as a
sole solution. The primary lining consists of colliery Toussaint — Heinzmann steel
sets, i.e. K-21 arches, combined with UNION steel sheet lagging (see Fig. 5).

Obr. 5 Stoliia zberaca razend v oblitkovom profile s pazenim Union plechmi
Fig. 5 The vaulted-profile gallery excavation using UNION steel sheet lagging

Obr. 6 Debnenie stien reviznej Sachty
Fig. 6 Manhole walls formwork
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Obr. 7 Maly lopatovy nakladac na dne pracovnej jamy
Fig. 7 A small shovel loader at the construction shaft bottom

Pokial’ do hornej Casti razenej $télne zasahuji nestdrzné Strkové sedimenty,
rozpojovanie sa robi ru¢ne alebo zbijacimi kladivami a stabilita vyrubaného
priestoru sa zabezpecuje hnanym paZenim. V niektorych pripadoch sa muse-
lo paZit'aj ¢elo. Na nakladanie sa pouZivaji prehadzovacie nakladace typu
NL - 12. Razi sa v krdtkych zdberoch s dlzkou max. 1 m s objemom rdbani-
ny na jeden zaber 6 — 8 m3.

Zatahovanie sklolamindtového potrubia a jeho stabilizdcia sa uskuto¢iiuje
po dokonceni razenia $tolne v celej dlzke Useku medzi dvomi pracovnymi
jamami (obr. 6).

HLBENIE PRACOVNYCH JAM

So zretefom na geologické podmienky, rozmiestnenie inZinierskych sieti
a okolitej zdstavby, stabilita pracovnych jam sa zabezpecovala dvomi
sposobmi. V pevnejsich materidloch sa pouZili rozperné ramy v kombindcii
s pazinami Larsen. V staZenych podmienkach s pritokmi spodnej vody, aby
sa zabrdnilo vymyvaniu drobnych castic a sufézii, jamy sa zabezpecovali
predrazenymi Stetovnicami Larsen III N a takisto s rozpernymi rdmami.
Na odtazbu zeminy sa spoCiatku pouzivali malé stlpové OVJ Zeriavy a dra-
pdkové nakladace. NeskorSie, z dovodu malej vykonnosti, preslo sa na pou-
Zitie bagrov typu VOLVO 140 alebo DH 411s predlZzenym ramenom. Pri
dohlbovani jém sa osvedcili malé bagre, resp. nakladaCe typu Menzi Muck
3000, Caterpillar, alebo UNC 061 s podkopovou lopatou (obr. 7). Pri hlbeni
niektorych jam skalné podlozie vystipilo do vysky az 0,5 m pod droviiou
terénu. V takomto pripade sa pouzila vrtno-trhavinovd technolégia a na
nakladanie bansky Sachtovy naklada¢ typu KS — 3. Podla konec¢nej funkcie
boli Sachty na zberaci vystrojované definitivnym ostenim, niektoré z nich
monolitickym beténom (obr. 8).

ZHODNOTENIE DOTERAJSICH POZNATKOV Z RAZENIA
STOLNI A STAVBY ZBERACA

Vzhladom na dizku kanalizaéného zberata jeden z prvych navrhov bol
razit' ho s pouZitim tunelovacieho stroja. Tento ndvrh bol nastastie eSte
v zérodku projektovania zavrhnuty. Pri tak pestrej geologickej stavbe cha-
rakterizovanej pritomnostou pevného skalného masivu, miestami vsak tekto-
nicky poruseného, Strkopieskovych vrstiev s rdznym stupfiom spevnenia az
po tplne nespevnené, vysypavajice sa z cela, s vyskytom rozmernych blud-
nych balvanov, je akdkolvek proklamovand univerzalita tunelovacich strojov
spochybnitelhd.

NiZzsie razic¢ské postupy pri aplikdcii jednoduchych alebo polomechanizo-
vanych raziacich Stitov ako aj pri klasickej banskej technoldgii razenia sa
kompenzovalo otvorenfm viacerych Celieb spristupnenych pracovnymi jama-
mi. Dlzka razeného tseku jednou Celbou spravidla, aZ na ojedinely pripad,
nepresahovala 200 m.

Skusenosti so stavbou kontrahovanou a riadenou pravidlami FIDIC D-B
a pritomnostou zahrani¢ného stavebného dozoru tvoria cely balik pozitiv-
nych i negativnych poznatkov, ktoré by mozno stdli za separdtny ¢lanok.

ING. JOZEF FRANKOVSKY, ING. JURAJ KENDERESSY,
Jjuraj.kenderessy@skanska,sk , SKANSKA BS, s. a., Prievidza
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Obr. 8 Riira Hobas DN 1800 po zatiahnuti do $télne zberaca
Fig. 8 Hobas DN 1800 pipe after pulling into the gallery

Drill and blast is used for the passing through hard rock, but the blasting charge
per delay is limited to 8 kg. In the sections where the incoherent gravel sediments
extends to the top of the gallery profile, the rock is broken manually or with hand-
held picks; the stability of the excavated opening is secured by forepoling. On
several occasions also the face had to be braced. The muck is loaded by an NL-
12 overhead loader. Short excavation rounds are applied, with the maximum
length of 1m, and the volume of muck 6 — 8m3 per round. The GRP pipes are pul-
led into the gallery and stabilised only when the whole length of the gallery exca-
vation between two construction shafts has been finished (see Fig. 8).

CONSTRUCTION SHAFTS SINKING

Stability of the construction shafts was secured by two methods, depending on
the geological conditions, positions of utility networks, and the layout of existing
buildings. The shafts excavated in firmer materials were supported by bracing fra-
mes combined with Larsen lagging. In more difficult conditions where ground
water inflows were anticipated, the shafts were supported by Larsen III N sheet
piles, also combined with bracing frames, to prevent the removal of finer particles
and internal erosion. The mucking out was in the beginning by small pillar cranes
OVJ and clamshell loaders. Later, because of poor performance, the miners star-
ted to use VOLVO 140 excavators or DH 411 excavators with extended booms.
Small excavators or loaders of the Menzi Muck 3000, Caterpillar or UNC 061
backhoe types performed well in the phase of finishing the bottom excavation (see
Fig. 7). In some locations of the shafts the bedrock rose up to a level of 0.5m under
the ground surface. The drill and blast method was utilised in such the cases, and
a mining shaft loader KS-3 handled the mucking out. The final lining of the shafts
sunk on the interceptor sewer depended on the final function of the particular shaft;
some of them were lined with cast-in-situ concrete (see Fig. 6).

EVALUATION OF EXPERIENCE GAINED TILL NOW DURING
THE DRIVING OF GALLERIES AND CONSTRUCTION OF THE
INTERCEPTOR SEWER

Considering the length of the interceptor sewer, one of the first designs proposed
that a TBM be used. This proposal, fortunately, was refused in the very beginning.
Any attempt for universality of tunnelling equipment can be cast doubt upon in the
given conditions of such the variable geological structure characterised by the pre-
sence of irregular faults in the sound rock mass, a varying degree of consolidation
or total lack of consolidation causing spilling of gravel-sands out of the excavation
face, occurrence of sizeable erratic boulders in gravel-sand layers, etc.

The lower excavation advance rates caused by the utilisation of non-mechani-
sed or semi-mechanised shields and the application of traditional mining techni-
ques were compensated for by working with several points of attack, which were
accessible from construction shafts. The length of a section driven from one point
of attack usually (excepting one case) did not exceed 200m.

The experience gained from the works where the contract was concluded and
the construction managed according to the FIDIC D-E rules, and where a foreign
project manager was hired by the client, can be considered as a package of posi-
tive and negative lessons. They would be probably worth being a topic of a sepa-
rate article. ING.JOZEF FRANKOVSKY, ING. JURAJ KENDERESSY,

Jjuraj.kenderessy@skanska,sk , SKANSKA BS, s. a., Prievidza
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AUTOMATICKY MONITORING PROVOZOVANYCH
ZELEZNICNICH TUNELU NA HEATHROW

AUTOMATIC MONITORING OF OPERATING RAILWAY TUNNELS
AT HEATHROW

MATOUS HILAR, PAUL LYONS, AIDAN LAIMBEER

1. UvoD

Stavba nového terminalu 5 na londynském letisti Heathrow zahrnuje reali-
zaci systému raZenych tunelt o délce 13 km (Hilar a kol. 2005). RaZba tunela
pod pouzivanym letitém prindsi zna¢né riziko pro jeho funkénost. SniZeni
tohoto rizika na minimum bylo jednim z kli¢ovych aspektu stavby (Williams
2005). Jednim z nejndro¢néjsich kol byla razba tuneli v tésné blizkosti std-
vajicich Zelezni¢nich trati. Ob¢ trouby silni¢niho tunelu na letistn{ strané (Air-
side Road Tunnel — ART) prochézely nad soucasnym tunelem trati Heathrow
Express (HEX) ve vzddlenosti 3,5 m. Ob¢é trouby trati Heathrow Express
Extension (HEXEx) podchazely provozovany tunel smycky trati Piccadilly ve
vzddlenosti 6,9 m a razba trati Piccadilly Extension (PiccEx) podchdzela ve
vzdélenosti 3,9 m pod tunelem Piccadilly.

Vsechny Zelezni¢ni tunely byly v priibéhu razeb, realizovanych v jejich
tesné blizkosti, v provozu. Zelezni¢ni svrsek je velmi citlivy na deformace
a veétsi deformace by mohly vést k zastaveni provozu a znanym finanénim
ztrétdm. Nésledujici ¢lanek popisuje rizné systémy automatického monitorin-
gu pouzitého na termindlu 5 spole¢né s vyhodnocenim namérenych hodnot.

2. ORGANIZACE STAVBY

Investor, spolecnost BAA plc, si najal spolecnost Mott MacDonald jako gene-
rdlniho projektanta vSech podzemnich staveb a sdruzeni Morgan-Vinci Joint Ven-
ture (MVIV) jako generdlntho zhotovitele tuneli. Firma Mott MacDonald
zaméstnala specializované subdodavatele na instalaci monitorovacich systému
a obsluhu téchto systému béhem raZeb. Spolecnost Mott MacDonald odpovidala
za ndvrh systémt monitoringu, dozor osazeni monitoringu, testovani citlivosti
monitoringu a za vyhodnocovéni vysledki monitoringu béhem raZeb. Viechny
postupy musely byt schvéleny zd¢astnénymi stranami, predevsim majiteli stédva-
jicich tunelt, kterymi jsou London Underground Limited (LUL) a Heathrow
Express/Network Rail spolu se zhotovitelem tunelti a firmou BAA.

3. RAZBA POD TUNELEM SMYCKY TRATI PICCADILLY
3.1 ZAKLADNI INFORMACE

Smycka trati Piccadilly tvori podzemni Zelezni¢ni spojeni mezi stanicemi
Hatton Cross, Terminal 4 a Central Terminal Area (CTA) na Heathrow. Jedna
se o tunel s vnitinim prumérem 3,81 m, ktery byl vybudovén v roce 1983 a jde
predevsim o prefabrikované betonové osténi s klinovym zdmkem. Dilce osténi
jsou z prostého betonu a osténi neni po obvodu injektovdno. Dokonceny

a vystrojeny dsek tunelu Piccadilly zahrnuje i rozsiteny dsek (délka 17 m,

Obr. 1 Relativni poloha raZeb pod smyckou trati Piccadilly: 1 - Smycka trati
Piccadilly, 2 - HExEx DL, 3 - HExEx UL, 4 - PiccEx WB, 5 - PiccEx EB,
6 - Razba HExEx, 7 - Razba PiccEx WB

Fig. 1 Relative position of Piccadilly Loop crossings: 1 - Piccadilly Line
Loop, 2 - HExEx DL, 3 - HExEx UL, 4 - PiccEx WB, 5 - PiccEx EB,
6 - HExEx crossings, 7 - PiccEx WB crossing

1. INTRODUCTION

Construction of new Terminal 5 at Heathrow considers excavation of
a 13km long system of driven tunnels (Hilar et al. 2005). Tunnelling under the
live airport brings a significant risk to its operation; the reduction of this risk
to a minimum was one of the project key issues (Williams 2005). One of the
most challenging tasks was tunnelling in close proximity to existing railways.
Both drives of the Airside Road Tunnels (ART) were excavated above exis-
ting Heathrow Express (HEX) tunnel with clearance 3.5m. Both drives of
Heathrow Express Extension (HExXEx) and one drive of Piccadilly Line
Extension (PiccEx) were excavated below existing Piccadilly Loop tunnel
with clearances 6.9m and 3.9m respectively.

All the existing railway tunnels were in operation during the tunnelling in
their proximity. Railway infrastructure is very sensitive to deformation and
high movement could lead to services being stopped and substantial financi-
al losses. The following paper describes different automatic monitoring sys-
tems used at Terminal 5 together with the evaluation of monitored values.

2. ORGANISATION OF WORKS

The client, BAA plc, employed Mott MacDonald as the principal designer
of all underground structures and Morgan=Vinci Joint Venture (MVIV) as
principal tunnel constructor. Mott MacDonald employed specialist subcon-
tractors for installation of the monitoring systems and control of the systems
during crossings. Mott MacDonald was responsible for the design of the
monitoring systems, supervision of installation, commissioning, interrogation
and interpretation of monitored values during the crossings. All procedures
had to be agreed with the stakeholders, the owners of the existing tunnels -
London Underground Limited (LUL) and Heathrow Express/Network Rail in
conjunction with the constructor and BAA.

3. PICCADILLY LOOP CROSSINGS
3.1 BASIC DATA

The Piccadilly Line Loop forms an underground rail link between Hatton
Cross station, Terminal 4 station and Central Terminal Area station at Heath-
row. The 3.81m internal diameter tunnel was constructed in 1983 and is pri-
marily of pre-cast concrete expanded segmental lining. The segments are not
reinforced and the lining is not grouted. The instrumented section of the tun-
nel incorporates the Wessex Road escape shaft emergency access platform
which includes a large (17m long, 8.25m diameter) bolted cast iron section
along the platform area.

Construction of three new tunnels had to cross very close under this exis-
ting tunnel: PiccEx Westbound (WB), HexEx Downline (DL) and HexEx
Upline (UP). Fig. 1 shows the overview indicating the relative position of the
mentioned tunnels. HEXEx tunnels crosses under the Piccadilly Loop per-
pendicularly. PiccEx WB tunnel crosses under the existing tunnel at a skewed
angle, thus a longer section of the tunnel was within the zone of influence.

All PiccEx and HexEx tunnels were constructed using Dosco shields (Hilar et
al. 2005). The pre-cast concrete segments were erected immediately behind the
shield and expanded against the exposed London Clay (wedgeblock constructi-
on). Between the Piccadilly tunnel invert and crowns of new tunnels there was
a design clearance of 3.89m for PiccEx tunnel and 6.86m for HEXEx tunnels.

3.2 REMOTE MONITORING SYSTEMS

The extent of the zone of influence within the Piccadilly Loop was conside-
red to be within 30m either side of the crossing centre line for HEXEx tunnels
and 40m either side of the crossing centre line for PiccEx tunnels (skewed cros-
sing). For this reason the instrument scheme extended double length of the zone
of influence with reference points located a further 36 metres either side.

The remote system enabled real-time readings with detailed structural
movements to be obtained during both traffic and engineering hours. This



15. rocnik - €. 2/2006

prumér 8,25 m) s osténim ze Sroubovanych litinovych dilct, ve kterych je
ndstupiste a vstup do tnikové Sachty.

Pod tunelem Piccadily bylo nutné podejit ve velmi malé vzdalenosti s raz-
bou tif nasledujicich tunelt: PiccEx Westbound (WB), HexEx Downline (DL)
a HexEx Upline (UP). Situace uvedenych tuneld je vidét na obr. 1. Tunely
HexEx podchazi pod Piccadilly v kolmém sméru. Tunel PiccEx WB podchazi
v ostrém uhlu, takZe v zéné sedani se nachézel delsi tsek.

Vsechny tunely PiccEx a HexEx se razily $tity Dosco (Hilar a kol. 2005).
Prefabrikované betonové dilce byly osazovany ihned za Stitem a byly rozpina-
ny do vyrubu v londynském jilu pomoci klinovych dilci. Mezi dnem tunelu
Piccadilly a vrcholy klenby novych tuneld byla projektovana vzddlenost
3,89 m (tunel PiccEx) a 6,86 m (tunely HexEx).

3.2 SYSTEMY DALKOVE RiZENEHO MONITORINGU

Rozsah z6ny sedéni na trat' Piccadilly byl uvazovéan do 30 m na kazdou stra-
nu od mista kifZen{ osy tuneld HexEx a 40 m na kaZdou stranu od mista kifze-
ni osy tunelt PiccEx (Sikmé kiiZenf). Schéma méficich pfistroju zahrnovalo
dvojndsobek délky zony seddni. Referencni body byly umistény na obou stra-
ndch o dalSich 36 m dale.

Systém ddlkové fizeného monitoringu umoznil méfeni v redlném Case, takze
byly ziskdny podrobné informace o deformacich jak pri provozu, tak v dobé
udrzby metra. PouZity systém automaticky mefil deformace a ddval Ciselné
i grafické vystupy ve specidlnim vyhodnocujicim softwaru. Tento software
umoznoval vloZen{ konkrétnich varovnych hodnot pro jednotliva éteni. Kromé
toho byly v systému zahrnuty i vypolty relativnich deformaci mezi piistroji,
coz slouzilo jako dal$f kritérium. Systém se skladal z elektrickych tramovych
vodovih, sklonoméru a potenciometrickych dilatometrt (obr. 2).

Pro méfeni zvInéni kolejového loze byly ke dnu tunelu pripeviiovany elektric-
ké vodovahy, které méfily svisly profil v redlném Case. Kotevni body byly umis-
tovany po 2 m, srovnavaci bod byl mimo o¢ekdvanou z6énu sedéani (obr. 3 a 4).

Sklonomeéry byly pouZity v méfeném dseku pro uréeni natodeni a zkrouce-
ni trati. Tyto pfistroje byly umistény na betonu podél trati a byly orientovany
kolmo k ose tunelu (obr. 3 a 4).

Sady potenciometrickych dilatometru byly instalovany v péti predem
vybranych profilech uvnitf monitorovaného tseku trati Piccadilly. Jejich dce-
lem bylo méfeni pohybu spar sklddaného osténi po jeho obvodu (obr. 4).

Kazdy pristroj byl napojen pres multiplexor k elektronickému zdznamniku dat.
Zaznamnik byl napdjen ze sité napétim 240V, které bylo transformovano na stej-
nosmérné napéti 55V, vedené do kapkovité dobijené zabudované baterie 12V, pou-
Zivané k napdjeni pifstroju a zajistujici nahradni napajeni v piipad€ vypadku prou-
du. Zaznamnik byl pak napojen na kanceldf zpracovani dat, umisténou na Wessex
Road. Napojeni bylo provedeno pres modem na krdtkou vzdélenost s kabeldzi
vedenou skrz Sachtu Wessex Road. Zaznamnik slouzi pro vyhodnocovani a shro-
mazdovani dat v jakémkoliv pozadovaném asovém intervalu. Bylo nutné, aby
interval byl vétsi, neZ je vySetrovaci cyklus (cca 3 minuty). V obdobi kiiZeni byl
systém nastaven tak, aby shromazdoval data v intervalech po 15 minutdch.

Zpracovani dat bylo provadéno jednouicelovym systémem, sloZzenym z béz-
ného serveru se tyfmi PC, ktery umoZiioval prohlizeni riznych aspekti moni-
toringu soucasné. Pro pripad poruchy na nékterém z ostatnich PC byly k dis-
pozici nahradni pocitate. Toto uspordddni umoznovalo piimy sbér, uklddani,
zpracovdni a vySetfovani vysledki monitoringu. Typické usporadédni softwaro-
vych prezentaci je zobrazeno na obr. 5 a 6. K zajisténi nouzového napdjeni
v pripadé vypadku proudu v kanceldrich byly do tohoto usporaddni zapojeny
také dva systémy nepretrzité doddvky proudu (UPS).

3.3 SYSTEM MANUALNIHO MONITORINGU

Systém manudlniho monitoringu byl zcela nezavisly na automatickém systé-
mu. JelikoZ provoz v Zelezni¢nim tunelu byl zachovadn po cely den, data

Obr. 3 Elektrické vodovdhy (vlevo) a sklonomeéry (vpravo) instalované na trati
Fig. 3 Electrolevel beams (left) and tiltmeters (right) installed on track
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Obr. 2 Typické uspordddni pristroju (HExEx UL): 1 - Dilatometr, 2 - Sklo-
nomér, 3 - Elektrickd vodoviha, 4 - Multiplexor nebo zdznamnik dat, 5 -
Kabely, 6 - Referencni bod, 7 - Smycka trati Piccadilly, 8 - HExEx UL

Fig. 2 Typical arrangement of instruments (HExEx UL): 1 - Jointmeter,
2 - Tiltmeter, 3 - Electrolevel beam, 4 - Multiplexer or data logger, 5 - Cables,
6 - Reference point, 7 - Piccadilly Line Loop, 8 - HExEx UL

system automatically read and provided numerical and graphical outputs in
specialist software presentation software, the software allowed specific safe-
ty trigger values to be inputted for individual readings. In addition, calculati-
ons between instruments were included to provide further parameters. The
system consisted of electrolevels in the form of beams, tiltmeters and poten-
tiometric crackmeters (Fig. 2).

To measure undulation of the track bed, a string of electrolevel beams
were fixed to the invert of the tunnel, to provide a real time measurement of
the vertical profile. The anchorage points were spaced at 2m intervals with the
datum outside the predicted zone of influence (Figs. 3 and 4).

To identify track twist and cant, tiltmeters were used within the instru-
mented section. These were positioned on the track secondary concrete and
orientated perpendicular to the line of tunnel (Figs. 3 and 4).

Arrays of potentiometric crackmeters were installed at five pre-selected
arrays within the instrumented section of the PiccLoop to monitor segmental
joint movements around its circumference (Figs. 4).

Each instrument was hard wired via a multiplexor to an electronic data log-
ger. The logger was powered from a 240V mains spur, which was stepped
down to 55vAC and fed in to 12V trickle charge integral logger battery, which
was used to power the instruments and provide back up power in the event of
power failure. The logger was then linked to a data processing centre in at
offices situated at Wessex Road via a short haul modem with the cabling rou-
ted through the Wessex Road shaft. The logger was used to interrogate and
capture data at any time interval required which was greater than the interro-
gation cycle interval of circa 3 minutes. During the crossing period the sys-
tem was set to capture data at 15Sminute intervals.

The data processing was undertaken by a dedicated system comprised
common server with four PC’s, allowing different aspects of the monitoring
to be viewed at the same time. In the event of any of the other PC developing
a fault, back up PC’s were available. This configuration enabled direct col-
lection, storage, process and interrogation of the instrumentation system.
Typical software presentation layouts are shown in Figs. 5 and 6. To provide
emergency power in the event of the office power failure two U.P.S.’s were
linked to this configuration.

Obr. 4 Fotografie ukazuje (zprava doleva) sklonomer, elektrickou vodovihu,
potenciometricky dilatometr a kabeldZ vedenou na osténi tunelu

Fig. 4 Photo shows (from right to left) tiltmeter, electrolevel beam, potentio-
meter crack meter, and cabling routed up tunnel lining
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Obr. 5 Program I-site ukazuje misto a oznaceni sklonoméri (raZba HExEx DL);
buriky ukazuji monitoringem zjistény pohyb — jejich zelend barvy znamend,
Ze nebylo dosaZeno Zddné varovné hodnoty

Fig. 5 I-site software shows position and identification of the tiltmeters
(HExEx DL crossing). Boxes indicate monitored movement; their green
colour indicates that no trigger has been reached.

z manudlné provddéného monitoringu byla ziskdvana v dobé ddrzby metra, kdy
nebyl tunel v provozu. Tento manudlné provadény monitoring zahrnoval pres-
nou nivelaci trati, loZe a vrcholu klenby osténi, méfeni tvaru oblouku trati, kon-
vergenéni méfeni pdsmovymi extenzometry a geodetickd méreni konvergenc-
nich bodu.

Manudlni systém umoznoval:

® Ziskdni dat neméfenych automatickym systémem (tvar oblouku trati

a konvergence).

@ Jisty stupeni zdlohy pro automaticky systém.

@ Systémovou kontrolu a kontrolu dat ziskanych automatickym systémem.

Pred zahdjenim razby pod metrem byla provddéna presné nivelace pro ziska-
ni skute¢ného podélného profilu trati. Tato informace byla potfebnd, aby bylo
mozno odvodit bezpecnostni varovné hodnoty. Aby byly ziskany informace
o zvInéni, zkroucent, pri¢ném naklonéni trati a deformacich vrcholu klenby, bylo
pouzivano presné nivelace, ze které vyplynuly svislé posuny zény seddni. Nive-
la¢ni body byly umistény na obou strandch trati. Umisténi téchto boda se shodo-
valo s umisténim automatického monitoringu. Dal{ nivela¢ni body byly umisté-
ny v urcité vzddlenosti od zény sedéni, aby je bylo mozZné pouZit jako referencni
body. Méfen{ tvaru oblouku trati po celé délce z6ny sedéni bylo ziskdvano pomo-
cf totdlni stanice. Pro ziskdvéni idaji o prijezdnim profilu po délce tseku auto-
matického monitoringu byly pouzivany pasmové extenzometry.

3.4 VYSLEDKY RAZBY PICCEX WB

Béhem razby pod trasou Piccadilly byla rychlost postupu $titu okolo
50 metrt za den. Piistroje zaCaly reagovat na vibrace $titu, kdyZ se pribliZil na
vzdalenost 25 — 30 m. Reakce se projevila jako zvysSeny rozptyl dat, i kdyz cel-
kovy trend zustal horizontélni. KdyZ byl §tit ve vzdalenosti 18 m od pfistroje,
byl jiz vyvoj deformaénich zmén v prislu§ném souboru dat znatelny.
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Obr. 6 Program I-site ukazuje misto a oznaceni dilatometri (raZba HExEx DL)
Fig. 6 I-site software shows position and identification of the crackmeters
(HExEx DL crossing)
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3.3 MANUAL MONITORING SYSTEM

The manual monitoring system was entirely independent of the automatic
system. Because the rail tunnel was operational throughout the day all data
from the manual system was obtained during Engineering hours whilst the
tunnel and rail system was closed. This manual monitoring system comprised
of precise levelling of the track, bed and crown, track versine, tape extenso-
meter measurements and total station/prism survey.

The manual system enabled:

o Data that was otherwise unobtainable such as track versine and convergence.

® A degree of redundancy to the remote monitoring system.

@ A systems and data check to the remote system.

Prior to the crossings a precise level track survey was undertaken to attain
the true vertical profile of the track, with this information safety trigger values
could be derived. In order to obtain track information for undulation, twist and
cant and crown profile movements, precise levelling techniques were used to
obtain vertical displacements along the length of the zone of influence. The
levelling points were positioned in sets of three, one in the tunnel crown to
obtain an invert level and one either side of the track. The position of the points
coincided with the instrument arrays. Additional levelling points were positi-
on some distance away from the zone of influence to be used as reference
objects. Using a total station, track versine was obtained along the length of the
zone of influence. To obtain the kinetic envelope along the length of the instru-
mented zone, tape extensometer measurements were taken.

3.4 RESULTS OF PICCADILLY EXTENSION WEST BOUND
CROSSING

During the crossing period the shield rate of advancement was around 50
metres per day. The instruments began to react to the shield vibration 25-
30m away, the reaction showed up as increased data scatter, although the ove-
rall trend remained horizontal. When the shield was within 18m of the instru-
ment the development of the deformation trend within the relevant data set
was apparent.

Fig. 7 shows the track bed response at the centre of the section where the
maximum deflection of 11.7mm occurred. There was an initial apparent
heave, which obtained a maximum value of 0.7mm; this may be attributed to
the shield skin being pushed in to the cutting face. When the shield face was
approximately 14m from the crossing centre line, the entire heave had dissi-
pated and the settlement trend had been established. Over a period of 24 hours
all the settlement occurred. The track bed then exhibited a partial elastic res-
ponse and came to rest at a final value of 11.3mm. Comparison to other
Piccadilly crossings is shown on Fig. 8.

One of the criteria to be measured was vertical deviation between track
levels over 5 metre intervals known as track undulation, this was obtained by
subtracting alternate electrolevel beam settlement results from each other. Ini-
tial alert trigger values, in places, were extremely close prior to any construc-
tion activity. These values were set according the track position prior to the
crossing in relation to a point at which track maintenance would be required
in accordance to LUL specifications. During the crossing period initial trig-
gers were encroached upon for a brief period; however the final at rest posi-
tion was well outside any of these triggers (Fig. 9).

3.5 RESULTS OF HEATHROW EXPRESS EXTENSION,
DOWN LINE CROSSING

Because the geometry of the Piccadilly Loop within the zone of influence is
not uniform through out (enlarged section), the track and crown displacement

Piccex Loop - Mott MacDonald
PiccEx - Track Electrolevels 06/04/2004 18:00:00
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0br. 7 Casovy priibéh reakce kolejového loZe (razba PiccEx)
Fig. 7 Track bed response in time (PiccEx crossing)
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Obr. 8 Srovndni konecného seddni kolejového loZe trati Piccadilly na monitoro-
vanych kriZenich: 1 - HExEx DL (ocekdvané seddni 18,9 mm), 2 - HExEx UL
(oCekdvané seddni 20,2 mm), 3 - PiccEx WB (o¢ekdvané seddni 11,7 mm)

Fig. 8 Comparison of the final Piccadilly track bed settlements for monitored
crossings: 1 - HExEx DL (18.9mm predicted settlement), 2 - HExEx UL
(20.2mm predicted settlement), 3 - PiccEx WB (11.7mm predicted settlement)

Na obr. 7 je vidét reakce kolejového loZe uprostied dseku, kde doslo k maxi-
mélnimu seddni. Doslo tam k poc¢ate¢nimu zdanlivému zdvihnuti, které nabylo
maximdlni hodnoty 0,7 mm. To Ize prisoudit plasti titu, ktery byl zatlaCovén do
Cela vyrubu. Kdyz bylo ¢elo §titu asi 14 m od osy kfiZeni, veskeré nadzdvizeni
vymizelo a zaal vznikat trend seddni. Béhem 24 hodin se odehrdlo celé seddni.
Kolejové loze pak vykazovalo ¢dstecnou pruznou reakcei a ustdlilo se na kone¢né
hodnoté 11,3 mm. Na obr. 8 je porovnéni s ostatni razbou pod trati Piccadilly.

Jednim z kritérii, ktera byla vyhodnocovéna, byla svisla odchylka mezi vys-
kami koleji po 5 metrech, zndmd jako zvInéni trati. Ta byla ziskdvana vzdjem-
nym odecitdnim sousednich vysledkd méfeni elektrickymi vodovdhami.
Naméfené hodnoty byly nékde velmi blizko pocéte¢nim varovnym hodnotdm
jesté pred zapoCetim razby tunelu pod trati. Varovné hodnoty byly stanoveny
na zdkladé polohy trati pfed provadénim kriZeni a jeji vzddlenosti od polohy,
pii které by byla vyzadovédna udrzba (rektifikace polohy) dle technickych
podminek LUL. V obdobi provadéni kiizeni byly nékteré varovné hodnoty na
kratkou dobu prekroeny, avSak kone¢nd klidovd poloha byla zna¢né mimo
varovné hodnoty (obr. 9).

3.5 VYSLEDKY RAZBY HEXEX DL

Jelikoz tvar smycky trati Piccadilly v z6né sedédni nad trati HexEx UL neni
jednotny po celé délce (dsek s rozsitenym profilem), neni seddni trati a vrcho-
lu klenby symetrické podle osy razby tunelu. Maximdlni posunuti ve vrcholu
klenby (hodnota —24,6 mm) se nachdzi s odsazenim +4.5 m od osy spodniho
tunelu. Maximalni posunuti levé a pravé kolejnice se nachdzi s odsazenim
+6,75 m (hodnota —24,7 mm u levé a —24,6 mm u pravé kolejnice). Vyse uve-
dend odsazeni jsou zndmkou ztuzujictho G¢inku tseku s rozsifenym profilem,
kde bylo litinové osténi. Maximdlni namérené zkrouceni na 10 m meélo hodno-
tu 6,91 mm. Doslo k nému v oblasti osy. Po¢atecni vypoctend varovna hodno-
ta byla 29,5 mm. Maximalni zkrouceni na 2 m bylo 2,9 mm s odsazenim
+6,75 m, coZ je podstatné méné, neZ byla pocate¢ni varovnd hodnota 16 mm.
Maximdlni zvInén{ trati bylo 5,08 mm a 6,71 mm. Vzniklo v tdseku s osténim
z betonovych prefabrikdti ve vzddlenosti +6 m respektive +19 m. Pfisluiné
pocatecni varovné hodnoty pro tyto body byly +11,1 mm a —8,7 mm.

3.6 VYSLEDKY RAZBY HEXEX UL

Symetricky tvar trati Piccadilly v z6né seddni nad trati HexEx UL se promi-
tl do deformact trati a vrcholu klenby, které vykazuji symetricnost kolem osy
razby spodniho tunelu. Maximalni posunuti ve vrcholu klenby bylo —20,3 mm.
Maximélni posunuti kolejnic bylo —1,8 mm u levé a —21,7 mm u pravé kolej-
nice. Vysledky zkrouceni na 10 m leZ{ v rozmez{ pdsma +/-2 mm, coZ zdlraz-
nuje velmi nizké namefené hodnoty. Pro porovnani prvni varovna hodnota byla
stanovena vypoctem na 31,9 mm. Maximalni zkrouceni na 2 m bylo 1,4 mm,
coZ bylo znaéné pod puvodni varovnou hodnotou 18 mm. Maximaln{ zvInén{
trati bylo 6,7 mm (pro odsazeni —12 m) a —9,1 mm (pro odsazeni +12 m).

4. RAZBY NAD TRATI HEATHROW EXPRESS
4.1 POPIS

Tunel na letistni strané (ART) je 1250 m dlouhy s dvéma tunelovymi trou-
bami, ktery spojuje oblast centrdlniho terminalu (Central Terminal Area— CTA)
se stanimi letadel na zdpadnim okraji letité a s novym termindlem 5, ktery je
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Obr. 9 Vyvoj zvinéni trati, vyvolané razbou PiccEx, a jeho srovndni s varovnymi
hodnotami

Fig. 9 Development of track undulation caused by PiccEx crossing and its
comparison to trigger limits

sections are not symmetrical about the tunnel drive centre line. The maximum
crown displacement occurs at +4.5m offset from centreline with -24.2mm. The
maximum left and right rail displacement occurs at a +6.75m offset with -
24.7mm and -24.6mm respectively. The offsets mentioned above are indicati-
ve of the stiffening effect from the enlarged cast iron sections. The maximum
monitored 10m twist had a value of 6.91mm occurring around the centre line.
The initial trigger value has been calculated at 29.5mm. The maximum
2m twist was 2.9mm at +6.75m offset well below the initial trigger value of
16mm. The maximum track undulation was 5.08mm and -6.71mm occurring
in the precast concrete section at +6m and +19m respectively. The respective
initial triggers for these points were +11.1mm and -8.7mm.

3.6 RESULTS OF HEATHROW EXPRESS EXTENSION,
UP LINE CROSSING

The geometry of the Piccadilly Loop crossing within the zone of influence
of the HexEx Up Line was to a great extent symmetrical, this is reflected in
the track and crown displacement sections which are exhibiting symmetry
about the tunnel drive centre line. The maximum crown displacement was -
20.3mm. The maximum left and right rail displacement was -21.8mm and -
21.7mm respectively. The 10m twist results mainly lie within a +/~2mm band
highlighting the small readings obtained. For comparison the initial trigger
was calculated at 31.9mm. The maximum 2m twist was 1.4mm, which was
well within the initial trigger value of 18mm. The maximum track undulation
was of 6.7mm and -9.1mm occurring at -12m and +12m offset respectively.

4. HEATHROW EXPRESS CROSSINGS

4.1 DESCRIPTION

The Airside Road Tunnel (ART) is a 1250 m long twin-bored tunnel that
connects the Central Terminal Area (CTA) of Heathrow Airport with outlying
aircraft stands located on the western perimeter of the airfield and the new
Terminal 5 building which is in the process of construction (Hilar et al. 2005).
The ART has been constructed in two passes: the first pass is the constructi-
on of the Eastbound (EB) tunnel and the second pass is the construction of the
West Bound (WB) tunnel. Both tunnels were constructed using 9.2m full-face
TBM by driving from West to East (Williams et al. 2003).

Almost bisecting the ART route is the subsurface running tunnel of the
Heathrow Express (HEX), which is the principal passenger connection

Obr. 10 Situace prechodu tunelu ART nad tunelem trati HEX: 1 - Tunel trati
Heathrow Express, 2 - Tunel ART prochdzejici nad tunelem HEX, 3 - Silnic-
ni tunel na letistni strané (Airside Road Tunnel — ART), 4 - Nové tunely pro-
dlouZeni trati HEX (HexEx)

Fig. 10 Layout of ART crossing above HEX: 1 - Heathrow Express Tunnel,
2 - ART crossing above HEX, 3 - Airside Road Tunnel (ART),4 - New HExEx
tunnels




Obr. 11 Pri¢ny Fez razby ART nad HEX: 1 - Silni¢ni tunel na letistni strané
(Airside Road Tunnel — ART), 2 - Tunel trati Heathrow Express (HEX),
3 - Terasové §terky, 4 - Londynsky jil

Fig. 11 Cross section of ART crossing above HEX: 1 - Airside Road Tunnel
(ART), 2 - Heathrow Express Tunnel, 3 - Terrace Gravels, 4 - London Clay

nyni ve vystavbé (Hilar a kol. 2005). Tunel ART byl staven ve dvou etapéch.
Prvni byla stavba vychodni trouby (Eastbound — EB), druhd byla stavba zapad-
ni trouby (West Bound — WB). Oba tunely byly stavény pomoci plnoprofilo-
vého tunelovaciho stroje (TBM) o pruméru 92 m, ve sméru od zdpadu
k vychodu (Williams a kol. 2003). Trasu tunelu ART protind téméf v poloviné
razeny tunel trati Heathrow Expres (HEX), ktery je pro cestujici hlavnim spo-
jenim mezi CTA a termindlem 4 (obr. 10). Mezi zminénymi stanicemi funguje
obousmérmd tra HEX ve sméru od severu k jihu, v jedné tunelové troubé o pru-
méru 5,67 m se sklddanym klinovym osténim z betonovych prefabrikatt.
Niveleta obou trub tunelu ART je prevdzné vedena tak, Ze je osa tunelu v hloub-
ce kolem 20 m pod povrchem. Z divodu existujictho tunelu HEX bylo ale nutné
niveletu tunelu ART ve stiedni ¢dsti navysit tak, aby prosla nad tunelem HEX.
Nejmens{ vzdélenost vnéjsich lict osténi je pouhych 3,5 m (obr. 11). Tunel ART
prochézi pres leti§té priblizné ve smeru od zdpadu k vychodu a tunel HEX md
trasu ve sméru od severu k jihu. Oba tunely se protinaji pod dhlem 80 stuprid.
Povolené tolerance koleji, platné pro tdrzbu trati, jsou velmi piisné, jelikoZ
koleje jsou upevnény piimo na prubézné betonové kolejové loZe, diky emu je
kolej velmi tuhd. Proto i malé deformace jsou problémem. Tolerance jsou také
omezeny trati v oblouku, coz vede k rozdilu vysky kolejnic az 150 mm.

4.2 SYSTEM MONITORINGU

Hlavnim faktorem pro monitoring byla skute¢nost, Ze béhem razby bude
v tunelu HEX zachovén Zelezni¢ni provoz. Bylo zjisténo, Ze kritické oblasti,
které musi byt monitorovdny, budou blizko prujezdniho profilu (obzvlasté
hrana pochozi lavky, zdvésy trakéniho vedeni a kolej). Usporadédni monitoro-
vacich pfistroju v tunelu HEX je zndzornéno na obr. 12.

Systém monitoringu se sklddal ze 112 tercd. JelikoZ bylo poZzadovéno, aby byla
monitorovdna dvé kifZeni, bylo ptvodni rozmisténi monitoringu navrZeno tak,
aby byly co nejvice pokryty deformacni zény od obou trub tunelu ART. Proto byl
poZadovén pouze maly poCet hranold, které mély byt premistény pro druhé kii-
Zeni. Obecné byly pouZity dva druhy méficich profild — jednoduché titbodové
profily, sklddajicf se z jednoho bodu ve vrcholu klenby a dvou bod na trati. Kom-
pletni profily obsahovaly dalsi body umisténé ve spodni ¢dsti opéfi a v poloviné
vysky tunelu, coZ znamenalo 7 bodu po obvodu. Byl také priddn bod na pochozi
lavee, ktery umoziioval hodnoceni zmén rozmért prijezdného profilu. Navic byl
pridén dal$i bod na zdvésy trakéniho vedeni, aby bylo moZno méfit jeho pohyby.

Pro porovnéni s optickymi méfenimi a pro zajisténi zdlohy byly v blizkosti
tercn v kolejisti instalovany také body pro presnou nivelaci a sklonoméry (ori-
entace kolmo ke koleji). Profily se tfemi body byly instalovany po 3 m, kom-
pletni profily po 5 m.

Pro sledovéni viech terél byly osazeny dva automatické teodolity. Ty byly
fizeny pomoci specidlniho komunikaéniho programu. Systém byl nainstalovéan
na potita¢i uréeném pro shromazdovani dat. Po&itad byl umistén v tnikové
Sachté asi 100 m od monitorované zény. Po¢ita dostdval data od obou totdl-
nich stanic pres modem na prenos dat na kratkou vzdalenost. Data ze sklono-
méri dostdval pres zdznamnik (sbéra¢) dat. Pocitad shromaZdujici data byl
napojen na tradi¢n{ analogovou telefonni linku, kterd umoznovala fizeni a pre-
nos dat do pocitate umisténého v hlavni kanceldfi monitoringu.

Data z tunelu byla potom analyzovéna a predklddana pomoci specidlniho
prezentadniho programu, ktery vytvarel graficky vystup, a tabulek, ukazujicich
vazbu na pfedem stanovené varovné hodnoty. Kdyz systém zjistil varovny stav,
sdélil informaci pfimo obsluze a predal tuto informaci dispe¢inku tunelu HEX,
ktery je umistén na letiSti v oblasti centrdlniho termindlu.

4.3 VYSLEDKY MONITORINGU

Pred zahdjenim razeb nad HEX byl posouzen skute¢ny stav tunelu, koleji
a trak¢niho vedeni. Také bylo provedeno presné geodetické méreni. Vysledky
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between the CTA and Terminal 4 (Fig. 10). Between these two stations the
HEX operates a bi-directional line, in a north-south direction, in a single
5.67m internal diameter tunnel constructed with an expanded pre-cast conc-
rete segmental lining.

The ART twin bores are typically aligned such that the depth of the tunnel
axis is around 20m below the existing ground level. However, due to the exis-
ting HEX tunnel, the ART is forced to rise in its central zone to pass above
the HEX with a closest distance of just 3.5m, extrados to extrados (Fig. 11).
The ART runs approximately west to east across the airport, while the HEX
tunnel runs in a north-south alignment; the two tunnels intersect at an angle
of 80 degrees to each other.

The allowable track maintenance tolerances for the track are quite stringent as
the rails are affixed directly to a continuous concrete track bed, resulting in a very
stiff track that is intolerant to minor movements. The tolerance is also restricted
by the curve of the tunnel, which requires the rails to be canted up to 150mm.

4.2 MONITORING SYSTEM

A main consideration for monitoring was that the HEX tunnel would be
maintained as an operational railway during the construction process. It was
identified that the critical areas necessary to monitor would be the structural
envelope in particular at the edge of the emergency walkway, movement of
the over head line catenary supports, and the track. Fig. 12 shows arrange-
ment of monitoring instruments inside the HEX tunnel.

The monitoring scheme employed the use of 112 mini-prism targets. As the
monitoring was required to cover two crossings, the initial prisms layout was
designed to accommodate both ART tunnel zones of influence as much as pos-
sible, therefore, only requiring a small number of prisms to be relocated for the
second crossing. Typically two types of array were installed, simple three point
arrays comprising mini-prisms located at the crown position and two mini-
prisms in the track. Full arrays included additional prisms located at the shoul-
der and mid-height of the tunnel giving seven circumferential points and an
additional walk way prism was included to provide an assessment of the chan-
ge in clearance of the structural envelope. In addition, at catenary support arms
a further prism was attached to measure catenary movements.

To provide comparison with optical measurements and a degree of redun-
dancy, precise levelling studs were positioned close to the track mini-prism loca-
tions and tiltmeters were orientated perpendicular to the rail. The arrays were
spaced at 3m or Sm intervals for three point arrays and full arrays respectively.

Two robotic total stations were positioned to view all prisms. These were
controlled using specialist communication software. The system was installed
on the data acquisition PC located in the emergency escape shaft some
100m from the monitoring zone. The PC received data from both the total sta-
tions via a short haul modem and from the electrolevel tiltmeters via a data
logger. The data acquisition PC was connected to a standard analogue telep-
hone line, which permitted control and data transfer to the monitoring PC
located within the main site office.

Data from the tunnel was then analysed and presented using specialist pre-
sentation software to produce graphical output and tables relating to the pre-
defined trigger values. The system was alarmed and communicated its status
directly to the operator and relayed this information to the HEX operations
control room located in the airport’s central terminal area.

4.3 RESULTS OF MONITORING

Prior to the crossings a condition and precise survey was undertaken to
confirm the in situ condition of the tunnel, track and caternary. The results of
the survey enabled permissible movements to be calculated and therefore sui-
table trigger values to be derived.

Obr. 12 Monitoring tunelu trati Heathrow Express (automaticky teodolit a terce)
Fig. 12 Monitoring of Heathrow Express tunnel (robotic theodolite and targets)
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Obr. 13 ART EB — Pribéh svislych konvergenci v éase
Fig. 13 ART EB - Development of vertical convergences in time

pruzkumu umoZnily provedeni vypoltu piipustnych deformaci a tim i odvoze-
ni vhodnych varovnych hodnot.

Vychodni trouba (East Bound — EB): Ocekavalo se, Ze ve vrcholu klenby
budou patrnd vétsi svisld posunuti, jelikoZ trouby ART prochézely blizko nad
vrcholem tunelu HEX. Obr. 13 tento predpoklad potvrzuje. Vi pohyby se
vyskytly 3 m od osy ART, maximdln{ seddni dosdhlo 4,7 mm. Je patrné, Ze
doslo k velké pruzné reakci na prechod TBM. Po prechodu stroje se hodnoty
vrétily na droven niz$i neZ jeden milimetr. Z6na vyrazné ovlivnénd razbou ART
EB je cca 10 m na kazdou stranu od osy.

Maximdlni zji$ténd deformace koleje zustala pod 2,5 mm, maximalni zjisté-
né zdvihnuti bylo 1,5 mm. Monitoringem zji§téné pri¢né naklonéni trati, ziska-
né pomoci sklonomért, bylo také mensf nez 1,5 mm. K maximdlnim pohybim
doslo v dseku do 5 m od osy kiiZeni. Svislé posunuti trati po dokoncenf kiiZe-
ni nezmizelo, avSak naklonéni se zmensSilo na hodnoty pfed razbami kratce
potom, co konec plaste TBM prosel za tunel HEX.

Zapadni trouba (West Bound — WB): Deformace vrcholu klenby mély
mensi velikost, i kdyZ jejich trend byl podobny, reakce opét byla pruzna. Kdyz
se TBM nachézelo pfimo nad tunelem HEX, tento tunel se ,,prikr¢il“, vrchol
klenby se prohnul o 1,5 mm. Kdyz TBM prejelo, dostavila se okamzita reakce
na uvolnéni tlaki nadloZ{ a nakonec se prahyb ustdlil na hodnoté o 1,3 mm
vys8i, nez byl pocatecni stav.

Maximdlni pohyby trati byly v ose kifZeni. V prabéhu razby kiiZeni bylo
maximaln{ zdvihnut{ trati 0,8 mm. Dalsi zdvih, ke kterému doslo po skonceni
prechodu, tuto hodnotu privedl na vyslednych 1,15 mm (zpozdeni 18 dni).

U obou razeb se posunuti vrcholu klenby nepribliZilo spodni hranici varov-
né hodnoty, coZ bylo 12 mm (obr. 14). Také maximalni pohyby trati zistaly pod
puvodni pocdtecni varovnou hodnotou stanovenou na 4 mm. Automatické
méfeni trati byla potvrzena manudlné provadénymi geodetickymi méfenimi.

5. ZAVER

Systémy automatického monitoringu, pouzité pro monitorovani Zeleznic-
nich tuneld na terminalu 5, splnily poZadavky zi&astnénych strany. Uinnost
vyuZiti automatizovanych monitorovacich systému byla prokdzéna v prostredi
provozovanych Zelezni¢nich tuneli. Robustni a spolehlivy reZim monitoringu
zajistil presnost a trvalou dostupnost pozadovanych dat. PouZité systémy vSeo-
becné zajistily vysledky s chybami v rozsahu 0,5 mm. VSechny vysledky moni-
toringu, zjistované ve skute¢ném Case, velmi dobfe odpovidaly dennim manu-
dlnim méfenim. Celkové deformace byly nizsi, nez byly ofekdvané hodnoty,
a zadné vysledné deformace neprekrocily varovné hodnoty.

Dobre promyslené a pfedem schvélené havarijni plany umoznily vsem
zdCastnénym ovlivnit pripravu realizaci kifZeni. Umoznily, Ze si vSechny stra-
ny byly plné védomy svych povinnosti. Vechny razby v blizkosti provozova-
nych Zeleznicnich trati byly dokonceny bez nepldnovanych naruseni jizdnich
Fadu vlaku. Bezpecnost provozovanych trati byla dostate¢né zajisténa.

ING. MATOUS HILAR, MSc., PhD., CEng., MICE,

e-mail: hilar@d2-consult.cz

PAUL LYONS, BSc., e-mail: Paul-T5_Lyons@baa.com

Mott MacDonald Ltd., Croydon, U.K.

AIDAN LAIMBEER, BEng., e-mail: aidan.laimbeer@soldata.co.uk
SolData Ltd., London, U K.
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Obr. 14 Koneéné nameérené pohyby vyvolané razbou tunelu ART WB
Fig. 14 Final observed movements caused by ART WB excavation

East Bound tunnel: It was expected that the crown would exhibit some of
the larger vertical movements as the ART tunnels passed over the top of the
HEX. Fig. 13 confirms this assumption with the largest movements occurring
3m away from the ART centre line with a maximum deflection of 4.7mm. It
is noticeable that there is a significant elastic response to the TBM passing
with values returning to sub millimetre levels once the TBM has passed.
The significantly zone effected by the construction process appears to be
+ / — 10m either side of the centre line.

Maximum monitored horizontal track displacement stayed below 2.5mm,
the maximum monitored heave was 1.5mm. Monitored vertical track bed cant
derived from the electrolevel tiltmeters was below also 1.5mm. The maxi-
mum movements occurred within Sm of the centre line of the crossing. Ver-
tical track displacement did not recover after crossing however the cant para-
meter reduced back to near pre tunnelling values soon after the tail skin had
past over the HEX tunnel.

West Bound tunnel: The crown movements were of a smaller magnitude
though of a similar trend again with an elastic response. Whilst the TBM was
immediately over the HEX the tunnel exhibits a squatting action, with the
crown deflecting by 1.5mm, after the TBM had passed there was an immedi-
ate response to the release of the overburden pressures, eventually coming to
rest 1.3mm above its starting value.

Maximum track movements were coincident to the ART crossing centre
line. During the crossing the track maximum heave was 0.8mm further post
construction heave brought this value to 1.15mm, 18 days later.

For both drives, the crown did not approach the lower value trigger level
of 12mm (Fig. 14). Also maximum track movements stayed below the initial
green trigger value set at 4mm. The manual surveys closely corroborate the
remote track readings.

5. CONCLUSION

Automatic monitoring systems used for monitoring of railway tunnels at
Terminal 5 satisfied the requirements for the stakeholders. The effective use
of automated monitoring systems was proven within a live railway tunnel
environment. A robust and reliable monitoring regime ensured accuracy and
continuous availability of the required data. The systems generally provided
results within a 0.5mm error band; all results of real-time monitoring well
complied with daily manual surveys. The total movements were less than pre-
dicted values and all final movements did not breach any trigger levels.

With well thought out, pre-agreed emergency preparedness plans enabled
all stakeholders to input into the planning of the crossing and ensured that all
parties were fully aware of their responsibilities. All tunnelling adjacent to
operating railways has been completed without any unplanned interruption to
the schedule of trains; safety of the operational railway has been ensured.
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NOVY MERACI SYSTEM V TUNELI HORELICA PRISPIEVA
K BEZPECNOSTI UZIVATELOV

NEW MEASUREMENT IN TUNNEL HORELICA FOR THE BENEFIT
OF USER SAFETY

MILAN KOSTAL, LARS PLATZHOFF

V rdmci vystavby perspektivnych cestnych trds Slovenskej
republiky bol vybudovany a ukonceny v novembri 2004 obchvat
mesta Cadca-Cast’ Bukov (Kysuce) s tunelom Horelica (druhym
v SR) na trase dialhice D3. Trasa je stucastou transeurépskej cest-
nej a dialni¢nej siete koridoru IV. Sever-Juh, spdjajica SR s Pol-
skom (Skalité — Zwadron).

Tunelova rira tunelu Horelica md prie¢ny profil 110 m? s navr-
hovanou rychlstou 80 km /hod., maximalnym pozdiinym sklonom
4 %, dizkou 605 m a obojstrannou premdvkou v jednej tunelovej
rure s velkym poctom tazkej dopravy.

ZvySovanim dopravy sa zvySuje i koncentrdcia prachu, sadzi
z dieselovych motorov a oxidu uholnatého (CO), ktoré musia byt
neustdle kontrolované a kontinudlne merané, pretoZe predstavuji
vysoké nebezpelenstvo pre uzivatelov tunelov a Zivotné prostre-
die. ZniZenie viditelnosti alebo vysokd koncentrdacia CO v tuneli
zvySuji pravdepodobnost’ nehdd. NavysSe ndhle zniZenie vidite-
Inosti m6ze byt meracimi pristrojmi vyhodnotené ako poziar, (tzv.
studeny poziar). Tdto situdcia je pomocou meracov viditelnosti
rozpoznatelnd lepSie ako klasickymi detektormi poZziaru.

Z tychto dovodov je nevyhnutne nutné merat kvalitu vzduchu
v tuneli a to nielen z dovodu ochrany zdravia pouzivatelov pri nor-
malnej prevadzke, ale aj v pripade poziaru a tym zabezpecit’ bez-
peénd premdvku v nom.

V tuneli Horelica bolo rozhodnuté pouzit’ monitorovaci systém
so zariadeniami, ktoré si vyhotovené ako velmi odolné, Specidlne
navrhnuté pre poZiadavky tunela a obsahuji najmodernejSiu
dostupni technolégiu. Nové zariadenia na meranie viditelnosti,
rychlosti pridenia vzduchu a obsahu oxidu uholnatého (CO) insta-
lované v tuneli Horelica splnaji moderné poziadavky kladené na
prevadzku v tuneloch.

Within the framework of perspective road routes construction of
the Slovak Republik, a new roundabout of the town Cadca-part
Bukov (Kysuce) was completed in November 2004, with the Horeli-
ca tunnel (the second) in Slovakia on the route of D3 highway. The
route is a par of transeuropean road and highway network of North-
South corridor IV, connecting the Slovak Republik with Poland
(Skalite-Zwardon).

The tube of the Horelica tunnel has got a cross-section profile of
110 m?, with recommended speed of 80 km/h, the maximum length-
wise slope 4 %, the length of 605 m and two-way traffic in one tun-
nel tube with a very busy freight transport.

As a traffic increases, the concentration of such pollutants as dust,
diesel soot and carbon monoxide (CO) particularly in these structu-
res is also heightened and has to be monitored continuously, as they
are highly dangerous for the environment. Furthermore the visibility
in the tunnel is limited. It is therefore necessary to measure the air
quality inside the tunnel and thus ensure a secure traffic in the tun-
nel.

In tunnel new instruments have been installed for measurement of
visibility, wind speed and CO. Those instruments are supporting
modern traffic demands in tunnels. As traffic increases, the concent-
ration of such pollutants as dust, diesel soot and carbon monoxide
(CO) gets more and more attention and have to be monitored conti-
nuously, as they are highly dangerous for the health of the user of the
tunnels. Furthermore a limitation of visibility or high CO-concentra-
tions in the tunnel extents the risk for accidents. Additionally a rapid
decrease of the visibility can indicated so called cold fire; this can be
done with a visibility monitor much faster than with the traditional
fire-detection-cables.

For those reasons it is absolutely necessary to measure the air qua-
lity inside a tunnel in order to protect the health of the users in nor-
mal operation but in case of fire also.

In Tunnel Horelica it was decided
to use Monitoring Systems. These

Obr. I Riadiaci dispecing tunela Horelica so zdpadnym portilom od Cadce
Fig. 1 Open cut for the entrance portal

are particularly rugged measuring
instruments, especially designed for
the requirements of tunnels with
most modern technology in the mar-
ket.

Following parameters are mea-
sured:

@ Visibility [1/m]
® Air Speed [m/s]
@ Air Direction

® Carbon Monoxide Concentrati-
on [ppm]

The Visibility Monitor D-RV
290 measures the reduction in visi-
bility caused by street dust, fog,
exhausts and fire-smoke in covered
traffic routes, tunnels and underpas-
ses. The instrument is working on
the transmission /autocollimation
principle which doubles the sensiti-
vity of the monitor. It consists of
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Merané su nasledovné

parametre:
® viditelnost’ [1/ m]
@ rychlost' vzduchu [m/s]
@ smer pridenia vzduchu
® koncentracia CO [ppm]

a transceiver and reflector.
Both are mounted and alig-
ned to the roof or wall of the
tunnel, outside the vehicle
area by brackets. The transce-
iver optics and reflector are
equipped with a removable

Monitor viditelhosti D-RV
290 meria pokles viditelnosti
sposobeny poulicnym pra-
chom, hmlou, vyfukovymi
plynmi a dymom z poZziaru
v krytych cestnych tahoch,
tuneloch a podjazdoch. Pri-
stroj pracuje na principe
vysielania-autokolimécie,
ktory zdvojndsobuje citlivost
merania. Pozostdva z vysiela-
¢a a reflektora. Zariadenie je
pripevnené konzolami na
strop alebo bo¢né steny tunela
mimo oblasti, kde sa pohy-
buji autd. Optika vysielaca
a prijimaca je vybavend odni-
matelhou trubicou chrdniacou
proti prachu, ktory by mohol
zneCistit'opticky povrch mera-
¢a. Pristroj je tiez schopny
automaticky korigovat’ zneci-
stenie okna. VSetky tieto klad-
né vlastnosti garantuji dlhé
servisné intervaly.

Aby ventila¢ny systém
tunela pracoval ekonomicky
a ucinne, je nevyhnutne nutné vediet’ aky je prirodzeny tok vzdu-
chu v tuneli. Systém D-FL 210 T nepretrzite meria rychlost'a smer
pridenia vzduchu v tuneli, pouZivajic princip Casového rozdielu
prenosu akustickych vln meraného naprie¢ tunelovou rirou. Rych-
lost a smer priddenia je registrovand okamzite tak, Ze ventilacny
systém mdze byt'zodpovedajico nastaveny. Velkou vyhodou ultra-
zvukového systému je to, Ze meria spojito a velmi presne aj okolo
nulovej hodnoty. Tieto vlastnosti systému dovoluji spravnu koor-
dindciu ventildtorov v normdlnej prevadzke tunela, ale tiez su
velmi délezité v pripade poZziaru v tuneli, lebo ako sa zistilo, je
vtedy vyhodné hnat' vzduch v tuneli rychlostou priblizne 1,5 m /s,
¢o spdsobi obmedzenie Sirenia sa dymu v rdre a sicasne nedodd
samotnému poziaru prili§ vela kysliku. Len ak systém pracuje
spravne a presne, mame v pripade poziaru Sancu evakuovat’ Iudi
z tunela. Preto bolo rozhodnuté pouzit ulltrazvukové meranie,
kedze je to najvhodnejsia technoldgia pre takéto meranie a je ovela
lepSia ako starSie systémy pracujiice na principe merania rozdielu
tlakov. Toto zariadenie nepotrebuje ziadnu udrzbu.

Zariadenia st umiestnené v odolnych skrinkdch z nehrdzaveji-
cej ocele (IP 65), ktoré boli Specidlne navrhnuté pre pouZitie
v tuneloch. Z uvedeného vyplyva, Ze zvolené zariadenia boli naj-
lepSou moznostou, ktord pontkal trh.

Ako pridavné meranie bol inStalovany senzor detekujici obsah
CO vo vzduchu za G¢elom ochrany zdravia uzivatelov tunela a tiez
ako prevencia voci usnutiu vodi¢ov pri prili§ velkej koncentracii
CO, ¢o by mohlo viest'’k dopravnym nehoddm.

Zaverom mozno povedat, ze v tuneli Horelica mdme najmoder-
nejSiu technoldgiu sliZiacu na ochranu zdravia uzivatelov a tiez
zabezpecujicu efektivnu prevadzku samotného tunela. Zariadenia
na meranie fyzikdlnych veli¢in v tuneli Horelica dodala firma
DURAG Industrie Elektronik GmbH, Hamburg v spolupraci s PPA
InZiniering, s. r. 0., Zilina a Consulting & Service Bratislava.

ING. MILAN KOSTAL, PhD.

SLOVENSKA TECHNICKA UNIVERZITA

Fakulta elektrotechniky a informatiky

Katedra rdadioelektroniky, Bratislava, milan.kostal@stuba.sk
DIPL.-ING., DIPL.-WIRT.-ING. LARS PLATZHOFF
DURAG GmbH, Hamburg

Obr. 2 Pohlad na meracie zariadenie fyzikalnych velicin
Fig. 2 Physical quantities measuring devices

dust protection tube to pre-
vent dust particles from rea-
ching the optical surface of
the monitor. Additionally the
window contamination cor-
rection is performed automa-
tically. All this and further
modern features guarantee
long maintenance intervals.

Combined with the rugged
stainless steel housing (IP65)
which is specially designed
for the use in tunnels, it tur-
ned out that the instrument
was the best choice in the
market.

For economical and effici-
ent operation of a tunnel ven-
tilation system, it is imperati-
ve to know what the natural
air flow inside a tunnel is.
The D-FL 210T system con-
tinuously determines the flow
velocity and direction inside
a tunnel by applying the prin-
ciple of acoustic transit time
differential by measuring
across the tunnel tube. The
wind-speed and direction is signalled immediately, and the ventilati-
on control can be adjusted accordingly. High advantage of the Ultra-
Sonic-System is that it measures continuously and very precise
around the zero point as well. This allows a good coordination of the
fans in normal operation of the tunnel but also it is a very important
measure in case of fire in tunnel as it has turned out that it is impor-
tant to blow air with approx. 1.5m/s into the tube in order to reduce
the spread of smoke in the tube but in the same time not to increase
the fire itself due to much supply of oxygen. Only if this is working
good and accurate than we have a chance to evacuate the people out
of the tunnel in case of fire. Therefore it was decided to apply ultra-
sonic-measurement as this is best suitable technology for such mea-
surements, much better than old fashioned techniques such as diffe-
rential pressure probes.

Combined with the rugged stainless steel housing (IP65) which is
specially designed for the use in tunnels and the lack of need of
maintenance for this instruments, it turned out that the instrument
was the best choice in the market.

As an additional measurement it was installed Sensors detect the
amount of CO in the tunnel-air in order to protect the health of the
tunnel users as well as to prevent that the drivers fall asleep due
to too high concentrations of CO in the air which could course acci-
dents.

All together we have the most modern technology in tunnel Hore-
lica in order to protect the health and lives of the users as well as to
ensure an efficient operation of the tunnel itself.

Equipment for measuring physical qauntities in the Horelica tun-
nel was supplied by DURAG Industrie Elektronik GmbH & Co KG,
Hamburg, in cooperation with PPA InZiniering, s. r. 0., Zilina and
Consulting & Service Bratislava .

ING. MILAN KOSTAL, PhD.
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Faculty of Electrical Engineering and Information Technology
Department of Radio&Electronics, Bratislava,
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UKONCENI RAZEB NA TUNELU KLIMKOVICE
THE KLIMKOVICE HIGHWAY TUNNEL EXCAVATION COMPLETED

KAREL FRANCZYK, STANISLAV KOTOUCEK

ZAKLADNI UDAJE O STAVBE

Tunel Klimkovice bude soucdsti Casto diskutované ddlnice D47 ( Lipnik
nad Bevou — Bohumin). Je zallenén do stavby 4707, kterd predstavuje
v rdmci pldnované osmdesdtikilometrové ddlnice tsek Bilovec — Ostrava,
dlouhy necelych deset kilometra. Tunel se tak bude nachazet tésné pred vjez-
dem do mésta Ostravy ve sméru od Brna.

Objednatelem stavby je Reditelstvi silnic a dilnic CR prostiednictvim
zdvodu Brno. Projektantem tunelu je sdruZeni firem HBH Projekt Brno,
Amberg Engieneering Brno a Eltodo Brno.

Tunel samotny bude dlouhy 1080 m a nachdzi se v obci Klimkovice, kde
miji ve vzddlenosti asi 1 km objekt klimkovickych 14zni. Prochdzi zde terén-
ni vyvyseninou mezi Klimkovicemi a ¢dsti Hylov. Do budoucna tak umozn{
neruSeny rozvoj tohoto dzemi, které lze oznacit na poméry Ostravska jako
rekreacni a oddychovou zénu. Pokud by se tunel nerealizoval, bylo by tdzem{
neSetrné rozdéleno frekventovanou délnici a jejim provozem.

V rdmci zminéné stavby 4707 predstavuje tunel Klimkovice objektovou
fadu 600 a je na ném 18 stavebnich objekta (601.1 — 601.18) a 22 provoznich
soubort ( 611.1 - 611.22).

Technické feSeni tunelu podrobné popisoval ¢ldnek projektanta dila Ing.
Jitfho Pechmana v minulém ¢isle Casopisu Tunel.

GEOLOGICKE PODMINKY

Tunel je situovan na rozhrani Nizkého Jeseniku a Oderské brany. Zdjmové
dzemi se nachdzi na okraji ceského masivu, na styku moravskoslezské oblas-
ti s karpatskou predhlubni. Kvarterni pokryvni ttvary jsou tvofeny vesmes
komplexy sedimentu rozli¢né mocnosti od jednoho do 6 — 7 metrt. V podlo-
71 pod nimi jsou zastiZzeny horniny neproduktivniho karbonu (jilovité bridli-
ce) a misty nad nimi se je$t¢ nachdzeji miocenni jily.

Razba tunelu probihd ve skalnim podlozi neproduktivniho karbonu —
kulmu. Typickym horninovym prostfedim je kombinace pelitickych jilovcl
a prachovcu s drobami a drobovymi piskovei ve formé flySovych souvrstvi.
Praveé toto rytmické flySové stiidani jilovitych a piskovcovych vrstev je pro
Ostravsko typické a miZe piindset geotechnické potiZe, zejména byvd obvy-
klé vyjizdéni tézkych piskovcovych bloku po uklonénych a zavlhlych plo-
chéch jilovité bridlice. V piipadé tunelu Klimkovice se nastésti podobné pro-
jevy nevyskytly.

Sklon vrstev se v pribéhu dila mimé méni (60 — 70°) a je protkan Castymi
nespojitostmi, vétsinou kolmo k vrstevnatosti. Ddle bylo indikovéano pét poru-
chovych past (A,B,C,D.E a F) prochdzejicich vétSinou zeSikma k ose tunelu.

Podzemni voda je vdzédna predev§im na pukliny a tektonické poruchy. Celko-
v¢ je prostredi masivu proménlivé a je charakterizovano jako méné propustné.

Ovetené piitoky vody pii razbé vétSinou nepresahly 1-2 1/s.

ZAKLADNI UDAJE O TUNELU

Tunel je veden ve dvou samostatnych jednosmérnych dvoukruhovych
tunelovych rourdch A a B. Tunelova roura A bude slouzZit pro dopravni smér
Brno — Ostrava a tunelové roura B pro smér Ostrava — Brno.

Ve staniCeni osy ddlnice 141,150 a 141,160 se bude nachdzet brnénsky
portdl tunelu. Ostravsky portdl je situovdn do hlavniho stanicen{ 142,230 —
142,220.

Po dobu vystavby se v oblasti obou portdli nachédzeji stavebni jamy
(stavebni jama Brno a stavebni jama Ostrava) a jsou provedeny provizorn{
portdly, které tvori délici prvek mezi raZenymi ¢dstmi tunelu a hloubenymi
Cdstmi. Provizorni portdly i stavebni jamy jsou zaji$tény prevdzkami, zemni-
mi lanovymi kotvami, tyCovymi kotvami, htebiky, stitkanym betonem, mfi-
Zovinou, a kone¢né v mist¢ zahdjeni razby i mikropilotovymi deStniky
(2 x 12 metrt v klenbé a bocich dila). Piedpoklada se, Ze tyto provizorni por-
taly a stavebni jdmy budou vyuZivany po dobu vystavby tedy asi dva a7 tfi
roky a pak budou ponechdny v zemi a zasypdny.

V tseku stavebni jamy Brno se provadéji tunelové roury hloubenym zpuso-
bem v rozsahu 158,9 m (tunelovd roura A), resp. 159,5 m (tunelova roura B).

BASIC DATA ON THE PROJECT

The Klimkovice tunnel will be part of the frequently discussed highway D 47
(between Lipnik nad Be¢vou and Bohumin). It has been incorporated into the con-
struction lot #4707, which represents a nearly 10km long portion of the planned eigh-
ty kilometre long highway built between Bilovec and Ostrava. Thus the tunnel will
be found just before the entrance to the city of Ostrava in the direction from Brno.

The project owner is the Directorate of Roads and Highways of the Czech
Republic, acting through its plant in Brno. The contract for the design was awar-
ded to a group of companies consisting of HBH Projekt Brno, Amberg Enginee-
ring Brno and Eltodo Brno.

The tunnel itself will be 1,080m long. It is located in the town of Klimkovice,
passing at a distance of about 1km from the grounds of Klimkovice spa, through
a hill found between Klimkovice and the village of Hylov. The tunnel will make
undisturbed development of this area, which can be considered as a recreational
and leisure zone for the Ostrava region, possible. If the tunnel were not built, the
area would be inconsiderately divided by the busy motorway and the traffic on it.

In the framework of the above-mentioned construction lot 4707, the Klimko-
vice tunnel represents the cluster of structures # 600 comprising 18 structures
(601.1 — 601.8) and 22 operational units (611.1 — 611.22).

GEOLOGICAL CONDITIONS

The tunnel is situated at the boundary between the Lower Jesenik Mountains and
Odra River’s Gateway. The area of operations is found at the edge of the Czech
Massif, at the boundary between the Moravian-Silesian region and the Carpathian
fore-trough. Quaternary napes mostly consist of complexes of sediments of various
thickness, ranging from 6 to 7 metres. Their sub-base comprises unproductive Car-
bonaceous rock types (clayey shales), locally with Miocene clays above them.

The tunnels are driven through the bedrock of the non-productive Carbonife-
rous period—ulm. The typical rock environment is a combination of pelitic clays
and siltstones with greywacke and greywacke sandstones in the form of flysch
series of measures. This rhythmic flysch-type alternation of clay and sandstone
measures is typical of the Ostrava region, and it can cause problems; a typical
phenomenon is sliding of heavy sandstone blocks along inclined and moist sur-
faces of clayey shale joints. Fortunately, similar manifestations did not appear in
the case of the Klimkovice tunnel.

The dip of the measures slightly varies along the tunnel length (60 — 70°). The
rock measures are interwoven by frequent discontinuities, mostly perpendicular
to the bedding planes. In addition there were five fault zones identified (A, B, C,
D and F), crossing the tunnel centre line mostly at an angle.

Groundwater is mainly combined with fissures and tectonic disturbances. In
general, the rock environment is variable, and it is categorised as less permeable.

Verified water inflows during the excavation did not exceed 1-2 I/s.

BASIC DATA ON THE TUNNEL

The tunnel consists of two uni-directional tubes A and B. The A tube will serve
for the traffic direction from Brno to Ostrava, and the B tube for the Ostrava —
Brno direction.

The Brno portal will be constructed at the highway chainage of 141.150 and
141.60. The Ostrava portal is situated to the main chainage of 142.230 — 142.220.

For the time period of the construction operations, construction trenches will
exist at both portals (the construction trench Brno and construction trench Ostra-
va), as well as temporary portal structures forming borders between the mined
parts of the tunnel and cut-and-cover parts. The temporary portals and construc-
tion trenches are supported by walers, cable-type soil anchors, rod-type anchors,
nails, shotcrete, mesh and, at the starting section of the excavation, also a pipe
roof system (2x12m around the crown and side walls). The utilisation of the tem-
porary portals and construction trenches is expected to last for the construction
period, i.e. for about two to three years. Then they will be left in the ground and
backfilled. In the section of the construction trench Brno, the tunnel tubes are
built using the cut-and-cover technique, within a length of 158.9m (tunnel tube
A) and 159.5m (tunnel tube B).

The cut-and-cover sections in the construction trench Ostrava are shorter,
39.4m and 39.6m for the tunnel tube A and tunnel tube B respectively.
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Hloubené c¢asti v tdseku stavebni jamy Ostrava jsou kratsi. Jednd se
0394 m u tunelové roury A a 39,6 m u tunelové roury B.

Odtud vychdzeji celkové razené Cdsti obou tunelovych rour — tedy
8574 mu tunelu A a 867,9 m u tunelu B.

Obé roury ve sméru staniCeni stoupaji ve sklonu 0,60 %. Souddsti tunelu
déle bude pét tunelovych spojek (TS 1-TS 5) o délkdch cca 17 — 31 m a dédle
SOS vyklenky a nouzovy zdliv o délce 40 m.

Reseni projektu zajistuje v tunelu celkovou $iiku vozovky 9500 mm
a vysku 4800 mm, doplnéno o chodnikové ndstavce 2 x 750 mm a vysce
2500 mm v kazdé z tunelovych rour. Jednd se takto o vyjimku z platné CSN
73 7507.

Zhruba uprostied tunelu se nachdzi servisni hloubend Sachtice o priméru 150 cm.

O parametrech tunelu jiZ podrobnéji psali v odborné literatufe projektanti
ing. Pechman a ing. Min4fov4.

RAZBA TUNELU

Razba tunelu se provadéla dnes standardni Novou rakouskou tunelovaci
metodou se zdkladnim horizontdlnim ¢lenénim vyrubu. Vyrubovy profil tune-
lu je 1144 m2.

Nosna konstrukce je feSena jako dvoupldstovd s mezilehlou hydroizolaci
v uzavieném provedeni.

V prvnim kroku je raZena kalota v plné §itce. Dolnf etdZ je pak prostorové
Clenéna na 3 &dsti — spodni ldvka ve dvou krocich a dobirka pocvy. Oproti
puvodnim predpokladim bylo pro vylom nutné pouZiti trhacich praci v plném
profilu, a to jak u kaloty a jadra, tak ve formé nakyprovaci trhaci préce
i u dobirky pocvy. Vrtan{ provadéji vrtaci vozy boomer AC 2L se dvéma vrta-
cimi lafetami a ploSinou.

Primdrn{ osténi zajistujici vyrub po dobu raZeb je vzdy ze stitkaného beto-
nu. Aplikuje se néstiik mokrou cestou stroji Mayco Potenza. Pfesny typ osté-
ni vyplyne ze zatfidéni. Konstrukéni feseni osténi celkem rozlisuje 5 typt dle
$vycarské normy SIA 198. Pievladajicim typem osténi je typ IIIA, ktery zahr-
nuje stiikany beton, ocelovou prihradovou vyztuz, dvé fady miizoviny a jeh-
lovéni stropt v podéIném sméru. Zatiidéni osténi vyplyvd z posouzeni nezd-
vislého geologa, ktery navstévuje celbu po kazdé zabirce.

Sekunddrn{ osténi bude v celém tunelu jednotné — z litého betonu za posuv-
né bednéni o tloustee 350 mm ve vrcholu klenby.

ZKUSENOSTI Z PRUBEHU RAZEB

Stavbu délni¢niho tseku D 4707 realizuje sdruZeni firem Skanska (vedou-
cf), Metrostav, Strabag a Subterra.

Préce na tunelu si rozdélily firmy Metrostav a Subterra s tim, Ze Subterra
realizuje pifmo pro investora vystavbu obou portdlt a pro Metrostav razby
obou tunelovych rour véetné betonového osténi. Predpoklada se, Ze tyto prace
potrvaji dva az tfi roky, ndsledné provede Metrostav instalace technologif,
vozovky a kompletaci tunelu.

Zahajeni stavby bylo komplikované zejména proto, Ze se neustdle odkla-
dalo vydén{ stavebniho povoleni. Préce byly nakonec zahdjeny na podzim
roku 2004, nejdiv v rdmei geologického pruzkumu. Zahajovalo se tedy v nej-
hor§im moZném terminu s hlavnim objemem terénnich praci pfipadajicim na
zimni obdobf.

Koncem fijna 2004 bylo mozné zahdjit stavebn{ prace na stavebni jamé na
stran¢ priléhajici k Ostrave (ostravsky portél) a v listopadu na strané protéjsi
— tzv. brnénské.

Préce na obou portélech byly zajiStovany subdodavatelsky firmami VOKD
(ostravsky) a Topgeo (brnénsky). Terénni podminky vyZadovaly vyhloubeni
jam aZ na droveni 18 metrt, resp. 20 metrd pod povrch v rozsahu 55 x 60
metrt (50 x 170). Jak uZ bylo feCeno, préce probihaly prevazné v nepiiznivém
zimnim obdobi. Zde je tieba zduraznit, Ze zima roku 2005 byla v Ostrave nad-
prumérné bohatd na snéhové srazky.

V dubnu 2005 bylo vyddno pravomocné stavebni povoleni a bylo mozné
zahdjit razby v neomezeném rozsahu. Razici price byly zahdjeny v dubnu
2005 z ostravské strany a v kvétnu ze strany brnénské. V prabéhu dvou mési-
¢l byly postupné zahdjeny prace na vech &tyfech elbéch. Na tfech pracova-
li vlastni zamé€stnanci Subterra, a. s., pri¢emzZ se vyuZivalo zejména pracovni-
ki z Moravy, na Etvrté Celbé byli nasazeni lidé z Metrostavu — divize 5. V Cer-
venci 2005 byly zahdjeny na brnénské strané prace na zdkladovych pdsech
v oteviené ryze a postupné se tak rozbéhly i betondrské préce.

Hlavnim stavbyvedoucim dila a vedoucim pracovnikem z pohledu banskych
predpist je ing. Stanislav Kotoucek, manazerem projektu je ing. Petr Stiedula.
Vedoucim celého projektu tunelu Klimkovice je ing. Bretislav Poldk z Metro-
stavu a. s., ktery bude odpovédny za kone¢nou kompletaci a predéni dila.

Dosavadni zkuSenosti svéd¢i o tom, Ze pri razbé kaloty lze dosahovat
v danych podminkdch postupti 90 — 110 m za mésic na jedné Celbé. Pro vylom

Tuel

The lengths of the mined parts of the tunnel tubes A and B are therefore
857.4m and 867 9m respectively.

Both tubes rise in the direction of the chainage at a gradient of 0.60%. The tun-
nel excavation will further comprise five cross passages (TS 1 — TS 5) about
17 - 31m long, and SOS niches and a 4m long emergency lay-by.

The overall design solution provides the total width of the roadway of
9,500mm and the height of the tunnel of 4,800mm, plus pavements 2 x 750mm
in either tunnel tube. This is an exemption from the current norm CSN 73 7507.

There is a service shaft 150cm in diameter approximately at the mid point of
the tunnel, in a cross passage.

The parameters of the tunnel have been dealt with in more detail in technical
literature by designers Ing. Pechmann and Ing. Mindfova.

TUNNEL EXCAVATION

The tunnel excavation was carried out using the New Austrian Tunnelling Met-
hod, with a basic horizontal excavation sequence. The excavated cross-section
area amounts to 114.4m?.

The load bearing structure is designed as a double-shell system with an inter-
mediate waterproofing system of a closed design.

The full-width top heading excavation is the first step. The lower level is spa-
tially divided into 4 parts — the lower bench in two steps and invert excavation.
Compared with the original assumptions, blasting had to be used for the whole
excavation face, both in the top heading and bench, but in the form of loosening
blasting even in the invert excavation. The drilling is carried out using triple-
boom C 2L drill rigs (two drilling booms and one platform boom).

The primary lining supporting the excavation during the time of excavation ope-
rations always comprises shotcrete. Shotcrete is applied by Meyco Potenza machi-
nes using the wet process. Exact type of the lining follows from the classification.
The design of the lining distinguishes 5 types according to Swiss norm SIA 198.
Prevailing lining type is the IIIA, consisting of shocrete, lattice girders, two layers
of mesh, and longitudinal forepoling. The category of the lining depends on the
assessment by an independent geologist, who inspects the face after each advance.

The secondary lining will be uniform along the whole length of the tunnel, i.e.
in-situ concrete 35mm thick at the crown, cast behind a travelling formwork,.

EXPERIENCE FROM THE EXCAVATION PROCESS

The construction of the highway section D 4707 is performed by a group of
companies consisting of Skanska a. s. (the leading member), Metrostav a. s., Stra-
bag a.s. and Subterra a. s.

The tunnel excavation was divided between Metrostav a. s. and Subterra a. s.,
with Subterra acting as the owner’s direct contractor for both portals, and as Met-
rostav’s sub-contractor for the excavation of both tunnel tubes including the conc-
rete lining. This work is expected to take two to thee years. Then Metrostav a. s.
will install equipment, construct the roadway and carry out finishing works.

The commencement of the works was complicated above all because of repe-
ated delays in the issuance of the building permit. Eventually the work started in
the Autumn of 2004, first in the framework of the geological investigation. The
starting date was the most possible unfavourable date of all because the main
volume of the open-air excavation work fell on the winter season.

At the end of October 2004 the construction work on the construction trench
on the side adjacent to Ostrava (the Ostrava portal) could start; on the opposite
side (the Brno side) the work could begin in November.

The work on both portals was provided by sub-contractors, i.e. by VOKD a. s.
(the Ostrava portal) and Topgeo (the Brno portal). The terrain configuration requ-
ired the trenches to be dug up to a level of 18 metres (and 20 metres) under the
ground surface level, within a plan area of 55 x 60 metres (and 50 x 170 metres).
As mentioned above, the work took place mostly in the adverse winter period.

Obr. 1 Primdrni osteni tunelové trouby B
Fig. 1 Primary lining of the tunnel tube B




Obr. 2 Zahdjeni izolacnich praci v tunelové troubé A
Fig. 2 Commencement of installation of the waterproofing

se vyuZzivé trhaci préce, kterd vSak byla z divodu ochrany povrchovych
objekti omezena misty az na 0,6 kg v jednom Casovém stupni. Celkové je
k vylomu na zabirku 1,6 m zapotiebi cca 70 kg vybusniny a 90 — 100 vrta.

Na podzim roku 2005 byly postupné ukonleny razby z ostravské strany
(tpadni razba), takZe na této stran¢ ddle probihaly jen betondfské préce a tunel
byl doraZen dovrchni raZbou z provizornich portdli Brno. Celkem bylo
z ostravské strany vyrazeno 161,8 metrii na tunelové roufe A a 370.8 metra
na TR B. K prordzce kaloty u tunelové roury B doslo 12. prosince 2005 za
Ucasti ministra dopravy ing. Simonovského. Tunelové roura A byla prorazena
15. tdnora 2006.

Vylom jadra se zpozdoval za razbou kaloty v odstupu 80 — 150 metri, coZ
Casové predstavovalo dobu 2 az 4 tydnu. Posledni vylomovou operaci pred-
stavuje dobirka poc¢vy, kterd se provadi pred definitivni betondzi dna.

Po dobu vystavby se provadi monitoring vlivii razby na okoli. Nad vysled-
ky méfeni zasedd kazdy tyden rada monitoringu, kde jsou zdstupci objednate-
le, zhotovitele, projektanta a nezdvisli experti. Doposud nejvaznéjsim piipa-
dem, ktery musela rada fesit, bylo dodate¢né zpevnéni ¢dsti brnénského portd-
lu injektdznimi kotvami IBO po prekroCeni varovnych hodnot horizontdlnich
posunt. Z davodu prevence bylo pieloZeno staré vodovodni potrubi o primé-
ru 400 mm, které prochdzelo nad tunelem v blizkosti brnénského portalu.

Vzhledem k tomu, Ze bezprostfedné nad osou dila se Zadné objekty nena-
chézeji, nebylo nutno pristoupit k preventivnimu podchycovéni zdklada ani
k jingym opatfenim, kromé jiz zminéného omezent trhacich praci v tdseku asi
220 metrt na tunelové route B.

DEFINITIVNI OSTENI

Po ukoncenti razeb z ostravské strany se mohly nerusené rozbéhnout beto-
ndrské prace na této strané tunelu. U tunelové roury A byly v portdlové jameé
vybetonované zdkladové pdsy, na které byla nasazena betondiskd Sablona
OSTU Stettin s protisablonou. Zaroveii byla na této roufe zahdjena price na
dobirce pocvy, po které nasleduje armovani a betondZ dna. Od ledna roku
2006 zde byly zahdjeny i izolatérské prdce, které provadéji pracovnici Metro-
stavu, divize 1 s pouzitim materidlu SIKAPLAN tunel 24.6.

Betondrské prdce v prostoru portdlové jamy Brno byly zahdjeny rovnéZz na
podzim 20035, a sice na budoucf tunelové roure B. Betonaz hloubeného tseku,
vzhledem k jeho vétsi celkové délce, pokraCovala cely podzim a v zimé 2006,
coz bylo velmi neprijemné a nékolikrdt musely byt tyto préce zastaveny, pro-
toZe teploty v Ostravé misty poklesly aZ pod minus 20 stupiiti Celsia. I presto
si prace na tunelu Klimkovice udrzovaly predstih pfed smluvnim harmono-
gramem vystavby.

ZAVERECNE ZHODNOCENI

Projekt tunelu Klimkovice se nachdzi ve druhém roce vystavby. Je tedy
predCasné délat jakékoliv zdsadni zdvéry. Je snad mozné konstatovat, Ze
kromé legislativnich potizi, které provazely vyrizovani stavebniho povoleni,
zatim nedoglo k dal§imu zpozdéni vystavby vinou stavby, a Ze zatim nic nena-
svédCuje tomu, Ze by termin roku 2008 pro predéni dila nebyl redlny. Naopak,
razby byly ukonleny ve vyrazném predstihu a mluvi se o tom, Ze by mohlo
dojit k ukonCeni vystavby a preddn{ stavby jeSt¢ v roce 2007, coZ by samo-
zfejmé byla velice pozitivni zprdva pro ostravskou verejnost, kterd na dokon-
Ceni délnice D47 netrpélive ceka.

ING. KAREL FRANCZYK,
e-mail: kfranczyk@subterra.cz, SUBTERRA a. s.,
ING. STANISLAV KOTOUCEK
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Stress must be placed on the fact that the winter 2005 was above-average rich in
snow precipitation in Ostrava.

The valid building permit was issued in April 2005, and the unrestricted exca-
vation work could start. It started in April 2005 from the Ostrava side, and from
the Brno side in May. All four headings started step by step in the course of two
months. Three headings were run by Subterra’s own employees using primarily
its Moravian workers; the fourth heading was manned by employees of Metro-
stav a. s., Division 5.

July 2005 saw the commencement of the work on foundation strips in the open
trench on the Brno side. This was the beginning of the continually growing scope
of concrete casting operations.

The superintendant of the works and manager responsible within the meaning
of mining regulations is Ing. Ladislav Kotoucek, the contractor’s project manager
is Ing. Petr Stfedula. The manager in charge of the whole tunnel project is
Ing. Bietislav Poldk from Metrostav a. s., who is responsible for the final com-
pletion and hand-over of the works.

Recent experience proves that monthly advance rates of 90 - 110m are achievab-
le at one top heading in the given conditions. Drill and blast was used for the exca-
vation, but in a restricted scope because of the protection of existing buildings, with
the blasting charge weight limit value of 0.60 kg per delay. About 70 kg of explosi-
ves and 90 — 100m of blastholes are needed for one 1.6m long excavation round.

The excavation operations from the Ostrava side (downhill excavation) were
gradually finished in the Autumn 2005. Therefore the only work carried out on
this side was the concrete casting. The tunnel excavation was completed on an
uphill gradient, from the temporary portals on the Brno side. A total length of
161.8m of the tunnel tube A and 370.8m of the tunnel tube B excavation was
completed from the Ostrava side. The top heading of the tube B broke through on
12 December 2003, in the presence of Ing. Simonovsky, the minister of transport.
The tunnel tube A broke through on 15 February 2006. The bench excavation was
carried out behind the top heading, at a distance of 80 — 150m, which represen-
ted 2 to 4 weeks of working. The last excavation operation was the excavation of
the invert, which is carried out before the final casting of the invert.

Monitoring of the effects of the excavation on the surroundings has been car-
ried out for the whole time of the works. The monitoring results are assessed daily
by the Monitoring Board. Its members are representatives of the owner, contrac-
tor, designer, plus independent experts. Till now the most serious case that had to
be solved by the Board was additional support for a part of the Brno portal using
IBO grouted anchors when trigger levels of horizontal displacements were exce-
eded. An old 400mm diameter water pipeline found above the tunnel near the
Brno portal was relocated for the reasons of prevention. Owing to the fact that
there are no existing buildings above the tunnel centre line, neither preventive
underpinning of foundations nor other measures had to be implemented, apart
from the above-mentioned restriction on the scope of blasting within an about
220m long section in the tunnel tube B.

FINAL LINING

Undisturbed concrete casting operations could start on the Ostrava side of the tun-
nel when the excavation from this side had been finished. Concrete strip foundations
were cast in the portal construction trench for the tunnel tube A. An OSTU Stettin
formwork with a counter-formwork set was mounted on the strip foundations. At the
same time the invert excavation started in this tube, followed by placing of reinfor-
cement and concrete casting. Metrostav a.s. Division 1 employees started the instal-
lation of the waterproofing in January 2006 using SIKAPLAN tunel 24.6 material.

Regarding the construction trench for the portal on the Brno side, concrete cas-
ting operations started also in the Autumn 2005, namely in the tunnel tube B.
Because of the fact that the total length of this section is bigger, the casting of the
cut-and-cover section continued throughout the autumn and in the winter 2006. It
was very unpleasant; the work had to be suspended several times because tem-
peratures in Ostrava dropped locally under minus 20 centigrade. Despite this fact
the work on the Klimkovice tunnel permanently maintained an advance ahead of
the contractual schedule.

FINAL EVALUATION

The Klimovice tunnel project is found in the second year of the construction
phase. Arriving at any principal conclusion is therefore premature. It may be pos-
sible to state that, apart from the legislative problems attending the administrati-
ve process of issuance of the building permit, no other delay has occurred to date
(at least not a delay attributable to the contractor), and there has not been any indi-
cation of the deadline in the year 2008 being unrealistic. Just the opposite, the
excavation was completed in a significant advance and there is a discussion that
the construction could be completed and the tunnel inaugurated in 2007. Of cour-
se, it would be very positive news for the Ostrava public, which cannot wait to
see the D 47 motorway complete. ING. KAREL FRANCZYK,

e-mail: kfranczyk@subterra.cz, SUBTERRA a. s.,
ING. STANISLAV KOTOUCEK
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

TUNELY NA RAKUSKOM USEKU ,BRENNERSKEJ" ZELEZNICE

The authors of the paper inform Czech and Slovakian readers of
our magazine about the construction of tunnels on the railway run-
ning from Munich to Verona, specifically the tunnels on the Austrian
section of this railway, in the Inn valley under Innsbruck (sections
Fritzens — Baunkirchen, Vomp — Terfens and Worgl — Brixbegg). The
paper contains their experience from a visit to the sites.

uvob

Jednym z najvécsich dopravnych projektov realizovanych v sticas-
nosti v Rakusku je prestavba transeurdpskej Zelezni¢nej trate Mni-
chov — Verona na ndvrhovi rychlost 250 km/h. Na tzemi Rakiska
vedie trat' v dizke asi 70 km v smere SV — JZ medzi Kufsteinom
a Innsbruckom tddolim rieky Inn. Na vychodnom okraji Innsbrucku
bude odbocovat na juh a do Talianska prechadzat’ pod Brennerskym
priesmykom asi 55 a7 58 km dlhym b4zovym tunelom. KedZe v rela-
tivne Sirokom a plochom tdoli Innu si velmi zloZité geologické
a hydrogeologické pomery, pre vystavbu tunelov, ktoré su v trase
nevyhnutné, sa zvolila pestrd paleta technolégii a pomocnych opat-
reni. V stcasnosti uz prebieha, alebo sa pripravuje vystavba na troch
usekoch (obr. 1):

@ Fritzens — Baunkirchen

® Vomp — Terfens

® Worgl — Brixbegg

Stav préc na tychto tsekoch a perspektivy dalSej vystavby stru¢ne
popiSeme.

USEK H7-1 FRITZENS - BAUMKIRCHEN

Usek sa nachddza vychodne od Innsbrucku. Jeho podstatni Cast
bude tvorit’5285 m dlhy dvojkolajny tunel, ktorého vystavba sa ma
realizovat’ v rokoch 2005 az 2009. Podla navrhovanych technoldgif
vystavby mozno tunel v smere vychod — zdpad rozdelit' na pat
usekov:

@ tsek dlzky 1020 m sa bude budovat’ v otvorenom vykope; pri-

¢om ostenie bude mat’ uzavrety klenuty skrifiovy prierez;

@ lsek dlzky 520 m bude budovany vrchndkovou metddou, tj. pod
ochranou v otvorenom vykope zriadenej kalotovej klenby —
,»Korytnacky*;

@ tsek dlzky 430 m bude razeny konvencne;

@ daldich 2000 m bude razenych opit pod ochranou vrchndka
(korytnacky);

@ tsek dlzky 594 m prilahly k zapadnemu portdlu bude budovany
v pazenom vykope — vo ,,vani*.

Tunel je po celej dizke situovany v nesudrznych sedimentoch
rieky Inn. Prevlddaji terasové piescité Strky a velmi heterogénne
ndplavové kuZele v ustiach potokov do koryta Innu, ktoré si do
sedimentov tejto rieky zazubené. Lokdlne sa vyskytuji tiez staré

Obr. 2 Vystavba hibeného tunela (Foto F. Klepsatel)
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Obr. 1 Situdcia rakiskeho tiseku ,,Brennerskej Zeleznice
1 — smer Mnichov

2 — smer Verona

3 — Brennersky tunel

bahnito-piesCité depdnie hluSiny z banskej Cinnosti, obsahujice
uhli¢itany. Hladina podzemnej vody (HPV) koliSe v rozmedzi
2.5 m, pricom vykyvy hladiny dosahuji 0,5 m v priebehu 2 dnf a az
1 m pocas 5 dni. Mocnost vodonosnych horizontov koliSe medzi 15
az 35 m. Pod nimi leZiaca hornina vykazuje len mald priepustnost.

V tsekoch budovanych z povrchu mohlo o spdsobe paZenia vyko-
pov rozhodnit zhotovitelské zdruZenie. Toto sa rozhodlo pre Stetov-
nicové paZenie s beténovym dnom vykopu, zriadenym bez zniZova-
nia hladiny podzemnej vody. PaZenie vykopu nie je spriahnuté s kon-
Strukciou ostenia (obr. 2).

V tseku budovanom vrchndkovou metédou st vrchndky zaloZené
na suvislych stendch z ,,prerezanych® pilot priemeru 1,2 m a budd
prekryté ndsypom hribky az 3 m. V dosledku vysokej HPV sa raze-
nie pod vrchndkom, ale aj konven¢né razenie realizovalo pod ochra-
nou stlaceného vzduchu s maximdlnym pretlakom az 1,35 bar.

Kontinudlne bude prebiehat’ aj betondZ sekunddrneho ostenia.
Trasa bude rozdelend prie¢nymi tesniacimi stenami na useky dlzky
250 m, ¢im sa minimalizuje strata stlaceného vzduchu.

Konven¢né razenie bude prebiehat podla zasad NRTM ¢lenenym
prierezom (kalota, oporna Cast,, protiklenba). Primédrne ostenie kalo-
ty zo striekaného beténu bude mat zosilnené pitky, rozopreté docas-
nou spodnou klenbou. V dosledku zlozitych geologickych podmie-
nok a nizkeho nadlozia sa bude razit' pod ochranou ddzdnika z pilot
vytvorenych pridovou injektdZou.

Vystavbu hlbenych tsekov tunela komplikuje skuto¢nost, Ze trasa
tesne priliecha k prevddzkovanej Zelezni¢nej trati. Komplikdciou
v razenom tseku je, Ze tunel s nizkym nadlozim podchddza prevadz-
kované Zelezni¢né nddrazie Fritzens. Z toho dévodu je pre vystavbu
navrhnuty velmi rozsiahly geotechnicky monitoring, predpokladaju-
ci aj pocetné merania vertikdlnych a horizontdlnych deformécif kola-
ji prevadzkovanej trate.

STAVBA H5 VOMPS - TERFENS

Podstatnou stcastou tseku je 7735 m dlhy tunel. Jeho vychodny
portdl je situovany severne od Yompsu pod skalnym stupfiom a jemu
prilahly tsek je razeny na dlzke 3400 m v skalnych horninach
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antiklindlnej zény Walderjoch s nasuvnou zénou Vomperbach, ktoré
su tvorené husto rozpukanymi a strihom poruSenymi wettersteinsky-
mi vdpencami a dolomitmi, prekrytymi kvartérnymi ladovcovymi
sedimentami. Zdpadnd Cast’ tunela dlzky 4300 m je situovand pre-
vazne v terasovych rie¢nych sedimentoch a morénach. Menej
vyznamné sd roznorodé naplaveniny usadené v ustiach potokov do
rieky Innu.

Razenie tunela prebieha v sedimentdlnych hornindch pod ochra-
nou rirovych ddZdnikov alebo ihiel, v skalnych hornindch s pouZitim
trhavin. Zabezpecenie vyrubu — primdrne ostenie je zo striekaného
beténu, vystuznych sieti a oblikov. Sekunddrne ostenie je v zemi-
ndch prevazne vystuZené a beténuje sa do debniacich vozov dlzky
12,5 m. Hydroizola¢ny systém tunela je vdcSinou otvoreny — dréno-
vany, na niektorych usekoch uzatvoreny, tlakovy. StbeZne s tunelo-
vou rirou preriezu vyrubu 110 az 202 m? je v osovej vzdialenosti
30 m udnikova $tolna, ktord pdvodne sliZila na geologicky prieskum
masivu. Hlavnad tunelova rdra bude prepojend s tnikovou S$tolnou
kazdych 500 m. Na zvySenie prevddzkovej bezpecnosti bude mat’
tunel naviac dve tinikové Sachty s napdjacimi $tolfnami a tri tinikové
S$tolne, vyustujlice priamo na povrch.

Tunel sa zacal budovat' v roku 2003. Technicky najndro¢nejsie
prace — razenie v zemindch pod HPV s nadlozim vysky do 15 m sa
maju realizovat’v roku 2006. Hruba stavba md byt ukoncend v roku
2008 a tunel uvedeny do prevddzky v roku 2010. Pre mald vysku
nadloZzia a zI€ geologické podmienky v trase bude razenie prebiehat
s Celbou zabezpeCenou strieckanym beténom a rdznymi typmi
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Obr. 4 Priecny rez tunela Inntal vo velini tlacivom tvseku
1 — prierez vyrubu 109 m?, 2 — primdrne ostenie, 3 — hydroizoldcia, 4 — sekun-
ddrne ostenie, 5 — svetly prierez 72 m?, 6 — protiklenba, 7 — odvodnenie
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Obr. 5 Rozsireny prierez pre napojenie tunela Inntal na Brennersky tunel
1 — prierez vyrubu (316 m?), 2 — primdrne ostenie, 3 — hydroizoldcia,

4 — sekunddrne ostenie, 5 — vzorovy svetly prierez dvojkolajového tunela,
6 — tesniaca vrstva z bitumenu, 7 — dnovd doska z nevystuZeného betonu
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Obr. 3 Odvodniovaci vrt v ¢elbe konvencne razeného tunela (Foto F. Klepsatel)

predhdnaného paZenia v kalotovej Casti vyrubu. Negativne dlinky
podzemnej vody sa budu eliminovat drendZznymi predvrtmi (obr. 3),
studiiami vitanymi z povrchu pozdlZ tunela a vdkuovym Cerpanim
vody priamo v tuneli. V Casti trasy, kde HPV komunikuje s hladinou
Innu, sa predpokladd prdaca v tuneli pod ochranou pretlaku vzduchu.

PRIESKUMNA STOLNA BRIXLEGG

Dopravne obzvlast' ndrocnou castou Brennerskej Zeleznice je usek
medzi mestami Worgl a Brixlegg. Tu sa spdjaji do jednej trate dvoj-
kolajné trate od Mnichova a Kufsteinu a od Zell am See. Preklddka
tovarov z medzindrodnej na vnutroStatnu dopravu a intenzivna osob-
nd doprava zatazuju trat takmer na 100 % jej kapacity. Na tseku
trate Kundl — Radfeld — Baumkirchen (na vychod od Innsbrucku),
ktory je asi 40 km dlhy, bude celkom 32 km vedenych v tuneloch!

Ked7e na tuneli Brixlegg sa oGakdvaji obzvlast zloZité geologické
podmienky a vysoké pritoky tlakovej podzemnej vody, prieskum pre
vystavbu sa robil uz v rokoch 1999 az 2001 razenim 2500 m dlhej
$tolne. Stoliia bola razend asi 30 m severne stibeZne s tunelovou
rirou a m4 prierez vyrubu 24 m?2.

Prieskumnd §tdlna bude pocas vystavby tunela vyuzitd ako pri-
stupova pre otvdranie medzilahlych celieb a po uvedeni tunela do
prevéadzky ako bezpe¢nostnd tinikové chodba. Stoliia bola vyuZita
pre skisky na stanovenie optimélnych vrtnych schém a trhacich
prac. Jej hlavnou tlohou vSak bola lokalizdcia predpokladanej
vyraznej poruchovej zény v masive. Zo §tdlne sa robili aj prie¢ne
rozrazky az do trasy budiceho tunela a z nich potom v zdvislosti
na geologickych podmienkach sa razili az 60 m dlhé pokusné
dseky na plny prierez kaloty tunela, v ktorych sa realizovali
skusky.

Maximadlne nadlozie tunela bude 390 m. Prieskumna $tdlna sa razi-
la s pouzitim trhavin, vynimocne tunelbagrom podla zdsad NRTM.
Vyrub bol zabezpecovany strieckanym beténom, ocelovymi sietami
a oblikmi. Doprava ribaniny bola bezkolajova. Na jej urychlenie sa
kazdych 250 m zriadovali vyhybacie zélivy pre vozidld a vo vzdiale-
nosti cca 1000 m aj dva otdcacie zdlivy.

BRENNERSKY TUNEL

Klicovym problémom predmetnej trate bude Brennersky bazo-
vy tunel dlzky 55 az 58 km, ktorého vystavba sa pripravuje uz od
roku 1986 [1]. Pripravné préce sa urychlili od roku 1995, ked bola
zdkonom ustanovend spolo¢nost’ Brenner Eisenbahn GmbH.
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V rokoch 1996/1997 a 1998/1999 boli uskuto¢nené dve fazy
predbezného geologického prieskumu, zahrnujice geologické
mapovanie, rozsiahly geofyzikdlny prieskum a v kazdej faze bolo
realizovanych viac ako 200 jadrovych prieskumnych vrtov.

V janudri 1999 sa zacala razit’ 2,5 km dlhd prieskumnd §tdlna na
upresnenie geologickych podmienok v masive a v kltic¢ovych bodoch
sa budd robit’az 700 m hlboké prieskumné vrty [4]. Snahou Rakiska
je urychlit pripravu vystavby, aby sa vystavba zahdjila este pred pri-
jatim novych smernic EU o cenach. Tunel by mal byt odovzdany do
prevadzky v roku 2012 [5]. Predpokladd sa delba ndkladov na
vystavbu medzi Rakidskom a Talianskom po 40 %, 20 % ndkladov
ma hradit EU. Sucastou pripravy vystavby Brennerského tunela bola
prestavba Zelezni¢ného uzla pri Innsbrucku, v rdmci ktorej bol uz
v roku 1994 uvedeny do prevddzky 12 756 m dlhy tunel Inntal na
juhovychodnom obchvate mesta. Prierez ostenim tohto dvojkolajo-
vého tunela, razeného vo velmi zlozitych geologickych podmien-
kach, je na obr. 4. Tento prierez je na tseku diiky 546 m po stupnioch
dlhych 4 x 120 m+66 m rozsireny aZz na komoru prierezu vyrubu
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316 m?, v ktorej je uz zriadeny zdrodok pripojenia na planovany
Brennersky tunel (obr. 5).

Zaver

Okrem ,,Brennerskej* Zeleznice v Rakisku uz v sicasnosti prebi-
eha vystavba 13,35 km dlhého tunela Wienerwald na trati Vieden —
St. Polten, ktorého podstatnud ¢ast’budu tvorit'dve cca 11 km dlhé jed-
nokolajové riry budované raziacimi strojmi. Raziace stroje si pou-
zité v Rakisku na razenie dopravnych tunelov po prvy krat vobec.
Tesne pred zacatim je tieZ vystavba 32,8 km dlhého tunela Koralm
medzi Grazom a Klagenfurtom, ktory bude mat’ tiez dve jednokola-
jové riiry a v rdznych &astiach krajiny sa buduji aj dalSie Zelezni¢né
tunely. NaStartovany je teda taky boom tunelového stavitelstva, ktory
mozeme nasim rakiskym kolegom tprimne zavidiet.

PROF. ING. FRANTISEK KLEPSATEL, Ph.D;,

ING. MONIKA SULOVSKA,

STU Bratislava Stavebnd fakulta, katedra geotechniky,
ING. MARIA SAMOVA, Terraprojekt a. s.

Bartl, M. — Kohler, M.: Munich-Verona Rail Link. In: Felsbau Nr. 4/2000, s.7-13
Ausbau Unterinntal-Bahn. In: Unterirdisches Bauen Deutschland 2005, s. 126-133
Vavrovsky, G. H. — Mosheimer, H.: Der Inntaltunnel und seine verkehrspolitische Bedeutung. In: Felsbau Nr. 2/1994

Startschuss fiir Brenner-Basistunnel. In: Tunnel Nr. 7/1999, s. 14
Beschleunigung fiir Brenner-Basistunnel. In: Tunnel Nr. 7/2002, s. 4

ODBORNA TUNELARSKA TERMINOLOGIE III.

Professor Jifi Bartdk has prepared the third continuation of
the Czech tunnelling nomenclature. He addresses the terms “mined
underground structures” and “cut-and-cover underground struc-
tures”.

Ve tretim pokradovéni ndzvoslovné rubriky jesté zustaneme u zakla-
dui odborné tuneldiské terminologie, protoZe nejen pojmy ,,vystroj
a vyztuz®, jejichz spravné vymezeni bylo provedeno v terminologii II
(TUNEL 4/2005), ale i dal$i odborné vyrazy jsou Casto pouZziviny
amoznd i chdpany prinejmensim nepresné. Jak jiz bylo minule feceno,
terminologické nepresnosti a vyznamové posuny nemuseji v textu
zpusobovat pii jasnych souvislostech pravdépodobné zddné problémy,
nicméné v diskusi, zdpisech a protokolech mohou vést k nezddoucim
nepresnostem prislusného sdéleni.

Jisté nepresnosti se napr. vyskytuji v terminologii tykajici se rozdé-
leni podzemnich staveb podle zptsobu provadéni, kterézto rozdélenti je
mozno pokladat za nadfazené ostatnim dvéma bézné pouZivanym
(podle dispozi¢niho uspofadani a podle telu pouZiti). Podle zpusobu
provadéni je dosti rozSitenou zvyklosti rozliSovat podzemni stavby
razené a podzemni stavby hloubené.

Ani jeden z téchto termind neni zcela presny. RaZeni je jenom
jednou z &innosti pfi tunelovéni, tj. vystavbé podzemni stavby bez
odstranéni nadloZi, nicméné termin razena podzemni stavba je
velmi vZzity a srozumitelny; termin tunelovand podzemni stavba,
byt'v souvislosti se §kdlou soucasnych tuneldrskych technologif je
zfejmé vystiznéjsi a obecnéjsi, neni asi zddouci zavadét a prosazo-
vat. Oproti tomu taktéZ velmi vZzity termin hloubend podzemni
stavba je termin, ktery vyznamové nepripustné zuzZuje oblast, kte-
rou ma v sobe zahrnovat. Opé€t v souvislosti s rozvojem technolo-
gif provadéni podzemnich staveb vSech typu je sprdvné pouZivat
termin podzemni stavby provadéné z povrchu. Jen tak Ize
postihnout vSechny typy staveb, které do této oblasti provadéni
spadaji:

® podzemni stavby hloubené, u nichZ dochdzi k odstranéni nadloZi

a vyhlouben{ prostoru pro podzemni stavbu bud v oteviené jamé
svahované, nebo pazené,

@ presypdvané tenkosténné tunelové konstrukce (napr. systémy

Tubosider, BEBO, Matiére), u nichZ o odstranéni nadlozi
a o hloubeni prostoru pro vlastni konstrukci tunelu nemuZze byt
vubec fec.

Zminéné presypavané tenkosténné konstrukce jsou v poslednich
desetiletich velmi frekventovanym typem tunelu provddéného soucas-
né s vystavbou zemnich téles, zejména silni¢nich a délni¢nich ndsypu.
Dostate¢nd tnosnost velmi subtilni tunelové konstrukce je ziskdna
jejim spoluptsobenim s okolnim zemnim télesem, u néjz pozadavky
na materidl obsypu, zpusob sypdni, hutnéni a monitoring jsou vdzany
presnymi pravidly technologického postupu.

Nejrozsitenéj$im typem jsou bezpochyby tenkosténné konstrukce
typu Tubosider z vInitého pozinkovaného plechu v mnoha variantach
pri¢ného profilu. Nejvétsi odklon nastal v poslednich letech od kon-
strukei typu BEBO (Zelezobetonové obdéInikové dilce zmonolitriova-
né na posuvnych skruzich), jejichZ nespornou vyhodou vsak byla moz-
nost vytvorit pri¢ny profil libovolného tvaru stfednice, pokud mozno
bezmomentovou k vyslednému zatiZeni. Prevladajicim typem navrho-
vanym v soucasnosti jsou konstrukce typu Matiére, které jsou tvoreny
velkorozmérovymi Zelezobetonovymi dilci, jen z&dsti zmonolitnova-
nymi (klenbovy dilec je na opérovych Cdstech uloZen pouze v seg-
mentovém kloubu).

Mirné pikantni a s odbornym ndzvoslovim souvisejici je skute¢nost,
Ze tyto presypdavané tunelové tenkosténné konstrukce jsou ¢asto ozna-
covany jako obsypdvané mosty. PrestozZe je ziejmé, Ze se v této nazvo-
slovné rubrice autor snaZi u odbornych tunelarskych terminu pribliZit
Stenafum jejich spravny a presny vyznam, nedoporucuji v tomto pri-
padé bezvyhradné trvat na ,,tunelové“ charakteristice konstrukce, pfi-
nejmensim nikoliv obecné pro celou oblast inZenyrského stavitelstvi.
Ponechme mostarskou lobby (bez pejorativniho podtextu), at'tento ter-
min ve svych odbornych textech a materidlech pouZzivd, odbornici
z oblasti podzemniho stavitelstvi budou nejspis souhlasit s autorem, Ze
tunel je to prece jen mnohem vic. Minimalné proto, Ze jako mostu
chybi této konstrukci to nejpodstatnéjsi, co korunuje spojovaci
a komunika¢éni funkci mostu, a to vlastni mostovka. Nicmén€ i na to
Ize najit argument, Ze je u nich konstrukce mostovky ze zeminy. Tato
polemika zjevné nema objektivni vyusténi a je stejné nadbyte¢nd, jako
byla svého Casu polemika tykajici se ndzvu Nové rakouské tunelova-
ni metody.

Pro tfeti pokracovani ndzvoslovné rubriky zvolené téma, tentokrdte
s trochu $ir§im, nikoliv tzce terminologickym zdbérem, je vyCerpano
a autor znovu pfipomind, Ze velmi privitd aktivni spoluprici ¢tendia
Tunelu — bohuZel zddné pisemné ohlasy, které by se vesmés dockaly
brzkého zvetejnéni, dosud nejsou. Tak snad toto pokrafovani nékoho
vyprovokuje ke sdéleni svych ndzort, na druhé strané by nebylo dobre,
aby to byli zrovna mostati.

PROF. ING. JIRI BARTAK, DrSc., e-mail: bartak@fsv.cvut.cz
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ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

SVETOVY TUNELARSKY KONGRES ITA/AITES WTC 2006 V SOULU

The secretary of the Czech Tunnelling Committee ITA/AITES
informs in the first place Czech and Slovak readers of Tunel maga-
zine about the course of the ITA/AITES WTC 2006 and 32nd
General Assembly, which took place from 22 to 27 May 2006 in
Seoul, the capital of the Korean Republic. At the same time he
reports on the share of Czech delegates in the Congress sessions
and ITA events (e.g. participation in Working Groups). Several
negotiations connected with the preparation of the WTC 2007,
which will take place in Prague, the capital of the Czech Repub-
lic, in May 2007.

Letos$ni sveétovy tuneldisky kongres ITA/AITES WTC 2006 se
konal od 22. do 27. kvétna 2006 v hlavnim mésté Korejské republi-
ky Soulu. Kongres zaméreny na bezpecnost v podzemi (Safety in
the Underground Space) se uskutec¢nil v rozsdhlém kongresovém
a vystavnim centru COEX (obr. 1), které se nachdzi v jedné z dule-
zitych obchodné-administrativnich ¢&dsti dvandctimilionového
Soulu.

Kongres porddala Korejskd tuneldrskd asociace (KTA) a zhostila
se svého tkolu vcelku dobre, coZ je vyzva pro nds komitét, ktery
porada pristi rok v Praze WTC 2007. S ohledem na misto konani na
kongres pfijel niz3i pocet ucastnika — pfiblizné 800 delegétu z 51
zemi. Nejvetsi polet jich byl samoziejmé z Koreje, Japonska, Ciny
a pak uZ nasledovala Ceskd republika se 42 ucastniky (bez dopro-
vodnych osob). Spole¢né s poCetnou delegaci ze Slovenské republi-
ky to byl nejen doklad o podpore ¢innosti svétové tuneldfské asoci-
ace, ale také vyrazny piinos k propagaci WTC 2007. Vétsi Cdst
ti¢astnik z CR a SR je zachycena na spoletné fotografii u naseho
stanku (obr. 2).

Vlastni kongres probihal podle tradi¢niho schématu a zpusob jed-
nan{ v sekcich byl také zcela obvykly. V rdmci slavnostniho zaha-
jeni promluvil mj. korejsky ministr dopravy a infrastruktury. Kul-
turni vloZkou bylo vystoupeni 4 bubeniku (2 Zeny a 2 muzi), kteff
predvedli strhujici ukdzku bubnovani na 4 velké tradi¢ni bojové
korejské bubny a na soubor mensich bubnt podobnych tympanim
(obr. 3).

V rdmci nésledujicich key-note lectures byly predneseny 4 pred-
nasky. Prispévek o smluvnich praktikich v podzemnich stavbach
v USA pripravili W. Hansmire a J. Monsees (USA), dal$i o poza-
davcich na protipoZérni opatfeni v riznych typech tunelu prednesl
prof. Koichi Ono z Japonska. Treti prispeévek o vyvoji tuneldfskych

Obr. 2 Spoleénd fotografie vétsiny ticastnikii z Ceské a Slovenské republiky

e —————

Obr. 1 Pohled na kongresové centrum COEX

technologii v Koreji s ohledem na vyznamné projekty prednesl
Hyung-Sig Chung. O uvedeni tohoto pfispévku v&etné zdveérecného
podékovani predndSejicimu poradatelé pozadali predsedu CTuK
Ing. Ivana Hrdinu (obr. 4). Posledni prispévek H. Wagnera
z Rakouska byl zaméren na fizeni rizik a okrajové limity pouZiti
konvenénich metod.

V itery 25. dubna 2006 dopoledne se konala ITA Open session,
jejiz téma bylo Rizenf rizik v podzemnich, predevsim tunelovych
stavbdch. Jednani uvedl ¢len EC M. Knights (VB), tfi prednasejic{
byli z WG ITA, jeden z KTA. Posledn{ pfedndska se tykala proble-
matiky pojisténi podzemnich staveb a prednesl ji Ing. Heiko P. Wan-
nick z mnichovské zajiStovaci spolecnosti.

Key-note lectures a prispévky prednesené v ramci ITA Open ses-
sion vytiskli poradatelé v samostatné brozure.

Dalii jednani kongresu probihalo soubézné ve dvou sekcich
(celkové bylo sekci 16). Jedné ze sekei ,,Pruzkum staveni§té a pro-
jektovani spolupfedsedal prof. J. Pacovsky z CVUT Praha. Pro
predneseni v sekcich bylo vybrano 128 prispévka, coz bylo zbyted-
né€ mnoho — prumérny &as na jednu
prezentaci vcetné diskuse inil
pouze 13 minut a nebyly vzdy
vybrany jen kvalitni prispévky.
Naopak potéSilo, Ze poradatelé
k predneseni vybrali 6 prispévku
z Ceské republiky.

Nase prispévky postupné prednesli:

— Ing. J. Mosler (Metrostav a. s.):
,», Vystavba ddlni¢niho tunelu Panen-
skd v prostfedi Kru$nych hor*
(obr. 5);

— Ing. L. Ferkl (Fakulta elektro-
technicka CVUT): ,»Modelovani
a Fizeni vétrani ddlni¢nich tunela*;

— Ing. J. Némecek (Satra, s. 1. 0.):
»Specifikace podminek pro tunelo-
véni v Praze, hlavnim mésté Ceské
republiky* (obr. 6);

— Ing. P. Sourek (Satra, s. r. 0.):
,»Podzemni stavitelstvi v Ceské
republice® (obr. 7);

— Ing. J. S¢u¢ka, Ph.D. (UG AV):
»Analyza obrazu pri geotechnickém
pruzkumu®;
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Obr. 3 Zdbér z vystoupeni bubenikii pri slavnostnim zahdjeni

— Prof. Ing. J. Pacovsky (CVUT Praha): ,Provddéni geomonito-
ringu béhem stavby délniéniho tunelu Valik* (obr. 8).

K posterové prezentaci vyzvali pofadatelé 68 autort prispévka,
ztoho 2 z CR (1 z CR nebyl dodén, stejné jako nékteré dalii z Kore-
je a ze svéta).

V rdmci vystavy predstavilo své stdnky 48 vystavovatell z celé-
ho svéta.

Sbornik prispévku z WTC 2006 je vydén na CD s tim, Ze spo-
le¢né Cislo 3 a 4 Casopisu Tunnelling and Underground Space Tech-
nology (TUST), ro¢nik 21 (2006) obsahuje rozsifené abstrakty
viech prispévku, které byly do Soulu zasldny.

Pred zahdjenim kongresu se ve &tvrtek 20. 4. a v pétek 21. 4.
konal pod patronaci ITA jiZ tfeti vzdélavaci program (Training
Course) urceny pro mladé inZenyry a studenty. Vedl ho prezident
ITA a prezident KTA a byl zaméfen na duleZité aspekty stavby tune-
1u. Zi&astnilo se ho 130 mladych geotechniki ze 7 zemi, z toho 118
z Korejské republiky. Predndsky, které zde prednesli predni odbor-
nici — ¢lenové ITA, ale i predndsky ze vzdélavaciho programu, ktery
se pred rokem konal v Istanbulu, jsou jiZ umistény na webovych
strankdch www.ita-aites.org.

Soubézné s vlastnim kongresem probihaly akce svétové tunelar-
ské asociace ITA/AITES. Predev§im se konalo 32. valné
shromdzdéni ITA/AITES (General Assembly). Pfitomno bylo
35 delegdtii z 53 narodnich ¢lenti. Ceskou republiku zastupoval
Ing. Ivan Hrdina, predseda CTuK (obr. 9) a Slovenskou republiku

Workd Tunnel Congress

L 320 TR Generdl Rssembly

Obr. 6 Ing. Jaroslav Némecek (Satra s. r. o.) predndsel o podminkdch pro
tunelovdni v Praze

Obr. 4 Piedseda CTuK Ing. Ivan Hrdina dékuje piedndSejicimu pii key-note
lectures

Obr. 7 O podzemnim stavitelstvi v CR referoval Ing. Pavel Sourek
(Satras.r.o0.)




Obr. 8 Tématem predndsky prof. Ing. Jaroslava Pacovského byl geomonito-
ring pri stavbé tunelu Valik

predseda STA Ing. Rébert Turansky. Pokud jde o ¢lenskou zdkladnu
ITA, bylo v Soulu pfijato 17 novych pridruzenych ¢lent (10 kolek-
tivnich a 7 individudlnich), takZe i s ohledem na rezignace na ¢len-
stvi je celkovy pocet ndrodnich ¢lenu 53 a pridruzenych Elenu
267 (131 kolektivnich a 136 individudlnich).

Pfi druhém zaseddni GA zvitézila Budapest' nad Edinburghem pri
hlasovdni pouze o 1 hlas a WTC 2009 v¢etné 35. valného shromdz-
déni ITA/AITES se v roce 2009 bude konat v Madarsku.

S pozvanim vsech ¢lenu ITA na prazsky kongres vystoupil pii GA
Ing. Ivan Hrdina. Jeho prezentace i promitnuté video vyvolaly u pri-
tomnych velmi pozitivni ohlas.

Pozvéni na WTC 2008 v New Delhi v Indii prednesli zdstupci
Indické tuneldrské asociace.

Na zaseddni predsednictva ITA/AITES (Executive Council)
byl za &lena EC kooptovén predseda CTuK jako &len EC zodpovéd-
ny za pripravu WTC 2007. Ing. Ivan Hrdina soucasné ¢leny exeku-
tivy podrobné informoval o stavu pripravy prazského kongresu.

Zaroven probéhlo také zaseddni pracovmnich skupin (WG
ITA/AITES). Nasi zdstupci se zicastnili jednani:

- WG 2 ,,Vyzkum*;

- WG 5 ,,Zdravi a bezpecnost prace* (¢lenové WG ocenili infor-
maci o Ceském vydani brozury ITA ,BezpeCnost price pri
vystavbé tunela, kterou prednesl Ing. Tvardek);

— WG 6 ,,Udr?ba a opravy‘;

Obr. 10 Stinek CTuK na WTC 2006
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Obr. 9 Piedseda CTuK Ing. Ivan Hrdina p¥i jedndni valného shromdzdéni
ITA/AITES

— WG 12 ,,Pouziti stifkaného betonu®;

— WG 14 ,,Mechanizované tunelovani*;

— WG 15 ,,Podzemni prdce a Zivotni prostiedi;

- WG 18 ,,Vzdélavani“ (nasi zédstupci zde diskutovali s animaté-
rem této WG prof. Peilou zaméfeni vzdéldvaci akce organizo-
vané CTuK pred WTC 2007);

- WG 19 ,Konvenéni tunelovani (animatér WG 19 Ing. Ehrbar
ocenil aktivitu ¢eské pracovni skupiny pro konvenéni tunelova-
ni, predev§im piipravované vydani dokumentu CTuK ,, Zasady
NRTM jako prevazujici metody tunelovani v CR*. Informaci
zde podal Ing. Hasik);

— WG 20 ,,Problémy mést — podzemni reSeni*.

Podrobnéjsi informace o vysledcich jednani v téchto WG budou
uvefejnény na www.ita-aites.cz. Je vhodné také pripomenout ¢in-
nost vyboru ITA pro bezpecnost provozu podzemnich staveb
(COSUF), ktery se koncem kvétna sejde v Laussane a jehoZ jedna-
ni se zdcastni nd§ zastupce Ing. Ludvik Sajtar ze spole&nosti Satra,
S.T. 0.

Pfi jednéni o tiskovinach a komunikaénich prostredcich (Com-
munication Meeting) byly probrany aktivity ITA v této oblasti.

Casopis TRIBUNE —jeho 30. &islo z dubna 2006 je zaméfeno na
podzemni stavby v Koreji, ddle obsahuje zprdvu o 32 ndrodnich ¢le-
nech ITA a zpravy sponzoru ITA.

ita@news — zahrnuje aktudln{ zpravy o &innosti ITA, jejich ¢lena,
pracovnich skupin, pripravovanych konferencich a seminarich atd.
Rozesild se cca 6x za rok bezplatné viem ¢lenum ITA a dédle na 2200
e-mailovych adres do celého svéta. Doporucujeme viem Ctendiim
Casopisu Tunel, aby si zajistili zasilani ita-news tim, Ze do sekreta-
ridtu ITA (e-mail: secretariat@ita-aites.org) poslou svoji e-mailovou
adresu s zddost{ o zasildn{ ita-news.

Tunnelling and Underground Space Technology (TUST) —
predpoklddd se, Ze v roce 2006 vyjde minimélné 6x, obdobné jako
v roce 2005.

Stéle vétsi a vEt§i duraz klade ITA na webové stranky své i ndrod-
nich ¢lenu. Web ITA www.ita-aites.org obsahuje vice nez 500 stran,
400 dokumentt v PDF s asi 5000 tiskovymi stranami. Web navstivi
mési¢né pramérné 17 tis. uZivatela.

Tiskovou zpravu o 32. valném shromdzdéni ITA/AITES lze najit
na www.ita-aites.org.

Vétsina déastnikid z Ceské republiky odjizdéla do Soulu s jasné
stanovenymi tkoly. V Soulu bylo zapotfebi nejen propagovat
prazsky kongres, ale predevsim projednat s exekutivou ITA nékteré
vzajemné nedoresené otazky, tykajici se hlavné vzdélavaciho pro-
gramu a ITA Open Session. Je nutné konstatovat, Ze se nepodarilo
zatim najit plnou shodu ohledné témat téchto akef a zodpovedni ¢le-
nové védecké rady musi urychlené véci s prislusnymi zastupci ITA
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doresit. Jednalo se také o zastoupen{
¢lent EC nebo WG ITA v fizen{ jednot-
livych sekci a o dalSich organizac¢nich
otazkach WTC 2007.

Neméné duleZité bylo, aby urleni
ucastnici pozornéji néz kdy jindy sle-
dovali prubéh kongresu a nésledné
vytipovali véci, ze kterych si Praha
muze vzit priklad, a véci, kterych se
musime vyvarovat. Toto a soucasné
ziskdvani sponzoru a vystavovateli pro
Prahu byl také ukol dvou pracovnic
agentury Guarant, se kterou ma CTuK
uzavienou smlouvu o zajistén{ ur¢itych
kongresovych sluzeb.

Pokud se tykd propagace WTC
2007, odvedli naSi zdstupci dobrou
préci. O stanek CTuK v predsili hlav-
niho sdlu byl mezi ucastniky velky
zajem. Celkem 800 ks druhého cirkula-
fe a stejné mnozstvi &isla 1/2006 Easo-
pisu Tunel i vétSinu propagaénich
predmétd ndvstévnici stdnku rozebrali
(obr. 10). Podékovani za spolupraci
patii i Vyslanectvi CR v Korejské
republice a agentufe Czech Turism,
kterd dodala propagacni brozury
a predméty.

Na zédvér kongresu (pfi Closing Ceremony) pozval Ing. Ivan
Hrdina odborniky z celého svéta na WTC 2007 v kvétnu pristiho
roku do Prahy a z rukou predsedy organizac¢niho vyboru WTC 2006
profesora In-Mo Lee prevzal za pritomnosti prezidenta ITA H. Par-
kera vlajku ITA (obr. 11). Promitnuti videa propagujictho WTC
2007 odménili pfitomni potleskem.

SHROMAZDENI KORALMTUNEL 2005

The authors inform in detail Czech and Slovak readers about a tradi-
tional meeting of Austrian tunnellers, which was held on 25 and 26
November 2005 at the Technical University in Graz, Austria. This time
the meeting was dedicated to the engineering preparation and construc-
tion of the Coralm tunnel. The Friday of 25 Nov 2005 was dedicated to
lectures and discussion about the project. On Saturday, the attendees
visited the sites of the exploration tunnels Mitterpichling and Paierdorf.

In 1995, the Austrian government commissioned HL-AG (an inves-
tor of high-speed lines) to carry out the planning for high-speed lines
between Graz and Klagenfurt. Part of this about 130km long section is
the Koralm tunnel passing under the Koralp mountain ridge between
the Austrian lands of Styr and Kaernten. The tunnel is 32.8km long.

Approximately one third of the planned tunnel length is situated in
Neogene sediments, fine-grained clayey sands. The maximum tunnel
cover thickness amounts to 200m in this section. The excavation of the
remaining part will pass through sound crystalline rock, under a cover
up to 1200m thick.

Ve dnech 25. a 26. listopadu 2005 se na Technické univerzité ve
Styrském Hradci (Graz) v Rakousku uskutecnilo tradi¢ni setkdni pre-
dev§im rakouskych tuneldfu, vénované tentokrédt pripravé projektu
a vystavby tunelu Koralm. Prvni den byl vénovdn predndskdm a dis-
kuzi o projektu. V sobotu se uskute¢nila exkurze do pruzkumnych
tunelu Mitterpichling a Paierdorf.

Rakouskd vldda povefila v roce 1995 HL-AG (investor vysokorych-
lostnich trati) pldnovdnim vysokorychlostni Zeleznice mezi Grazem
a Klagenfurtem. Soucdsti tohoto cca 130 km dlouhého tseku je
i Koralmsky tunel podchézejici horsky masiv Koralp mezi Styrskem
a Korutany. Délka tunelu je 32,8 km.

Zhruba jedna tretina pldnovaného tunelu je situovdna v neogennich
sedimentech, jemnozrnych jilovitych piscich. Nadlozi tunelu dosahuje
v tomto dseku maximalné 200 m. Razba zbyvajici ¢dsti bude probihat
v pevnych krystalickych hornindch s nadloZim do 1200 m.

Obr. 11 Po preddni viajky ITAIAITES do rukou piedsedy CTuK

Kostky jsou vrZeny — tuneldisky svét se sejde za rok v Praze.
Uspéch WTC 2007 je tkolem pro viechny &leny Ceského tunelai-
ského komitétu ITA/AITES. Prace ¢ekd hodné.

ING. MILOSLAV NOVOTNY,
sekretdi CTuK ITA/AITES,
e-mail: ita-aites @metrostav.cz

V roce 2003 bylo zahdjeno hloubeni pruzkumnych Sachet a razba
prazkumnych tunelu o priblizné délce 11 km. Pfedpoklddany termin
zahdjen{ vystavby vlastniho tunelu je rok 2008.

Jednotlivé prednasky podaly uceleny prehled o piipravé a prubéhu
tohoto projektu od pocéatku do soucasnosti. Mezi predndsejicimi byli
zéstupci investora, projektanta, firem provadéjicich pruzkumné prace
souvisejici s pripravou, ale i zdstupci dodavatelskych spole¢nosti zajis-
tujicich hloubeni a razbu pruzkumnych dél.

Z prednesenych piispévku bylo ziejmé, Ze pripravé projektu
Koralmského tunelu je vénovdna stejné jako u pripravy dlouhych tune-
10 Lotschberg a Gothard v ramci projektu AlpTransit maximéalni dlou-
hodobd pozornost. Rozsah a droven pripravy projektu celého
130 km tseku jsou umoznény dostate¢nymi prostredky (cca 340 mil.
eur), které &ini priblizné 10 % predpoklddanych investi¢nich nékladu.
V této &dstce jsou zahrnuta i rozséhld pruzkumna dila (Stoly, Sachty,
hloubkové vrty).

Nékteré zajimavé prednasky

B Vyznam koralmské drahy

K. Schneider, OBB — Infrastruktur Bau AG

Prispévek popisuje vyznam koralmské Zeleznice pro dopravni
spojeni Balt — Jadran, jako soucdsti IV. evropského Zelezni¢niho
koridoru. Po dokonceni tohoto cca 130 km nového tseku véetné
33 km Koralmského tunelu, navrZeného jako dvoukolejny, elektri-
fikovany s navrhovou rychlosti 200 km/h, dojde ke zkrdceni jizdni
doby mezi Vidni a Klagenfurtem na 3 hodiny (ze 4,1 h). Po dobu-
dovani koralmské Zeleznice se stane z Grazu vyznamny dopravni
uzel pro ndkladni, ale i osobni dopravu mezi Rakouskem a vycho-
doevropskymi zemémi.

Prispévek déle predstavil prubéh a stav praci na celém tdseku
Graz — Klagenfurt. Podle smlouvy mezi zemskymi vlddami Korutan
a Styrska, Rakouskou spolkovou vlddou a OBB bude tunel prijezdny

v roce 2016 a cely tsek bude dokoncen v roce 2018.
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B Koralmtunel — prehled projektu

G. Harer, OBB — Infrastruktur Bau AG, Projektleitung Koralmbahn 3

V prispévku byl ukdzan koncept tunelového tseku koralmské Zelez-
nice, predstaven pri¢ny rez tunelu. Posluchaci byli sezndmeni s kon-
cepei pruzkumnych praci pro tunel a s postupem praci na podkladech
pro zpracovéani projektu tunelu (aerodynamika, klima v tunelu, bez-
pecnost, koncept udrzovani tunelu v dobrém stavu).

Jako zajimavost byl ukdzan dosavadni rozsah dokumentace v papi-
rové forme.

M Prehled o geologickych pomérech Koralmského tunelu

A. Fasching & A. Seidl, 3G Gruppe Geotechnik Graz ZT GmbH,
Graz

Pldanovany tunel prochdzi na zépadni stran¢ Koralpského masivu
terciérnimi usazeninami Laventdlské panve. Nasleduje strmy prechod
mezi Laventdlskou panvi a Koraplskym masivem ovlivnény SSZ —
JIV orientovanou Laventdlskou poruchovou zénou. Stejné tak je touto
poruchovou zénou ovlivnéna sama pdnev.

Komplex krystalinika sestdvd z mocného polymetamorfického
sledu. Dominantné je zastoupena pararula a déle jsou zde zastoupeny
mramor, amfibolit, eklogit, kvarzit a ortorula.

V prispévku byl predstaven koncept geologického a hydrogeologic-
kého pruzkumu.

H Studie pro tunel a jeho systém

K. Mussger, Geoconsult ZT GmbH, Salcburk

J. Koinig, OBB — Infrastruktur Bau AG

Trasa a systém tunelu predstavovaly duleZitd rozhodnuti dvodni faze
postupu projektu. Pfi zpracovéni projektu byla snaha vyuzit zkuSenos-
ti z projektu Alp Transit ve Svycarsku. Brzy se viak ukdzalo, Ze kazdy
velky projekt ma zvlastnosti, které ho odlisuji od jinych srovnatelnych
projektu. To plati i pro predpisy a smérnice, které nepopisuji presné
zadéni pro feSeni velmi dlouhych tunelu.

Velkd mnoZstvi geotechnickych dat umoznila pro uréeni trasy vyu-
7it vyhodnoceni vSech relevantnich daju v€etné jejich vlivu na dobu
vystavby a stavebni ndklady. Pro vlastni systém tunelu byla ze Ctyf
ruznych variant vybrdna varianta dvou jednokolejnych tunelt. Dal$im
zkoumdnim k presnému urceni tunelového systému byla stanovena
vzdalenost tunelovych propojek, potfeba kolejového propojeni obou
tuneld, potfeba nouzové zastdvky a poZzadavky na vétrdni.

Jednotlivé metody razby tunelu a délky jejich pouziti byly urceny na
zdkladé geotechnickych podminek. Pomoci plnoprofilového raziciho
stroje bude raZeno 45 km, zbyvajicich 21 km bude raZzeno NRTM.

B Modelovani odtokovych poméru a vliv na vodni
elektrarnu Koralpe

T. Harum, P. Reichel, Joanneum Research Forschungsgesellschaft
mbH, Graz

B Rozdily a zkuSenosti s reflexni seismikou v krystaliniku
a v sedimentech

B. A. Dombrowski, Deutsche Montan Technologie GmbH, Essen

B ZkuSenosti s provadénim hlubokych vrtu
pri Koralmtunelu

C. Mackerhammer, BGG — Baugrunderkundung — Geomechanik —
Geohyrologie

V rozsahu prazkumnych praci bylo provedeno sedm vertikdlnich
vrti s hloubkou vétsi nez 400 m s maximem 1200 m. Vrty byly pro-
vadény péti riznymi firmami vzdy v 24 hodinovém provozu.

B Hydrologicka charakteristika a modelovani Koralpu

Steid & H. Miiller, 3G Gruppe Geotechnik Graz ZT GmbH, Graz

B. Frieg, Nagra

R. Sutterliitti, BGG — Baugrunderkundung — Geomechanik —
Geohydrologie

T. Kohl, Geowatt AG

R. Leiner, Institut fiir Felsmechanik und Tunnelbau, TU, Graz

Na zdkladé vyznamu podzemni vody pro regiondlni zdroje vody
a zéroven kvuli dopadu na provddéni tunelu a vlivu na ndklady
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projektu jsou v prubéhu piipravnych prazkumnych praci detailné
zkoumdny geologické a hydrogeologické poméry. Bylo provedeno
detailni geologické a hydrogeologické mapovani povrchu jako i 48
jadrovych vrta. Ve vrtech bylo provedeno cca 110 testu hydraulickych
charakteristik. Hlavni zdsobdrnou vody je propustny pokryv krystali-
nika a rozvolnéné zény krystalinika.

V celém komplexu krystalinika bylo lokalizovdno 255 tektonickych
poruchovych zon, které je mozno rozdélit do &tyfech typu.

V programu FRACTure byl vytvofen 3D model, ktery obsahuje
vSechny relevantni shromdzdéné informace. Ve druhé fdzi byl tento
model rozdélen na dvé ¢dsti (zdpadni a vychodni).

Pro celou oblast byl vytvoren geologicky model véetné vSech zna-
mych poruch a poruchovych zén.

Cilem modelovani ve druhé fazi je stanoveni:

e aktualizovdni a zpresnéni prostorového geologického modelu;

@ prostorovd a Casova simulace hluboké cirkulace podzemni vody

v oblasti tunelu;

@ odhad pritoku vody do vyrubu tunelu, resp. do prazkumnych $achet;

e odhad vliva povrchového vodniho rezimu na tunel, resp. na

pruzkumné Sachty;

e aktualizovdn{ rozdéleni teploty horninového masivu.

B UvaZovani moznosti geofyzikalniho pruzkumu pred ¢elbou

J. Schon, Joanneum Research Forschungsgesellschaft mbH, Graz
R. Otto, 3G Gruppe Geotechnik Graz ZT GmbH, Graz

Stanoveny cil prubéZného prazkumu spo&iva v poznédni a minimali-
zovani geologicko-geotechnického rizika pro razbu.

B Vyzkum znovuzhodnoceni (vyuziti) rubaniny

P. Pichler, Schippinger & Partner, Graz
M. Kruse, Ernst Basler + Partner, Curych

B Pruzkumny tunel Leibenfeld tvahy k logistice stavby

W. Lehner & M. Kopf, Strabag AG — Direktion Tunnelbau
R. Gradnik, Berenard Ingenieure ZT GmbH

B Pruzkumny tunel Mitterpichling — razba v silné pro-
ménlivych geologickych podminkach pri nizkém nadlozi
B. Moritz, Geoconsult ZT GmbH, Salcburk

B Pruzkumny tunel Mitterpichling — odvodnéni tunelu

G. Mauerhofer, BGG — Baugrunderkundung — Geomechanik — Geo-
hydrologie

P. Sellner, 3G Gruppe Geotechnik Graz ZT GmbH, Graz

F. Kapfinger, Swietelsky Tunnelbau GmbH & Co KG

B Pruzkumn4 Sachta Paierdorf — Hloubeni §$titem
a osténi z tubinku

Vigl, Vigl Cosult ZT, Schruns

C. Schonlechner, Jager Bau GmbH, Schruns

Na zdkladé hydrogeologickych podminek, kdy kvartérni podzemni
voda dosahuje do hloubky 30 m a tato voda nesmi pritékat do hloube-
né Sachty, bylo v tendrové dokumentaci navrZeno jako vodotésné
osténi z podzemnich stén. Podzemni stény mély zasahovat cca 4 m do
terciernich vrstev. Zbyvajici ¢ast 121 m hluboké Sachty méla byt vybu-
dovéna hloubenim a vystrojena osténim ze stiikaného betonu. V ndvr-
hu bylo predpokldddno odvodnéni respektive uvolnéni tlaku podzem-
ni vody pred vlastnim hloubenim Sachty pomoci gravitacnich studen
mimo vlastni Sachtu.

Sachta byla nakonec realizovéna podle alternativniho navrhu. Sachta
byla hloubena pomoci §titu. Horni, vodonepropustnd ¢ast Sachty byla
vystrojena seSroubovanymi dilci (tubinky) s tésnénou sparou. A v oblas-
ti predpokladaného stiikaného betonu s pouze seSroubovanymi dilci.

ING. PETR SVOBODA, e-mail: svoboda@d2-consult.cz,
ING. MARTIN SRB, e-mail: srb@d2-consult.cz ,
D2 CONSULT PRAGUE,s.r. o.
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KONFERENCE ZELEZNICNI MOSTY A TUNELY

The design firm SUDOP Praha, a.s., Ceské drdhy, a. s. (Czech
Railways) and Sprdva Zelezni¢ni dopravni cesty a. s. (Administrati-
on of railway tracks) held the 11th traditional annual one-day con-
ference at OlSanka congress centre in Prague on 19 Jan 2006. The
conference was organised as a meeting of investors, designers, con-
tractors and operators of tunnels and bridges existing within the net-
work of Czech Railways.

The issues of tunnel structures were dealt with in 6 of the 25
papers read in the conference.

SUDOP Praha, a. s., organizace Ceské drdhy,a.s.,a SZDC, a. s.,
v kongresovém centru OlSanka poradaly 19. 1. 2006 uz 11. ro¢nik
tradi¢ni jednodenni konference jako setkédni investorl, projektantu,
stavitelu a spravcu.

Z 25 prispévku bylo problematice tunelovych staveb vénovéno 6,
které vSak uplné nedokumentovaly celou soucasnou situaci ve
vystavbé a projekei Zelezninich tunelt. Nicméné v prevdiné mife
byly alespon kvalitou rovnocenné prednesené mostové problematice.

Uz na minulé konferenci byl vénovén prostor sloZité geologické
problematice vystavby Trebonického tunelu na tseku Trebonice —
Rudoltice. Ing. Kresta SG-Geotechnika, a. s., ve svém prispévku
navdzal na minuly, ve kterém se vénoval rizikovym faktorum. Pris-
pévek doplnil o vysledky z monitoringu na stavbé hlubokého zére-
zu. Ze zavéru vyplynulo, Ze obavy z chovdani sloZitého zeminového
prostredi se zatim neprojevily.

Zpusob realizace jednotlivych tseku na této stavbé tunelu dokla-
doval ing. Sperger, Zaklddéni staveb, a. s. Vlastni tunel je v této
varianté dlouhy 95 m, vybudovany jako hloubeny a v misté kiiZen{
se silnici. Také velmi zajimavd byla vystavba v misté kiiZen{
s puvodnim tunelem.

Z raZenych tunell na dseku Zdbieb — Krasikov byl prezentovan
tunel Hnévkovsky. Pracovnici dodavatele Metrostav a. s. v piispévku

Tuel

prezentovali technologicky postup zdsad Nové rakouské tunelovani
metody pri vystavbé tohoto 462 m dlouhého tunelu. Pfi stavbé bylo
nutno prekonat omezeni z duvodu blizké obytné zdstavby, pritom-
nosti silnice pfimo nad portdlem a také zvladnout naro¢nou koordi-
naci s vystavbou dvou mostnich objektu, které priléhaly tEsné
k hloubenym objektim tunelu. Zajimavé jsou popisky zmén doku-
mentace, které si vyzddala realita stavby.

Rozhodné nejsledovanéjsim prispévkem na konferenci byla pred-
naska prvacovnl’kﬁ Metroprojektu Praha, a. s., s ndzvem Tunely na
novém Zelezni¢nim spojeni Praha — Beroun, ktery bude souddst{
III. tranzitniho Zelezni¢niho koridoru. Projektant zpracoval 6 variant
feSeni této vysokorychlostni trati. Po technicko-ekonomickém
vyhodnoceni se doporucuje pokraovat v pfipravé varianty 3 s dél-
kou trasy 27,5 km a tunelem dlouhym 24,3 km. Profil tunelu
byl feSen také ve variantdch s jednokolejnymi tunely bud dle DB
(300 km) o pruméru 9.4 m, ¢i dsporny $vycarsky typ priméru 8,3 m,
nebo dvoukolejny pro rychlost do 160 km/hod. o pruméru 11,3 m.

Do tunelové problematiky bylo moZno zaradit i dalsi dva prispévky.

Informace o skute¢ném stavu tunelového osténi je velmi duleZitd jak
z hlediska kvality, tak ekonomiky. Na ni se vdZe technologie laserového
skenovéni, kterd byla népln{ prispévku ing. Kohouta z SG-Geotechniky.
Béhem krdtké doby mohou tak dostdvat partneri vystavby informace
o skute¢ném stavu méfenych tseku s daty vysokého rozliseni.

Sanaci netésnych spér betonovych konstrukci, jak mostnich, tak
i tunelovych, se zabyval prispévek ing. Grossmanna z MINOVA
Bohemia, s. r. 0. Sana¢ni systém CarboCryl WV/Plus/CarboLan
zaruCuje trvanlivost systému, jehoZ prednosti je pruZnost a mrazu-
vzdornost materidld.

Hojné navstivend konference plni své zdiméry seznamovat partne-
ry vystavby jak se skuteCnosti z vystavby, tak i s perspektivou
vystavby mostii a tuneld na tratich Ceskych drah. Organizace kon-
ference se stala tradici.

ING. PETR VOZARIK,
e-mail: vozarik@metrostav.cz, METROSTAV a. s., divize 5

ZIVOTNI JUBILEA / LIVE JUBILEE
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K SEDEMDESIATINAM ING. JAROSLAVA KAPUSTU

Jedno z vyznamnych miest v radoch tych, ktorf sa pricinili o rozvoj
podzemného stavebnictva na Slovensku v druhej polovici 20. storocia,
nepochybne patri Ing. Jaroslavovi Kapustovi, ktory sa 9. aprila 2006
dozil svojich sedemdesiatych narodenin. V plnom zdravi a so Zivym
zdujmom o vsetko, ¢o k aktivnemu Zivotu patri, vykrocil na cestu do
o0smeho decénia. Posun nastal iba v povinnostiach. Rdno sa uz nemu-
si pondhlat’ do prace a ist' do tvrdého siboja s kazdodennymi pracov-
nymi povinnostami, ktoré mdval ako generdlny riaditel’ a predseda
predstavenstva. Md uz iné starosti a netazi ho tarcha zodpovednosti za
osud velkého podniku. Pripomenime, 7e do dochodku odisiel v roku
2004 a jeho poslednou pracovnou tlohou bola inkorporacia Banskych
stavieb do nadndrodného koncernu Skanska v presvedceni o tom, Ze na
stavebnom trhu sa uplatnia iba velké firmy.

To bolo posledné ohnivko v retazi pracovnych povinnosti, ktord
meria 44 rokov. Jej zadiatok siaha do roku 1960, ked sa po ukonéeni
Stidia na Stavebnej fakulte Slovenskej vysokej Skoly technickej v Bra-
tislave rozhodol pre Banské stavby. S tymto podnikom bez prerusenia
vystupoval po stupienkoch svojej pracovnej kariéry az po najvyssiu
priecku. Absolvovand skola v Studijnom odbore Cesty a mosty ho
predurcila do projektantskych poléh. V projekénych ¢innostiach, tech-
nickej priprave vyroby a vyvoji novych technol6gii pdsobil najdlhsie.

~

ING. JAROSLAV KAPUSTA SEPTUAGENARIAN

One of outstanding positions among those who have contributed to the
development of underground engineering in Slovakia in the second half of
the 20th century undoubtedly belongs to Ing. Jaroslav Kapusta, who lived to
see seventy on 9 April 2006. He has set off to the eighth decennary, in good
health and filled with interest in everything that belongs to active life. The
only shift he has experienced is the shift in the scope of his obligations. He
does not have to hurry to the work to a hard fight with daily professional duti-
es he used to have as a chief executive officer and chairman of the board. He
has now different concerns and no more carries the load of responsibility for
the destiny of a large company. Let us remind us that he retired in 2004 and
the last working assignment of his was the incorporation of Banské Stavby
into the multinational concern Skanska, being persuaded that only big com-
panies can be competitive on the construction market.

This was the last link in the 44 years long chain of working duties. This
chain begins in 1960, when he decided to enter Banské Stavby after gradua-
ting from the Slovakian Technical University in Bratislava, the Department
of Civil Engineering. In this company, he stepped up the ladder of his career,
up to the highest level. Owing to his study specialisation in roads and brid-
ges, he was predestined to be involved in designing and similar activities.

His work in the field of design, production planning and development of
new technologies was the main assignment of his. In terms of time, this cha-




V casovom vyjadreni tito kapitola trvala o nieco viac ako dve tretiny
z celkovej doby zamestnania. AZ po roku 1989 sa mu otvorili zo zna-
mych dovodov dovtedy primknuté dvere k vy$§im funkcidm.

Tak ¢i onak, toto obdobie bolo viazané na mladost, a na mladost’sa
vo vSeobecnosti spomina z tej prijemnejSej stranky. Pracovne to boli
roky naplnené zaujimavou pracou v odbore podzemného stavebnic-
tva, najmi pre bansky tazobny priemysel. Stavby sa striedali jedna po
druhej, a kazda si vyZadovala Cosi iné v stavebno-technickom riesen{
a v technoldgii. Pri zndmych bariérach importu sa pokrok musel ¢asto
hladat’ cestou vlastnych rieSeni. StarSie rocniky si iste pamitaji, ako
tazko sa ziskavali devizy na dovoz novej techniky, ale aj to, ako tazko
sa bolo prepracovat’k novej technike cestou vlastného vyvoja. Jubilant
sa v tomto smere zapisal mnohymi inovativnymi rieSeniami najméi
v kongtrukcii hibiacich vezi, racionalizacii zariadeni staveniska, tech-
nolégii beténovych monolitickych stavieb i vyroby prefabrikovanych
prvkov.

Jeho projektantsko-konstruktérsky rukopis sa dd najlepSie vystopo-
vat'na velkych stavbach z tohto obdobia, ku ktorym nepochybne patr{
na zelenej like postavend Bana Cigel a nespofetné mnoZstvo vyhibe-
nych Sacht vo vSetkych slovenskych tazobnych podnikoch, pocinajic
magnezitovymi, Zelezorudnymi, medenorudnymi banami, bafiami na
tazbu rdd farebnych kovov a nerudnych surovin, az po vsetky sloven-
erska stavba, ktorou bola PreCerpavacia vodna elektrareti Cierny Vah.
Na tejto unikdtnej stavbe sa nedalo pohnit’ bez tvorivych pristupov.
Najmi pri razeni Sikmych privddzacov v nehomogénnom horninovom
prostredi s ndroénym systémom predrazky a ndsledného rozsirenia na
projektovany prierez, ale aj spustania pancierovych rir, ich uloZe-
nia, obeténovania a zainjektovania.

Ked sa v roku 1996 prelomila bariéra zaporného postoja k tunelo-
vym stavbam (ktory vlddol na najvyssich rozhodovacich miestach,
podporovany aj zdola mnohymi odbornikmi argumentmi zaloZenymi
na nepodloZenej obave, Ze Ceskoslovensko na to nema), otvorila sa
jubilantovi cesta k naplneniu sna eSte zo Studentskych Cias, aby sa raz
mobhol stat’osobnym dc¢astnikom stavby tunelov na Slovensku. Ten sen
sa mu splnil na stavbe dialni¢ného tunela Branisko. V Case, ked sa
tunel Branisko zacal stavat, jubilant bol uz predsedom predstavenstva,
a ked sa stavba tunela kon¢ila, aj generdlnym riaditefom Banskych sta-
vieb. V tychto funkcidch bol aj pocas pociatocnej fazy vystavby tune-
la Sitina v Bratislave. Prerdzku tunela Sitina uz ale zazil ako emeritny
tuneldr.

V dochodcovskych rokoch sa jeho zaujmy presunuli do inych oblas-
ti, aj ked jeho kontakty s materskou spolocnostou si este stéle Zivé.
V terajSom top manazmente si vSetko jeho odchovanci, ktorf si ho

vézili nielen vtedy, ked im $éfoval, ale aj teraz, ked im moZe byt

v kadeCom dobrym radcom. Zivy kontakt s mladSou ndstupnickou
generdciou podporuju aj aktivity ob¢ianskeho zdruzZenia Bespa Seni-
or Klub, ktoré vzniklo na podnet jubilanta. Jeho pri¢inenim klub
napiﬁa okrem spoloc¢enského poslania aj istd formu profesiondlneho
zapojenia byvalych zamestnancov v postproduktivhom veku v pro-
spech firmy. Mnohé skusenosti starSich generdcii v podzemnom sta-
vebnictve sa daju vyuZzit'aj v technicky pokrocilejSej sicasnosti.

Radno spomentit’aj jeho dobry vztah k svojej alma mater, ktorou je
Stavebnd fakulta Slovenskej vysokej skoly technickej v Bratislave.
Tento vztah bol Citatelny nielen podla intenzity stykov a osobnych
vztahov s akademickymi funkciondrmi, ale aj podla sponzorskej pod-
pory, ktora sa dostala Skole jeho pri¢inenim. Podporu v osobe jubilan-
ta mali aj odborné periodikd, ku ktorym patri aj ¢asopis Tunel.

Za zmienku stoji aj jeho zdsluha na vytvoreni tradicie konferencif
Podzemné stavebnictvo, usporiadavanych v Prievidzi a Bojniciach
s pétro¢nou periodicitou. Jedna z nich sa pripravuje aj na jesen tohto
roku. Jubilant bude jednym z jej Cestnych hostov.

Okruh Tudi, s ktorymi prichadza do styku, mdZe s istotou potvrdit,
Ze jubilant je eSte stdle v dobrej forme a nestratil ni¢ zo svojich Iud-
skych kvalit. Do dalsej etapy, ktorej sa hovorf jeseri Zivota, mu praje-
me pevné zdravie a vela poteseni typickych pre muZov, ktori si zacho-
vdvaju aktivitu aj v seniorskom veku.

ING. JOZEF FRANKOVSKY
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pter lasted a little longer than two thirds of his working life. It was as late as
1989 that the door to higher positions, which had been closed for well-known
reasons for him till then, opened.

Anyway, this period was associated with his youth and more pleasant
memories are generally remembered when the time of youth is discussed.
Regarding his work, those years were filled with interesting tasks in the field
of underground construction, mainly for the mining industry. The constructi-
ons changed in succession, each of them required something else in the
design and technology. With the well-known barriers preventing import, pro-
gress had to be achieved through their own solutions. Older age groups cer-
tainly remember the difficulties in obtaining foreign currency for import of
modern equipment, but also the difficulties in the process of obtaining new
equipment through their own development. Jaroslav Kapusta distinguished
himself by many innovative solutions, above all in the design of headframes,
rationalisation of site facilities, technology of cast-in-situ concrete structures
and production of precast elements.

His handwriting as of a designer can be best traced at large projects of that
period with Mine Cigel developed on a greenfield site and countless number
of shafts completed in all Slovakian mining companies, from magnesite, iron
ore and cooper ore mines, non-ferrous metal and non-metallic raw material
mines, up to all Slovakian coal mines. A special position was assigned to the
largest underground engineering construction, the Cierny Vah pumped stora-
ge power scheme. This unique construction was not able to move ahead wit-
hout creative attitudes. Creativity was necessary primarily during the exca-
vation of inclined headrace tunnels driven through inhomogeneous rock
environment using a demanding system of a pilot gallery and subsequent
enlargement to the designed cross section or also lowering steel pipes, their
installation, concrete backfill of the pipes and grouting to the annulus.

When the barrier of the negative attitude toward tunnel constructions (pre-
vailing at the highest decision-making positions and supported even by many
professionals from lower levels believing that tunnelling was beyond the
capacity of Czechoslovakia), the path for Jaroslav Kapusta to seeing his stu-
dent’s dream of personally participating in tunnel construction in Slovakia
come true, was open. This dream came true at the construction of the Bra-
nisko motorway tunnel. When the Branisko tunnel construction was starting,
he already was chairman of the board, and when the construction was being
finished he was general manager of Banské Stavby. He fulfilled those func-
tions even in the starting phase of the Sitina tunnel construction in Bratisla-
va. He saw the Sitina tunnel breakthrough as a tunneller emeritus.

In the years of retirement, his interest moved to other fields even though
his contacts with his mother company have remained alive. The current top
management consists of his followers who respected him when he was their
boss and respect him even now when he can act as a wise man at various pro-
blems. The live contact with the younger successional generation is also sup-
ported by activities of a Bespa Senior Club civil association, which was foun-
ded on his own initiative. Owing to his effort, apart from its social role, the
club allows also a certain form of professional involvement of former emplo-
yees at the post-productive age to bring some profit to the company. Lot of
experience gained by older generations in the field of underground construc-
tion can be exploited even in the technically more advanced present.

Also his good relationship with his Alma Mater, the Faculty of Civil Engi-
neering at the Slovakian Technical University in Bratislava, is worth remem-
bering. This relationship was measurable not only by the intensity of contacts
and personal relationships with academic functionaries, but also by sponso-
ring contributions the school received owing to his endeavour. He also sup-
ported technical periodicals, Tunel magazine among them.

Also his credit for development of the tradition of the Underground Con-
struction conferences held in Prievidza and Bojnice every five years is worth
mentioning. One of them is being prepared for this autumn. He will be one
of honorary guests.

The circle of people he was in contact with can confirm with certainty that
he is still in good shape and has lost nothing of his human qualities. We wish
him for the oncoming period, which is called the autumn of life, sound health
and lots of pleasure typical for men who have kept their activity even till the
senior age.

ING. JOZEF FRANKOVSKY
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA (STAV K 20. 4. 2006)
Tunel Panenska

U hloubenych tunelt se osazuje izola¢ni félie a pripravuje se
jejich zasypavdni. V raZzenych tunelech pokracuje poklddka drendz-
nich trub, sypani vozovkovych vrstev a poklddka Stérbinovych
Zlabu. Byly zahdjeny prdce na ochrannych nétérech definitivniho
ostén{ tunelovych trub. Probihd vystavba provozné-technologickych
objektu a prilehlych poZdrnich nadrzi.

Tunel Libouchec

U obou tunelovych trub je dokonCena betondz definitivniho osté-
ni. V soucasné dobé€ jsou osazovéany kabelovody. V levém (zdpad-
nim) tunelu zbyva dobetonovat 2x24 m kabelovodu v hloubené ¢ésti
a v pravém (vychodnim) tunelu pak poslednich 2x72 m kabelovodu.
Levy tunel je pfipraven na poklddku §térkové vrstvy pod konstruk-
ci vozovky.

Tunel Klimkovice

U tunelu A probihd na dvou pracovistich profilace klenby primar-
niho osténi. Provadi se odtéZzovani protiklenby od ostravského por-
talu. Je vybetonovéno 10 pésu protiklenby a 7 pasu klenby. V tune-
Iu B od ostravského portalu probihd profilace primarniho osténi
klenby, osazuje se izolace a armatura protiklenby. V proudu bylo
vybetonovédno 8 sekci protiklenby. Hloubeny tunel B na brnénském
portéle je vybetonovan v délce 10 sekci. Z tohoto portdlu se zahdji-
ly prdce na provadéni protiklenby v razeném useku této tunelové
trouby.

Nové spojeni — Vitkovské tunely

Na obou Zelezni¢nich Vitkovskych tunelech jsou razby v plném
proudu. Jizni dvoukolejny tunel je v kaloté vyrazen v délce
1144 m a jadro je odtéZeno v délce 1052 m. Zbyva vyrazit poslednich
107 m kaloty. V dobé sepséni aktudlniho stavu probihd rozsirovan{
tunelu o vyklenek pro napojeni trakéniho vedeni. U severniho tune-
lu je vyrazeno 835 m kaloty a odtéZeno jadro tunelu v délce 780 m.

Tunel Hnévkov i

Tunel Hnévkov II je stavebné dokoncen. Osazuji se prvky tech-
nologické vybavenosti uvnitf tunelu a probihd osazovani koleji. Jed-
nokolejny provoz by mél byt zahdjen k 19. 6. 2006. Obé koleje
budou vyuzivdny dle predpokladu v druhé poloving zari.

Tunel Valik

Definitivni osténi je kompletné vybetonovdno v obou tunelech.
Momentdlné probihd betonaz kabelovodu, provadi se kanalizace
a vodovod a navazi se podkladni vrstvy pod vozovku. Pripravuji se
protipra$né natéry klenby a reflexni ndtéry boku tunelu. U prazské-
ho portdlu jsou osazovany gabiony a u rozvadovského portdlu se pro

né pripravuje zdkladova spdra.

Tunel Bifezno

Z vyjezdového portdlu pokracuje razba jednokolejného tunelu
sekvencni metodou. K datu 20. 4. 2006 je vyraZzeno 390 m, zbyvd
vyrazit je§té 222 m. Vlastni raZeni je zajiStovdno v soucasnosti
16,5 m dlouhymi destniky z 13 kusl mikropilot, které se obnovujf
vzdy po 12 m tunelu. Celba je jisténa kratkym zat€Zovacim klinem
a lamindtovymi kotvami. Na vjezdovém portdlu probihaji prace na
prezmdhdni zavaleného useku tunelu. Aktudlné je z této strany
22 m tunelu dokonleno uzavienym tunelovym osténim na celou
projektovanou vySku. Za nim ve sméru raZby je vyraZeno
18 m kaloty a v predstihu se nad dalsi devitimetrovou sekci provadi
mikropilotovy deStnik. ; .
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Tunel Sitina

Dokoncovacie stavebné prace v tuneli Sitina (stavba Dialnica
D2 Lamacskd cesta — Staré grunty v Bratislave) pokracovali aj

THE CZECH REPUBLIC (AS OF 20 APRIL 2006)
The Panenska Tunnel

The cut-and-cover tunnel structures are being provided with the
waterproofing and backfilling is being prepared. Laying the drainage,
placement of the road courses and installation of slot drainage ducts are
continuing in the mined tunnels. Application of protective coating to the
final lining of the tunnel tubes has started. The construction of techni-
cal services structures and adjacent firewater reservoirs is in progress.

The Libouchec Tunnel

The casting of the final concrete lining has been completed in both
tunnel tubes. Currently cable ducts are being installed. Last 2x24m and
2x72m of the cable duct remain to be cast in the left (western) and
right (eastern) tunnel tube respectively. The left tunnel tube is prepa-
red for the placement of the gravel layer under the road structure.

The Klimkovice Tunnel

The shotcrete primary lining vault is being profiled at two workpla-
ces in the tunnel tube A. The invert is being excavated from the Ostra-
va portal. Concrete casing of 10 blocks of the invert and 7 blocks of
the vault has been completed. The shotcrete primary lining vault is
being profiled, the waterproofing is being installed and reinforcement
of the invert is being placed in the tunnel tube B from the Ostrava por-
tal. The casting of 8 consecutive blocks of the invert is finished. The
casting of the cut-and-cover tunnel B has been finished at the Brno
portal within a length of 10 blocks. The work on the invert of the
mined section of this tunnel tube has started from this portal.

The New Connection - the Vitkov tunnels

The excavation operations are in full swing in both Vitkov railway tun-
nels. The top heading excavation in the southern double-track tunnel is
complete at a length of 1144m and the core excavation at a length of
1052m. The last 107m of the top heading remain to be excavated. The tun-
nel is being enlarged at the time of writing this description to create a niche
for the catenary connection. Regarding the northern tunnel tube, 835m of
the top heading is complete and 780m of the tunnel core was removed.

The Hnévkov Il Tunnel

The structure of the Hnévkov II tunnel is complete; technical servi-
ces and trackwork are being installed in the tunnel. The single-rail ope-
ration should start on 19.6.2006. Both rails will be in service as expec-
ted, i.e. in the second half of September.

The Valik Tunnel

The casting of the final lining is finished in both tubes. Currently the
cable duct is being cast, sewerage and water pipeline are being laid and
base road courses are being placed. Dustproof coating of the vault and
retro-reflective coating of the tunnel sidewalls are being prepared.
Gabions are being installed at the Prague portal and the foundation
base for gabions is being prepared at the Rozvadov portal.

The Bfezno Tunnel

The excavation of the single-track tunnel is continuing from the exit portal
using the sequential method. As of 20.4.2006, 390m of the tunnel excavation
are finished; 222m remain to be excavated. The canopy tube pre-support con-
sists of arrays of 13 pieces of 16.5m long tubes. The arrays are installed every
12m of the tunnel length. The face is supported by a short supporting rock
wedge and GRP anchors. At the entrance portal, the collapsed tunnel section
is being re-excavated. Currently a 22m length of the tunnel is complete, with
the closed tunnel liner finished to the full height designed. Behind this secti-
on, in the direction of the excavation, 18m of top heading is complete and the
canopy tube pre-support is being installed above the next 9m long section.
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THE SLOVAK REPUBLIC
The Sitina Tunnel

The finishing construction work on the Sitina tunnel (the D2 Motor-
way construction lot from Lamacska Cesta to Staré Grunty in Bratislava)




v priebehu prvych mesiacov roku 2006. Dodavatel stavby ZdruZze-
nie Taisei — Skanska a jeho subdoddvatelia realizovali ndtery
sekunddrneho ostenia tunelovych rir, ukoncovala sa beténova
vozovka findlnou dpravou rezanych Skar a zacala sa montaz pozi-
arneho vodovodu v tuneli. Hlavnou tlohou pre tento rok zostdva

montdz technologického vybavenia, ktord bude zabezpecovat

ZdruZenie Taisei — Eltodo. Uvedenie dialni¢ného dseku dlzky 3.5
km, ktorého sucastou je tunel Sitina, do prevadzky sa ocakdva
v prvej polovici roku 2007. Usek Lama&skd cesta — Staré grunty
je poslednym dsekom dialni¢ného obchvatu centra Bratislavy spa-
jajiicim dialnicu D2 v smere Brno, Ceskd republika a dialnicu D1
v smere Zilina a Kogice.

Tunel Borik

Najndro¢nejsi a najndkladnejsi z troch tsekov stavby dialnice D1
Mengusovce — Jdnovce na severe Slovenska méd po dvoch netspes-
nych sdtaziach kone¢ne zhotovitela. Ndarodnd dialni¢nd spolo¢nost),
a. s., podpisala dna 8. 3. 2006 zmluvu o dielo na vystavbu prvého
useku dlzky 8 km, ktorého sucastou je tunel Borik. Zhotovitelom
bl.lde ZdruZenie InZinierske stavby, a. s., a Marti Contractors Ltd.
(Svajciarsko), pricom zhotovitelom tunelovych objektov bude spo-
lo¢nost' Tubau, a. s., pravny nastupca spolo¢nosti Vdhostav — Tune-
ly a Specidlne zakladania, a. s. Stavebné prace by mali zacat' v apri-
1i 2006, pricom ¢as vystavby je podla zmluvy 36 mesiacov, teda do
roku 2009. Zmluvnd cena je 3,3 mld. Sk v¢itane DPH.

Trasa dialnice vedend v blizkosti hranice Tatranského ndrodného
parku tvori obchvat obci Batizovce, Mengusovce a mesta Svit. Usek
zacina za mimourovnovou krizovatkou Mengusovce, kde sa dialni-
ca napdja na v sicasnosti budovany dialni¢ny dsek VaZec — Mengu-
sovce. NajdoleZitejSou a stavebne najndro¢nejSou sticastou stavby je
dvojrirovy tunel Borik s dlzkou 999 m, ktory bude razeny v dolo-
mitickom masive rovnomenného kopca.

ING. MILOSLAV FRANKOVSKY ,
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continued in the initial months of 2006. The contractor, Taisei — Skanska
joint venture, and the sub-contractors carried out the painting of the
secondary lining of the tunnel tubes, finished the concrete pavement by
final treatment of the cut joints and started to install the hydrant main in
the tunnel. The main task for this year remains to be the installation of
equipment by Taisei-Eltodo joint venture. The 3.5km long motorway sec-
tion containing the Sitina tunnel is scheduled for the first half of 2007.
The Lamacskd Cesta — Staré Grunty section is the last section of the
motorway bypass of the Bratislava centre, which connects the D2 motor-
way in the direction toward Brno, the Czech Republic, with the D1
motorway in the direction toward Zilina and Kofice.

The Borik Tunnel

At long last, after two unsuccessful tenders, the most difficult and
costliest of the three sections of the construction of the D1 motorway
from Mengusovce to Janovce in the north of Slovakia has its contrac-
tor selected. Narodnd dialni¢na spolo¢nost a.s. signed the contract for
the first 8km long section of the D1 motorway on 8 Mar 2006. Zdru-
Zenie Inzenierske stavby, a.s. a Marti Contractors Ltd. (Switzerland)
will be the contractor, whilst the contractor for the tunnel construction
will be Tubau a.s, successor of Vahostav — Tunely a Specidlne zakla-
dania a.s. The construction operations should start at the beginning of
April 2006; the contract provides 36 months for the works, i.e. until
2009. The contract price is of 3.3 billion SK including VAT.

The motorway route, which runs in the vicinity of the Tatra Mounta-
ins National Park, bypasses the villages of Batizovce, Mengusovce and
the town of Svit. The section starts behind the Mengusovce grade sepa-
rated intersection where the motorway joins the VaZzec — Mengusovce
motorway section, which is currently under construction. The most
important and, in terms of construction works, most difficult part of this
section is the 999m long twin-tube Borik tunnel, which will be driven
through a dolomite rock massif forming a hill of the same name.

ING. MILOSLAV FRANKOVSKY,
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ZPRAVODAJSTVI CESKEHO TUNELARSKEHO KOMITETU ITA/AITES
CZECH TUNNELLING COMMITTEE ITA/AITES REPORTS

INFORMACE O STAVU PRIPRAVY ITA/AITES WTC 2007

Mr. G. Romancov, the Chairman of the Organising Committee, sta-
tes that the WTC in Seoul has set a very high standard for perfect orga-
nisation and professional level. He is asking organisers of the WTC in
Prague to learn the lesson from this fact. Above all, he points out the
unusually high interest in publishing and reading professional papers:
as of 15 May, the Scientific Council received 359 abstracts. The mem-
bers of the Council will have to evaluate the papers which will be sub-
mitted by the authors by 30 September 2006 in a very short time and
decide about their incorporation into the Proceedings or their verbal or
poster presentation. No less important is also the preparation of the
social part of the Congress. However, he is convinced that the Organi-
sation Committee and the Scientific Council will perform both above-
mentioned tasks successfully, so much the more because the Czech
Republic and its capital, Prague, can offer the attendees lots of additi-
onal social and tourist experiences.

Ubéhlo jen nekolik dni od ndvratu nasi pocetné vypravy ze Soulu
a hlavnim tématem schizek ¢lent organizainiho vyboru a védecké
rady je vyhodnocovani pribéhu WTC2006. Cela fada Gcastnika vypra-
covala podrobné pisemné zprdvy s jedinym cilem — prevzit pokud
moZno co nejvice kladnych prvkd a vyvarovat se viech nedostatkd,
které se, byt'v nepatrné mifte, prece jenom vyskytly. Je tfeba konstato-
vat, Ze v naSem dosavadnim postupu piipravy nebyly shleddny zdvaz-
néj$i nedostatky a Ze by se mélo podarit tiroven WTC, jehoz latku
Korejci nastavili pordadné vysoko, v Praze nejen zachovat, ale jeSté ji
pozvednout. Mdme velkou Sanci.

To se ovSem neobejde bez maximélniho nasazeni vSech, ktefi se na
organizaci podileji a jeste podilet budou. Jsou jasné vyprofilovany dvé
zdkladn{ linie, s nimiz dspéch kongresu stoji a padd, a to odbornd
a spoleCenska. A je to prave odbornd ast, jejiz zajisténi spociva plné
a vyhradné na ¢lenech CTuK. Pocet piihlaSenych abstrakti je tcty-

rada rozhodla o definitivnim uzavfeni prihlasek, se pravdépodobné
jesté zvysi. Neodvolatelnd uzédvérka doslych prispévku je 30. zari.
Neodvolatelna proto, Ze je to termin uvedeny ve smlouvé s naklada-
telstvim Balkema, kterému CTuK musi predat viechny podklady pro
vytisténi sborniku. I za predpokladu, Ze nékolik desitek autoru, ktef{
poslali abstrakty, nakonec prispévky neposle, je jisté, Ze Clenové
veédecké rady budou muset behem této kratké doby (v&etné prazdnino-
vych mésicu!) predist, vyhodnotit a pfipadné upravit 200 — 300 odbor-
nych ¢lanku. Na jedné strané muZeme byt spokojeni se zdjmem, ktery
WTC 2007 v odbornych kruzich vyvolal (i ty nejvétsi predchézejici
kongresy nikdy nemély vice nez 300 prispévku, zpravidla viak jen
mezi 100 — 200), na strané druhé je to pro nds nesmirné zavazujici.
Préce, kterou budeme muset vykonat, je giganticka.

SpoleCenské a organizacni zajisténi kongresu musi jednak navédzat
na ¢ast odbornou, jednak zajistit dostatecné Sirokou nadstavbu k tomu,
aby se ucastnici citili prijemné a z Prahy odjiZdéli s pocitem, Ze po
odborné strance ucast nebyla ztrdtou Casu, a soucasné chtéli znovu
navstivit mésto a zemi, kterd jim ukézala, Ze za to stoji. Pracovnici
dvou agentur (Bonus a Guarant), které maji s pordddnim obdobnych
akci mnohaleté zkusenosti, jsou pro CTuK dostatecnou zdrukou tspé-
chu i v této oblasti.

Pravem ocekdvame, ze WTC v Praze bude po strance ucasti ne-li
rekordni, tedy alespori nadprimérnd, ponévadZ projeveny zdjem ze
strany vSech ¢lent ITA tomu jednoznalné nasvédCuje. Pokud se tyto
predpoklady naplni, bude nds kongres dspé$ny po vSech strankach
véetné finanéni. Ted jde hlavné o to, abychom laxnim piistupem k pii-
pravé, a to predevsim k potencidlnim G&astnikim a zdjemcum o zve-
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