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Vézeni ¢tenari Casopisu Tunel!

Vémi prave oteviené ¢islo je v poradi prvni v roce 2012. V roce, ktery byva oznacovan jako nelehky, krizovy, a to pfedevsim v oblasti stavebnictvi.

Tak jako vinaf na zasnéZené vinici musf doufat v celorocni prizet pocasf a jiZ pred provedenfm fezu révy vinné pfemyslet o tom, co viechno ud€ld proto, aby leto$ni
tiroda byla dobrd, tak i tuneldr$ti odbornici v Cechdch musi doufat alespor v ¢dste¢nou prizen nastévajiciho ekonomického obdobi a jiz od pocatku roku délat vse pro to,
aby se v tomto ¢ase mohla urodit néjaké ta podzemni stavba.

Prvni &islo roéniku 2012 je vénovano vyznamné tradicni Ceské stavebni firmé Subterra, a. s., kterd se ve své bohaté historii muZe pochlubit jak razbou tctyhodnych pro-
filil podzemnich staveb (jako je kaverna precerpavaci elektrarny Dlouhé Stréné nebo tunelové rozplety prazskych silni¢nich tuneli Mrdzovka), tak i razbou mensich profi-
13, notabene i v centrdlnich ¢dstech mést. Za viechny uvedme systém kolektor(l v Praze. Do repertodru této firmy dlouhodobé také patfily i mensf plnoprofilové tunelovaci
stroje. Firma Subterra, a. s., se na nasledujicich strankdch prezentuje aktudlnimi podzemnimi stavbami. Jednd se o vystavbu jedné ze stanic v soucasnosti razeného prodlou-
Zen{ trasy A prazského metra z Dejvic do Motola. Touto stanici metra je stanice Veleslavin. Jednd se o prvni trojlodni stanici na prazském metru, kterd je razena podle zdsad
NRTM. Druhy ¢lének je tak trochu z druhého konce spektra podzemnich staveb a pojednéva o razbé malym plnoprofilovym tunelovacim strojem (mikrotunelovéni) ve velmi
proménlivych geologickych pomérech v Pardubicich. Z jeho textu mimochodem vyplyvé soucasny evergreen — jak duleZitou roli hraje inZzenyrskogeologicky (geotechnic-
ky) pruzkum, jeho dostatecnost, ¢i nedostatecnost a spravnd, ¢i nesprdvnd interpretace geologickych a geotechnickych pomért v piimé vazbé na provddéni stavby.

Milou zajimavosti tohoto ¢isla Casopisu Tunel je urcita historicka linka tematického zaméfeni nékolika Elénkil. Zacnéme rovnou od stiedovéku. Historicky Dul Jeronym,
ktery se nachdzi nedaleko Horniho Slavkova v zdpadnich Cechdch, je dnes velmi zachovalou pamdtkou na stfedovéké hornictvi. V soucasnosti zde probihd monitoring dlou-
hodobé stability téchto podzemnich prostor (kombinovany s matematickymi analyzami) pro moznost zpiistupnéni této hornické pamatky pro vefejnost. Opravdu velmi pou-
tavym a ndzornym ¢lénkem je ¢ldnek pojedndvajici o rekonstrukci vystavby podzemnich prostor historickych pohrani¢nich opevnéni predmnichovského Ceskoslovenska.
K tomu Ize jen dodat, Ze bude mit pokracovéni v dal$im &isle — méte se tedy, milf Etendfi, i nadéle na co téSit. Tretim ¢ldnkem, zabyvajicim se dnes jiZ historickou podzem-
nf stavbou, kterd v soucasnosti jako bdjny ptak Fénix vstava z popela, je §tola Josef, vyraZend v 80. a 90. letech 20. stoleti za Gelem geologického pruzkumu loZiskovych
zdsob zlata v oblasti Mokrsko. Dnes je z této diive zakonzervované opusténé Stoly experimentdlni vyzkumné a vyukové pracovisté nékolika ¢eskych vysokych skol.

Svym pojetim se od ryze odbornych &lanki odlisuje ¢lanek o projektové piipravé Zelezni¢niho tunelu Hosin v jiznich Cechich, ktery je predevsim zamyslenim tune-
lového projektanta nad odpovédnosti jeho vlastniho projektového feSeni — vyvazeného umisténi Zelezniénich tunelt jak do daného geologického prostiedi, tak predevsim
i do okolni krajiny.

Za zminku urGité jeste stoji Clanek, prevzaty od §vycarskych kolegt, publikovany v odborném Gasopise Geomechanics and Tunneling, ktery seznamuje Gtendre
s problémem bobtndni nékterych hornin a naslednou vazbou na deformace osténi (zdvih dna), nadloZi tunelu, pfipadné¢ dokonce i terénu. Je zde i popsdn pouZzity postup
sanace téchto bobtnacich projevi na tunelové osténi pomoci deformaénich elementu, respektive pomoci deformacniho stavebnicového systému.

Vézeni tendfi Casopisu Tunel, v dobé, kdy se vam toto &islo dostéva do rukou, bychom uz méli priblizné védét, co od letosniho roku muzeme ocekavat, nebot’i zimni
mrazy na zminéné vinici by uz téZ v této dobé mély byt prekondny.

Vsem &tendrum Casopisu Tunel a celé nasf tunelarské verejnosti preji pevné zdravi, $tésti a v tomto nelehkém roce 2012 at'vzdy plati to nezprofanované Zdai Buh!

RNDr. Radovan Chmelar, Ph.D.
¢len redakcni rady casopisu Tunel

Dear TUNEL journal readers,

The journal issue you have just opened is the first in 2012. This year is considered to be difficult and critical, first of all in the area of the construction industry.

Like a wine-grower on a snow-covered vineyard who has to hope that the weather will be favourable during the whole year and consider even before the cutting of
grape vines all the things he will do to get a good crop, tunnelling professionals in Czechia have to believe that the coming economic period will be at least partially
favourable and do everything to establish conditions in which some underground construction projects could be harvested.

TUNEL issue 1/2012 is dedicated to Subterra a. s., an important Czech construction company, which can pride itself on driving both respectable underground profi-
les in its rich history (e.g. the cavern for the Dlouhé Strané pumped storage scheme or tunnel bifurcations on the Mrazovka road tunnel in Prague) and smaller profiles,
nota bene even in central parts of cities. As an example, let us mention the system of utility tunnels in Prague. Even smaller full-face tunnelling machines used to be in
the repertoire of the company for a long time. Subterra a. s. presents itself on the following pages by current underground construction projects. One of them is the con-
struction of Veleslavin Station, one of stations on the Prague metro line extension from Dejvice to Motol, which is currently being mined. It is the first mined three-vault
station on the Prague metro which is built using the NATM. The other paper is a little bit from the opposite end of the spectrum of underground constructions. It deals
with the driving of tunnels by means of a small-profile full-face tunnelling machine (microtunnelling) through very variable geology in the city of Pardubice. The cur-
rent evergreen follows, among other things, from the text, i.e. how important role is played by engineering geological (geotechnical) investigation, its adequacy or ina-
dequacy and correct or incorrect interpretation of geological and geotechnical conditions in the direct relationship to the execution of construction work.

A pleasant feature of this TUNEL journal issue is a certain historic line of the themes of several papers. Let us start just from the Middle Ages. The historic mine
Jeronym, which is found near the town of Horni Slavkov in West Bohemia, is today a very well preserved monument to medieval mining. At the moment the monitoring
on the long-term stability of the underground spaces (combined with mathematical analyses) is underway, investigating the possibility of opening this mining monument
to the public. The paper on the reconstruction of the development of underground spaces of historical border fortifications of the pre-Munich Czechoslovakia is another
really very interesting and descriptive paper. It is to be added that this paper will be continued in the next issue. There is therefore something for you, dear readers, to
look forward. The third paper dealing with the today already historical underground structure which is today rising like a Phoenix from the ashes is the Josef Gallery,
which was driven in the 1980s and1990s with the objective to allow the geological investigation of gold reserves in the area of Mokrsko. Today, this formerly preserved
and abandoned gallery has been converted to an experimental research and teaching workplace of several Czech universities.

The conception of the paper on the planning and designing of the Hosin tunnel in South Bohemia differs from purely technical papers. It is, first of all, tunnel desig-
ner’s reflection on the responsibility for his own design solution, namely for well-balanced placing of rail tunnels both into the given geological environment and, first
of all, into the surrounding landscape.

Certainly worth mentioning is the paper borrowed from Swiss colleagues, which was published in technical magazine Geomechanics and Tunnelling, acquainting rea-
ders with the issue of swelling of some types of ground and the associated consequences in the form of deformations of liners (the heaving of the bottom), the tunnel
cover or even the terrain surface. It also contains the description of the technique used to eliminate the manifestations of swelling on a tunnel lining by means of yielding
elements or the Modular Yielding System.

Dear TUNEL readers, at the moment you are holding this issue in hands we should roughly know what we can expect from this year because even the winter frosts
on the above-mentioned vineyard should also be over at that time.

I wish all readers of TUNEL journal and the entire tunnelling community good health and happiness. Let always God speed you during this uneasy year 2012.

RNDr. Radovan Chmelar, Ph.D.
Member of TUNEL Editorial Board
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VAZENI CTENARI!

Je tomu jiZ pfes rok, co jsem se v tomto Easopise zminil o omlazovacim
procesu na kli¢ovych pozicich vedoucich pracovnika u nasi spole¢nosti,
ato jak ve vedeni jednotlivych divizi, tak i ve vedent jejich projekti. A jsem
rad, Ze tento proces Gspésné pokracuje. Myslim si, Ze pravé vhodné spoje-
ni eldnu mladych méné zkuSenych pracovniku se zkuSenostmi starSich
ostiilenych ,,Subterdki“ je velice duleZité z hlediska dal§tho rozvoje nasi
firmy a je piislibem pro jeji budoucnost.

Samoziejmé je potfeba priznat, Ze souasnd situace ve stavebnictvi,
a zejména v segmentu podzemnich staveb neni uspokojivd a ani nejblizsi
budoucnost neslibuje vyrazné zlepSeni. Vedeni nasi spolecnosti si je plné
védomo tohoto negativniho vyvoje a snazi se mu Celit hleddnim novych
prileZitosti nejen v novych segmentech na domécim trhu, ale i G¢asti na
vystavbé razenych tunell v zahranici, zejména na Balkéné.

V této souvislosti bych se rdd zminil o soucasnych aktivitdch divizi
Subterra, a. s., v oblasti tunelovych staveb. Z péti diviz{ je pouze divize 2
vyhradné zametena na pozemn stavitelstvi, zbyvajici se podileji na vystav-
bé tunelovych staveb v ruznych formédch své Einnosti.

Svym rozsahem nejvetsi divize 1 je vérna svému puvodnimu posldni
a jeji hlavni ndplni zastdva realizace raZenych a hloubenych podzemnich
del. V soucasné dobé probihd zmdhdni zdvalu na tunelu Jablunkov
a dokonCuje se vystavba tunelu Dobrovského v Brné. Na Zelezni¢ni trati
Votice — Benesov byly v prubéhu lofiského roku ukondeny razby viech Ctyf
tunell na této trase; nyni se provadéji betondZe v tunelu Tomicky II
a montdZe technologii v ostatnich tunelech. Divize 1 se podili t€Z na
vystavbé prazského metra trasy V.A realizaci trojlodn{ stanice Veleslavin,
kde byly koncem loniského roku dokonleny razby stani¢nich tuneld.
V souvislosti se svou specializaci na fizené mikrotunelovani realizovala
tato divize i opravu kanalizace o pruméru 1000 mm v Pardubicich. V rdmci
své snahy roz§ifit svoji ¢innost na Balkané uspéla koncem lonského roku
i ve vefejné sout€zi na vystavbu tunelu Bancarevo na délni¢nim tahu
z Bélehradu do Sofie u mésta Ni§ v Srbsku. Prace budou zahdjeny
v prubéhu 1. Etvrtleti.

Hlavni ndplni Cinnosti divize 3 je vystavba Zelezni¢nich koridoru.
V ramci své ¢innosti na téchto koridorech se tato divize zabyva i vystavbou
tunelt a jejich rekonstrukcemi, které zajisthje inZenyrsky v ramci dodava-
telskych sdruZeni, samozfejme s tcasti vnitropodnikového dodavatele —
divize 1. Posledni z divizi nasi spolecnosti, které se vystavba tunelt téZ
tykd, je divize 4, kterd byla zaloZzena v rdmci Subterry, a. s., pred tfemi lety.
Jeji soudasti je i provoz technologickych celku, ktery je schopen zajistit
komplexni doddvku technologického vybaveni tunelt.

Nakonec bych se rad jesté zminil i o jinych neZ vyrobnich aktivitach, na
kterych se Subterra, a. s., Gspesné podili. Jeji zdstupci se pravidelné kazdy
rok zdastiiuji svétovych tuneldrskych kongresa ITA-AITES porddanych
v zahrani¢i, konferenci v&etné Tuneldfskych odpoledni pofddanych
v tuzemsku CzZTA ITA-AITES a podileji se i na jejich piiprave a organizaci.
Tradi¢ni je téZ Cinnost zastupce Subterry, a. s., v redakéni radé Casopisu
Tunel a v predsednictvu Ceské spoleénosti pro bezvykopové technologie.

Vizeni étendri, dovolte mi na zdver vyslovit i viru a nadéji, Ze toto nepfi-
jemné obdobi recese ve stavebnictvi Uspesné prekondme a Ze rozvoj tune-
lafské profese bude naddle pokrafovat. Véime, Ze
k tomu bude pro vSechny jak u nds, tak i v zahranic{
dostatek prileZitosti.
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DEAR READERS!

It was already more than one year ago that I mentioned the rejuvenating process regar-
ding key managerial positions in our company, not only in the management of our
divisions but also in the management of their projects. And I am happy that this
process successfully continues. In my opinion, it is the proper combination of the
enthusiasm of young, less experienced engineers and older, experienced Subterra
staff that is very important for the continuing development of our company and is
a promise for its future.

Of course, it is necessary to admit that the current situation in the construction
industry and, first of all, in the segment of underground construction, is not satis-
factory and the nearest future promises no substantial improvement. The manage-
ment of our company is fully aware of this negative development and tries to resist
it by seeking new opportunities not only in new segments on the domestic market
but also by participating in the construction of mined tunnels abroad, first of all in
the Balkans.

In this context, I would like to mention the current activities of divisions of
Subterra a. s. in the field of tunnelling projects. Of its five divisions, only Division
2 is solely focused on building; the remaining four participate in tunnelling pro-
jects through various forms of their activities.

Division 1, which is the largest in terms of its size, is faithful to its original mis-
sion and its main task to carry out mined and cut-and-cover underground structu-
res remains unchanged. At the moment the work on the collapsed Jablunkov tun-
nel is in progress and the construction of the Dobrovskeho tunnel in Brno is being
completed. The driving of all four tunnels on the Votice — Benesov rail track was
finished during the past year; currently the final lining is being cast in the Tomice
II tunnel and equipment is being installed in the other tunnels. In addition, Division
1 participates in the construction of the Prague metro line VA by constructing the
three-vault station Veleslavin, where the driving of station tunnels was completed
at the end of the past year. In the context of its specialisation in controlled micro-
tunnelling, this division refurbished sewers 1000 mm in diameter in Pardubice. It
was even successful in its activities in the Balkans at the end of the past year, win-
ning a public competition for the construction of the Bancarevo tunnel on the
motorway leading from Beograd to Sofia, near the town of Nis, Serbia. The con-
struction will start during the first quarter.

The main contents of Division 3 work is the construction of railway corridors.
Within the framework of its activities on the corridors this division even deals with
the construction and reconstruction of tunnels. It provides engineering for them as
a part of consortia of contractors, of course with the participation of Division], the
company’s internal sub-contractor. The last division of our company, which is also
involved in the construction of tunnels, is Division 4. It was founded in Subterra
s. s. three years ago. One of its components is a department, which is, among other
operations, capable of providing equipment complexes for tunnels.

In the conclusion, I would like to mention even other than construction activiti-
es Subterra a. s. has successfully participated in. Its representatives have attended
the ITA-Aites World Tunnel Congresses held abroad, conferences including the
Tunnelling Afternoons held by the ITA-AITES CzTA in Prague and even partici-
pated in their preparation and organisation. The work of a representative of
Subterra a. s. in the Editorial Board of TUNEL journal and in the Czech Society
for Trenchless Technology has also become a tradition.

Dear readers, allow me to conclude by expressing a belief and hope that we will
successfully overcome this unpleasant period of recession in the construction

industry and the development of the tunnelling profession will
further continue. Let us believe that there will be ample oppor-
tunity to prove it for all of us, both at home and abroad.

ING. ONDREJ FUCHS

generalni feditel Subterra, a. s.
General Manager of Subterra, a. s.
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STANICE VELESLAVIN - PRVNI TROJLODNI STANICE PRAZSKEHO
METRA NAVRZENA METODOU NRTM

VELESLAVIN STATION - THE FIRST THREE-VAULT STATION
ON PRAGUE METRO DESIGNED TO BE DRIVEN BY THE NATM

PETR BICAN, PETR CHAMRA, VACLAV DOHNALEK,
JAN PANUSKA, LINDA VYDROVA

V rdmci prodlouZeni trasy metra A v Praze dojde v obdobf let 2010 az
2014 k vystavbe Etyr novych stanic prazského metra. Jednd se o novy pro-
vozni tsek V.A, jehoZ souddsti jsou celkem tfi raZené a jedna hloubend
stanice. RaZené stanice se déle déli podle profilu na dvé jednolodn{ stani-
ce (Petiiny, Cerveny Vrch) a trojlodni stanici Veleslavin, doasnou kon-
covou stanici pak tvoif hloubend stanice Motol s raZenymi obratovymi
kolejemi za stanici (obr. 1).

Investorem prodlouZeni trasy metra A je Dopravni podnik hl. m. Prahy,
a. s., obstaravatelem stavby je InZenyring dopravnich staveb, a. s. Vystavbu
zajistuje Sdruzeni metro V.A (Dejvickd — Motol), jehoZz ¢leny jsou
Metrostav, a. s., a Hochtief CZ, a. s. Projektovou dokumentaci zajistuje
firma Metroprojekt Praha, a. s. Geotechnicky monitoring zajistuje sdru-
Zeni ARCADIS - INSET, jehoz ¢leny jsou ARCADIS Geotechnika,
a.s.,a INSET, s.r. 0.

Vystavba trasy metra V.A zajist{ vyrazné lepsi standard vefejné dopra-
vy pro zdpadni Cast Prahy a v budoucnu umozni pokracovéni trasy
A smérem na Bilou Horu, sidli§té Repy a Zli¢in nebo alternativné dfive
preferovanym smérem k ruzynskému letisti.

Stanice Veleslavin (obr. 2, 3) je prvni trojlodni stanici prazského metra,
kterd je navrzend k realizaci Novou rakouskou tunelovani metodou. Na
trase se nachdzi mezi stanicemi Cerveny Vrch a Petfiny a v budoucnosti
by méla vytvorit vyznamny dopravni uzel, ktery umoZni ndvaznost metra
na vlakova spojeni a autobusovou dopravu. V pripadé realizace rychlo-
dréhy na leti$té Praha-Ruzyné se v prvni fizi pocitd s pfestupem na metro
pravé na Veleslaving. Soucasné se v rdamci budouciho vyuZiti dzemi uva-
Zuje o vybudovéni kapacitniho autobusového termindlu a podzemnich
parkovist P+R, ktery by umoznil pfesun dopravnich spoju do oblasti
Veleslavina a vyrazné tak ulevil vnitfni ¢4sti Prahy 6 v oblasti Vitézného
namesti.

Realizaci stanice Veleslavin zajistuje pro vedou-
ciho tc¢astnika sdruzeni, firmu Metrostav, a. s., for-
mou doddvky ,,na kli¢* firma Subterra, a. s., pfi-
CemZ neraZzené Césti stanice provadéji pracovnici
Divize 2 (pfelozky IS, podchod pod ulici Evropskd
a vestibul stanice), raZenou C&dst stanice vcetné
definitivniho osténi pak provadéji pracovnici
Divize 1.

GEOLOGICKE POMERY — DODATECNY
GEOLOGICKY PRUZKUM

V prubéhu piipravnych praci, na prelomu let
2010 a 2011, byl proveden dodatecny inZenyrsko-
geologicky pruzkum, ktery mél upresnit geologic-
kou situaci sloZitého zdjmového dzemi. Do-
pruzkum byl proveden spole¢nosti ARCADIS
Geotechnika, a. s.

Celkem bylo provedeno sedm jadrovych vrtd,
které byly situovdny prevdzné do mist s ocekd-
vanymi nejméné priznivymi poméry pro stavbu
s prihlédnutim k prostorovym moZnostem na povr-
chu (obr. 4). Dopliiujici inZenyrskogeologicky pra-
zkum upresnil pribéh povrchu skalniho rozhrani
a kvartérniho pokryvu a poskytl presnéjsi informace
pro poteby zpracovani dokumentace pro provedeni
stavby (ddle je DPS). Inzenyrskogeologické poméry

Four new metro stations will be developed within the frame-
work of the extension of the Prague Metro Line A during the 2010
to 2014 period. They will be built on the new operational section,
the fifth in line (designated as VA), comprising three mined stati-
ons and one cut and cover station. The mined stations are further
sub-divided according to the profile to two one-vault stations
(Petfiny and éerven)’/ Vrch) and one three-vault station
(Veleslavin). The temporarily terminal station, Motol, is formed
by Motol a cut-and-cover station and mined tunnels for dead-end
tail tracks behind the station (see Fig. 1).

The owner of the Metro Line A extension project is Dopravni{
podnik hl. m. Prahy, a.s. (the Prague Public Transit Company
Inc.), the architect-engineer is InZenyring dopravnich staveb a.s.,
the contractor is ,,SdruZeni metro V.A (Dejvickd — Motol)* con-
sortium consisting of Metrostav a.s. and Hochtief CZ a.s. Design
documents are provided by Metroprojekt Praha a.s. Geotechnical
monitoring is performed by "ARCADIS - INSET" consortium
consisting of ARCADIS Geotechnika a. s. and INSET s. r. o.

The Metro VA construction will significantly improve the stan-
dard of mass transport in the western part of Prague and will allow
the Line A to extend in the future toward Bild Hora, the residenti-
al area of Repy and Zli¢in or, alternatively, in the previously pre-
ferred direction of the Ruzyne International Airport.

Veleslavin station (see Figures 2 and 3) is the first three-vault
station on the Prague Metro network to be constructed using the
New Austrian Tunnelling Method. It is located on the route bet-
ween Cerveny Vrch station and Petfiny station. In the future it
should form an important transport hub, allowing the interchange
between the metro line and the train and bus services. In the case

CERVENY
(P CuscH
B

Obr. 1 Situace stavby Metro V.A
Fig. 1 Metro VA construction layout




Obr. 2 Stanice Veleslavin - situace
Fig. 2 Veleslavin station - layout plan

byly zhodnoceny jako sloZité a pro razbu trojlodni stanice jako velmi
nepriznivé, a to predeviim z duvodu velmi nizkého horninového nadlozi,
nizké kvality masivu a vysoké drovné hladiny podzemni vody.

Geologické poméry (obr. 5) zdjmového dzemi jsou reprezentovény ruz-
norodymi antropogennimi navdzkami (GT1 — An) mocnosti 4-5,5 m, dile
kvartérnim pokryvem (GT2 — Qd) tvofenym relativné mocnymi deluvidl-
nimi a eolicko-deluvidlnimi sedimenty s celkovou mocnosti 3,5-6,8 m.
Predkvartérni podloZi je reprezentovano ordovickymi sedimenty Sdrecké-
ho souvrstvi — tmavé jilovitoprachovité bridlice rizného stupné zvétrén{
(GT3 - OBe, GT4 — OBz, GT5 — OB). NadloZi je proménlivé a postupné
klesd od 17 m v portdlové ¢asti az po 13 m na konci technologické Casti
stanice. Nejkomplikovanéj§i poméry budou zastizeny v zaveére¢né fazi
raZeb. Zde se ve dné tuneld predpoklddd zastiZeni poloh zvétralych aZ
zdravych tuft (obr. 2, vrstvy GT6 — OTfz a GT7 — OTY), které se budou
s postupem razby zvedat az do tGrovné vrchliku kaloty, spolu s tim bude
dochdzet k dstupu bridlic $dreckého souvrstvi. V této oblasti se predpo-
klddd vétsi stuperi zvétrani a poruseni masivu. Razba stani¢nich tunel
bude probihat pod drovni hladiny podzemni vody. Inicidln{ pfitoky vody
do tunelu jsou orientaéné hodnoceny tfidou V2 (do 1 I/min/1 m).

PREDSTIHOVE PRACE PRED RAZBOU STANICE A ZAJISTENI
STAVEBNIi JAMY VELESLAVIN

Pfed zahdjenim praci na vlastni stavebni jamé bylo nutné provedeni
prelozek inZenyrskych siti. V zdjmovém prostoru se nachdzely razené
kanaliza¢ni fady, vodovodni fady a7 do DN 500 mm, v¢. hradniho vodo-
vodu, plynovody NTL a STL DN 500, hloubeny kabelovod, VN a NN
vedeni, vefejné osvétleni a slaboproudé kabely celkem jedendcti spravcu.

Samotnd paZend jadma hloubené ¢dsti stanice Veleslavin (obr. 6) je hlu-
bokd 27 m od tirovné HTU. Pidorys jamy je obdélnikovy a ma rozméry
31,6 x 25,9 m. Soud4sti stavebni jamy je pristupovd sjizdnd rampa o délce
180 m a sklonu 15 %. Stavebni jdma se nachdzi na mist¢ docasné uza-
viené krizovatky ulic Evropskd — Veleslavinskd — Kladenskd (obr. 2).

Zajistén{ stavebn{ jamy a rampy je navrZzeno pomoci kombinace pilo-
tového a zdporového pazeni. Zdporové stény byly provedeny v dvodni
Casti sjizdné rampy. Zapory jsou tvoreny ocelovymi nosniky IPE 300 aZ
400 v roztecich 4 2 m. Hlubs{ ¢ast sjizdné rampy a hlavni stavebni jama
jsou zajistény pilotami pruméru 800 az 1200 mm v roztedich 2-2,5 m.
K zaji§téni stavebni jimy je navrZeno celkem Sest kotevnich trovni
v kombinaci s rozpirdnim roht rozpérami. Z divodi budoucich zdsaht
do vychodni a zédpadni pilotové stény (razba stanice a realizace vestibulu)
jsou navrzeny celkem 4 trovné ztuZujicich Zelezobetonovych prevézek
a celoobvodovy hlavovy trdm. Z divoda Casovych a finannich dspor
jsou kotvy v rozich a v rampé kombinovany s rozpérami. Zajisténi ¢dsti
sjizdné rampy je pak navrZzeno kombinaci rozpér a kotev tak, Ze
v budoucnu z divodu vystavby vestibulu stanice, tj. po odstranéni jizn{
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of the implementation of
the project for the urban
railway to the Prague-
Ruzyne airport, the inter-
change to metro is plan-
ned to be provided in
Veleslavin in the first
phase. At the same time,
the development of
a high-capacity bus ter-
minal and underground
P&R parking facilities is
under consideration wit-
hin the framework of the
future exploitation of the
area, which would make
shifting of transport lines
to the area of Veleslavin
possible, thus signifi-
cantly reducing traffic in
the inner sector of
Prague 6, in the area of
Vitézné Ndamesti square.

The construction of
Veleslavin station is
being carried out for the
leading member of the
consortium, Metrostav
a. s., by Subterra a. s.
on the basis of a turnkey contract, with the parts of the station
which are not constructed by mining methods (utility diversions,
a pedestrian subway under Evropskd Street and the station con-
course) carried out by Subterra’s Division 2 and the mined part of
the station including the final lining carried out by workers of
Division 1.

GEOLOGICAL CONDITIONS — SUPPLEMENTARY
GEOLOGICAL SURVEY

A supplementary geological survey refining the information on
the geological situation of the complex area of operations was
conducted during the course of the construction preparation phase
at the turn of 2010 — 2011. It was carried out by ARCADIS
Geotechnika a.s.

The total of seven cored boreholes were performed. They were
drilled mostly in locations where conditions the least favourable
for the construction were anticipated, taking into consideration
spatial conditions on the surface (see Fig. 4). The supplementary
engineering geological survey provided adjusted data on the inter-
face between the bedrock and the Quaternary cover and yielded
more precise details required for the work on the detailed design.
The engineering geological conditions were assessed as complica-
ted and very unfavourable for the excavation of the three-vault
station, first of all because of the shallow rock cover, low quality
of rock mass and the high level of water table.

Geological conditions in the area of operations (see Fig. 5) are
represented by 4 — 5.5 m thick layers of mixed anthropogenic fills
(GTI1 — An) and the Quaternary cover (GT2 — Qd), formed by rela-
tively thick deluvial and aeolian-deluvial sediments with the
aggregate thickness ranging from 3.5 m to 6.8 m. The pre-
Quaternary base is represented by Ordovician sediments of the
Sarka Formation, i.e. dark clayey-silty shales of various weathe-
ring degrees (GT3 — OBe, GT4 — OBz, GTS5 — OB). The overbur-
den thickness is variable, decreasing gradually from 17 m in the
portal section to 13 m at the end of the technological part of the
station. The most complicated conditions will be encountered in
the final phase of the excavation. It is anticipated for this phase
that weathered to sound tuffs will be encountered at the bottom of
the tunnels (see Fig. 2, GT6 — OTfz and GT7 — OTf layers). The
level will rise up to the top-heading crown. At the same time the
Séarka Formation shales will retreat. A higher degree of weathering
and rock mass disturbance is anticipated for this area. The station
tunnels will be driven under the water table level. The initial
inflows of water into the tunnel are preliminarily categorised as
class V2 (up to 1 L/min/Im).



21. rocnik - €. 172012

TuoufHel

EARLY WORKS PRIOR TO THE STATION EXCAVATION
AND THE STABILISATION OF THE VELESLAVIN
CONSTRUCTION PIT

It was necessary to divert utility networks before the commen-
cement of the work on the construction pit. In the area of operati-
ons there were mined sewers, water pipelines up to DN 500 mm
(including a water line feeding the Prague Castle), high-pressure
and low-pressure gas pipelines DN 500 mm, a cut-and-cover cable
duct, VV and LV lines, public lighting and communication lines
belonging to eleven administrators in total.

The braced pit for the cut-and-cover part of Veleslavin station
(see Fig. 6) is 27 m deep, measured from the rough grade level.
The pit ground plan is rectangular, with the dimensions of 31.6 x
25.9 m. Part of the construction pit is a 180 m long access ramp
descending at the gradient of 15 %. The construction pit is located
in the area of the temporarily closed intersection between
Evropskd — Veleslavinska — Kladenskd Streets (see Fig. 2).

The construction pit and the ramp stabilisation are designed to
be a combination of pile walls and soldier pile and lagging walls.
The soldier pile and lagging walls were installed in the initial sec-
tion of the descending ramp. The soldier piles are formed by IPE
300 to 400 steel beams installed at 2 — 2.5 m spacing. The deeper
part of the descending ramp and the main construction pit are bra-
ced by piles 800 to 1200 mm in diameter, installed at 2 — 2.5 m
spacing. There were six tiers of anchors combined with braces in
corners designed for the stabilisation of the construction pit. The
total of four tiers of reinforced concrete walers and a capping
beam around the complete circumference are designed taking into
consideration the future interventions into the eastern and western
pile walls (the excavation of the station and the construction of the
concourse). Because of time and cost savings, the anchors are
combined with braces in corners and on the ramp. The support of
a part of the descending ramp is designed as a combination of bra-
ces and anchors in a way ensuring that only the northern anchored

Obr. 3 Vizualizace trojlodni stanice Veleslavin (Metroprojekt Praha, a. s.)
Fig. 3 Visualisation of Veleslavin three-vault station (Metroprojekt Praha, a. s.)

stény rampy, zustane stit pouze severni kotvend sténa. Dal§i soucdsti
zajiSténi stavebni jamy jsou mikropilotové destniky uvazované ve static-
kém vypoctu jako nepredpjaté kotvy v misté budoucich vyrubu.

Zésadnim ukolem pfi vystavbé jamy bylo nalezeni takovych technic-
kych a organiza¢nich feSeni, kterd umoznila zkrdceni doby vystavby a co
nejrychlejsi zahdjeni razeb stanice Veleslavin.

Problematice stavebni jamy Veleslavin bude vénovan samostatny ¢lé-
nek v Casopisu Zaklddéni staveb v prub&hu roku 2012.

Béhem vystavby stanice Veleslavin bylo kromé tpravy postupu hlouben{
stavebni jamy taktéZ nutné provérit nékolik alternativnich technickych ndvr-
hu zajistén{ pristupu k raZené dsti stanice, piipadné zpusob jeji samotné rea-
lizace. NiZe uvedené varianty reagovaly na zmény podminek vystavby:

Protirazba pres piistupové tunely ze stavebni jamy E2 (cca 150 m za
technologickou Cdsti stanice Veleslavin smérem ke stanici Dejvickd).

Nahrazen{ ¢4sti sjizdné rampy raZenou Stolou v délce cca 80 m (nej-

3

hlubsi ¢ast rampy).

wall will remain in place in the future when the southern wall of
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Obr. 4 Dopliiujici inZenyrskogeologicky pruzkum — rozmisténi vrtu (Arcadis Geotechnika, a. s.)
Fig. 4 Supplementary engineering geological survey — layout of boreholes (Arcadis Geotechnika, a. s.)




21. rocnik - €. 1/2012

Fi

30670

Obr. 5 Geologické poméry — levy bocni tunel (Arcadis Geotechnika, a. s.)

Fig. 5 Geological conditions — the left-hand side tunnel (Arcadis Geotechnika, a. s.)

Z X4

Nahrazenf trojlodniho profilu technologické ¢4sti stanice samostatnym
technologickym tunelem v prostoru mezi bo¢nimi tratovymi tunely raZe-
nymi tunelovacimi stroji (TBM).

Kazdd z vyse uvedenych variant nabizela ve své dobé moZnost alterna-
tivniho pokracovani vystavby stanice Veleslavin. Podrobnéjsi technicky
popis jednotlivych variant, i to, zdali byly realizovény, ¢i nikoli, bude
predmétem nékterého z dal$ich ¢ldnka vénujicich se problematice stanice
Veleslavin.

POSTUP VYSTAVBY RAZENE TROJLODNI STANICE

Stanice je v zaddvaci dokumentaci stavby fesena jako trojlodni mélce
razend délky 172 m s podélnym sklonem 3 %o, s ¢lenénim na stani¢ni
a technologickou ¢ést. Razby jsou provddény technologii Nové rakouské
tunelovaci metody, coZ je pro takto feSené podzemni dilo v naSich pod-
minkach unikatni. Projektant i dodavatel proto museli vyvinout mnoho
novych a nestandardnich postupt a detaild, bez kterych by nebylo moZno
stavbu trojlodni stanice vibec realizovat. Jednd se napiiklad o vytvareni
umélych kloubt v primdrnim osténi bo¢nich tunelt nebo specifické napo-
jeni hydroizola¢niho souvrstvi.

Obr. 6 Pohled do stavebni jamy z vychodni strany
Fig. 6 A view down the construction pit from the eastern side

the ramp is removed, so that the construction of the station is pos-
sible. Another part of the construction pit stabilisation is a system
of tube canopies, which are taken in account in the structural ana-
lysis as non-pretensioned anchors installed in the location of the
future tunnel excavation.

The basic task during the excavation of the construction pit was
to find such technical and organisational solutions which would
allow the duration of the work to be reduced and the driving of
Veleslavin station be started as soon as possible.

The problems of the Veleslavin construction pit will be dedica-
ted a separate paper in Zakladani Staveb journal during 2012.

During the course of the excavation of the Veleslavin construc-
tion pit it was, in addition, necessary to test several alternative
technical proposals for the access to the mined part of the station
and, if required, test the construction procedure. The below-men-
tioned variants responded to changes in the construction conditi-
ons:

Driving access tunnels from the opposite direction via access
tunnels driven from construction pit E2 (about 150 m behind the
technological part of Veleslavin station in the direction of
Dejvickd station);

Replacing a part of the descending ramp by an about 80 m long
mined gallery (the deepest part of the ramp);

Replacing the three-vault cross-section in the technological part
of the station by an independent technological tunnel in the space
between the TBM-driven side running tunnels.

Each of the above-mentioned variants offered at its time
a possible alternative for continuing the construction work on
Veleslavin station. A more detailed technical description of the
individual variants and the information whether they were or were
not realised will be the topic of other papers dealing with pro-
blems of Veleslavin station.

THREE-VAULT STATION CONSTRUCTION PROCEDURE

In tender documents, the station is designed as a 172 m long
three-vault structure, driven at a shallow depth, with the longitu-
dinal gradient of 3 %o, divided into a station section and
a technological section. The excavation is carried out using the
New Austrian Tunnelling Method, which is unique in our condi-
tions for an underground working designed in this way. This was



21. roénik - €. 1/2012 TuoufHel

why the client and the contractor had to develop
many new and non-standard procedures and details,
without which the construction of the three-vault
station could never be realised. Among them there
is, for example, the development of artificial joints
in the primary lining of the side tunnels or
a specific connection of the waterproofing layers.
The construction of the three-vault station is
divided into several phases. The 95.3 m long side
tunnels in the station section, with the total cross-
sectional area of 65 m2 (see Fig. 7), will be driven
first. Then the works will continue by driving the
76.6 m long side tunnels in the technological secti-
on of the station, with the excavated cross-sectional
area of 46 m2. When the driving of the side tunnels
is finished, it will be necessary to prepare all struc-
tures needed for the pulling of TBMs through (the
TBMs driving the running tunnel sections between
individual stations) (see Fig. 8). This work compri-
ses first of all the cutting of openings for the passa-
ge of the TBMs through the western portal wall in
the construction trench and the installation of laun-
ching backstops in the side tunnels required for the
continuation of the drives after the pulling of the
TBMs to the end of the NATM-driven side tunnels
is completed. The concrete beds along which the
TBMs will be pulled will be cast in the end. The
machines will continue to drive the 150 m long tun-
nel section from the launching backstops to the
construction pit E2 and further toward Cerveny
Vrch station. When the starter tunnel sections are
finished behind the construction pit E2, it will be
Obr. 7 1 - razba levého stanicniho tunelu, 2 — razba pravého stanicniho tunelu (Metroprojekt  possible to switch their logistics over from the con-
Praha, a. s., Tomds Urbdnek) struction site BRE1 (Vypich) to this construction
Fig. 7 1 - Driving the left-hand station tunnel, 2 - Driving the right-hand pit. Thus the two Veleslavin station side tunnels
station tunnel (Metroprojekt Praha, a. s., Tomds Urbdnek) will be vacated, allowing the subsequent installati-

on of the final lining in the side parts of the station
including the waterproofing layers. The installation
of the final lining in the side tunnels will make the
commencement of the central tunnel excavation
possible (see Fig. 9). The excavated cross-sectional
area of this tunnel is 45 m2 and 72 m2 in the station
section and the technological section, respectively.
In this phase, the primary lining of the central tun-
nel will be joined with the primary lining of the
side tunnels, with concurrent partial back-ripping
of the lining of both side tunnels. In this way an
interconnected three-vault tunnel shape will origi-
nate, with the total excavation width of 22 m and
the cross-sectional areas of 175 m2 and 164 m?2 in
the station section and the technological section,
respectively. When the excavation of the central
profile is finished, the final lining will be installed
in it and waterproofing layers in the side tunnels
will be connected to the waterproofing layers in the
central tunnels.

A circular, 16 m deep escape shaft will be sunk
within the framework of the construction works,
with an access gallery linking to it. In the beginning,
the gallery will be driven in parallel with the right-
hand side tunnel, which subsequently will turn to
connect the central profile of the station section.
The total length of the gallery is 53 m.

CONCLUSION

The construction of the first three-vault station of
the Prague metro designed to be driven using the
NATM is an interesting engineering problem by its
own.

The conditions following from the construction

Obr. 8 3 — protaZeni tunelovaciho stroje stanici, 4 — hydroizolace a definitivni osténi LST a PST ~ PTOCEss, i.e. the division of the construction of the

(Metroprojekt Praha, a. s., Tomds Urbdnek) mined section of the station into individual partial
Fig. 8 3 — pulling of the full-face tunnelling machine through the station, 4 — waterproofing and  headings in combination with the pulling of the
final lining of the LST and RST (Metroprojekt Praha, a. s., Tomds Urbdnek) TBMs through it according to pre-prepared
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Vystavba trojlodni stanice je rozélenéna do nékolika
fazi. Nejprve budou vyraZeny boc¢ni tunely stani¢ni Casti
(obr. 7) délky 95,3 m o celkové ploSe vyrubu 65 m?2,
nésledné bude razba pokraCovat bo¢nimi tunely ¢dsti tech-
nologické o délce 76,6 m s plochou vyrubu 46 m2. Po
ukonceni praci na bo¢nich vyrubech je nutné pripravit ves-
keré konstrukce potfebné pro protaZeni $titd (obr. 8), které
razi tseky mezi jednotlivymi stanicemi. Jednd se prede-
v§im o vybourdni otvori pro $tity v zdpadni portdlové
sténé stavebni jamy a zhotoveni startovacich zarazek
v boc¢nich tunelech pro pokracovini razeb po protazeni
§titd na konec raZenych bocnich tunelu. Nakonec budou
provedena betonova lazka, po kterych bude samotné pro-
taZeni stroju realizovdno. Stroje budou ze startovacich
zardzek pokraCovat v razbé stopadesdtimetrového dseku

k jamé E2 a déle smérem ke stanici Cerveny Vrch. Po
jejich zaraZeni za jamu E2 bude umoZnéno prepojit jejich
logistiku ze staveni§t¢ BRE1 (Vypich) do této stavebni
jamy, ¢imZ dojde k uvolnéni obou boé¢nich tuneld stanice
Veleslavin pro ndslednou realizaci definitivniho ostén{
bocnich ¢&asti stanice véetné izolaéniho souvrstvi.
Provedeni definitivniho osténi v bo¢nich tunelech umozni
zahdjit razby stfedni tunelové trouby (obr. 9) o vyrubu
45 m2 ve stani¢ni ¢asti a 72 m2 v &ésti technologické.
V této fdzi bude primarn{ osténi stfedniho vyrubu naviza-
no na primarni ostén{ vyrubu boc¢nich se soufasnym &ds-
te¢nym vybourdnim osténi obou boé¢nich tunela. Takto
vznikne propojeny trojlodni tvar s celkovou Sifi vyrubu

22 m o plose 175 m2 ve stani¢ni &dsti a 164 m2 v Cdsti

technologické. Po ukonéen{ raZzeb stfedniho profilu bude
provedeno jeho definitivni osténi a propojeno izolaéni
souvrstvi mezi bo¢nimi a stfednimi vyruby.

V ramci realizace bude ddle vyhloubena kruhova Sach-

ta unikového objektu o hloubce cca 16 m, na niZ navazuje
pristupovéd §tola. Stola je nejprve raZena soub&Zné
s pravym bo¢nim vyrubem, ktery ndsledné nadchazi
a zaustuje do stfedniho profilu stani¢ni ¢asti. Jeji celkovd
délka je 53 m.

ZAVER

Vystavba prvni trojlodni stanice prazského metra navrZzend meto-
dou NRTM je sama o sobé zajimavou inZenyrskou dlohou.

Podminky, vyplyvajici z postupu vystavby, tj. rozdéleni realizace
razené Cdsti stanice na jednotlivé dil¢i vyruby v kombinaci
s protazenim tunelovacich stroju podle predem daného harmonogra-
mu vystavby, vyZaduji vyfeSeni fady novych technickych postupu
a detailt. Jednd se zejména o napojeni primdrniho osténi bo&nich
a stfedntho vyrubu, provddéni izolaci v misté styku bo&nich vyrubu
se stfednim vyrubem a samotnou realizaci sekunddrniho osténi.

Vyse uvedené skuteCnosti jsou ddle umocnény nepfiznivymi pod-
minkami pro razbu, které jsou ddny nizkym horninovym nadloZim
nizké kvality a razbou pod provozovanou ulici Evropskd.

Névrhu a feSeni dffve nepouZitych postupt se budeme vénovat
v nékterém z pristich isel Casopisu Tunel.
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Fig.9 5 — Driving the central station tunnel, 6 — waterproofing and final lining of the CST
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MIKROTUNELOVANI VE ZNACNE PROMENLIVYCH GEOLOGICKYCH
PODMINKACH V PARDUBICICH

MICROTUNNELLING THROUGH HIGHLY VARIABLE GEOLOGY
IN PARDUBICE

TOMAS TUREK, KAREL FRANCZYK

1 0voD

Subterra, a. s., provddéla v dubnu 2011 fizené mikrotunelovéni strojem
ISEKI pfi opravé havarované kanalizace v Pardubicich. Opravou je samo-
ziejmé minénd nové instalovand stoka, kterd v daném mist¢ nahradf stary
havarovany rad. S touto investici se ve mest¢ i na Pardubickych vodarnach
a kanalizacich dlouhodobé pocitalo, takZe havarijni stav, ke kterému doslo
na podzim roku 2010 realizaci vlastne jen urychlil. Stav dosavadni kanali-
zace se navic neustéle zhorSoval, coZ prispélo vyznamne k volbé metody
provddéni. Destrukce stdvajictho fadu totiz postupné doséhla takového
stavu, Ze nebylo mozné vyuzit Zadnych sana¢nich metod a klasicky prova-
dénd novd kanalizace by zase situaci netdinosné prodlouzila. Celkové bylo
nutné vybudovat nové tsek dlouhy bezmdla 150 metrti pod rusnou Ttidou
kapitdna BartoSe v bezprostiedni blizkosti nddrazi a obchodniho centra.
Otevieny vykop by z téchto divoda vibec neprichdzel do tvahy (obr. 1).

Pracovni tym divize 1 Subterra, a. s., tak mél za dkol provddét prici, se
kterou jiz mél bohaté zkuSenosti, napt. ze stavby Kompletace kanalizac-
nich sbéract — Karvin, ktera probihala v letech 2007-2009, a kde techno-
logie mikrotunelovani strojem ISEKI byla nasazena na Ceské poméry
v nezvykle velkém rozsahu. Ostatné o tom bylo v minulosti referovéno
i na strankdch ¢asopisu Tunel.

2 ZAKLADNI DATA PROJEKTU

Objednatel stavby: mésto Pardubice

Zhotovitel: sdruzeni firem Subterra, a .s., a KVIS

Hlavni dodavatel mikrotunelovacich praci: Subterra, a. s.

Dodavatel mikrotunelovaci technologie: ISEKI microtunnelling

Celkova délka kanalizace: 145 m

Dodavatel trub: Keramo Steinzeug — keramika

Primér potrubi: 1275 mm (vn&jsi prumér) x 1000 mm (vnitini prumér)
x 2000 mm (délka)

Harmonogram predpokladanych praci:
e Pracovni doba — dvousménny provoz 24 hod. denné od pondéli do
soboty

¢ Pocétecni ustaveni ve startovaci jamé 5 dnl
* Spusténi zafizeni 0,5 dne
e Ocekdvany postup 6-12 m za den
 Vycisténi zarizeni, demobilizace stavenisté 2-4 dny

3 GEOLOGICKE POMERY A VOLBA TECHNOLOGIE

Meésto Pardubice je obecné zndmé celkoveé ne zrovna priznivou geologii
pro podzemni prace. Tim mdme na mysli jednak vyskyt hrubozrnnych
nesoudrznych $térku labské terasy, které obvykle komplikuji jakékoli
vykopové a zemni prace a vyvoldvaji problémy se stabilitou podzemnich
konstrukci. Déle byvé problémem vysokd hladina podzemni vody, kterd
logicky koresponduje s provazanosti prostfedi s tokem Labe. V neposledni
fadé je obecny problém v Pardubicich s pozistatky pramyslové vyroby,
které se v podzemi projevuji jednak vyskytem cizorodych predmétu, jed-
nak chemickym zne¢isténim zejména ropnymi ldtkami, ale také vyskytem
bomb z obdobi druhé svétové vilky, kdy bylo mésto masivné bombardo-
vano.

Geologicky prazkum vychazel zejména ze dvou sond, které se v nedév-
né minulosti (pri stavbé moderniho obchodniho centra) provadély
v relativni blizkosti nadchézejici razby. Jak je patrné z hodnot v tabulce 1,
v hloubce provéadéného dila (cca 4-6 m pod povrchem) se ddaje obou sond
velmi zdsadné lisily.

1 INTRODUCTION

Subterra a. s. applied remotely controlled microtunnelling technique using
an ISEKI machine to repairs of an old collapsed sewer in the city of
Pardubice in April 2011. The repair consisted of the installation of a new
sewer designed to replace the old collapsed pipeline. This investment had
been contained in a long-term plan of the city and Pardubice water and sewe-
rage company, therefore, the emergency conditions which appeared in the
autumn of 2010 practically only accelerated the commencement of the ope-
ration. In addition, the condition of the existing sewerage had continuously
deteriorated. This fact significantly contributed to the selection of the con-
struction method. The destruction of the existing sewer gradually reached
such the state which did not allow any rehabilitation method to be used and
the classical construction of a new sewer would have unecceptably extend the
duration of the situation. All in all, it was unecessary to construct a new,
150 m long, section under busy Ttida Kapiténa Barto$e Street, in close pro-
Ximity to a railway station and a commercial centre. For these reasons, an
open trench was absolutely out of question (see Fig. 1).

The task for the working team of Division 1 of Subterra a. s. was to carry out
the work they had gathered the wealth of experience in, for example, during the
implementation of the project named “Completion of sewers — Karvind”, which
was carried out from 2007 to 2009, where an ISEKI microtunnelling machine
was applied to an extent which was unusually large for Czech conditions.
Besides, this project was covered on TUNEL journal pages in the past.

2 BASIC PROJECT DATA

Client: the City of Pardubice

Contractor: a consortium consisting of Subterra a. s. and KVIS Pardubice a. s.
Main contractor for microtunnelling: Subterra a.s.

Supplier of microtunnelling equipment: ISEKI Microtunnelling

Total sewer length: 145 m

Supplier of tubes: Keramo Steinzeug s.r.0. — clayware
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Obr. 1 Prehlednad situace
Fig. 1 Schematic lay-out




Tab. 1 Geologicky popis sond
Table 1 Recovered cores
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S1: koéta terénu 219,7 m n. m. - okraj labského aluvia zavezeny navazkami
terrain altitude 219.7 m a.s.l. - the edge of the Elbe River alluvium covered with made ground
hloubka sled vrstev klasifikace podle tezitelnost podle
byvalé CSN 73 1001 byvalé CSN 73 3050
Depth Sequence of strata Classification according Excavation class
to former CSN 73 1001 according to former
standard CSN 73 3050
0,0-0,7 navazka kypra — pis€ita hlina s hrubymi zlomky cihel, betonu, dlazebnimi
kostkami, asfaltem ze silnic apod., 50 % do 20-30 cm, ojedinéle 50 cm G4/GM-Y- 3-4
made ground — soft sandy loam with coarse fragments of brick, concrete, cobblestones,
asphalt from road pavement etc.; 50% up to 20-30 cm, sporadically 50 cm
0,7-4,9 navazka ulehld - hlina, hlinity pisek se §térky, hrubym kamenivem,
asfaltem, betonem apod. v priméru 40-50 % do 20-30 cm, ojedinéle 60 cm G4/GM-Y 4
made ground — compact loam, silty sand with gravel, coarse aggregate, asphalt,
concrete etc.; in average 40-50 % up to 20-30 cm, sporadically 60 cm
4,9-54 navazka — Skvara s uhelnym mourem, organickou hlinou a obéasnym hrubym kamenivem F6/CI-O-Y 3
made ground — cinder with dust coal, organic loam and sporadic coarse aggregate
5,4-6,8 Sedocerny mékky organicky naplav s hrubymi zlomky zetlelych vétvi dfevin F8/CH-O 2
grey-black soft organic alluvium with rough fragments of rotten tree branches
6,8-7,0 Sedozluty pisek zkaleny org. detritem, s obéasnymi Stérky do 2-3 cm F8/CH 2
grey-yellow sand soiled by organic detritus , with sporadic gravels up to 2-3 cm
S2:
hloubka sled vrstev klasifikace podle téZitelnost podle
Depth Sequence of strata byvalé CSN 73 1001 byvalgé CSN 73 3050
0,0-0,8 navazka — hlina s popelem, komunalnim odpadem, obcasné kamenivo F3/MS-O-Y 2
Made ground — loam with cinder, municipal waste, sporadically aggregate
0,8-3,2 krémové hnédy pisek stfedni s polohami pisku stfedniho az hrubého se Stéréiky 10-20 %
do 1,5 cm, hlavni podil do 0,5 cm S2/SP 2
Creamy brown sand with medium to coarse grained sand layers containing 10 — 20 % of
pea gravel up to 1.5 cm, main proportion up to 0.5 cm
3,2-4,3 hnédozluty stfedni az hruby pisek s 25 % Stérkd do 4 cm S2/SP 2
Brown-yellow medium to coarse grained sand containing 25 % of gravel up to 4 cm
4,3-4,5 dtto narezly S2/SP 2
Ditto but rustish
45-58 hnédozluty piscity Stérk, 60 % polymiktnich Stérkd do 5 cm, ojedinéle 7 cm, hlavni
podil do 1 ¢m, s vypIni hrubého pisku G2/GP 2
Brown-yellow sandy gravel containing 60 % of polymict gravels up to 5 cm, sporadically
7 cm, main proportion up to 1 cm; coarse-grained sand infill
5,8-6,9 bézovy stfedni az hruby pisek s 10-20 % $térkd do 0,5-1 cm S2/SP 2
beige, medium to coarse grained sand containing 10-20 % of gravel up to 0.5 -1 cm
6,9-7,0 ZlutoSedy tuhy slin F8/CH 2
Yellow-grey firm marl
Hladina podzemni vody / Water table narazend — okolo 4,5 m / Tapped level — around 4.5 m
ustdlend 4,2 m / Standing level 4.2 m

PreloZeno do srozumitelnéjsiho jazyka — co ty sondy vlastné rikaji?
V blizkosti chystané razby se realizovaly dvé sondy s pronikavé odlisnym
vynosem. Jedna poukazovala na vyskyt piski a drobnozrnnych $térka, pro
raZbu celkem pfiznivych, druhd definovala navdzky rizného druhu véetné
mozného vyskytu cizorodych prekdzek, a dokonce i nevybuchlé munice
z druhé svétové vélky. Nikdo z geologui viak nebyl schopny fici, jak vlast-
n¢ mame vysledky sond presnéji interpretovat: Bude vétSina razby probi-
hat v pomérech podobnych podminkdm definovanym sondou 1 (navazky
ruzného druhu) a jen mald ¢dst v podminkdch definovanych sondou 2
(drobnozrnné $térky a pisky), nebo to bude naopak? Nebyl Cas ani penize
na provedeni dal§i sondy, bylo tfeba se rozhodnout podle limitovanych
tidaja, které byly k dispozici.

Recenzent tohoto ¢ldnku poznamenal, Ze tato pasdz md ,,surrealisticky
charakter. Ano. O zpusobu provadéni podzemnich staveb se asto

Tube dimensions: 1275 mm (outer diameter) x 1000 mm (inner diameter) x
2.000 mm (length)

Assumed works schedule:

* Working time — two-shift round-the-clock operation from Monday to

Saturday
e Initial setting in the launching pit 5 days
e Starting the machine 0.5 day
* Expected advance rate 6 — 12 m per day

Cleaning the machine, demobilisation from the site 2- 4 days

3 GEOLOGICAL CONDITIONS, SELECTION OF
CONSTRUCTION TECHNIQUE

The city of Pardubice is generally known owing to the geology which is
not much favourable for underground work. We mean the occurrence of
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Obr. 2 Spousténi stroje Iseki do Sachty
Fig. 2 Iseki machine lowering to the shaft

s

nerozhoduje zpusobem, ktery bychom nazvali ,,realisticky*, a na viné je
prakticky pokazdé nedostatecnost informaci o skute¢nych podminkach
podlozi. V tomto pripadé byla zvolena technologie mikrotunelovéni, pro-
toZe skytala relativné nejvétsi zdruky, Ze si s proménlivosti prostredi
poradi.

4 ZAKLADNI UDAJE O PROVADECI TECHNOLOGII

Stroj: Iseki Unclemole TCC 1220 mm OD upraveny na 1295 mm
OD/1000 mm ID (obr. 2)
Rozmery:
e Délka: 2968 mm
e Pramér: 1 220 mm, upraveny na 1295 mm
e Hmotnost: 9 tun (priblizné)
Vykonnostni data:
* Vykon hlavni motorové jednotky: 30 kW
e Dosazitelny kroutici moment fezdni/sekani: 122 kNm
* Rychlost fezaci hlavy: 2,0 rpm
* Epicyklické drtici akce: 26 za otocku (72 za minutu)
Ostatni data:
* Maximdlni velikost balvanu: 400 mm
¢ Maximédln{ neohraniCend tlacnd pevnost balvanu: 200 MPa
e Ridici ramena: 2, produkujici 144 tun (140 bart)/laserové zaméfova-
ni + digitdlnif CCTV
Audio komunikaéni jednotka
MTBM ¢teCka méftidel: hydrostaticky tlak podzemni vody/tlak vypla-
chu/tlak hydraulické jednotky/tlak fidictho ramene MTBM/tlak na
kruhovém adaptéru protlacovaci trubky
Doprovodné a pridavné zarizeni:
* Kontroln{ stanovi§té pro fizeni systému Unclemole TCC/Super od
1000 mm id do 1200 mm id
Ridici systém se sebevyvazovacim laserem TP-L4B s cervenym
paprskem
Multitypova vybava pro protlacovani véetné hydraulického sitového
zdroje 30 kW
Vybaveni pro ¢erpani vyplachu:
— 30 kW variabiln{ hlavn{ vnitini ¢erpadlo
— 15 kW variabiln{ hlavni vnéjsi Cerpadlo
— pridavnd Cerpadla 15 kW variabilni a fixn{ vnitfni ¢erpadlo
e Vstiikovaci vybaveni pro sméSovani maziva — koloidn{ mixér 120 1
s Cerpadlem o tlaku 30 baru
Separace odpadu — 15 stop dlouhd platforma s proménlivé rotujicim
sitem
Jefdb na uloZeni potrubi

5 PRUBEH PRACI

5.1 Hloubeni startovaci a dojezdové jamy

Pravé pri hloubeni obou jam panovaly nejvétsi obavy z moZnosti
vyskytu nevybuchlé munice z druhé svétové vélky. Proto se provadel opa-
kované odborny pyrotechnicky pruzkum a pred kazdou zabirkou se ové-
foval jeste i vlastnimi lidmi vyuZitim hledacky kovu. AvSak z divodu oce-
kdvané nestability privodnich zemin bylo nutné pouZit pro osténi jamy
beranéné §tetové stény. Co kdyby doslo ke kontaktu munice prave pri

coarse-grained cohesionless gravels forming the Elbe River terraces. The
gravels usually complicate any excavation and groundwork operations and
cause problems with the stability of underground structures. In addition,
the high water table level, which logically corresponds to the Elbe River
level, often poses problems. At last but not least, there is a general problem
in Pardubice associated with remnants of industrial production, which
manifest themselves in the underground by the occurrence of foreign
objects, chemical pollution, first of all by oil and oil products, but also by
the existence of bombs from World War 2, during which the city was mas-
sively bombarded.

The geological survey was based first of all on two drill holes which
were in the not so distant past (during the construction of a modern com-
mercial centre) carried out relatively close to the upcoming underground
excavation. As it is obvious from the values presented in Table 1, the data
obtained from the two drill holes very significantly differed at the depth of
the planned tunnelling operations (about 4 — 6 m under the surface).

Translated into a better understandable language — what do the drill holes
suggest? Two drill holes yielding substantially different cores were carried
out in the vicinity of the planned underground excavation. One of them iden-
tified the occurrence of sandstones and fine-grained gravels which are rela-
tively favourable for tunnelling, whilst the other one defined made ground
of various kind, including the possibility of the occurrence of foreign obstac-
les and even unexploded ammunition from World War 2. However, none of
the geologists was able to advise how the results of the drill holes were to
be interpreted in a more exact manner: Will the majority of the tunnelling be
carried out in conditions similar to the conditions defined by the drill hole
No. 1 (various kinds of made ground) and only a small portion in the con-
ditions defined by drill hole No. 2 (fine-grained gravels and sands), or will
the proportion be converse? There was not enough time and money for dril-
ling another hole, therefore, it was necessary to make the decision on the
basis of the limited data which was available.

The reviewer of this paper noted that this part of the text has
a “surrealistic character.” It is true. Decisions on underground construction
techniques are often made in a way which we would not call “realistic”.
The reason is practically always insufficient information about real condi-
tions in the underground. In this particular case the microtunnelling techni-
que was selected because it provided relatively highest guarantees that it
would cope with the variability of the ground environment.

4 BASIC DATA ON THE TUNNELLING EQUIPMENT

Machine: Iseki Unclemole TCC 1220 mm OD modified to 1295 mm
OD / 1000 mm ID (see Fig. 2)
Dimensions:
e Length: 2968mm
¢ Diameter: 1220 mm, modified to 1295mm
* Weight: 9 tonnes (approximately)
Performance data:
* Output of the main motor unit: 30 kW
* Attainable cutting torque: 122 kNm
* Speed of cutterhead rotation: 2.0 rpm
* Epicyclic crushing action: 26 per rotation round (72 per minute)
Other data:
* Maximum size of boulder: 400mm
* Maximum unconfined indentation strength of boulder: 200 MPa
 Hydraulic steering cylinders: 2 pieces, generating 144 tonnes (140 bar)
/ laser-based surveying + digital CCTV
* Audio communication unit
* MTBM reader of measuring gauges: Groundwater head / Flushing
pressure / Hydraulic unit pressure / MTBM steering cylinders pressu-
re / Pressure on the circular adapter of the jacking tube
Accompanying and optional equipment:
* Unclemole TCC/Super 1000mm ID through 1200mm ID systems con-
trol station
Control system with Red Beam Utility self-levelling laser
TP-L4B
Multi-type jacking equipment including a 30 kW hydraulic power
pack
Flush pumping equipment:
- 30 kW variable main internal pump
- 15 kW variable main external pump
- Auxiliary pumps 15 kW — variable and fixed internal pumps
Lubricant mixing injection equipment — a colloidal mixer 120 1 with
a 30 bar pump
* Mud separation — a 15 feet long platform with a variable rotary mud

screen

Crane for lowering of tubes



Obr. 3 Usazeni stroje na vodici lyZiny
Fig. 3 Setting the machine on guiding rails

larsenovani? Je mozno jen uvést, Ze rozhodovani (které v praxi obnédselo
dlouhé debaty s projektanty, geology, pyrotechniky i prostymi pamétniky)
mélo asi opét spiSe ,,surrealisticky charakter*, nicméné rizika byla nako-
nec vyhodnocena tak, Ze riziko ztréty stability jamy s moznymi dusledky
na povrchu bylo nepomérné vétsi nez riziko vybuchu po provedeném opa-
kovaném pyrotechnickém prazkumu. Proto byla sprdvné zachovéna tech-
nologie hloubeni s vyuzitim larsenovych stén.

5.2 Mikrotunelovani

Mikrotunelovaci préce trvaly celkem 10 dnt (obr. 2). Pracovalo se na
dvé smény — dennf a no¢ni. Predpoklddané geologické podminky se nako-
nec potvrdily jen Caste¢né. V prvni poloviné dseku se sice vyskytovaly
Jjemnozrmné $térkopisky, ale byly doplnény piimési jilt, coZ bylo pro razbu
velmi ptiznivé, protoZe to predstavovalo optimdlni skladbu pro separaci.
VEsi vyskyt valount a vétsich zrn by zahlcoval sita a naopak vets{ vyskyt
jilu by zahustil vyplach, a tim separaci zdrzoval. V danych podminkéch tak
bylo moZno doséhnout postupt 1214 metrti za sménu. V poloving trasy
se podminky vyrazné zménily a stroj se potykal s navdzkami razného typu,
balvanitymi $térky a v podloZi staré Zelezni¢ni trati i se zdkladovou beto-
novou a Zelezobetonovou konstrukei. Tyto prekdzky zdolal za cenu
extrémniho sniZeni rychlosti, zmén sméru rotace i sméru proudéni vypla-
chu. T tak se zfejmé dostal tésné pod hranici svych moZnosti. Pritomnost
munice se nepotvrdila nikde. V zdvéru razby se postupy vyrazné zpomali-
ly z divodu prochézeni pevné konstrukce (zde a7z na 1 m za sménu), takze
v praméru se zmensily zhruba na polovinu oproti tvodni &4sti. Celkové tak
bylo dasaZeno prumérnych postuplt 7 m za sménu neboli 14 m za den.

6 ZAVER

Tlustrativni priklad projektu v Pardubicich dokumentuje oSidnost geolo-
gické situace a provadéného prazkumu. Na 150 m razby se proménila geo-
logie dosti zasadnim zpusobem. Geologicky prizkum s tim sice do jisté
miry pocital, nebyl v§ak schopen ur€it, v jakém vzdjemném poméru obé
rozdilné formace budou, coZ mohlo byt duleZité. Kdyby se na trase udéla-
ly alespon dvé dalsi sondy, byla by geologickd situace mnohem jasnéjsi
a vSechny strany — zhotovitelé i investor — by mély jasnéjsi predstavu
o budoucich ndkladech.

Predél obou formaci byl nakonec potvrzeny pii razbé zhruba presné
v poloving trasy, coZ bylo zfejmé na samé hranici schopnosti technologie.
Projekt byl dokoncen v terminu a v dobré kvalité. Slusf se zduraznit, Ze byl
presné dodrzen poZadovany spad 1,5 promile, ktery na podobnych projek-
tech, kde je tieba presné navdzat na zaldtek a konec stdvajictho tadu, je
naprosto zdsadni.

ING. TOMAS TUREK, tturek@subterra.cz,
ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA, a. s.
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5 SEQUENCE OF WORK

5.2 Excavation of the launching and receiving pits

It was first of all during the excavation of both pits that the biggest
fears existed regarding the occurrence of unexploded ammunition
from World War 2. For that reason expert pyrotechnical survey was
repeatedly carried out and a metal detector was used by contractor’s
own personnel before each advance round. Nevertheless, sheet pile
walls had to be installed because of the anticipated lack of stability of
surrounding ground by driving of piles to the sub-base. A contact with
the ammunition during this operation was the subject of great concern.
I can only say that the decision making process (which in practice con-
sisted of long discussions with designers, geologists, pyrotechnicians
and ordinary people remembering the WW2 time) had again rather
“surrealistic character”. Nevertheless, the risks were eventually evalu-
ated with the conclusion that the risk of the loss of stability of the pit
with consequences to the surface was significantly bigger than the risk
of explosion after completing the repeated pyrotechnical survey. For
that reason it was a correct decision that the excavation method using
Larsen sheet pile walls was retained.

5.2 Microtunnelling

The microtunnelling operations took 10 days in total (see Fig. 3).
A two-shift (day and night) operation was applied. The anticipated
geological conditions were eventually confirmed only partially. It is
true that fine-grained gravel sands were encountered in the first half of
the section. Nevertheless, they were complemented by the addition of
clay. This fact was very favourable for the driving of the tunnel becau-
se it created a composition optimal for separation. Larger proportion of
boulders and bigger grains would have overloaded screens and, con-
versely, larger content of clay would have increased the density of the
flush, thus the process of separation would have been retarded. It was
therefore impossible under the particular conditions to achieve advan-
ce rates of 12 — 14 m per shift. The conditions substantially changed in
the middle of the route. The machine had to cope with various types of
made ground, gravels with boulders and, in the sub-base of an old rail
line, even with a concrete and reinforced concrete foundation structu-
re. It overcame these obstacles only at the cost of extremely reduced
advance rates, changes in the direction of rotation and direction of the
flush flow. Even then the machine nearly reached the limits of its capa-
city. The presence of ammunition was not confirmed in any location.
At the conclusion of the drive the advance rates were significantly
reduced because of the passage under a firm structure (up to 1 m per
shift), thus the average rate dropped roughly to a half compared with
the initial section, as shown in Table 2.

6 CONCLUSION

The illustrative example of the project in Pardubice documents the
trickiness of geological conditions and geological surveys. The geolo-
gy quite radically changed along the tunnelling length of 150 m. On
the one hand, the geological survey took this possibility into account,
on the other hand, in was not able to determine the proportions in
which the different formations would be encountered, which could be
important. The interface between the two formations was eventually
identified during the excavation to be exactly in the middle of the
route; therefore, the conditions were probably nearly at the very limit
of the capacity of the equipment. The construction was completed on
time and with good quality. It is appropriate to put stress on the fact
that the required longitudinal gradient of 1.5 per mille was adhered to.
This requirement is absolutely essential for similar projects, where it is
necessary to connect the pipeline to the beginning and the end of the
existing sewer.

ING.TOMAS T UREK, tturek@subterra.cz,
ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA, a. s.



21. rocnik - €. 172012

HISTORICKA POHRANICNI OPEVNENI CSR
- REKONSTRUKCE VYSTAVBY PODZEMNICH PROSTOR
HISTORICAL BORDER FORTIFICATIONS
IN CZECHOSLOVAK REPUBLIC - RECONSTRUCTION
OF THE DEVELOPMENT OF UNDERGROUND SPACES

JAKUB MIKOLASEK, JIR[ BARTAK

1 0vVOD

Politicky vyvoj v nékterych zemich, predev§im v Némecku, ve
30. letech 20. stoleti byl jasnym impulzem pro mnoho evropskych stata,
véetné Ceskoslovenska, zabyvat se obranou svych tizemf pred vznikajici
valetnou hrozbou. Ceskoslovenskd republika se tak, pod nezaned-
batelnym vlivem spojenecké Francie, rozhodla pro vystavbu linii opev-
néni s déelem zadrZeni nepratelského ndporu alespon do doby, neZ se
podari zmobilizovat zbytek ¢s. armddy a obsadit strategické pozice.

Pripravy vystavby Ceskoslovenského stdlého opevnéni sahaji do roku
1934, kdy byla zahdjena samotnd projektova Cinnost. Opeviiovaci préce
zastieSilo nové vzniklé Reditelstvi opeviiovacich praci (ROP), které pak
prostiednictvim jednotlivych Zenijnich skupinovych velitelstvi (ZSV)
a arméddnich sbort fidilo celou vystavbu. Reditele opevnovacich praci po
celou dobu jeho cCinnosti vykondval divizni generdl Karel Husdrek.
Dodavatelskymi firmami byly v té dobé nejvyznamnéjsi soukromé staveb-
ni spolecnosti a podnikatelé — Hlava, Kapsa a Miiller, Kruli§, Zaruba-
Pfeffermann, Lanna, Pazout, Skorkovsky, Konstruktiva; konzultanty pfi
vystavbé byli vesmés pozd&jsi profesofi CVUT v Praze — Z. BaZant,
S. Bechyné a B. Hacar.

Opevnéni se mélo postupné budovat témer po celé hranici tehdejsi-
ho Ceskoslovenska, méfici pouze s Némeckem 1550 km. Po anilusu
Rakouska na jare 1938 se tato délka zvétSila na 2100 km. Bez

1 INTRODUCTION

Political development in some countries (first of all Germany) in
the 1930s was a clear impulse for many European states, including
Czechoslovakia, to deal with the defence of their territories against
the originating war threat. Czechoslovak Republic, under a sig-
nificant influence of allied France, decided to develop a fortification
line with the purpose of intercepting the enemy attack at least until
the remaining forces of the Czechoslovak army were mobilised and
strategic positions were manned.

Preparations for the development of permanent Czechoslovak for-
tification reach back to 1934, during which the work on the design
itself started. Fortification works were subjected to the newly ori-
ginated Fortification Works Directorate, which organised the entire
development through particular Engineer Group Headquarters and
army corps. The position of the director of the fortification works
was held by general Karel Husdrek throughout the period of its exi-
stence.

The fortification was to be developed step-by-step, nearly along
the whole border of the then Czechoslovakia, which was 1550 km
long only along Germany. After the Anschluss of Austria in the
spring of 1938, this length increased to 2100 km. Nor did the border
with Hungary and Poland remain without attention. Thus the total
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Obr. 1 Rozmisténi tvrzi na tzv. severnim valéisti v prostoru Bohumin — Krkonose [3]
Fig. 1 Layout of fortresses in the so-called northern battlefield in the area of Bohumin — the Giant Mountains [3]
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podzemnich prostor jsou pomoci symboli vyznaceny i povrchové objekty
(vchodové, délostrelecké, minometné a péchotni) [4]

Fig. 2 Layout of selected fortresses — on identical scales allowing the compa-
rison. Surface structures (entrance, artillery, mortar and infantry purposes)
are also marked by symbols [4]

povsimnuti nezustala ani hranice s Madarskem a Polskem, a tak se
celkovd délka zabezpeCované hranice rozsifila na 3920 km. Pouze
kritkd hranice s malodohodovym spojencem Rumunskem (200 km)
mohla zustat bez zajistén{ linii stdlého opevnéni nebo vojenskymi
jednotkami.

Samotnd fyzickd vystavba opevnéni se rozbehla na jare roku 1935.
Postupné vznikla rozséhla typologie objekta stdlého opevnéni, zaloZe-
ného predevsim na systému bo¢nich paleb, sestavajici z lehkého opev-
néni vz. 36 (LO vz. 36), lehkého opevnéni vz. 37 (LO vz. 37) a t€Zkého
opevnéni (TO). Tyto linie byly déle dopliovdny o systémy souvislych
protitankovych a protipéchotnich prekazek, zdsobovacich komunikaci
a kabelové spojovaci sité.

Pétef Cs. stdlého opevnéni melo tvorit opevnéni tézké, tvorené Zele-
zobetonovymi, téméf vyhradné dvoupatrovymi objekty. Sila stropni
desky a Celnf stény objektu se pohybovala v rozmezi od 150 do 350 cm
Zelezobetonu. Ve strategicky daleZitych lokalitdch mély byt vybudova-
ny tvrze — objekty v nejvyssi mozné odolnosti, vybavené délostieleckou
vyzbroji a navzdjem spojené komplexem podzemnich prostor, tvoricim
dlouhodobé zdzemi pro samostatné fungovani pevnosti. Tento ¢ldnek
pribliZuje projekci téchto tvrzi a vystavbu jejich rozsdhlych podzemnich
prostor. Pfipomin4 tak klasické konvenéni metody razby a dobové pri-
stupy k provddéni podzemnich staveb.

2 PROJEKTOVANI TVRZI

Tvrzi bylo projektovano celkem 12, z nichz 5 bylo do zafi roku 1938
stavebné dokonceno (Hani¢ka, Adam, Bouda, Horka a Smolkov),
4 rozestavény (Stachelberg, Dobro3ov, Skutina a Sibenice) a zbylé 3
zastizeny ve stadiu projekénich praci (Poustka, Jirovd Hora a Orel).
Jejich rozmisténf je patrné z obr. 1.
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length of the border to be protected grew to 3920 km. Only the short
(200 km) border with Romania, one of the Small Treaty allies, could
be left without the protection by the line of permanent fortifications
or military bodies.

The physical construction of the fortification itself started in the
spring of 1935. An extensive typology of structures of the perma-
nent fortification was gradually developed (based first of all on
a system of flanking fire) consisting of type 36 light fortification
structures, type 37 light structures and heavy fortification structures.
Systems of continuous antitank and antipersonnel obstacles, supply
roads and a communication cable network were further supplemen-
ted to these lines.

The backbone of the permanent fortification of Czechoslovakia
was to be formed by heavy fortifications consisting of reinforced
concrete, nearly exclusively two-storeyed, structures. The thickness
of the reinforced concrete roof deck and the front wall of the struc-
ture ranged from 150 to 350 cm. Fortresses, structures with the hig-
hest degree of resistance equipped with ordnance and interconne-
cted by a complex of underground spaces forming a long-lasting
hinterland for independent functioning of the fortress, were to be
built in strategically important locations. This paper gives the rea-
ders an idea of the design for these fortresses and extensive underg-
round spaces attached to them. It is therefore reminiscent of con-
ventional mining methods and attitudes toward underground con-
struction of that period.

2 FORTRESS DESIGN

The total of 12 fortresses were designed. September 1938 saw the
construction of 5 of them (Hanicka, Adam, Bouda, Horka and
Smolkov) completed and 4 of them under construction (Stachelberg,
Dobrogov, Skutina a Sibenice) and remaining 3 in the designing
stage (Poustka, Jirovd Hora and Orel). Their locations are presented
in Fig. 1.

It is necessary to say that the tactical siting of individual surface
structures, their firing potentials and the concealment from direct
enemy observation and gunnery were the main aspect taken into
consideration by the designer. The influence of the extent of underg-
round spaces on the design of fortresses was not so important (see
Fig. 2).

According to a period design specification, the minimum height
of the overburden of all underground spaces was to reach 16 m in
natural good-quality rock (granite, gneiss etc.) or 20 m in undistur-
bed, compact soil or semi-rock (cohesive clay, shale, phylite etc.).
The overburden height was measured between the outer surface of
the lining crown. Adhering to these principles was to guarantee that
the underground spaces would be protected against effects of explo-
sions of shells and aircraft bombs of all calibres known at that time.

According to the terminology of that period, the underground spa-
ces of the fortresses were called “galleries”. The most important
communication element was the “main gallery” connecting the ent-
rance structure with ammunition stores, barracks and individual
artillery structures. Taking into consideration the transport by means
of hand trucks on a narrow-gauge track, the longitudinal gradient of
the gallery was not to exceed 10 %oc. The gradient up to 40 %o was
required for the galleries leading to infantry structures, where smal-
ler volumes of ammunition transport were expected. Hand-pushed
trucks with rubber wheels were to be used for the transport.
A smaller gradient of 2 %o was prescribed only for the space along
ammunition stores so that unprompted movement of the trucks
during reloading of materials was prevented. The minimum radius
of branches and horizontal curves of the galleries serving to the
transport of materials was 10 m [2].

The requirements for the vertical alignment were important not
only for fluent material supplies, but also for adequate drainage of
the underground spaces. The drainage was designed as a matter of
principle as a gravity system, by means of central drains under the
floors of the galleries. All underground spaces were drained usually
to the rear, to the entrance structure; part of the underground space
was even drained in another direction in well-founded cases (Bouda
and Dobrosov fortresses). In the cases where the entrance structures
were connected with an inclined gallery or a vertical shaft, water
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Obr. 3 Odvodiiovacti §tola tvrze DobroSov v blizkosti nevybudovaného vcho-
dového objektu; na dné stoly je uloZeno odvodriovaci potrubi, které i dnes spo-
lehlivé odvddi vodu z podzemi tvrze

Fig. 3 Drainage gallery in DobroSov fortress, in the vicinity of the entrance
structure, which was not built. The drainage pipeline which is laid on the bot-
tom of the gallery reliably drains water from the fortress underground even
today

Nutno fici, Ze pti samotném projektovani tvrzi bylo uvazovéno hlav-
né taktické rozmisténi jednotlivych povrchovych objektu, jejich palebné
moznosti a také ukryti pred pfimym nepritelskym pozorovanim
a délostrelbou. Rozsah podzemnich prostor mél na projekci tvrzi a7z dru-
hotny vliv (obr. 2).

Podle dobového projekéniho predpisu méla vyska nadloZi vSech pod-
zemnich prostor dosahovat minimélné 16 m rostlé kvalitni skdly (Zula,
rula atd.) nebo 20 m neporusené kompaktni zeminy ¢i poloskalni horni-
ny (soudrzné jily, bridlice, fylity apod.). Vyska nadloZi byla uvazovana
od rubového lice klenby osténi. DodrZeni téchto zdsad mélo zarucit
ochranu podzemnich prostor pred d¢inky vybucht délostieleckych
ndboju i leteckych bomb tehdy zndmych rdZi.

Podle dobové terminologie se podzemni prostory tvrzi nazyvaly
,galeriemi*. Nejdulezitéj§im komunikaénim prvkem byla ,,hlavni gale-
rie”, neboli chodba spojujici vchodovy objekt s muni¢nimi skladisti,
kasarny a jednotlivymi délostfeleckymi objekty. Jeji sklon, kvuli dopra-
vé pomoci ruéné vedenych voziku dzkorozchodné drahy, nemél byt
vet&1 neZ 10 %o. U chodeb vedoucich k péchotnim objektim, kde se uva-
Zovalo s niz§imi objemy prepravované munice, byl pozadovén sklon do
40 %o a doprava se zde méla dit pomoci ru¢né tladenych voziku
s gumovymi koly. Pouze v prostoru podél muni¢nich skladu byl prede-
psdn mensi sklon chodby 2 %o, aby bylo zabrdnéno samovolnému roz-
jizdéni vozika dréhy pri prekladan{ materidlu. Miniméln{ polomér odbo-
&ek a smérovych obloukt chodeb, slouZicich pro dopravu materialu,
¢inil 10 m [2].

Predepsany prubéh nivelety podzemnich prostor nebyl dulezity pouze
pro plynulé zasobovani materidlem, ale také pro dostate¢né odvodnéni
podzemi. To bylo feSeno zdsadné gravitatné pomoci centrdln{ kanaliza-
ce pod podlahami chodeb. VSechny podzemni prostory byly vyspadova-
ny zpravidla do tylu k vchodovému objektu, v odivodnénych piipadech
byla ¢dst podzemi spadovéna i jingm smérem (tvrz Bouda, Dobrosov).
V pripadé, Ze byl vchodovy objekt spojen s podzemim Sikmou svaZnici
nebo svislou Sachtou, byla voda odvadéna samostatnymi odvodnovaci-
mi Stolami (obr. 3). U tvrze Sibenice méla délka této samotné Stoly
dosdhnout az 420 m.

Prafezy chodeb v podzemf tvrzi byly charakterizovdny dvéma &iselny-
mi tdaji, oddélenymi lomitkem. Prvni tdaj znacil svétlou $itku profilu,
&islo za lomitkem pak oznafovalo svétlou vysku v cm. AZ na vyjimky
u nékterych nejvétsich pouZivanych prufezti byla klenba pulkruhovd,
z oznaeni profilu byla tedy jasné patrnd jak vyska svislych stén, tak vze-
peti klenby. Predepsand tloustka osténi byla 30 cm prostého betonu
u profil do svétlé Sitky 2,5 m, u vétSich se pak tloustka osténf jednorazo-
ve zvétSovala na 60 cm. V pripadé potieby bylo mozné tvar osténi upravit
podle podminek zastiZzenych pfi vystavbé, ov§em pozadovany vnitini pra-
fez musel zustat zachovén. Zdkladni prafezy jsou patrné z obr. 4.

was drained through independent drainage adits (see Fig. 3). The
length of the independent adit for Sibenice fortress was to reach up
to 420 m.

Cross-sections of galleries in the underground of the fortresses
were characterised by two figures separated by a slash. The first
figure was for the net width of the profile, whilst the figure behind
the slash denoted the net height in cm. Apart from exceptions for
some of the largest cross-sections used, the barrel vaults were semi-
circular. The profile marking therefore clearly denoted both the
height of the vertical walls and the height of the crown. The thick-
ness of the unreinforced concrete lining prescribed for cross-secti-
ons with the net width of 2.5 m was 30 cm; it grew to 60 cm in lar-
ger cross-sections. If necessary, it was possible to modify the geo-
metry of the lining to satisfy the conditions encountered during the
construction, under the condition that the required inner cross-secti-
on was maintained. The basic cross-sections are presented in Fig. 4.

The dimensions of the profile of an “artillery gallery” leading
from the main ammunition stores behind the entrance structure to
individual artillery forts is 150/275 cm. It was this gallery for which
the use of the narrow-gauge track was planned. Galleries with smal-
ler 120/235 cm cross-sections branched off to individual structures
intended for the infantry, where the narrow-gauge tracks were no
more used. These two cross-sections formed a basic communication
backbone for all fortresses. The main gallery dimensions increased
in some locations, e.g. at ammunition reloading points or behind
entrance structures where there was a double-track rail line, up to
370/385 cm (the excavated cross-sectional area of about 20 m?2).

Of course, larger profile galleries were used for service equipment
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Obr. 4 Nejéastéji pouZivané profily v podzemi tvrzi (520/400 — sklady délo-
strelecké a minometné munice, 120/235 — spojovaci galerie k péchotnim
objektum, 150/275 — hlavni galerie s tizkorozchodnou drdhou)

Fig. 4 Most frequently used profiles in the underground of fortresses (520/400
— stores of artillery and mortar ammunition, 120/235 — connecting galleries to
infantry structures, 150/275 — main galleries with narrow-gauge tracks)




Profil ,,délostrelecké galerie*, vedouci od hlavnich muni¢nich skladu
za vchodovym objektem k jednotlivym délostreleckym srubum, md roz-
méry 150/275. V této chodbé bylo plénovano prave vyuziti tzkoroz-
chodné drahy. Pod jednotlivé péchotni objekty, kde jiZ dzkorozchodnd
Zeleznice nebyla vyuZivdna, pak odbocCovaly galerie mensiho profilu
120/235. Tyto dva prurezy tak tvorily zdkladni komunikadni patet viech
tvrzi. V uritych mistech, jako napiiklad u prekladist munice nebo za
vchodovym objektem, kde byla Zeleznice dvoukolejnd, se hlavni galerie
zvétSovala az do profila 370/385 (plocha vylomu cca 20 m2).

Pro technologické zdzemi v podzemi tvrzi se samoziejme vyuZivalo
galerii vétsich profilu. Filtrovna vzduchotechniky je tvorena prurezem
400/400, stejny profil byl volen pro prostory podzemnich kaséren, pfi-
Cemz zde vysSka svislé ésti osténi Cinila 240 cm a tvar klenby se tak
ménil na elipticky. Kasédrny tvorilo uskupeni péti sali v délkéch 30-70 m.
Vibec nejvétsimi béznymi profily jsou prostory skladu délostrelecké
munice a strojovny, které byly projektovdny v rozmérech 520/400, kdy
klenbu osténi tvori opét elipticky prufez. Vylom takového profilu ¢inil
zhruba 35 m?2 (v&etné nadvylomu), délka skladu dosahovala az 40 m.
V nekterych partiich, pfedevsim v misté zasazeni vchodového objektu do
skalniho masivu, dochdzelo pak k velikosti vyrubu az 100 m2.

Vzdélenost mezi jednotlivymi vylomy vétSich profili byla limitova-
na, u muni¢nich skladt zpravidla rozmérem 10 m od vnitnich lict osté-
ni, coZ predstavovalo 8,8 m rostlé horniny, u kasaren pak 8 m mezi vniti-
nimi lici osténi (6,8 m horniny) [2]. V praxi samoziejmé dochédzelo
k riznym odchylkdm od predepsanych zésad podle konkrétnich geolo-
gickych a prostorovych podminek v danych lokalitdch tvrzi.

3 VYSTAVBA PODZEMNICH PROSTOR

Planované podzemni prostory tvrzi byly znaéné rozsdhlé a Clenité.
Samotnd doba vystavby tvrzi vSak byla stanovena velmi striktné na
24 mésicu od prevzeti stavenisté, piiCemZ tato lhuta zahrnovala jak
vystavbu podzemnich prostor, tak povrchovych objektd. Casu tedy
nebylo nazbyt, a proto stavebni firmy, ihned po dosaZeni definitivnich
hloubek, zahajovaly ze Sachet razbu podzemnich prostor zpravidla do
viech sméru, které poloha Sachty umoziiovala.

Pracovni postup v podzemi sestdval z hrubého vylomu a docistovan{
potiebnych prostor, za pribézného zajistovani vydrevou, betondZe boc-
nich ¢asti ostén{ spolu s osazovénim drendznich potrubi a podchyco-
vanim podzemnich prament, betonaZe kleneb osténi spolu s provadénim
izola¢nich opatreni. Ndsledovalo poloZeni kanalizace a provedeni pod-
lahové betonové vrstvy. Po dokonceni hrubych stavebnich praci bylo
osténi opatfovdno omitkou, do$lo na osazovéni technologickych vedeni
a montdz vybaveni, provddéni ochrannych natéra.

3.1 Razba podzemnich prostor
3.1.1 Organizace praci

Pro razbu podzemnich prostor nestanovovala vojenskd sprava zZadna
zv1&$tni nafizeni a predpisy, pouZitou technologii ponechédvala témer
vyhradné na zkuSenostech a moZnostech stavebnich firem. O proble-
matice razby je dochovdno velmi malo dobovych zdznamu, omezenych
vét§inou na zépisy dennich postupl ve stavebnich denicich a nékolik
médlo vzpominek pamétniku. Jednotlivé tunelovaci metody lze ¢dstedné
vysledovat na souc¢asném stavu podzemnich prostor u nedokoncenych
tvrzi DobroSov, Skutina a Stachelberg.

Price v podzemi byly provadény klasickymi tuneldfskymi postupy.
Z vyhloubenych Sachet, piip. pracovnich §tol, probihaly nejdrive razby
komunikac¢nich chodeb, pfi¢emZ z pracovnich Sachet se postupovalo
nejméné do dvou rozdilnych sméru. V piipadé, 7e byla pracovni Sachta
umisténa do pldnované kfizovatky podzemnich chodeb, mohlo byt
sméru razby jesté vice. Razilo se dpadné i dovrchné se snahou, aby
tseky mezi jednotlivymi pracovisti byly co nejdiive propojeny a doslo
tak k samovolnému odvodnéni podzemnich prostor. Na fadé tvrz{ Cinily
pritoky podzemni vody velké problémy — voda ze Sachet musela byt
nepretrzité Cerpdna na povrch a nejednou doslo vlivem naraZen{ silnych
pramend i k zatopeni celého pracoviSté. V takovém pripadé musela byt
nasazena vykonnéjsi Cerpadla a pracovisté obnoveno. Na stavbach
nékterych tvrzi probihala razba aZ na vice nez desitce mist soucasné.

Pro ¢astecné vylomy se vyuZivalo smérové Stoly, jejiz dno bylo umis-
téno do drovné dna budoucich prostor tak, aby v ni bylo mozno zridit

Nz

uzkorozchodnou drdzku (obr. 5), slouZici bez nutnosti vyskovych tprav
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in the fortress underground. The cross-section of the gallery housing
the air filtration equipment was 400/400 cm. The same cross-secti-
on was chosen for the spaces of the underground barracks. The ver-
tical portions of the lining were 240 cm high and the vault shape was
changed to elliptical. The barracks consisted of five 30 — 70 m long
caverns. The largest common profiles of all were designed for sto-
res of artillery ammunition and engine rooms, with the dimensions
520/400 cm. The lining vaults cross-section was again elliptical.
Such excavated cross-sectional area amounted roughly to 35 m?
(including overbreaks); the length of the stores reached up to 40 m.
In some parts, first of all in the location where the entrance structu-
re was built into the rock mass, the excavated area even reached up
to 100 m2. The distance between individual excavated openings with
larger cross-sections was limited. The limits were usually 10 m from
the inner surfaces of the lining for ammunition stores, which meant
8.8 m thick natural ground pillars, and 8 m between inner surfaces
of liners for barracks (6.8 m of ground) [2]. In practice, various
deviations from the prescribed principles were required depending
on concrete geological and spatial conditions at particular locations
of the fortresses.

3 DEVELOPMENT OF UNDERGROUND SPACES

The underground spaces planned for the fortresses were very
extensive and articulate. Nevertheless, the duration of the construc-
tion time for the fortresses was set very strictly to be 24 months
from the construction site takeover. This period of time included the
construction of both the underground spaces and surface structures.
There was therefore little time to waste. For that reason contractors
started to excavate underground spaces immediately after reaching
the final depths of shafts, usually in all directions which were pos-
sible with respect to the position of the shaft.

The working procedure in the underground consisted of rough
excavation and scaling, with the concurrent installation of timbe-
ring, casting of concrete lining sides and capturing of underground
springs, casting of concrete vaults together with the application of
waterproofing measures. Then the drainage and concrete floor lay-
ers were laid. After the structural completion the lining was provi-
ded by rendering, the utility networks and equipment were installed
and protective coating was carried out.

3.1 EXCAVATION OF UNDERGROUND SPACES
3.1.1 Organisation of works

The military administration issued no special directives and regu-
lations. It left the decision on the excavation technique solely to
contractors, their experience and capacities. Very few records were
preserved from that time. They mostly consist only of records about
daily advance rates in construction logs and several memories of
eyewitnesses. Individual tunnelling methods can be partially identi-
fied according to the current condition of underground spaces at the
fortresses of DobroSov, Skutina and Stachelberg, which have never
been completed.

The work in the underground was carried out using classical tun-
nelling procedures. The first operation was sinking of shafts or dri-
ving of working adits. Communication adits were driven from these
shafts and adits. Driving in at least two different directions procee-
ded from the shafts. There could be even more excavation directions
in the cases where the working shaft was located to a planned inter-
section. The tunnels were driven both downhill and uphill, with the
aim of interconnecting the sections between individual work places
as fast as possible so that the underground spaces were drained by
gravity, without pumping. Groundwater inflows caused significant
problems at several fortresses. Water had to be continuously pumped
from the shafts to the surface and it happened more than once that the
entire work place got inundated due to encountering large springs. In
such a case more powerful pumps had to be used to be able to reo-
pen the work place. The construction of some of the fortresses was
constructed from over ten points of attack simultaneously.

A pilot adit was used for the partial headings. Its bottom was at
the level of the future spaces so that a narrow-gauge track could be
installed in it (see Fig. 5), which would be used without the neces-
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Obr. 5V podzemi tvrze Stachelberg je stavebni drdzka i po vice nez 70 letech
stdle dobre patrnd; pres praZce byla poloZena prkna pro snadnéjsi pohyb dél-
niku v podzemi; kolejnice byly demontovdny pri preruSeni praci v zdfi 1938
Fig. 5 A building-purpose narrow-gauge track is still well visible in the
Stachelberg fortress underground even after over 70 years. Planks were pla-
ced over sleepers to allow easier movement of workers in the underground.
Rails were dismantled when the works were suspended in September 1938

po celou dobu stavby. Soucasné s kladenim stavebni drdzky byla ve sme-
rové Stole umistovana potrubi pro vedeni stlaceného vzduchu spolu
s vodovodnim a ventilanim potrubim (obr. 6). K G¢innému samovolné-
mu vétran{ dochdzelo aZ po prorazce do sousedniho podzemniho praco-
vi§té. Jak vzpominaji pamétnici ze stavby tvrze Dobrosov — vétrani bylo
do prorazky Spatné, pres usta se pouZivaly houby nebo mokré kapesniky.

Rozpojovéni horniny probihalo obecné za pouZiti pneumatickych sbi-
jecich kladiv (,,Sramacek®). Stlateny vzduch byl k pneumatickym kladi-
vum a vrta¢kdm do podzemi privadén pomoci vzduchotlakého potrubi
od kompresort na povrchu. Vzhledem k poc¢tu pracovist bylo v rdmci
staveni§te zapotiebi zpravidla n€kolika kompresorl, v piipadé tvrze
Skutina byly v provozu tfi.

Podle zastizenych geologickych podminek dochdzelo také
k rozpojovani horniny pomoci trhacich praci. Pouzivaly se vrtné tyce
s pevnymi korunkami, vrtalo se z ruky nebo se podklddalo vzpérné
prkénko. Na &elbé Stoly bylo takto provedeno nékolik vrtt raznych hlou-
bek podle zadaného vrtného schématu. Vrty byly nabity trhavinou — uZzi-
valo se zpravidla ndlozi dynamonu a dynamitu, aktivovanych ekrazito-
vymi rozbuskami. Bickfordovy zdpalnice, vedouci k rozbuskdm, se
zapalovaly karbidovymi lampami, pouZivanymi pro osvétleni
v podzemi. Odpaly musely byt provddény Setrné, aby nadloZi nebylo
prili§ naruseno. Po odpalu byl pracovni zdbér zakonéen vétranim, odvo-
zem rubaniny, pripadné vydfevenim. Rubanina se v tzkych tolach kvuli
nedostatku prostoru naklddala lopatovymi nakladaci ,,pres hlavu® do
voziku stavebni drézky a vyvaZela se k jednotlivym deponiim na povr-
chu stavenisté. Tento pracovni postup se opakoval dvakrét v rdmci jedné
smény.

Pracovni doba v podzemi tvrze DobroSov byla tehdy stanovena na 12
hodin s hodinovou prestdvkou uprostied smény (6-12, 13-6 hod.).
Kazdd sména pracovala 66 hodin v tydnu (kromé nedéle) a jednotlivé
dennf a no¢ni smény se stiidaly po dvou tydnech. Pracovni skupinu na
Celbé Stoly tvorili zhruba 2 minéfi a 3 $lepfi. Plat minéru se pohyboval
mezi 7-9 K&/hod., u Slepru pak 3-5 K&hod. Presnd sazba a pripadné
prémie se odvijely od stupné tvrdosti zastiZené horniny, rychlosti postu-
pu a mnozstvi usetreného streliva [1].

3.1.2 Provizorni vyztuZeni

Provadéni podzemnich prostor bylo realizovano klasickou razbou
v ruznych modifikacich, aplikovanych vzdy podle velikosti potfebného
vyrubu a zastizenych geologickych poméru. Pro chodby, tvorici komu-
nikacni sit' mezi jednotlivymi podzemnimi prostorami a Sachtami objek-
ta (profily 120/235, 150/275), byl zapotiebi vyrub o rozmérech do 2,5 m
Sitky a 4 m vysky. Po prordZzce smérové Stoly velikosti potfebné pro
pohyb délniku a dopravu rubaniny se prechdzelo k jejimu postupnému
dobirani do plného vylomu, zpravidla pomoci dostropniho zdrubu. Vyse
uvedeny tvar vyrubu byl znaéné nevyhodny pro zajistovani vydrevou,
obzvlasté zvazime-li kruhovy tvar klenby budouciho osténi. Lze proto
predpokladat, Ze v kompaktnich hornindch byly tyto vyruby mensi veli-
kosti ponechdvany bez vyztuZeni (v dobové terminologii ,,.bez vystroje-
ni*). V opa¢ném piipadé bylo nutno vyrub zajistovat a jeho tvar pfizpu-
sobit pouZité vydreve s nutnym vznikem nadvyloma.

Obr. 6 Pozustatky vzduchotlakého (vlevo) a ventilacniho potrubi (vpravo)
v podzemt tvrzi Skutina a Stachelberg; prumér ventilaéniho potrubi je 30 cm
Fig. 6 Remnants of the pressure air pipeline (left-side) and ventilation duct
(right-hand) in the underground of Skutina and Stachelberg fortresses. The
ventilation duct is 30 cm in diameter

sity for changes in its level throughout the construction period.
Compressed air distribution pipelines as well as water pipelines and
ventilation ducts (see Fig. 6) were installed simultaneously with lay-
ing the construction track. Efficient spontaneous ventilation started
only after the tunnel broke through into a neighbouring underground
working place. As eyewitnesses from the construction of the
DobroSov fortress remember, the ventilation was poor till the bre-
akthrough. Their mouths had to be covered with sponges or wet
handkerchiefs.

Rock was generally disintegrated using pneumatic chipping ham-
mers. Compressed air for the hammers and drilling hammers was
supplied from compressors installed on the surface to the underg-
round through a pipeline. Several compressors were usually requi-
red with respect to the numbers the work places within one con-
struction site. Three compressors were operated in the case of
Skutina fortress.

In addition, rock was also disintegrated by drill and blast, depen-
ding on the geological conditions encountered. Drill rods with fixed
bits were used. The tools were held in hand or were supported by
a bracing board. Several holes of various depth were drilled to the
gallery face, following the prescribed drilling pattern. The drill
holes were charged with explosives — usually Dynamon and dyna-
mite charges primed by Ecrasite detonators. Bickford fuse blasting
fuses leading to detonators were lighted by means of acetylene
lamps used in the underground for illumination. The firing had to be
carried out carefully so that the overburden was not excessively bro-
ken. After the blast, the working cycle was completed by ventilati-
on, removing of muck and, if required, installing the timber support.
In narrow adits, because of the constricted space, the muck was loa-
ded by overhead loaders to cars moving on a narrow-gauge building
rail track and was transported to individual stockpiles on the surfa-
ce of the construction site. This working procedure was repeated
twice in a shift.

The working time in the underground of DobroSov fortress was
set at 12 hours with a one-hour break in the middle of the shift (6
am.— 12 am., 1 p.m. — 6 p.m.). Each shift crew worked 66 hours
a week (with the exception of Sundays) and individual day shifts
and night shifts alternated after two weeks. The working crew at the
adit face consisted of 2 miners and 3 so-called “schleppers”. Wages
of miners and schleppers ranged from KCS 7 — 9 per hour and KCS
3 — 5 per hour, respectively. The exact wage rate and incentives, if
any, depended on the degree of the hardness of the rock encounte-
red, the advance rate and the quantity of explosives spared [1].

3.1.2 Temporary excavation support

The underground spaces were excavated using various modifica-
tions of classical mining methods, which were applied depending on
dimensions of the required space and the geological conditions
encountered. The excavated cross-section with the dimensions of
2.5 m wide by 4 m high was required for galleries forming the com-
munication network between individual underground spaces and




Pri razbé technologickych, skladovacich, kasdrenskych a rozsifenych
manipulacnich prostor tvrzi jiz dochdzelo, vzhledem k velikosti vyrubu
zhruba 30 m2, k pouZiti nékterych ze zndmych tunelovacich soustav. Na
nedokonc¢enych podzemnich prostordch tvrzi Skutina a Stachelberg lze
dokumentovat principy pouZzité modifikované rakouské a anglické tune-
lovaci metody.

Provizorni vyztuZovani vyrubu probihalo vyhradné pomoci vydrevy,
dobové nejrozsifenéjsiho a nejdostupnéjsiho stavebniho materidlu. Pro
Stoly bylo vétsinou vyuZzivano klasického zpusobu zajisténi pomoci jed-
noduchych trictvrtecnich lichobéZnikovych vereji (obr. 7, 8, 9), vzdile-
nych v podélném sméru nejcastéji 1,5-2 m. Jednotlivé prvky vydrevy byly
spojovany tesarskymi spoji (sedlo, sraz) a Zeleznymi skobami (kramlemi),
paziny byly fixovany pomoci obycejnych (plochych) a odstavnicovych
klinu. JelikoZ jednotlivé prvky vydievy véetné tprav pro spoje byly tesa-
fi pfipravovény pfedem na stavenisti na povrchu tvrze, byla jejich montaz
ve §tole velmi jednoduchd a zajisténi vyrubu velmi rychlé.

S postupujici razbou chodeb se pfistupovalo také k razbé komor, jak
byly nazyvany vyruby vetsi velikosti. Z irovné spodni smérové §toly tak
byla pomoci dostropnich zarubtl a raZbou horni Stoly odtéZena hornina
v kalot¢ a postupnymi sestupy vyrubdn cely potiebny profil.

Na tvrzi Stachelberg jsou patrné zdakladni rysy pouZzivani rakouské
modifikované tunelovaci soustavy". Ze smérové $toly byl pod thlem
cca 30° proveden Sikmy zdlom, ze kterého pokraCovala razba hornf toly
v trovni klenby budouciho osténi. Rozméry a sklon Sikmého zalomu
byly voleny s ohledem na velikost podélnika, které bylo nutno dopravo-
vat do horni §toly. Razba horn{ Stoly probihala aZ po kompletnim vyra-
Zeni spodni $toly, vyjimecné v urditych odstupech za ni (obr. 10, 11). Na
nékolika mistech byly v horniné mezi obéma Stolami vyraZeny svislé
otvory o priméru cca 0,5 m, tzv. sypéky, slouZici k svislé dopravé ruba-
niny ze stropni $toly ke stavebni drdZce ve smérové Stole (obr. 12). Pro
zajisténi bezpecnosti délnika, pracujicich ve spodni $tole, musel byt
,,Sypak* v drovni stropu zakryt dfevénymi fo§nami.

Horni S§tola byla postupné zajistovdna klasickymi vefejemi
s prubéZznymi podélniky. V dalsim kroku bylo pfistoupeno k rozsifovani
kaloty do boku za soucasného zatahovdni dalSich podélnikd, které byly
vejifovité podchycovany vzpérami. Jednotlivé podélniky byly mezi
sebou fixovéany rozpérkami, za podélniky pak byly zatahovény paziny,
upeviiované pomoci klin a odstavnic. Pfi dosazeni potiebné $itky vyru-
bu v kaloté byly v jejim dné vyhloubeny zéfezy pro instalovani sestup-
nych prahd — polohranénych trdmu znalnych prafezu. Jednotlivé vzpé-
ry podélnikt, uloZené v drovni dna horni $toly, byly postupné nahraze-
ny vzpérami del§imi, usazenymi na sestupny prah. Tim byl umoznén
svisly sestup v kaloté¢ az do trovné sestupného prahu. U tehdejSich

1) Nazyvdna také rakouskou tunelovaci soustavou moderni. Nékdejsi ,,moder-
nizace spo¢ivala v nahrazeni krokvového usporddani vydrevy prubéznymi
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shafts in the structures (profiles 120/235 and 150/275). When the
pilot adit with the dimensions required for the movement of workers
and transport of the muck excavation was completed, the excavati-
on proceeded by gradual enlarging to the full cross-section width,
usually by means of upcast excavation. The above-mentioned shape
of the excavation was very unfavourable in terms of the installation
of timbering, especially if we take into consideration the circular
shape of the vault of the future lining. It is therefore possible to
assume that these smaller-size spaces excavated in compact rock
were left unsupported. In opposite cases the excavation had to be
supported and its shape had to be adapted to the used timbering,
where overbreaks were unavoidable.

It was already when tunnels for technological and storing purpo-
ses, barracks and enlarged handling spaces of the fortresses, taking
into consideration the fact that the excavated cross-sectional areas
reached up to 30 m?2, that some of the known tunnelling systems
were applied. It is possible to document the application of princip-
les of the Modified Austrian Tunnelling Method and the English
Tunnelling Method to the non-completed underground spaces of
Skutina and Stachelberg fortresses.

The temporary support of the excavation was carried out solely by
means of timbering, which was the most widely spread and most
available building material at that time. The timbering of adits was
mostly carried out using the classical system by means of simple
“three-quarter” (unclosed bottom), trapezoidal support frames (see
Figures 7, 8 and 9), installed most frequently at intervals of 1.5 —
2 m. Individual timbering elements were joined by means of simple
joints (saddle and butt) and steel cramps; lags were fixed by means
of common wedges and tucking wedges. Because of the fact that
individual elements of the timbering, including the preparation of
joints, were prepared by carpenters in advance on the surface on the
fortress construction site, the assembly of the timbering inside the
adit was simple and the work on the support was very fast.

Chambers, as they called larger excavated spaces, were excavated
together with the advancing excavation of galleries. The excavation,
starting from the bottom of the pilot adit, proceeded up to the top
heading crown level (the upcast excavation system). The excavation
of the entire cross-section was completed by deepening the top-hea-
ding bottom in stages.

The basic features of the Modified Austrian Tunnelling Method
can be seen at Stachelberg fortress. An inclined shaft proceeded
from the pilot adit, rising at about 30°. The top heading excavation
proceeded from the upcast excavation at the level of the crown of

1) Named also the Modern Austrian System. The modernisation at that time
lied inthe replacement of the rafter timbering system by continuous longitu-
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Obr. 7 Typické provizorni zajisténi $toly vydievou tvorenou lichobéznikovymi verejemi
Fig. 7 Typical temporary timbering support of a galleryl/adit excavation using trapezoidal frames
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Obr. 8 Pozustatky vydievy pomoci klasickych lichobéZnikovych vereji na hlavni
galerii tvrze Stachelberg

Fig. 8 Remnants of timbering by means of trapezoidal frames in the main
gallery of Stachelberg fortress

Zelezni¢nich tunel bylo t€chto sestupt provddéno zpravidla nékolik.
V piipadé tvrzi ziejme postatoval, vzhledem k mensi vy$ce podzemnich
dél, pouze 1 sestup na tzv. hlavni préh, jehoZ poloha byla jiz neménn4.

V bocich spodni smérové Stoly, nebyla-li dostate¢né Sirokd, byly vyra-
Zeny kapsy pro umisténi hlavnich sloupu, uréenych k podepteni hlavniho
prahu. Tyto préce spolu s instalaci jednotlivych sloupt byly provddény
stfidavé tak, aby vZdy jeden konec hlavniho prahu byl podepfen bud nepo-
ruSenou horninou, nebo hlavnim sloupem. Styk sloupt s hlavnim prahem
musel byt dukladné zaklinovén, aby pri dobirani nedochézelo k sedén{
hlavniho prahu, a tim i vydfevy kaloty. Po takto provedeném podchyceni
hlavniho prahu bylo moZno zahdjit vylom opéfi a dna za prabézného
odstranovani vydievy smerové Stoly. Nad hlavni prahy byly dale zataho-
véany podélniky, které zajiStovaly styk prahu a véjifovitych vzpér proti
usmyknuti. Jednotlivé prahy byly podélné rozepreny. Umisténi 1 péru
hlavnich sloupt pii razbé tvrzi pravdépodobné dostatovalo, u vétsich
tunelt byly sloupy pod hlavnim prahem osazovdny zpravidla zdvojené.

Prii modifikované rakouské soustavé byly kubatury pouZité vydrevy
tctyhodné (pro pds délky 8 m Cinila spotreba kulatiny a feziva zhruba
20 m’) a préce s ni vyZadovala znatnou piesnost a zru¢nost délnika.
Jednotlivé uvedené price bylo také nutno koordinovat v podélném
sméru, ¢imZ provddéni vydrevy ziskdvalo na sloZitosti. Ani manipulace
s pouZivanymi materidly nebyla jednoduchd — nejmensi prumér nosnych
prvku byl zhruba 25 cm, pouze jednotlivé rozpérky mohly byt ze slab-
Sich prafezu (min. 15 cm) [6]. V podzemi tvrze Stachelberg jsou dodnes
dochovéna torza vydfevy, provddéné vySe popsanym zpusobem,
o praméru hlavnich sloupt 40 ¢cm a prufezu hlavniho prahu 30x45 cm
(obr. 13, 14). Statické schéma této konstrukce v8ak bylo pomérné jasné
Citelné, tuhost konstrukce byla zna¢nd a v piipadé potfeby bylo mozno
jednotlivé jeji prvky dodate¢né zesilovat.

Obr. 9 Hlavni galerie tvrze Stachelberg v &dsteéném vylomu, provizorné
vystrojend lichobézZnikovymi verejemi s pouZitim prubéZnych podélnikii
Fig. 9 Partially excavated main gallery of Stachelberg fortress temporarily

supported by trapezoidal frames using continual longitudinal beams

the future lining. Dimensions and the gradient of the inclined shaft
were chosen taking into consideration dimensions of the beams
which had to be transported to the top heading. The top heading
excavation was carried out only after the bottom adit excavation was
completed or, exceptionally, at some distance behind (see Figures
10 and 11). Vertical openings about 0.5 m in diameter, connecting
the two adits, were driven in several locations. These so-called drop
holes were used for the vertical transport of muck from the top hea-
ding adit to the construction track in the pilot adit (see Fig. 12). The
drop hole had to be covered at the roof level with timber boards so
that the safety of workers in the bottom adit was secured.

The top heading excavation was continually provided with support
using classical frames with continuous longitudinal beams. The next
step consisted of enlarging of the top heading to sides, with the con-
current installation of new beams, which were underpinned with fans
of braces. Individual beams were fixed against each other by brace
blocks; laggings were installed behind the longitudinal beams and
were fixed by wedges and tucking pieces. When the required width of
the top heading excavation had been reached, grooves were cut in the
bottom for the installation of falling apexes (large-dimension half-
squared timber). Individual beam braces, which were placed at the
level of the bottom of the upper adit, were one by one replaced by lon-
ger braces supported by the falling apexes. This procedure allowed
the top heading excavation to descend downwards to the level of the
falling apexes. Several descending steps were usually carried out in
the construction of railway tunnels in that period. In the case of the
fortresses probably only one descending step to the falling apex was
sufficient because of the fact that the position of the falling apex was
final with respect to the smaller height of the underground workings.

There where the bottom pilot adit width was insufficient, pockets
were excavated in the sides for the installation of main columns sup-
porting the main sill. This operation, together with the installation

Obr. 10 Schéma pobirdni pri rakouské tunelovaci soustavé modifikované s pouZitim Sikmého dostropniho zdlomu ze spodni (smérové) $toly do horni $toly
Fig. 10 The excavation sequence at the Modified Austrian Tunnelling Method using an inclined shaft leading from the bottom (pilot) adit to the upper adit




Obr. 11 PouZiti rakouské tunelovaci soustavy modifikované ve vchodovych
partiich tvrze Skutina

Fig. 11 The use of the Modified Austrian Tunnelling System in the entrance
parts of Skutina fortress

V ¢&astech tvrzi DobroSov a Skutina je patrny postup raZzeb pomoci dos-
tropniho zdarubu. Od postupu vySe uvedeného se lisil sledem pobirdni.
Ze smérové $toly byl proveden zérub, sahajici az do horni drovné kaloty.
Zérub se postupné rozsifoval do stran a zdroven bylo sestupovéno az do
dna smérové Stoly (obr. 15). Variantou bylo také vyraZeni dna a opéfi
v celé §ifi komory a teprve poté dobirdni kaloty pomoci dostropnich zaru-
bu. Tento postup ale mohl byt vyuZit pouze v kvalitnich hornindch, které

Obr. 13 Torzo zajisténi vyrubu v podzemi tvrze Stachelberg; spoj sloupu
s hlavnimi prahy je tvoren skobami a plochymi kliny; na hlavnich prazich lezi
podélné pruvlaky o pruméru 30 cm; z prahi se jiz zritily véjirovité vzpery plné
vazby

Fig. 13 Fragments of excavation support in the underground of Stachelberg
fortress. Joints between columns and main sills are formed by cramps and
flat wedges. Longitudinal beams 30 cm in diameter lie on the main sills. Fans
of braces complementing the truss fell down from the sills in the past
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Obr. 12 Poufiti rakouské tunelovaci soustavy je dobre patrné také v podzemi
tvrze Stachelberg; nad spodni smérovou Stolou je raZena Stola horni, ze které
probihalo dobirdani kaloty, postupny sestup a propojeni do spodni §toly; na
pravém snimku je ve stropé mezi spodni a horni §tolou patrny ,,sypdk* pro
dopravu rubaniny

Fig. 12 The use of the Austrian tunnelling system is well visible also in the
underground of Stachelberg fortress. An upper adit was driven above the bot-
tom pilot adit. The top heading excavation, a gradual descent and connecti-
on to the bottom adit were driven from the upper adit. A drop hole in the rock
slab separating the bottom adit from the upper adit for the transport of muck
can be seen in the right-hand picture

of individual columns, was carried out in a staggered manner so that
one end of the main sill was always supported either by solid rock
or a main column. The joints between the columns and the main sill
had to be thoroughly wedged up to prevent the main sill and the top-
heading timbering resting on it from subsiding when the excavation
was being completed. When the support of the main sill had been
completed, it was possible to start to excavate the bench and bottom,
concurrently removing the timbering in the pilot adit. Longitudinal
beams were further fixed over the main sills designed to secure the
joint between the sill and the fans of braces against a shear failure.
Individual sills were braced in the longitudinal direction. Installing

Obr. 14 Rekonstrukce vydrevy z obr. 13 v podzemi tvrze Stachelberg; nad
hlavnim prahem je provedena plnd vazba pro podepient podélniku

Fig. 14 Reconstruction of the timbering presented in Fig. 13 in the underg-
round of Stachelberg fortress. A complete truss is installed above the main sill
to support the longitudinal beams
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Obr. 15 Schéma pobirdni pri pouZiti dostropniho zdrubu
Fig. 15 Excavation sequence using the upcast procedure

vydrzely urcity Cas bez zajistén{ vydievou. Vydreva pfi pouzivani dos-
tropniho zarubu byvala diky pevnym hornindm zna¢né zjednodusena.

V nékterych ¢dstech podzemi tvrze Stachelberg lze pozorovat pouZiti
anglické tunelovaci soustavy, vyznacujici se provadénim vydrevy ve tvaru
velkého pismene ,,A“ (obr. 16, 17, 18). Dlouhé stojky tak byly prubézné
na celou vysku vyrubu a v nékolika drovnich rozepfeny vodorovnou kula-
tinou. Bo¢ni Casti kaloty a opeii se zajistovaly pomoci Sikmych vzpér,
rozeprenych o stojky. Tento zpusob vystrojovani byl mnohem jednodussi
neZ u rakouské tunelovaci soustavy modifikované, mohl byt ov§em pou-
Zit pouze v pevnych horninéch, jelikoz ¢ast vyrubu zustavala vzdy pomér-
n¢ dlouhou dobu bez vydievy. Pro pouZiti anglické soustavy byla nejvy-
hodnéjsi razba pomoci dostropniho zdrubu, kdy hlavni konstrukce vydre-
vy byla stavéna ihned po provedeni zarubu do horni tirovné kaloty.

Z vyse uvedenych informaci vyplyvd, Ze pfi razbach podzemnich pro-
stor tvrzi byly kombinovéany jednotlivé postupy a metody, tehdy bézné
pouzivané v civilni tuneldrské praxi. Stavebni firmy si tunelovaci soustavy
prizpusobovaly zastizenym geologickym podminkdm a obménovaly je
podle potieby. K provizornimu zajiStovan{ vyrubu bylo pouZivano vyhrad-
né vydfevy, jejiz kubatury pri stavbé tvrzi dosahovaly zna¢nych objemu.

3.1.3 Rychlost razby

Rychlost razby podzemnich prostor byla velmi vysokd, podminéna
otevienim velkého mnoZstvi pracovist na ruznych mistech podzemi.
Na tvrzi Skutina byly prace v podzem{ zahdjeny 15. bfezna 1938 raz-
bou Stoly z mista budouciho vchodového objektu, k 30. dubnu byl jiz

Obr. 16 Historicky snimek, zachycujici némecké vojdaky pri prohlidce vyraZe-
né komory pro kasdrna v podzemi tvrze Stachelberg; pouZitd vydreva odpovi-
dd anglické tunelovaci soustave (1938) [5]

Fig. 16 Historical photo capturing German soldiers inspecting the complete-
ly excavated chamber for barracks in the underground of Stachelberg fort-
ress. The timbering used corresponds to the English Tunnelling System
(1938) [5]

one pair of main columns during the mining for the fortresses was
probably sufficient; double-columns were usually installed under
the main sill in larger tunnels.

The consumption of timber at the Modified Austrian Tunnelling
Method was respectable (about 20 m? of round timber and sawn timber
were required for an 8 m long stretch of excavation). The work with the
timber required high accuracy and skills of workers. Individual above-
mentioned operations had to be coordinated in the longitudinal direction,
which made the installation of the timbering even more complicated. Nor
was the handling of materials used simple. The smallest diameter of the
load-bearing elements was about 25 cm (thinner profiles, 15 cm as the
minimum, were permitted only for individual bracing blocks) [6].
Fragments of the timbering carried out in the above described way have
been preserved in the underground of Stachelberg fortress till now. The
diameter of main columns is 40 cm and the main sill cross-section is 30
x 45 cm (see Figures 13 and 14). The structural system of this structure
was relatively clear to read. The toughness of the structure was high and
individual elements could be additionally strengthened if necessary.

The excavation procedure using the upcast excavation procedure can
still be seen in parts of DobroSov and Skutina fortresses. It differed from
the above-mentioned procedure in terms of the excavation sequence. The
upcast excavation extended the pilot adit vertically up to the top heading
crown level. The width of the upcast excavation was gradually enlarged
to the sides and, concurrently, the enlargement proceeded down to the
bottom of the pilot adit (see Fig. 15). There was also a variant where the
bottom and bench were excavated to the full width of a chamber and only
then was the top heading excavation completed using the upcast excava-
tion procedure. However, this procedure could be used only in good qua-
lity rock mass, which remained stable unsupported for some time. The
timbering was usually significantly simplified when the upcast excavati-
on was applied in competent rock conditions.

In some parts of the underground of Stachelberg fortress, it is

Obr. 17 Soucasny stav komory pro sdl kasdren tvrze Stachelberg; jednd se
pravdépodobné o stejné misto jako na obr. 16

Fig. 17 The current condition of the cavern for Stachelberg fortress barracks.
It is probably the same place as that in Fig. 16
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Obr. 18 Rekonstrukce vydrevy z obr. 16 ve vylomu pro kasdrny v podzemi
tvrze Stachelberg; prubéziné stojky jsou hlavnim znakem anglické tunelovaci
soustavy

Fig. 18 Reconstruction of timbering shown in Fig. 16 in the excavation for
Stachelberg fortress barracks. Continuous props are the main feature of the
English Tunnelling System

zaznamendn postup v délce 130 m. Postupné byly zahdjeny také razby
z jednotlivych Sachet. Pfi pferuseni vystavby na konci z4fi 1938, tedy
zhruba 6 mésici po plnohodnotném zahdjeni razeb, bylo vyldmédno
priblizné 1800 m chodeb a komor (75 % plnym vylomem) z celkového
rozsahu 2700 m.

Razba podzemnich prostor tvrze DobroSov byla zahdjena na prelomu
let 1937/1938. Do osudného zari roku 1938 byl témer cely rozsah pod-
zemi v délce 1750 m chodeb a 750 m komor vyraZen, pricemz velka Cast
provedenych praci dosahla plnych vyloma. Celkem tak bylo z podzem{
vytéZeno piiblizné 30 000 m* horniny.

U tvrze Stachelberg, kde byla kvuli velkému rozsahu podzemnich
prostor zfizena také pracovni §tola, probihaly price v podzemi od listo-
padu 1937. Stavebni firma kalkulovala s rychlosti Stolovani 3 bm/den.
Do konce zafi 1938 byl vyraZen cely komplex 3500 m chodeb a komor,
ze 70 % zde bylo dosazeno plnych vylomu. To predstavuje za necely rok
od predani stavenis§té dctyhodny pracovni vykon.
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possible to see the use of the English tunnelling system, a feature of
which is the timbering in the shape of capital letter A (see Figures
16, 17 and 18). Long posts were then continuous throughout the
excavation height. They were braced at several levels by horizontal
round logs. The sides of the top heading and bench were supported
by inclined shores braced against the props. This excavation support
system was much simpler than that used by the Modified Austrian
Tunnelling System. On the other hand, it could be used only in com-
petent rock because part of the excavation remained unsupported for
a relatively long time. The most advantageous for the application of
the English system was the upcast excavation technique, where the
main structure of the timbering was installed immediately after the
completion of the excavation the topheading crown.

It follows from the above information that individual procedures
and methods which were commonly used at that time in tunnelling
praxis for civil purposes were combined during the course of the
excavation of underground spaces of the fortresses. Contractors
adjusted the tunnelling systems to geological conditions encounte-
red and changed them where required. The temporary support of the
excavation was carried out solely using timber, the volumes of
which consumed during the construction were very high.

3.1.3 Excavation advance rates

The rates of the advance of the excavation of underground spaces
was very high, depending on the quantity of points of attack opened
in various locations in the underground. As far as Skutina fortress is
concerned, the underground operations started on 15th March 1938
by driving an adit from the location of the future entrance structure.
As of 30th April 1938, the advance of 130 m was recorded. The
excavation from individual shafts started at stages. About 1800 m of
galleries and chambers had been finished (full-face excavation was
applied to 75 %) on the suspension of the construction in September
1938, roughly 6 months after the excavation works fully started.

The excavation of underground spaces for DobroSov fortress star-
ted at the turn of 1937 and 1938. Till the fateful September 1938, the
nearly entire range of the excavation of underground spaces
(1750 m of galleries and 750 m of chambers) was finished, with full
cross-sections completed in a major part of the completed workings.
About 30,000 m3 of rock was excavated from the underground.

As far as Stachelberg fortress is concerned, where even a working
adit was driven because of the large extent of underground spaces,
the underground works started in November 1937. The contractor
counted on the advance rate of driving galleries at 3 m per day. The
end of September 1938 saw the entire complex of 3500 m of galle-
ries and chambers broken through, with 70 % of the excavated fully.
This represents a respectable work performance produced during
a less than a year- long period after the site handover.

To be continued
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PROJEKTOVA PRIPRAVA TUNELU HOSIN
HOSIN TUNNEL DESIGN PREPARATION
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ovob

Cldnek dopliiuje prispévek kolegii Petra Lapise a Libora Marika
zIKP CE, s.r. 0, uverejnény v Cisle 4/2011 casopisu Tunel, o pohled
na pripravu stavby tunelu Hosin, ktery je soucdsti projektové doku-
mentace tiseku 4. Zeleznicniho koridoru v liseku Nemanice — Sevétin.
Zdmerem neni podrobnéji popsat vybér variant, ale spiSe sezndmit
Ctendre s rozsahem tivah, které musi projektanti podobnych staveb
preZit.

Koncepce rozvoje zelezniéni infrastruktury CR vychdzi z potieby
kompatibility Zelezni¢nich trati evropského vyznamu, na které nase
republika pfistoupila v rdmci prijeti dohod AGC a TER a jednou
z rozhodujicich Zelezni¢nich magistrdl je i transevropskd ESS5, na
naSem Uzemi definovdna jako IV. Zelezni¢ni tranzitni koridor
(obr. 1). Cilem modernizace je vytvoreni kvalitniho systému Zelez-
niéni dopravy Ceské republiky, ktery by v integraci a navaznosti s jiz
vybudovanou siti CR a s Zelezni&ni siti sousednich stdtd mohl obstat
v silné konkurenci predevsim silni¢ni dopravy. Stavba modernizace
obsahuje soubor ¢innosti, jejichZz vysledkem bude zvySeni vykon-
nosti, Zivotnosti a pohodli nové dvojkolejné trati spolu se zvySenim
bezpecnosti Zelezni¢niho provozu. Rozhodujicim pfinosem je dosa-
Zeni prichodnosti kolejovych vozidel tratové tiidy D4 UIC, prosto-
rové pruchodnosti — prujezdného prufezu UIC — GC, zaji§téni poZa-
dované propustnosti a zvySeni maximalni tratové rychlosti az do
hodnoty 160 km/h, kdyZ tunely budou stavebné pfipraveny na rych-
lost do 200 km/h. Obsahem stavby Nemanice I — Sevétin, je prede-
v§im zdvojkolejnéni celého dseku trati. DosaZen{ cilovych paramet-
ra vSak neni moZné bez vedeni Zeleznice mezi stanici Nemanice
I a Sevétin v nové stopé s tim, Ze v dseku mezi Zst. Hlubokd nad

Dedicated to the memory of Prof. Ing. Dr. Jiri Streit, CSc.
*22/1/ 1912 — +22/1/1993

INTRODUCTION

The paper complements the contribution of colleagues Petr Lapis
and Libor Marik from IKP CE, s. r. o, published in issue 4/2011 in
TUNEL journal, by adding some information on the preparation of
the construction of the Hosin tunnel, which is part of the design
documentation for the Nemanice — Sevétin section of the rail corri-
dor No. 4. Instead of describing the selection of variants in more
detail, it is rather intended to acquaint readers with the extent of
deliberations designers developing similar designs have to survive.

The concept of the development of railway infrastructure in the
Czech Republic is based on the need for the compatibility of railway
lines of European importance, which were approved by our republic
within the framework of signing the AGC and TER agreements,
where one of railway priority axes is the Trans-European E55, which
is defined as Railway Transit Corridor No. 4 (see Fig. 1). The objec-
tive of the modernisation is to develop a high-quality system of rail-
way transport in the Czech Republic, which could, in integration and
connection with the network developed in the CR in the past and
railway networks in neighbouring states, succeed in the strong com-
petition with, first of all, road transport. The construction and moder-
nisation consists of a complex of activities the result of which will
be the increased capacity, life length and comfort along the new
double-track line, together with improved safety of the railway traf-
fic. The deciding benefit is the fact that transitivity of rail vehicles of
D4 UIC track class and the passing space for UIC-GC loading gauge
will be achieved, the required carrying capacity will be secured and
the speed limit over the track will be increased up to 160 km/h,
whilst tunnels will be structurally prepared for the speed of
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Obr. 1 Mapa IV. koridoru severné od C‘eskjgh Budejovic
Fig. 1 Map of the Corridor No. 4 north of Ceské Budéjovice
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Obr. 2 Situace tunelu Hosin

Fig. 2 Hosin tunnel layout

Vitavou — Zamosti a Sevétinem dojde k oputéni stavajici tratd.
Realizaci stavby dojde k vyraznému zkrdceni dosavadni délky trati,
coZ spolu s umisténim ¢dsti trasy do tunela bude mit i pozitivni vliv
na snizeni udrZovacich ndkladu (obr. 2). Projekt Zelezni¢ni stavby je
v oblasti severné od krajského mésta koordinovén s pripravou délni-
ce D3 Sevétin — Borek a severni spojkou a tangentou obchvatu Ces-
kych Budgjovic.

Nov4 prelozka vychdzi jiz ze stanice Nemanice I s tim, Ze je nutnd
uprava navazujiciho kolejového feSeni ve sméru na Plzen, tj. do sta-
nice Nemanice II, a feSeno je i napojeni ponechané tratové koleje
smér Hlubokd nad Vltavou — Zamosti. Nov4 trasa je vedena do pro-
storu mezi obce Nemanice a Hrdejovice, kde kiizi silova vedeni
VVN 110 kV a 400 kV a stavajici komunikaci (ulice Nemanickd),
ktera bude preruSena Zelezni¢nim télesem. V tomto prostoru se uva-
Zuje i o budoucim mimotroviovém kiiZeni tzv. Severni tangenty.
V misté kiiZeni se stdvajici spojovaci komunikaci mezi Borkem
a Hrdé&jovicemi (silnice I1I/10576) je navrZeno nové mimotroviiové
ktiZeni formou silni¢niho nadjezdu. Z takto upravené komunikace je
navrZena nova pristupovd komunikace k jiznimu portdlu prvniho
Zelezni¢niho tunelu. Hosinsky tunel je situovdn do lokality mezi
letisté Hosin a vlastni obec Hosin. Severni portél tohoto tunelu je
situovan do prostoru za kifzeni se stdvajici koleji mezi stanici
Hlubokd nad Vltavou — Zamosti a Choty¢any. K tomuto portdlu je
navrzena novd pristupovd komunikace. Trasa prelozky je ddle vede-
na vétsinou formou ndspu kolem Dobrejovic, kde mimotroviove
kiizi silnici 11/146. Tato je vedena pomérné dlouhou preloZzkou
a kfiZuje Zelezni¢ni trasu v podjezdu pod Zelezni¢nim mostem.
Souddsti prelozky silnice je i lokdlni doCasnd prelozka v misté kii-
zeni s zelezniCni trasou, kterd umozni realizovat na této komunikaci
silnou stavenistni dopravu nezbytnou pro realizaci stavby. Z ni je
navrZena novd pristupovd komunikace k jiznimu portdlu dal§iho
nového tunelu Chotycany.

UVAHY

Préce projektanta dopravnich staveb je krdsna v tom, Ze ,,vidi* do
budoucnosti. Tam, kde je ted pole a les, bude za pér let Zeleznién{ trat’
nebo silnice a jak bude ddle popsano, neni vyloucen i opak. Na upl-
ném zacdtku projektanti Zelezni¢ni traté uloZi do prostoru linii kole-
jovych pdst a déle ,,namaluji“ zéfezy, ndsypy, mosty, stanice a také
tunely (ty moc vidét nejsou). Specialisté, tuneldfi musi spole¢né
s geology sprdavné vyhodnotit nejenom geotechnické podminky
masivu, ve kterych jsou vedeny tunely, a k nim prifadit optimaln{
metodu vystavby, ale vyhodnotit také SirSi souvislosti realizace stav-
by. Porovndvani moznych variant pfi¢ného fezu a postupu vystavby
tunell je podrobné popsédno v prispévku kolegu z IKP CE, my vSak
chceme poukdzat na souvislosti, které také vyznamné ovliviiuji
kone&ny tvar stavby, a tim i jednotlivych objektd této mozaiky.

Jednou z nejdulezitéjsich dloh projektantu je stanoveni takového
postupu vystavby, ktery nezrusi, nebo prinejmensim zdsadnim
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250 km/h. The content of the Nemanice I — Sevétin construction lot
is, first of all, adding of one track throughout the entire section
length. However, reaching the target parameters is not possible wit-
hout leading the rail line between Nemanice I and Sevétin stations
within a new footprint, abandoning the current alignment in the sec-
tion between Hlubok4 nad Vitavou Zamosti station and Sevétin sta-
tion. Once the construction is finished, the current length of the line
will be significantly reduced. This, together with the placement of
a part of the rail line into tunnels, will have a positive influence on
reducing the maintenance costs (see Fig. 2). The design for the rail-
way construction is coordinated in the area north of the district-town
with the preparation of the D3 motorway section Sevétin — Borek
and the northern connecting road and tangential road connecting to
the Ceské Bud&jovice bypass road.

The new diversion route starts from Nemanice I station, but it
requires the adaptation of the design of the connecting yard in the
direction of Plzen, i.e. to Nemanice II station. In addition, the con-
nection of the running track in the direction of Hlubokd nad Vltavou
— Zamosti, which is left in place, is solved. The new alignment leads
to the area between the villages of Nemanice and Hrdéjovice, where
it crosses EHT 110 kV and 400 kV power mains and an existing road
(Nemanicka Street), which will be interrupted by the railway emban-
kment. A grade-separated intersection with the so-called Northern
Tangential Road is also under consideration for future for this space.
A new grade-separated intersection in the form of a fly-over is desig-
ned for the location of the intersection with the existing connecting
road between Borek and Hrdéjovice (road No. III/10576). A new
access road to the southern portal of the first rail tunnel is designed
to lead from the road adapted in the above-mentioned way. The
Hosin tunnel is designed to be built in a location between the Hosin
airfield and the village of Hosin itself. The northern portal of this
tunnel is located in the area behind the crossing with the existing rail
track between the Hlubokd nad Vltavou Zamosti station and
Chotycany station. A new access road to this portal is designed. The
alignment of the diversion is further led mostly on an embankment
past Dobrejovice, where it crosses the road 11/146 (grade-separated
crossing). This road is led along a relatively long diversion and cros-
ses the railway line under a railway bridge. Part of the road diversi-
on is a temporary local diversion in the location of the intersection
with the rail line, which will make the busy site traffic, which will
be necessary for the construction, possible. A new access road to the
southern portal of another new structure, the Choty€any tunnel, is
designed to branch from this diversion.

DELIBERATIONS

The work of a designer designing transport-related structures is
nice in the ability to “see into the future”. Where there is a field or
a forest, there will be a railway track or a road in several years and,
as it is described below, nor is a reverse option excluded. At the very
beginning, railway designers place railroad lines to the area and
“draw” cuttings, embankments, bridges and also tunnels (they are
not too much visible). Specialists, tunnel designers, must, jointly
with geologists, assess not only geotechnical conditions of ground
masses through which the tunnels are led and assign an optimal con-
struction method to them, but also assess wider relationships of the
implementation of the construction. The process of comparing the
possible variants of the cross-section and the techniques of the con-
struction of the tunnels is described in detail in the paper by collea-
gues from IKP CE. Our intention is to point out the relationships
which so significantly affect the final shape of the structure as well
as the shapes of individual structures forming this mosaic.

One of the most important tasks for designers is to design such
a construction procedure which will not damage, or at least will not
upset in a principal way, the traditional course of the life of the soci-
ety both in the immediate vicinity of the construction and also in the
whole region. All (or possibly nearly all) of us remember the time
when the Prague metro was being developed in the very centre of the
city. Wenceslas Square with the wider surroundings from Karlin to
Pankrdc and Prague was reminiscent of a city after bombardment,
with temporary crossings for pedestrians, trams and cars. Virtually
everything was subordinated the development of the metro and
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zpusobem nenarus$i zab€hnuty kolobéh Zivota spolecnosti jak
v bezprostirednim okoli stavby, anebo také celého kraje. VSichni
(tedy mozna skoro vSichni) si pamatujeme dobu vystavby prazského
metra v samém centru mésta, kdyZ koncem Sedesdtych a na zacatku
sedmdesdtych let pfipominalo Vaclavské namésti a jeho §irsi okoli
od Karlina az za Pankrdc vybombardované mésto s provizornimi
prechody pro lidi, tramvaje i automobily. Vystavbé metra bylo pod-
fizeno prakticky vSe a v centru mésta se skoro nedalo Zit. JenZe 50
let po tomto prukopnickém ¢inu nasich otcu je jind doba a timto zpu-
sobem se jiz stavet nedd, natoZ pak v tak romantické krajiné, jakd je
mezi Nemanicemi a Sevétinem. I kdyZ jsou ekonomické propocty
nedilnou soucdsti kazdé projektové pripravy a jsme jiZ schopni se
pomeérné presné pribliZit redlné cené stavby, jsou i parametry, které
nejde jednoduchym vypoétem ocenit. A mezi né je mozné zaradit
i celkovy vliv vystavby na obyvatele, pfirodu a osidlend mista, vet-
né naprt. dopravni infrastruktury, jmenovité silnic vSech tiid, které
vystavbou té€chto rozsaht vyrazné trpi.

Pii projektové piipravé je jednim z nejtézSich dkola projektantu
najit vhodné misto pro uloZeni neupotiebitelnych zemin a hornin
z vykopu, pfi raZenych tunelech samoziejmé vletné rubaniny.
Idedln{ je mit rovnitko mezi plusy a minusy a kromé samotné trasy
nové ZelezniCni linie nic nikde ,,vedle* neukladat anebo zisk ,,dobré
skdly hospoddrné zpracovat a prodat. JenZe to je idedl a ten, jak
vime, se nedd dosdhnout, protoZe neexistuje. Pfi vyhodnocovani
moZné kubatury rubaniny z tuneld Hosin a Chotycany se objemy
pohybovaly v intervalu od 826 000 aZ po 1 355 000 m3, a to preva-
zilo celkovou bilanci ,,velké* stavby na vyrazny prebytek. Proto roz-
hodnuti o jeho hospoddrném uloZeni bylo jednim z nejdulezitéjsich
podind této Cdsti projektové dokumentace, kdyZ vhodné zvolend
technologie vystavby raZenych tuneld, v tomto pfipad€ variabilng;jsi
NRTM, umoznila zdsadnim zpusobem omezit naruSovani Zivotniho
prostredi nejenom v bezprostfednim okolf stavby, ale dovolujeme si
tvrdit, Ze i v rdmci JihoCeského kraje. Vhodnym vyskovym vedenim
trasy se mezi oba tunely umistil dva tisice pét set metrd dlouhy a aZ
deset metra vysoky nédsep pro dvoukolejnou Zelezni¢ni trat, do kte-
rého je mozné uloZit aZ 75 % celkového vyrubu z obou tuneld.
PrebyteCny objem se uloZi na doasnou meziskldadku mezi Hosinem
a Dobfejovicemi a po opusténi Zelezniéni traté se zdrezy zasypou
vytéZenou horninou a prostor se rekultivuje napfiklad zalesnénim.
Tim, Ze vyrubanou horninu nenf nutné prevézet na vzddlenosti desi-
tek kilometru, tfeba ndkladnimi auty nebo Zeleznici a piipadné
dopravnikovymi pédsy a pritom ji nékolikrat naklddat, preklddat,
urovndvat, ale je mozné ji prakticky pred nosem (tedy pred portély)
ulozit trvale i doCasné, se uSetfilo nejenom vyznamné procento
investi¢nich nakladu, ale i hodné nervu nejen obyvatel, ale i stavitela
a nepochybné i investora.

Hosinsky tunel je spolu s Choty€anskym tunelem v soucasné dobé
zpracovévén ve stupni pripravné dokumentace. Tunely byly navrho-
vany jako unifikované, nicméné rozdilné mistni podminky si vynu-
tily i specifickd feSeni. Parametry Hosinského tunelu jsou uvedeny
v nésledujici kapitole.

VEDENI[ TRASY

Trasa tunelu Hosin se nachézi pod plochou elevaci vychodné az
severovychodné od obci Hrdéjovice a Hosin, v blizkém jihozdpad-
nim predpoli letisté Hosin. Nadmorskd vyska terénu pozvolna stou-
pa od mista jizniho vjezdového portalu z hodnoty cca 400 m n. m.
na nejvyssi kétu cca 499 m n. m. u letisté Hosin a poté se svazuje
relativné prud$im svahem k mistu severniho portalu s povrchem teré-
nu na drovni cca 420 m n. m. (vyska nadlozi nad TK 14-85-20 m).
Trasa Zelezni¢n{ traté v tomto tseku je vedena ve dvou protismér-
nych obloucich, levého s polomérem 2000 m a déle pravého
s polomérem 2504 m v koleji ¢. 1 (pfevySeni 90 a 106 mm). Trasa
ve sméru staniceni stoupd 1110 m 4,6 %o, ddle 1977 m 6,5 %o
a v posledni ¢asti hloubeného tunelu v délce 33 m 10 %o. PrevySeni
mezi vjezdovym a vyjezdovym portdlem je cca 18,5 m.

Povrch dzemi je porostly lesy & zemédélsky obhospodarovén
(pole, louky).

Obr. 3 Situace vjezdového portdlu
Fig. 3 Entrance portal layout

living in the city centre was nearly impossible. But today, nearly 50
years after this pioneer deed of our fathers, the time is different and
it is no more possible to build in this way, let alone do it in such
a romantic landscape as the landscape between Nemanice and Sevé-
tin is. Even though economic calculations are an inseparable part of
every project preparation and we are already capable of relatively
exact approximating the real cost of the construction, there are also
parameters which cannot be estimated by simple summing up. The
overall impact of a construction project on inhabitants, nature and
populated towns, including, for instance, transport infrastructure,
namely roads of all classes, which seriously suffer from the deve-
lopment of such large-scale construction projects, can be counted
among them.

The most difficult task for designers during the project enginee-
ring stage is to find a space suitable for the deposition of unusable
soil and rock from the excavation, of course including the muck in
the case of mined tunnels. It is ideal if plusses are equal to minuses,
without the necessity for depositing anything along the sides of the
route of the new railway line (with the exception of the route footp-
rint itself) or if the gain of good quality rock is economically treated
and sold. But this is an ideal which, as we know, can never be achi-
eved because it does not exist. When the possible volumes of muck
from the Hosin and Chotycany tunnels were being assessed, they
ranged within the interval from 826,000 to 1,355,000 m?3, which
meant that there was muck surplus in the overall balance of the
“large” construction project. For that reason the decision on its eco-
nomic disposal was one of the most important deeds in this part of
the design documentation. The suitably selected tunnelling techni-
que (the in this case more variable method, the NATM) made it pos-
sible to restrict disturbing of the environment not only in the imme-
diate surroundings of the construction site but, we dare maintain,
even within the South Bohemian region. Owing to the appropriate
design of the vertical alignment it was possible to place a two thou-
sand five hundred metres long and up to ten metres high emban-
kment for the double-track rail line, capable of accommodating up to
75 per cent of the total volume of muck from both tunnels. The volu-
me in excess will be disposed of to a temporary stockpile between
Hosin and Dobrejovice. When the rail track is abandoned, cuttings
will be backfilled with the excavated material and the space will be
reclaimed, for example by foresting. Significant percentage of
investment costs are saved and not only inhabitants but also con-
tractors and, undoubtedly, the client are spared lots of stresses thanks
to the fact that it is not necessary to transport the muck to distances
of tens kilometres by lorries, by rail or on conveyor belts and load,
reload and level it several times during the process and, instead of it,
it is possible to deposit it permanently or temporarily virtually just
on the spot (in front of portals).

For more technical readers, not to be swindled of parameters of
the Hosin tunnel, we present them in the following chapter.

The work on the design for the Hosin tunnel, as well as the
Chotycany tunnel, is currently in the conceptual stage. Structures of
the tunnels were proposed to be unified, but different local condi-
tions required some specific solutions.




Obr. 4 Situace vyjezdového portdlu
Fig. 4 Exit portal layout

INZENYRSKOGEOLOGICKY PRUZKUM

Na zékladé vysledku geofyzikdlniho a vrtného pruzkumu lze kon-
statovat, Ze horninovy masiv predstavuje z inZenyrskogeologického
hlediska velmi heterogenni téleso. Zastizeny byly rizné horninové
typy s rozdilnym stupném zvétrani, a tim i s rozdilnymi mechanic-
kymi vlastnostmi. Také podle dloZznych poméru lze horninovy masiv
hodnotit jako zna¢né komplikovany.

Stru¢ny souhrn zji§ténych poznatki:

RaZba tunelu bude realizovédna ve velmi pestrém a sloZitém geo-
logickém prostiedi, kdy jednotlivé zastizené horninové typy maji
velmi odli$né a proménlivé geotechnické vlastnosti.

Zastizeny budou horniny jednotvarné série moldanubika, které
jsou zastoupeny predev§im pararulami, ortorulami a migmatity
s Zilnym doprovodem, déle slabé zpevnéné sedimentdrni horniny
kiidového stari zastoupené piskovci s polohami jilovet a prachoveu,
a nakonec nezpevnéné jilovité panevni uloZeniny terciérniho starf
charakteristické jily, hlinami, diatomity a lignity.

Z tuneldrské klasifikace RMR plyne, Ze kvalita horninového pro-
stiedi je velmi proménliva — ve velké &ésti useku je kvalita stfedné
priznivd az dobrd, v ¢asti tseku je Spatnd aZ velmi $patnd.

Razba bude probihat prevdzné v technologickych tfidich NRTM 2
az 4; jizni vjezdovy portdlovy usek je hodnocen ve tiidach 4 az 5a;
severni vyjezdovy tsek je v terciérnich zeminach planovany jako
kompletné hloubeny — v ptipadé razby dsti dseku by byl hodnocen
ve tride 5b.

Horniny budou muset byt v prevazné ¢asti rozpojovany pomoci
trhacich praci.

Charakter hornin a jejich rozpukani povede k tvorbé nadvylomu.

Predev§im v jiZznim portdlovém tseku Ize predpoklddat zvySené
pritoky podzemni vody, a to z kiidovych piskovcu, pri¢emZ jejich
velikost bude &dste¢né zdvisld na intenzité atmosférickych srazek.
V severnim portdlovém useku predpokladdme pouze mensi pritoky
podzemni vody z propustnéjsich poloh zemin. V horninovém masi-
vu v trase tunelu budou pritoky velmi nepravidelné. ZvySené prito-
ky budou soustfedéné predevs§im do lokdlnich tektonicky poruse-
nych zén o inicidlni vydatnosti a7 v jednotkéach 1.s'!; voda miZe byt
slab¢ tlakovd. V hornindch mirné porusenych budou pfitoky spiSe
ojedinélé o nizkych vydatnostech.

Soucdsti hydrogeologického pruzkumu byla pasportizace vybra-
nych jimacich objekti podzemni vody. V severovychodni &ésti
Hrdéjovic, v jihozdpadni ¢asti Borku a u Hosina bylo vytipovano
nékolik oblasti a vodnich zdroju, u kterych je moZzné ocekdvat jejich
ovlivnéni co do vydatnosti, tak i kvality podzemnich vod.
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ROUTE LOCATION

The Hosin tunnel route is located under a flat elevation, east to
north-east of the villages of Hodéjovice and Hosin, in the foreland
of the Hosin airfield found in the vicinity. The terrain elevation gra-
dually rises from about 400 m a.s.l. at the entrance portal to the hig-
hest level of about 499 m a.s.l. at the Hosin airfield. Then it relati-
vely steeply declines to the location of the northern portal, where
the terrain surface is at the level of about 420 m a.s.l. (the overbur-
den height above the rail top of 14 — 85-20 m). In this section, the
rail track alignment is led on two reverse curves, the left-hand one
(track #1) with the radius of 2000 m and the subsequent right-hand
one with the radius of 2504 m (the superelevation of 90mm and
106 mm respectively). The vertical alignment rises at 4.6 %o along
a 1100 m long section and 6.5 %o along a 1977m long section; in the
last, 33 m long cut-and-cover section, it is on al0 %o gradient. The
difference between the entrance and exit portal levels is about
18.5 m.

The terrain surface is covered by woods or is cultivated (fields,
grass-land).

ENGINEERING GEOLOGICAL SURVEY

It is possible to state on the basis of results of geophysical and dril-
ling survey that, from the engineering geological point of view, the
rock mass is a very heterogeneous body. Various rock types with
various degree of weathering resulting in different mechanical
properties were encountered. According to modes of deposition, the
rock mass can be assessed as significantly complicated.

A brief summary of pieces of knowledge obtained by the survey:

The tunnel will be driven through a very varied and complicated
geological environment, where particular rock types encountered
have different and variable geotechnical properties.

Tunnellers will encounter rocks of the monotonous development
series of the Moldanubic formation represented above all by parag-
neiss, orthogneiss and migmatites (accompanied by veins), weakly
solidified sediments of the Cretaceous age represented by sandstone
with claystone and siltstone interbeds and, finally, loose silty basin
deposits of the Tertiary age, characterised by clay, loams, diatomites
and lignites.

It follows from the tunnelling Rock Mass Rating (RMR) that the
quality of the rock environment is highly variable. It is medium
favourable to good in the major part of the section, whilst it is poor
to very poor in a part of the section.

The excavation will pass mostly through the rock with the NATM
excavation support classes ranging from 2 to 4; the southern (ent-
rance) portal section is categorised as class 4 to 5a; the tunnel in the
northern (exit) section, passing through Tertiary soils, will be a cut-
and-cover structure (if a part of the section is mined, the NATM
excavation support class would be 5b).

The rock will have to be broken by blasting in the major part of
the tunnel.

The character of the rock and its cracking will lead to overbreaks.

It is first of all in the southern portal section that it is possible to
expect increased inflows of ground water from Cretaceous sandstone.
Their magnitude will partly depend on the intensity of atmospheric
precipitation. As far as the northern portal section is concerned, we
expect only smaller groundwater inflows from more permeable lay-
ers of soil. The inflows from the rock mass along the tunnel route will
be very irregular. Increased inflows will be concentrated first of all to
local tectonically disturbed zones, where the initial rates in 1.s™! will
even reach single-digit values. In slightly broken rock the inflows
will by rather isolated with low yields.

One of the parts of the hydrogeological survey was the condition
survey of selected groundwater abstraction structures. Several areas
and water sources where it is possible to anticipate that their yield
and quality of ground water will be affected by the construction were
determined in the NE part of Hrdéjovice, the SW part of Borek and
near Hosin.
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Obr. 5 Pohled na vjezdovy portdl
Fig. 5 A view of the entrance portal

NAVRZENE RESENI

Celkova délka dvoukolejného tunelu je 3120 m. RaZeny tusek
tunelu je 2820 m dlouhy, dvojice tnikovych chodeb v&etné 6 propo-
jek md délku 2825 m. Hloubeny tsek je na jiznim portdlu 144 m
(obr. 3) a na severnim 156 m dlouhy (obr. 4). Jizni hloubend cast
bude realizovdna v oteviené stavebni jamé vysvahovdnim docas-
nych stén (obr. 5). Na severnim portdlu jsou pro zabezpeCeni kon-
strukcf navrzeny svislé kotvené podzemni stény se zpevnénim pod-
loZi pomoci tryskové injektdze.

Odsazeni osy tunelu od osy koleji je konstantni 95 mm vlevo. Tim
je v celé délce tunelu zachovén konstantni pfi¢ny profil tunelu se Sit-
kami chodniku 940 mm vlevo a 750 mm vpravo. Toto usporadan{
umoZiuje prevedeni poZzadovaného po&tu kabelt a potrubi.

Jizni portdl bude realizovany v oteviené stavebni jamé
s vysvahovanim doCasnych stén. Na severnim portalu, kde se pod
tunelem nachazi nestabilni, az 6 m tlusta vrstva terciérnich uloZzenin
s polohami lignitu, jsou pro zabezpeceni konstrukci navrZeny svislé,
kotvené podzemni stény ve dvou etdzich a zpevnéni prostoru pode
dnem tryskovou injektdZzi.

Osa soub&Zné zdachranné chodby je vzddlena od osy tunelu min.
25 m, aby doslo k vytvoreni prirozeného horninového pilife mezi
tunelem a unikovou chodbou i v pripadé poruchovych pasem.
Zachrannd chodba je rozdélend na 2 &ésti, s délkami 1344 m na jihu
a 1352 m na severu, které jsou spojeny s tunelem vzdy 3 propojka-
mi. Vzdélenost mezi 3. a 4. propojkou, které nejsou propojeny uni-
kovou chodbou, je 453.5 m.

Podélné sklony chodby koresponduji s podélnym sklonem tunelu.
Pii¢ny prufez soubéZné zdchranné chodby umoZiiuje prijezd
zachranného vozidla — sanitky (svétld Sitka/vyska je 2,25/2,25 m).
Svétly tunelovy prufez chodby je 7,5 m?. Teoreticky vyrub zéchran-
né chodby je cca 13,5 m?. V poloviné délky propojek jsou kiizové
rozrazky pro technologické mistnosti. U 2. a 5. propojky jsou umis-
tény mistnosti trafostanic. VeSkeré profily, mimo trafostanice,
s roz§fienym profilem 25 m? a prostor pro otd&en{ zdchrannych vozi-
del 1ZS na konci tnikovych §tol jsou identickych rozméru.

Pii predpokladu razeb §tol v predstihu pred razbou velkého profi-
lu tunelu budou moci byt vyuzity jako geologické prizkumné §toly
a jizni ¢ast i jako odvodnovaci §tola.

Névrh technického feSeni dvoukolejného tunelu a tnikové Stoly
respektuje predevs§im geologické podminky vystavby, moZnosti
a dobu predpoklddané vystavby, zdsah zachrannych jednotek véetné
&innosti provozovatele Zelezni¢ni pfepravy v pripadé ohroZeni ces-
tujicich nehodou nebo pozarem a také moznosti samozachrany ces-
tujicich, odporu vlakové soupravy pfi jizdé tunelem, a tim i redlné
dosazené cestovni rychlosti Zelezni¢ni prepravy.

Ve shodé s CSN 73 7508 Zelezni¢ni tunely a rozhodnutim komi-
se ze dne 20. prosince 2007 o technické specifikaci pro interopera-
bilitu subsystému Bezpecnost v Zeleznicnich tunelech v transevrop-
ském konvencnim a vysokorychlostnim Zeleznicnim systému
(2008/163/ES), jsou pied vjezdovy i vyjezdovy portdl privedeny
poZarni pristupové komunikace, spole¢né s vybudovdnim ndstup-
nich a zdchrannych ploch a vybudovanim poZarniho vodovodu.

PROPOSED SOLUTION

The total length of the double-track tunnel reaches 3120 m. The
mined section of the tunnel is 2820 m long; two escape galleries inc-
luding 6 cross passages are 2825 m long in total. The cut-and-cover
sections at the southern and northern portals are 144 m long (see
Fig. 3) and 156 m long (see Fig. 4), respectively. The southern cut-
and-cover part will be built in an open trench with sloped sides (see
Fig. 5). Vertical anchored diaphragm walls with the sub-base rein-
forced by jet grouting are designed for the protection of structures at
the northern portal.

The offset of the axis of the rails from the tunnel axis is constant,
95 mm to the left side. As a result, a constant cross section with
walkways on the left-hand and right-hand sides 940 mm and
750 mm wide, respectively, is maintained throughout the tunnel
length. This configuration allows the required number of cables and
pipelines to pass along the tunnel.

The southern portal will be constructed in a sloped construction
trench. At the northern portal, where there is an up to 6 m thick layer
of Tertiary deposits with lignite interbeds, the structures will be pro-
tected by two stages of vertical anchored diaphragm walls and by
reinforcing of the space under the bottom by jet grouting.

The centre line of the parallel rescue gallery runs at the minimum
distance of 25 m so that a natural rock pillar can develop between the
two underground workings even in the case of encountering zones of
fracture. The rescue gallery is divided into two parts with the lengths
of 1344 m in the south and 1352 m in the north. Each of them is
interconnected with the tunnel by 3 cross passages. The distance bet-
ween cross passages No. 3 and 4, which are not interconnected by
the escape gallery, is 453.5 m.

The longitudinal gradients of the gallery follow the longitudinal
gradient of the tunnel. The cross-section of the parallel rescue galle-
ry (net width of 2.25 m and net height of 2.25 m) allows a rescue
vehicle (an ambulance car) to pass through. The net cross-sectional
area is 7.5 m2. The theoretical excavated cross-sectional area of the
rescue adit is about 13.5 m?. In the middle of the lengths of the cross
passages there are cruciform side stubs for equipment rooms.
Transformer stations are at the cross passages No. 2 and 5. The
dimensions of all cross-sections, with the exception of cross-sections
for transformer stations, cross-sections enlarged to 25 m?2 and cross-
sections providing space for turning of the Integrated Rescue System
vehicles at the ends of escape galleries, are identical.

Under the assumption that the galleries are driven in advance of
the excavation of the large tunnel profile, it will be possible to use
the galleries as geological exploratory adits and, in addition, the
southern part will be usable as a drainage gallery.

The proposal for the technical solution for the double-track tunnel
and the escape gallery regards first of all geological conditions for
the construction, the possibilities and expected duration of the con-
struction, an intervention of rescue units including activities of the
provider of railway transport services in the case of threatening of
passengers by an accident or a fire, as well as the possibility of self-
rescue of passengers and the resistance of the train when running
along the tunnel (thus also the really achieved travelling speed of
railway traffic).

Access roads for fire fighters and hard-surfaced assembly and res-
cue areas are provided at the entrance and exit portals and a fire main
is installed in compliance with requirements of CSN 73 7508 Rail
Tunnels standard and the decision of the Commission of the
European Communities dated 20 December 2007 on the technical
specification for the interoperability of the sub-system entitled
Safety in rail tunnels existing within the Trans-European conventio-
nal and high-speed rail system (2008/163/ES).

CROSS SECTIONS

The design for the net cross-section of the double-track tunnel is
identical for both tunnels. It started from the newly in force standard
sheet issued by the Railway Infrastructure Administration “Single-
track tunnel net cross section” (2010), which was applied to

a double-track tunnel (see Fig. 6, 7).



TuouHel

21. rocnik - €. 1/2012

PROFIL S PATKAMI
CROSS-SECTION WITH FOOTINGS
technologické tridy I, II, lll

excavation support classes I, II, lll

No oW =

ZAKLADNi VYMERY KONSTRUKCI

BASIC QUANTITIES OF STRUCTURES

vyrub 107,47 m? - excavated cross-sectional area 107.47 m?
dogasné osténi 6,81 m? - temporary lining 6.81 m?

trvalé ZLB osténi 12,02 m? - permanent RC lining 12.02 m?
svétly tun. prostor 76,10 m? - net tunnel space 76.10 m?

LEGENDA / LEGEND
1 obrys vyrubu — excavation contour line
2 docasné osténi SB25 tl. 0,25 m — temporary lining
3 prostor pro dotvarovani kce max. 0,10 m
space for max. creeping of up to 0.10 m
4 foliova izolace tl. 0,003 m — waterproofing membrane 0.003 m

5 trvalé osténi beton C25/30 XC1 XF1 tl. 0,40 m
permanent lining concrete C25/30 XC1 XF1 0.40 m thick

6 pojistny prostor tl. 0,30 m — safety margin space 0.30 m thick
7 hraniéni obrys prljezdného profilu — boundary contour of clearance profile
8 vyzafovaci kabel - radiating cable

PROFIL SE SPODNi KLENBOU
CROSS-SECTION WITH INVERT
technologické tfidy IV, V

excavation support classes IV and V

k - 12340 : ;
9 nouzové osvétleni — emergency lighting
10 bocni tunelova drendz DN 150 — side tunnel drainage DN 150
11 stfedni tunelova drendz DN 350 — central tunnel drainage DN 350

12 trvalé osténi — patky beton C25/30 XA1 XC1 XF1 tl. 0,40 m
permanent lining — footings concrete C25/30 XA1 XC1 XF1 0.40 m thick

13 podkladni beton C12/15 XO tl. 0,10 m
blinding concrete C12/15 XO 0.10 m thick

ZAKLADNI VYMERY KONSTRUKCI

BASIC QUANTITIES OF STRUCTURES

vyrub 120,13 m? - excavated cross-sectional area 120.13 m?
dodasné osténi 11,39 m? - temporary lining 11.39 m?

trvalé ZLB osténi 17,20 m? - permanent RC lining 17.20 m?
svétly tun. prostor 76,10 m? - net tunnel space 76.10 m?

14 trvalé osténi - protiklenba beton C25/30 XA1 XC1 XF1 tl. 0,40 m
permanent lining — invert — concrete C25/30 XA1 XC1 XF10.40 m thick
15 podkladnibeton C12/15 XO tl. 0,10 m
2 blinding concrete C12/15 XO

Obr. 6 Vzorové pricné rezy tunelem
Fig. 6 Typical tunnel cross-sections

PRICNE REZY

Navrh svétlého profilu dvoukolejného tunelu je pro oba tunely
stejny. VySel z nové platného vzorového listu SZDC Svétly tunelovy
prurez jednokolejného tunelu (2010) a byl aplikovan na dvoukolej-
ny tunel (obr. 6, 7).

Svétly tunelovy prurez dvoukolejného tunelu z roku 2004 byl upra-
ven v souladu s rozhodnutim komise ze dne 20. prosince 2007 o tech-
nické specifikaci pro interoperabilitu subsystému Bezpecnost v Zelez-
nicnich tunelech v transevropském konvencnim a vysokorychlostnim
Zeleznicnim systému (TSI SRT, 2008/163/ES). Jednad se o udpravu
chodnikt, zvétieni jejich miniméln{ $itky z puvodnich 500 mm na
750 mm, zmirnéni sklonu povrchu ze 3 % na 1 % a ke sniZen{ vys-
kové polohy vzhledem k TK. Tunelovy profil byl zvétSen z drive
standardniho poloméru 5,7 m na 5,8 m. Tim do$lo po predbéZném
posouzeni programem SEALTUN ke splnéni tlakového komfortu pro
cestujici i pfi rychlostech mijejicich se vlaka 200 km/h.

Tunelovy prijezdny prifez vychazi z ustanoveni CSN 73 7508
(kap. 6.3.4.1) pri respektovéni osové vzddlenosti koleji 4000 mm, plo-
cha STP je 76,10 m>. Definitivn{ osténi dvoukolejného tunelu je kru-
hového tvaru, s mirnym ndbéhem v dolni Casti patky klenby.
V dokumentaci je predloZeno technické feSeni 2 typu konstrukce: pro
dobré geologické podminky kruhova klenba zaloZend na patkdch a pro
$patné podminky uzavieny profil s protiklenbou. Tloustky osténi se
méni podle geologickych podminek po trase obou tuneli. Plocha
vyrubl se podle technologickych tfid pohybuje od 105 do 120 m?.

The net cross-section of the double-track tunnel developed in
2004 was modified to comply with requirements of the decision of
the Commission of the European Communities dated 20 December
2007 on the technical specification for the interoperability of the
sub-system entitled Safety in rail tunnels existing within the Trans-
European conventional and high-speed rail system (TSI SRT,
2008/163/ES). The modification dealt with the walkways, increasing
their minimum width from original 500 mm to 750 mm, reducing the
surface gradient from 3 % to 1 % and increasing the depth of the
cross-section with respect to the top of rail level. In addition, the tun-
nel cross-section diameter was increased from the previously stan-
dard of 5.7 m to 5.8 m. As a result, a preliminary assessment using
the SEALTUN software showed that the required pressure comfort
for passengers was maintained even in the case of trains passing
each other in the tunnel, running in the opposite directions at the
velocities of 200 km/h.

The tunnel clearance profile is based on requirements of CSN
73 7508 standard (par. 6.3.4.1). Complying with the requirement for
the track centre distance of 4000 mm, the net cross-sectional area of
the tunnelis 76.10 m?. The geometry of the final lining of the doub-
le-track tunnel is circular, with a mild taper in the bottom part of the
vault toe. The design documentation contains technical solutions for
2 types of the structure: a circular vault founded on footings for good
geological conditions and a closed cross-section with an invert for
unfavourable conditions. The thickness of the lining varies depen-
ding on geological conditions along the routes of both tunnels. The
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Obr. 7 PFi¢ny Fez tunelem, spojovaci a iinikovou $tolou

Fig. 7 Cross sections through the tunnel, the connecting adit and the escape gallery

Odvodnéni tuneld za provozu je uvazovdno pomoci mezilehlé
féliové izolace a podélnych tunelovych drenazi (systém destnik).
Uprostred tunelu je umisténa centrdlni tunelova stoka s profilem DN
350 mm. Voda je odvddéna gravitatn€ ve sklonu proti sméru trasy
tunelu. Pro ¢isténi drendZ{ jsou navrzeny po 60 m Sachty.
Predpokldddme standardni vybaveni tunela. Kabelovody jsou situo-
vany pod chodniky po obou strandch tunelu, tunel je vybaven osvét-
lenim a madly. Na portdlech jsou osazeny protidotykové zdbrany.
Nedilnou soucdsti vybavent je i suchovod.

DELKA DOBY REALIZACE

Délka vystavby tunelu véetné hloubenych ¢asti (razby se dvéma Cel-
bami, docasného i trvalého osténi provedeného po dokonéeni razeb,
dnikovych $tol, portéla, vystrojen{ tunelu) je odhadnuta na 2,5 roku.

Pro celkovou dobu stavby je rozhodujici trvani realizace del§tho
Choty¢anského tunelu (3 roky za predpokladu razby od obou porta-
10). Jednim z rozhodujicich objektu stavby jak z hlediska celkového
objemu praci, tak vlivu na hmotnici (kubatury), na rozvozy vytéZe-
nych zemin a hornin s ekonomickym dopadem na razby a také na
potfebny Cas pro realizaci, je az 10 m vysoky nasyp mezi severnim
portalem tunelu Hosin (obr. 8) a jiznim portdlem tunelu Chotycany
v délce cca 2,50 km. Celkovy objem ndsypu je 635 882 m3 a za pred-
pokladu, Ze minimdlné z poloviny obou tuneld muiZe byt vykop
v objemu 519 750 m3 (447.700/2+591.800/2) uloZen prakticky
piimo pred portdl, se doporucené technické feSeni raZenych tunelu
stdvd nespornou vyhodou. Resenf nevyvoldvd nutné projednavani
dlouhych odvoznich tras se zasaZenymi obcemi a prakticky bezpod-
mine¢nou tpravu uzivané silni¢ni sité, kdyZ se dd opravnéné pred-
poklddat, Ze frekvence prajezdu dopravnich prostiedki obcemi by
byla v intervalu n¢kolika mdlo minut.

VARIANTNI NAVRHY

Piipravnd dokumentace navazuje na studii Modernizace trati
Nemanice I — Sevétin, ve varianté C2, zpracovanou fy IKP CE
v 11/2007.

Soucasti zadan{ bylo, pro pocdtecni faze projekénich praci, zpra-
covat nékolik variantnich feSeni. Z nich byla posléze v rdmci tech-
nicko-ekonomického posouzeni vybrdna jedind varianta pro zavé-
recné dopracovani.

Jako zékladni byly navrzeny dvé varianty:

« dvojice soubéznych jednokolejnych tunelu,

e dvoukolejné tunely.

Dile se porovnévaly varianta klasického Stérkového loZe nebo pevné
jizdni drdhy, vliv zvySeni rychlosti ze 160 km/h na 200 (230) km/h
a u jednokolejnych tunelt i varianta razby pomoci tunelovaciho stroje
¢i NRTM.

excavated cross-sectional area ranges from 105 to 120 m?, depen-
ding on the NATM excavation support classes.

The drainage of the operating tunnels is considered to be by means
of an intermediate waterproofing system and longitudinal drains (the
umbrella system). A central DN 350 mm tunnel drain is located in
the tunnel centre. Water is drained by gravity, against the direction
of the tunnel alignment. Cleaning manholes are proposed to be
installed at intervals of 60 m. We expect that standard tunnel equip-
ment will be used. Cable ducts are placed under walkways along
both sides of the tunnel. The tunnel is equipped with lighting and
handrails. Power-line contact prevention barriers are installed at
portals. A dry fire main is also an inseparable part of the equipment.

CONSTRUCTION WORK DURATIONE

The duration of the period of the construction of the tunnel inclu-
ding the cut-and-cover parts, driving the tunnel at two headings,
installing the temporary and final linings after the completion of the
excavation, escape galleries, portals and installing the tunnel equip-
ment is estimated to take 2.5 years.

The construction of the longer of the tunnels, the Chotycany tun-
nel, is the deciding factor in terms of the total construction time
(3 years under the assumption that the tunnel is excavated simulta-
neously from both portals). One of crucial structures of the project,
both from the aspect of the total volume of the work and the aspect
of the influence on the cut and fill volumes (the mass haul diagram)
on the distribution of excavated soils and rocks with the economic
impact on underground excavations and also on the time required for
the construction, is the up to 10 m high and about 2.5 km long
embankment between the northern portal of the Hosin tunnel (see
Fig. 8) and the southern portal of the Chotycany tunnel. The total
volume of the embankment reaches 635,882 m3 and, assuming that
the volume obtained minimally from a half of the length of both tun-
nels, reaching 519,750 m3 (447,700/2 + 591,800/2) can be disposed
off virtually in front of the portals, the technical solution recom-
mended for the mined tunnels becomes an undisputable advantage.
The solution requires no negotiations over long haul routes with
affected municipalities and virtually no improvement of the existing
road network because it is reasonable to expect that the frequency of
the passage of vehicles through villages would be within the interval

of several few minutes.

DESIGN DRAFT VARIANTS

The conceptual design documents are based on variant C2 of The
modernisation of the Nemanice — Sevétin rail line study, which was
carried out by IKP CE in November 2007.




Obr. 8 Pohled na vyjezdovy portdl
Fig. 8 A view of the exit portal

Proveéfovanymi podvariantami tGniku osob z tunelu zasaZeného

poZirem nebo nehodou byly:

 soubéznd zdchranna Stola spojend s tunelem kratkymi spojova-
cimi chodbami (vyusténi u portdlt),

e dvojice kratSich soub&znych zachrannych §tol s raznymi moz-
nostmi pristupt (vstup od portélu, pfistup bo¢ni $tolou, piistup
svislou Sachtou a jejich vzdjemné kombinace),

e spojovaci chodby téchto $tol byly uvazovany ve vzddlenostech
do 500 m podle TSI, tj. v téchto pfipadech celkem 6 chodeb po
cca 450 m,

e zdchranné cesty vedouci na povrch tzemi pomoci 3 vertikdlnich
Sachet (hloubek 29 a 2x80 m), tj. samostatnych nouzovych vychodu
vedenych ze shromazdovacich prostor napojenych pfimo na tunel.
Tato varianta byla vyhodnocen4 jako nevyhodnd kvali provoznimu
hledisku, i kdyz z hlediska ekonomického vysla jeji realizace o néco
levnéji nez predchozi moznosti. Toto feSeni v8ak vyrazné prodrazu-
je udrzba vsech technologif (kontroly a revize evakuacnich vytaht
a technologie svislych Sachet a jejich pripadné opravy, zajisténi pri-
jezdu v zimnich mésicich). Dochdzi k zdborum dalSich ploch
u vystupu z kazdé Sachty (pfistupovd komunikace, ndstupni
a zdchrannd plocha, pozemni objekt). Zabezpeceni svislé evakuace
pri sebezédchrané cestujicich a po schodisti je vyrazné ndro¢néjsi nez
ve zhruba vodorovnych Stolach.

ZAVER

Névrh technického feSeni dvoukolejnych tuneli a jejich dniko-
vych cest vychdzi z konfigurace terénu, respektuje predevsim geolo-
gické podminky a dobu predpoklddané vystavby. Volba tunelovaci
metody souvisela s geotechnickymi poméry v trase obou tuneld,
logistikou odvozu rubaniny a doddvkami materidlu na vystavbu, har-
monogramem vystavby a v neposledni fadé s vysi investi¢nich
nékladu. NavrZené technické feSeni bere v tivahu moZnosti zdsahu
zachrannych jednotek a ¢innosti provozovatele Zelezni¢ni prepravy
v pripadé ohroZeni cestujicich nehodou nebo pozdrem véetné moz-
nosti zdchrany samotnymi cestujicimi. Vybrané varianty razby tune-
1u i feSeni dnikovych cest jsou nejen ekonomicky nejvyhodnéjsi, ale
i ekologicky nejprijatelnéjsi.

Realizaci stavby dojde k vyraznému zkrdceni dosavadni délky
trati, coz spolu s umisténim vyrazné &dsti trasy do tuneld bude mit
pozitivni vliv na sniZzeni udrZovacich ndkladu trati.

ING. LENKA PIKHARTOVA, lenka.pikhartova@sudop.cz,
ING. MICHAL GRAMBLICKA, michal.gramblicka@sudop.cz,
SUDOP Praha, a. s.

Recenzoval: doc. Ing. Karel Vojtasik, CSc.
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Part of the task for the initial phases of the design work was to
develop several variant solutions. Subsequently, a single variant was
selected among them within the framework of the technical-econo-
mic assessment to be completed in the detailed way.

Two variants were selected as basic solutions:

e pairs of parallel single-track tunnels,

 double-track tunnels.

Further on, variants dealing with a classical gravel ballast or slab
track, the influence of increasing of the speed from 160 km/h to 200
(230) km/h) and, for the single-track tunnels, variants comprising the
excavation using full-face tunnelling machines and the NATM.

The following sub-variants of the escape of persons from the tun-
nel in the case of a fire or an accident were examined:

e a parallel rescue gallery connected with the tunnel through short

cross passages (ending at portals);

* a pair of shorter parallel rescue galleries with various options
for the access (access from the portal, access via a side gallery,
access through a vertical shaft and their combinations);

* cross passages to these galleries were assumed to be at intervals
of 500 m to comply with the TSI, which means the total of 6
passages spaced approximately at 450 m;

* rescue routes leading to the ground surface through 3 vertical
shafts (the depth of 29 m and 2 x 80 m), providing independent
emergency exits leading from assembly areas and directly con-
necting to the tunnel. This variant was assessed as inconvenient
from the operational standpoint, despite the fact that its applica-
tion was assessed as slightly cheaper than the above-mentioned
options in terms of the economy. On the other hand, this soluti-
on is made significantly more expensive due to the needs for the
maintenance of all equipment (inspections and checks of evacu-
ation lifts and the equipment of the vertical shafts including
contingent repairs, maintaining the access during winter
months). The acquisition of additional land is necessary at the
exit from each shaft (an access road, an assembly and rescue
area, an underground structure). The self-rescue of passengers is
significantly more demanding in the case of vertical evacuation
via a staircase than in the case of approximately horizontal adits.

CONCLUSION

The proposal for the technical solution for the double-track tunne-
Is and escape routes from them takes into consideration the terrain
configuration and complies, first of all, with the geological conditi-
ons and the expected length of the construction period. The selecti-
on of the tunnelling technique was associated with the geotechnical
conditions along the routes of the two tunnels, the muck removal and
construction material supply logistics, the works schedule and, at
last but not least, the amount of investment costs. The proposed tech-
nical solution takes into account the possibilities of the intervention
of rescue units and activities of the rail traffic operator in the case of
threats to passengers due to an accident or fire, including self-rescue
possibilities. The selected variants of the tunnel excavation techni-
que and the solution for escape routes are not only economically
more beneficial but they are also most acceptable from the environ-
mental point of view.

Owing to the implementation of the project the today’s length of
the track will be significantly reduced. Together with the placement
of a substantial proportion of the route into tunnels, it will have
a positive influence on reducing the track maintenance costs.

ING. LENKA PIKHARTOVA, lenka.pikhartova@sudop.cz,
ING. MICHAL GRAMBLICKA, michal.gramblicka@sudop.cz,
SUDOP Praha, a. s.

PFipravnd dokumentace Modernizace trati Nemanice I — Sevétin, Praha : Sudop Praha, a. s., 2011.
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TUNEL CHIENBERG: SANACE ZVEDANI TUNELU POMOCI
DEFORMACNICH ELEMENTU V USEKU PROCHAZEJICIM BOBTNAVYMI
KEUPERSKYMI SEDIMENTY
CHIENBERG TUNNEL: REHABILITATION USING YIELDING ELEMENTS
ON THE SECTION IN KEUPER SEDIMENTS AFFECTED BY HEAVE

FLAVIO CHIAVERIO, ARNO THUT

1 OVOD

Horniny obsahujicf jil a anhydrit vykazuji zvétSovani objemu po
absorbovani vody. V takovém pripadé se mluvi o bobtnan{ horni-
ny. K bobtnén{ jili dochdzi v dusledku osmézy molekul vody do
vnitin{ krystalické desti¢kové struktury jilovych minerdld, jako
jsou ilit, korenzit a montmorillonit. Oedometrickd zkouska ukazu-
je, Ze vztah mezi bobtnacim tlakem o a pretvorenim bobtnanim &
se fidi takzvanym zdkonem bobtnéni, podle kterého ¢ klesd s log ©.
Schopnost horniny bobtnat je charakterizovdna velikosti ni¢im
neomezovaného bobtndni g, [%] a maximélnim bobtnacim tlakem
0, (v podminkdch dplného zabrdnéni pretvoreni bobtndnim). Ze
systematicky provddénych laboratornich zkouSek v pripadé hornin
obsahujicich jilové minerédly obecné vyplyvd, Ze vyssi hodnoty g,
se dosdhne s odpovidajici vyssi hodnotou o,.

Je zndmo, Ze bobtnéni v anhydritu ma chemicky puvod a je zpu-
sobeno preménou anhydritu na sadrovec. Teoreticky (za prisnych
laboratornich podminek) je moZny ndrust objemu o 61 %. Jestlize
se pri zkouSkach v laboratori na malych vzorcich uplné zabrénilo
pretvoreni bobtndnim, ziskaly se maximdlni bobtnaci tlaky o, az
8 MPa, avSak konec¢ny stav pomalu probihajiciho procesu bobtna-
ni nebyl dplné dosazen. V pripadé hornin obsahujicich anhydrit se
z davodu &isté chemické povahy procesu nedala ovéfit platnost
semilogaritmického zakona bobtnan{ empiricky ani na zdkladé teo-
retickych tvah. Ukdzalo se ale, Ze s rostoucim bobtnacim tlakem o
se Casovd zména pretvoreni bobtndnim & podstatné zpomali.
Diskutuje se o tom, Ze pfinejmensim v laboratornich podminkach
(s uzavienym systémem) beéhem dlouhé doby neni nevyhnutelné
pretvoreni bobtnanim doprovéazeno sniZzenim maximélniho bobtna-
ciho tlaku nebo stupném dosazeni jeho findlni hodnoty. Zkousky
velkého rozsahu provadéné na péti zkuSebnich udsecich zkuSebni
Stoly tunelu Freudenstein s raznymi hodnotami odporu osténi (0;
0,1; 0,25, 0,5 a 0,75 MPa) ukazaly, Ze zveddni dna tunelu
v zdvislosti na Case se podstatné zpomaluje s rostoucim odporem
osténi [1]. Naopak se d4 také fici, Ze v pripadé anhydritu se vyvoj
bobtnaciho tlaku ¢asem znaéné zmensuje, kdyZ se umozni tfeba jen
malé zdvihani. Zde by se mélo fici, Ze na zdkladé pozorovani tune-
It nachdzejicich se v sddrovcovych keuperskych sedimentech,
které byly v provozu po mnoho desitek let, se dd vyloucit, Ze by
extrémné vysoké bobtnaci tlaky naméfené v laboratori byly dosa-
hovény i v terénu.

Utinky bobtndni pfi razbich by se mohly projevovat takto
(obr. 1):

e Bobtnaci procesy praktického vyznamu se vyskytuji pouze

v horniné pode dnem tunelu.

* Bobtndni muZe vést ke zveddni dna tunelu.

¢ Branéni zdvihu provedenim protiklenby tunelu mé za ndsledek

vyvin tlaku na konstrukci tunelu.

e V pripadé malé vysky nadlozi nebo deformovatelné horniny

nad klenbou tunelu se muZze tunelovd trouba zvednout jako
celek nebo muze dojit i ke zvednuti povrchu terénu.

Posledni dva jevy — bobtnaci tlak na protiklenbu tunelu nebo
s nim souvisejici zdvih tunelové trouby jako celku mohou

1 INTRODUCTION

Rocks containing clay and anhydrite exhibit the property of volu-
me increase by absorbing water. One speaks in this case of rock
swelling.

Swelling in clay is due to the inner-crystalline osmotic presence
of water molecules in the plate-like structure of clay minerals like
illite, corensite or montmorillonite. Oedometer tests show that the
relationship between the swelling pressure o and the swelling stra-
in € obeys the so-called swelling law, in which & decreases linearly
with log 0. The swelling potential of a rock is characterised by the
amount of unrestrained swelling €, [%] and the maximum swelling
pressure o, (under conditions of complete restraint of swelling stra-
in. In the case of rocks containing clay minerals, it generally fol-
lows from systematically carried out laboratory tests that a higher
value of g, is obtained with a correspondingly higher value of o,.

Swelling in anhydrite is known to be of chemical origin and is
due to the conversion of anhydrite into gypsum. In theory (under
strict laboratory conditions) a volume increase of 61 % is possible.
If swelling strains are completely prevented in tests in the laborato-
ry on smaller specimens, maximum swelling pressures o, of up to
8 MPa have been obtained, where however the final state of the
slow swelling process was not completely reached. In the case of
rocks containing anhydrite, the validity of the semi-logarithmic
swelling law could not be verified empirically or on the basis of
theoretical considerations as a result of the purely chemical nature
of the processes. It was shown however that with increasing swel-
ling pressure o the time variation of swelling strain € is conside-
rably slowed down. It is argued that at least under laboratory con-
ditions (with a closed system) over long periods of time, allowing
swelling strain is not necessarily accompanied by a reduction of the
maximum swelling pressure or of the rate of reaching its final
value. The large-scale tests carried out in five test sections of the
test adit of the Freudenstein tunnel, with differing lining resistance
(0, 0.1, 0.25, 0.5 und 0.75 MPa), showed that the time-dependent
behaviour of the heave of the tunnel base is substantially slowed

— ——

f e

a) b)

Obr. 1 Uéinky bobtndni p¥i stavbé tunelii: a) zdvihdni po&vy tunelu; b) tlak na
dno tunelu doprovdzeny zdvihem tunelovych trub

Fig. 1 Effects of swelling in tunnelling: a) heave of the tunnel base; b) pres-
sure on the base accompanying/due to heave of the tunnel tubes
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v nékterych mistech vést k poruseni osténi tunelu, které by mohlo down with increasing lining resistance [1]. Conversely, it may also
znamenat nutnost rozsdhlych oprav. be said that in the case of anhydrite, the development of swelling

V nasledujicim textu se probird scénaf rizik zdvihu tunelové pressure, while allowing just a small amount of heave, decreases
trouby jako celku, konstrukéni disledky a koncepce deformovatel- greatly with time. It should be stated here that based on the obse-
ného stavebnicového systému (Modular Yielding System) [2] pro rvation of the behaviour of tunnels situated in gypsum Keuper sedi-

ments, which have been in service for many decades, it can be ruled
out that the extremely high swelling pressures measured in the labo-
ratory would also be obtained in situ.

The effects of swelling in tunnelling could manifest themselves
as follows (Figure 1):

e Swelling processes of practical significance occur only in the

rock below the tunnel base.
e Swelling can lead to a heave of the tunnel base.
e Preventing heave by installing a tunnel invert causes pressure

razby v usecich, kde zdvihdni je nevyhnutelné. Tim, Ze se zabyva-
me piipadem tunelu Chienberg ve Svycarsku, také poddvame zpra-
vu o zkuSenostech z pribéhu vystavby a o polnich méfenich po
uveden{ opravenych dseku do provozu. Zvlastni pozornost je véno-
véna technickym aspektim deformovatelnych podpér pro zatiZen{
do 10 MN, jejichz zdkladnim komponentem je cementové pojivo.
Jejich deformacni kapacita je az 50 %.

2 ZDVIH TUNELOVE TROUBY JAKO CELKU to develop on the tunnel structure.
Jestlize tunel prochdzi horninovymi formacemi vykazujicimi * In the case of a small overburden depth or yielding rock above
néachylnost k bobtndni a ma-1i nizké nadloZi nebo je-li nad klenbou the crown of the tunnel, the tunnel tube can be raised as

tunelu deformovatelnd rozvolnénd hornina, existuje nebezpedi, Ze a whole or heave of the ground surface may even occur.

dojde k zdvihu tunelu jako celku. Tyto dvahy ukazuji, Ze moZnost
zdvihédni horniny existuje i v z6ndch, kde je sice hloubka vétsi, ale
v oblasti klenby tunelu se nachazi deformovatelna hornina [1] [3].

Zdvih tunelové trouby jako celku vede v nékterych mistech
k ohybu ve sméru osy tunelu doprovdzenému typickymi diagonél-
nimi trhlinami. Dovoleny zdvih konstrukce je ale prisné limitova-
ny, zvlasté u Zelezni¢nich tunelu pro vysokorychlostni vlaky, takZe
omezeni z hlediska pouZitelnosti jsou v tomto pripadé Casto kritic-

The last two phenomena — the swelling pressure on the tunnel
invert or the associated heave in some places of the tunnel tube as
a whole — can lead to failure of the tunnel lining, which could
necessitate extensive repair work.

In the following the hazard scenario for the heave of the tunnel
tube as a whole, the structural consequences and the concept of the
Modular Yielding System [2] for tunnelling in unavoidable stret-
ches of heave are discussed. Taking the case of the Chienberg road

t€j8f neZ omezeni z hlediska inosnosti. tunnel in Switzerland, we also report on the experience during con-

Pohled do stari a ne tak ddvné historie staveb tunelli ukazuje, Ze struction and field measurements after putting the repaired sections
tunely v bobtnavych hornindch, zv1asté ve Svycarské Juie a v jiz- into operation. Special attention is given to the technical aspects of
nim Némecku s jejich keuperskymi sedimenty obsahujicimi an- yielding supports with cement as a basic constituent for loads up to
hydrit, jsou nachylnéjsi ke $koddm. Béhem jejich historie se muse- 10 MN and a yielding capacity of up to 50 %.

ly dil&f dseky u fady tuneld Casto a nékolikrdt opravovat. Bylo

tomu tak napfiklad u Zelezni¢nich tuneli Hauenstein a Ricken ve 2 HEAVE OF THE TUNNEL TUBE AS A WHOLE

Svycarsku, ddlnicniho tunelu Belchen i u tunelu Adler, ktery je If the tunnel passes through rock formations exhibiting swelling
soucdsti projektu Zeleznice 2000 (Rail 2000), a v Némecku properties with a low overburden or with compressible loosened
u silni¢niho tunelu Wagenburg v oblasti Stuttgartu [1] [3]. rock above the crown of the tunnel, there is a danger of heave of the

Priklady tunelu, kde byl pozorovén zdvih tunelové trouby jako tunnel as a whole occurring. These considerations show that there
celku, jsou struéné uvedeny v ndsledujicim textu. is also the possibility of ground heave in zones with greater depths

of overburden where yielding rock is present in the region of the
roof of the tunnel [1] [3].

The heave of the tunnel tube as a whole in some places leads to
bending actions in the direction of the tunnel axis with typical dia-
gonal cracks. The allowable heave of the structure, however, is
strictly limited, especially in the case of railway tunnels for high

Déalniéni tunel Belchen (Svycarsko)

Tento dvoutrubni ddlni¢ni tunel, nachazejici se na severozdpadé
Svycarska, prochdzi keuperskymi sedimenty obsahujicimi anhydrit
v useku asi 2 km dlouhém z celkové délky 3,2 km [4] [5S]. Casti

tunelové protiklenby musely byt bourdny jiz béhem stavby (1964 speed trains so that in this case the serviceability restrictions are
az 1970) z davodu pretizeni zpusobeného bobtnacim tlakem often more critical than those of bearing capacity.
a musely byt nahrazeny protiklenbou s vyssi inosnosti. Od uvede- A review at the older and more recent history of tunnelling shows
ni do provozu v roce 1970 ukazuji riznd méfeni posuvnym mikro- that tunnels in swelling rock, especially in the Swiss Jura and in sout-
metrem, Ze bobtndnf{ stdle pokracuje. hern Germany with their widespread Keuper sediments containing
V oblasti severniho portdlu v délce asi 100 m, s nadloZim vysky anhydrite, are susceptible to damage. In the course of their history,
40 a7 60 m, je pozorovén zdvih tunelové trouby jako celku. Zdvih a whole series of tunnels have often had to be repaired several times
tunelu je az 50 mm od Zahéjenf provédénf nivelaénich méreni. in individual sections, as for instance in Switzerland the railway tun-
Tento tsek tunelu jiz musel byt nékolikrdt opravovén. Soudasnd nels Hauenstein and Ricken, the motorway tunnel Belchen as well as
méfeni ukazuji, 7e zvedani stale pokraluje. the Adler tunnel which is part of the Rail 2000 project and in Germany

the Wagenburg highway tunnel in the region of Stuttgart [1] [3].
Examples in which in particular tunnel heave as a whole has been

Zeleznice 2000 (Rail 2000), tunel Adler (SVVOarskO) observed are briefly presented in the following:

Tento tunel Svycarskych federdlnich Zeleznic, nachazejici se na
severozdpadé Svycarska mezi obcemi Muttenz a Liestal, také kii-
zuje v dlouhych tdsecich keuperské sedimenty obsahujici anhydrit
[6] [7]. V oblasti severniho portdlu v dseku budovaném tradi¢né
trhacimi pracemi, jsou tunelové trouby zasazeny v délce asi 30 m

Belchen highway tunnel (Switzerland):

This highway tunnel located in the north west of Switzerland
consisting of two tubes passes through Keuper sediments contai-
ning anhydrite for approximately 2 km of the total length of 3.2 km

zdvihem v dusledku bobtnacich tlaku, které pusobi na dno tunelu. [4] [5]. Parts of the tunnel invert already had to be demolished
NadloZi tunelu vysky asi 50 m je zde tvorfeno rozvolnénou defor- during construction (1964 to 1970) due to overloading as a result of
movatelnou horninou charakteru zeminy. Béhem poslednich dva- swelling pressure and replaced by an invert of higher bearing capa-
ndcti let vykdzala tunelovd trouba zdvih pfiblizné o 67 mm. city. Since starting operation in 1970, various sliding micrometer
Rozdilné hodnoty zdvihu ve sméru podélné osy tunelu vyvolaly measurements have shown that swelling is still taking place.

vznik velkych diagondlnich trhlin v tunelovém osténi, které se In the region of the north portal over a length of approximately
musely opravovat. 100 m under an overburden depth of 40 to 60 m, heave of the whole
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3 ZDVIH TUNELU CHIENBERG

Tento tunel, jak bylo uvedeno vyse, je soucdsti hlavni silnice
H2 z Liestalu do Sissachu. LeZi asi 25 km na jihovychod od
Basileje [8]. Prochdzi geotechnickymi podminkami zahrnujici-
mi typické jurské vrstvy keuperskych sedimentu, které obsahu-
ji sfrany ve formé anhydritu a sddrovce, ale i zvétralého slinu.
Usek tunelu razeného pomoci trhacich praci je 1,5 km dlouhy.
Asi polovina délky tunelu lezi v keuperskych sedimentech.
Z duvodu ocekavdni odpovidajicich hodnot bobtnacich tlaka byl
zvolen prakticky kruhovy profil tunelu s tlouStkou vnitfniho
betonového osténi od 0,7 m do 1,1 m (obr. 2). Pro dseky s mensi
vySkou nadlozi a s horninou pode dnem tunelu se sklonem
k bobtndni byla vyvinuta alternativa s deformacni zénou pokry-
vajici celé dno, jak tomu bylo v pripad¢ tunelu Freudenstein [1]
[9]. ProtoZe se vSak odhad predpoklddaného vyvoje bobtndni
v Case ukdzal prili§ pesimisticky, stavba se obe$la bez defor-
macni zény.

Tunel Chienberg byl budovan s pouzitim technologie stiika-
ného betonu s horizontdlnim ¢lenénim vyrubu (kalota, opé&fi).
Z davodu olekdvaného bobtnéni v oblasti dna tunelu se uzavi-
rdni prstence definitivniho osténi dokoncovalo nejpozdé€ji za 25
tydni nebo v maximdlnim odstupu 450 m od &elby. V po-
¢dtecnim asi 90 m dlouhém tseku s vySkou nadloZi kolem 30 az
50 m, kde byl keupersky sddrovec v oblasti dna a zvétraly sli-
novec v oblasti pristropi, se monitoringem zjistilo zdvihédn{
klenby definitivniho osténi i zastavéného povrchu terénu pouhé
Etyfi mésice po uzavieni prstence. Ve druhém, asi 140 m dlou-
hém tuseku s nadloZim asi 40 azZ 50 m byl pozorovan tentyZ jev
(obr. 3) s podobnou ¢asovou odezvou. Asi po roce dosahl zdvih
klenby v prvnim dseku 83 mm a ve druhém tseku 30 mm. Zdvih
povrchu zastavéného tzemi byl pozorovédn v pruhu rovnobéz-
ném s osou tunelu o §ifce az 50 m. V tomto obdobi byla zazna-
menédna nejveétsi rychlost zdvihu klenby tunelu 4,5 mm za
mésic. Diagram na obr. 3 je prikladem ¢asové zmény zdvihédn{
pro méfeny dsek, samostatné pro klenbu, dno a protiklenbu. Asi
po osmi mésicich doslo k poklesu rychlosti zdvihdni, avSak
nebyly Z4dné zndmky, Ze byl dosaZen konelny stav zvlasté
v oblasti dna.

Z méfeni deformaci v bodech umisténych v hornin¢ za boky
tunelu (obr. 4) se ukdzalo, Ze velké deformace v horniné€ nejen
na dné tunelu, ale i ve vzddlenosti 15 m od osy tunelu byly
ovlivnény bobtndnim. To zpochybrniovalo dokoncovani tunelu
s pouzitim obvyklych stavebnich koncepci (princip odolnosti
osténi, deformovatelnd zéna pokryvajici celé dno tunelu).

Y t5hn het,

Obr. 2 Tunel Chienberg: Normdlni profil s vnitinim im z pr
Fig. 2 Chienberg tunnel: Normal profile with the unreinforced inner lining

of the tunnel tube has been observed. The tunnel has experienced
heave of up to 50 mm since the start of levelling measurements.
This stretch of tunnel has already had to be repaired several times.
Current measurements show that heave is still occurring.

Rail 2000, Adler tunnel (Switzerland):

This tunnel of the Swiss Federal Railways in the north west of
Switzerland between Muttenz and Liestal also traverses long sections
in gypsum Keuper sediments containing anhydrite [6] [7]. In the regi-
on of the north portal in the section constructed by the traditional
drill-and-blast method, the tunnel tubes are experiencing heave over
a length of approximately 30 m due to the swelling pressure develo-
ping at the base of the tunnel. The depth of overburden here is around
50 m and there is a loose zone of compressible rock similar to soil
above the roof of the tunnel. In the last twelve years, the tunnel tube
has exhibited a heave of approximately 67 mm. The differences in
heave occurring along the tunnel axis have caused large diagonal
cracks to develop in the tunnel lining that had to be repaired.

3 HEAVE IN THE CHIENBERG TUNNEL

This tunnel — as mentioned above — forms part of the main high-
way H2 from Liestal to Sissach and is sitated around 25 km south

Zéna zdvihu 1/ Heave section 1
Zastavba domy / Presence of buildings

' zdvih povrchu | !
Il azo45cm | I
I| Heave of surfa- || I

i

| ceuptod5cm Povrch terénu
Ground surface - —

11 Zdvih tunelu az |!
! 0125cm !
~Heave of tunnel
up to 12,5 cm

|
|
[
i

Zéna zdvihu 2 / Heave section 2

Vyvoj zdvihu v z6né 1
Development of heave in heave section 1

Obr. 3 Zona zdvihdni ,,Sever — asovy vyvoj zdvihu tunelu pred sanaci

Fig. 3 Zone of heave “North” — time development of heave of the tunnel before remediation
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Obr. 4 Stanoveni bobtndnim vyvolaného zdvihu na bocich tunelu v iirovni dna pomoci meéreni ve vrtech
Fig. 4 Determination of the swelling-induced heave to the side of the tunnel at the level of the base by means of borehole strain measurements

4 STRATEGIE SANACI PRO TUNEL CHIENBERG

Na zdkladé vySe uvddénych pozorovdni se zvazovaly ruzné
alternativy sanace tunelu. V tomto pripad¢ byly formulovany kri-
tické pozadavky takto:

Eliminovat velky bobtnaci tlak na dno tunelu, protoze z duvodu
nizkého nadloZi nebyl k dispozici protitlak pisobici na strop tunelu.

Pfijmout znaény dlouhodoby bobtnaci potencidl horniny tim, Ze
se umozni zdvihani.

MozZnost konstrukénich opatieni pro neutralizovani vlivu bobt-
nani i béhem provozovdni tunelu, aniZ by se provoz omezoval.

I s naSimi soucasnymi znalostmi bylo mozné tyto pozadavky
splnit pouze s pouzitim ,,stavebnicového deformac¢niho systému*
vyvinutého Kovdrim [2]. Pfes 430 m dlouhy tdsek tunelu, jehoZ
zdkladni konstrukce jiz byla dokonlena, byl zménén vloZenim
nového deformacéniho systému. V konstrukeci tunelu (obr. 5) byly
vytvoreny viélcové zdkladové prvky (vyska 100 cm, pramér
90 cm), které pusobi jako prvky limitujici

east of Basle [8]. It passes through geology including the typical
Jura formations of the Keuper sediments with sulphates in the form
of anhydrite and gypsum as well as weathered marl. The tunnel sec-
tion excavated by the drill-and-blast method is 1.5 km long. About
half of the tunnel length runs in the Keuper sediments. Anticipating
correspondingly high swelling pressures, a practically circular tun-
nel profile was selected with a concrete thickness of the inner lining
between 0.7 and 1.1 m (Figure 2). For sections with lower depth of
overburden and rock with swelling potential beneath the base of the
tunnel, an alternative was developed with a yielding zone covering
the whole of the base — as in the case of the Freudenstein tunnel [1]
[9]. However, due to an optimistic estimate — as it later emerged —
of the long-term swelling behaviour of the rock, the use of
a yielding zone was dispensed with.

The Chienberg tunnel was constructed using the shotcrete (spray-
ed concrete) technique with the top heading and bench method of
advance. Due to the expected swelling behaviour in the region of

zatizeni a prebirajici bobtnaci tlak Q.
Velikost pozadované deformacéni sily A*,
pri které poddajné prvky povoli, je odvoze-
na jednak z maximdlniho odporu horniny

nad stropem proti zdvihu, jednak na omeze- 2A

ni bobtnaciho tlaku Q. Rozdilu mezi A*
a A se vzdoruje mobilizaci reakce ve stropé,
kde se predpoklddd maly, omezeny pohyb
vzhuaru. Jelikoz tlak také zéavisi na vySce
nadloZi, jsou ve sméru podélné osy tunelu
uspofdddny poddajné prvky s rdznymi
deformacnimi hodnotami.

Jak je vidét na obr. 6, ploché dno tunelu je
usporadano tak, Ze prostor pod vozovkou je A
pristupny a umoznuje kdykoli prdce na
udrzbe. Poddajné prvky, které dosdhly hra-
nici dnosnosti, mohou byt vyménény nebo

Zatizeni nadlozim (odpor proti zdvihu)
Loosening presure

Reakce / Reaction

se mohou provést potrebné dpravy, pokud
dno tunelu vykazuje zdvihdni v dusledku

A > Ay

bobtndni.

Zdvih plochého dna v dusledku bobtnani
mezi zdkladovymi prvky je ale omezen
instalovanim tézkych predpjatych kotev.

Reakce / Reaction

20

A Q Q

Sila od bobtnani
Swelling presure

Sila / Force

Qmax = A"

Stlaéeni / Compresion strain

Aby se zabrdnilo kratkodobé ztraté dnos-

Obr. 5 Princip tunelového osténi — deformacni stavebnicovy systém (Modular Yieldable System)

nosti téchto kotev v disledku bobtndni, g ig. 5 Tunnel lining principle “Modular Yielding System*
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Obr. 6 Poufiti stavebnicového deformacniho systému v tunelu Chienberg;
bourdni spodni poloviny stdvajiciho osténi, prohlubovdni dna a uspordddni
novych konstrukénich prvku s poddajnymi prvky

Fig. 6 Application of the Modular Yielding System in the Chienberg tunnel;
demolition of the lower half of the existing lining, deepening of the base and
arrangement of the new structural components with yielding elements

navrhuji se hlavy kotev s deforma¢nimi prvky, které umozni, aby
sfla pusobici na kotvu zustdvala téméf konstantn{ pro stanovenou
velikost zdvihu dna.

4.1 Deformacné-pevnostni viasthosti poddajnych
prvki
Cilem je umoZnit velkou deformaci pfi pusobeni znac¢né kon-
stantnf sily jeSté pred tim, neZ proces dospéje k vzrustu deformad-
niho odporu. U téchto prvki je moZnost ztraty tinosnosti vyloucena.
S ohledem na poZadovanou trvanlivost se prvky sklddaji z inertnich
materidla, jako je cement, pisek, porovité pénové sklo, ocel ve

the tunnel base, the closure of the ring of the inner lining was com-
pleted at the latest after 25 weeks or at a maximum distance of
450 m behind the tunnel excavation. In an initial stretch of around
90 m length, with an overburden of around 25 to 30 m, with gyp-
sum Keuper in the region of the base and weathered marl in the
region of the roof, by means of monitoring just four months after
the ring closure of the inner lining heave both of the tunnel roof was
observed and at the built-over ground surface. In a second stretch
of about 140 m length with an overburden depth of around 40 to
50 m, the same phenomenon was observed (Figure 3), with
a similar time response. After about one year, in the first region of
heave the maximum heave of the roof was 83 mm and in the second
30 mm. At the built-over ground surface a hump in the ground of
width up to 50 m perpendicular to the tunnel axis was observed. At
this point in time a maximum rate of heave of the tunnel roof of
4.5 mm/month was recorded. The diagram in Figure 3 is given as
an example the time variation of heave for a measuring section,
separately for the roof, base and invert. After about eight months
there was a decrease in the rate of heave, but there was no indicati-
on of a final state being reached — especially in the base region.

From deformation measurements at points located in the ground
to the side of the tunnel (Figure 4), it was shown that fairly large
deformations in the ground not only at the bottom of the tunnel but
also at a distance of 15 m from the tunnel axis were affected by
swelling, which made the completion of the tunnel with the usual
structural concepts (resistance principle, yield zone covering the
whole of the tunnel base) questionable.

4 REHABILITATION STRATEGY FOR THE CHIENBERG
TUNNEL

Based on the observations mentioned above, various alternatives
were considered for the rehabilitation of the tunnel. In this case the
critical requirements were formulated as follows:

Avoiding the large swelling pressure acting on the tunnel base,
because as a result of the small overburden, no counterbalancing
pressure was available on the roof of the tunnel,

Accepting a considerable long-term swelling potential of the rock
by allowing heave,

The possibility of structural measures to counteract the swelling
— even during service — without limiting the use of the tunnel ope-
rations.

Even with our present knowledge these requirements could only
be fulfilled by applying the “Modular Yielding System” developed
by Kovdri [2]. Over a length of 430 m, the tunnel — whose basic
structure was already completed — was changed to accommodate
the new yielding system. The tunnel structure (Figure 5) is now for-
med of cylindrical foundation elements (height 100 cm, diameter
90 cm), which act as load-limiting elements to take up the swelling
pressure Q. The magnitude of the required “yield force” A* of the
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Obr. 7 Zdkladové poddajné prvky v zatéZovacim lisu (obrdzek) a typicky deformacni diagram ze zatéZovaci zkousky
Fig. 7 Foundation element (yielding element) in the loading press (picture) and typical stress — strain diagram from the loading test
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yielding elements is based, on
the one hand, on the resistance
to the maximum loading of the
rock on the roof (loosening
pressure) and on the other hand
on restricting the swelling pres-
sure Q. The difference between
A* and A is resisted by the
mobilisation of a reaction in the
roof, whereby a small limited
amount of movement is assu-
med in the upward direction.
Since the maximum loosening
pressure also depends on the
depth of overburden, yielding
elements with different yielding
values are arranged along the
tunnel axis.

Obr. 8 Kotevni poddajny prvek pri stlacovdni (obrdzek) a typicky deformacni diagram
Fig. 8 Anchor element (yielding element) under compression (picture) and typical stress — strain diagram

formé ocelovych vldken a ocelovd vyztuz. Detaily konstrukce téch-
to specidlnich nosnych prvka (tvar, rozméry, pojivo v materidlu,
usporadani vyztuze atd.) se prizpusobuji specifickym praktickym
pozadavkum. Pro vSechny typy prvkua ve tvaru vélct, krychli nebo
hranoltl je mikromechanicky proces pii zatiZeni stejny. V dusledku
specidlné navrzené vyztuZze prvku, kterd je vhodnd pro dany tvar, je
zabrdnéno pri¢né deformaci tak, aby uvnitf prvku zatizeného oso-
vymi silami byl vyvoldn trojrozmérny stav napéti, ¢imz je zajisténo
fizené postupné uzavirdni péru. Je tieba poznamenat, Ze zde se
nejednd pouze o novy typ materidlu, ale predev§im o zavedeni
nového prvku s vysokou deformac¢ni schopnosti a konstantni vyso-
kou konstrukéni odolnosti.

Tyto prvky byly testovdny v laboratofi na velkém poctu vzorku
ve velkych sériich zkouSek. Na obr. 7 je experimentdlné uréeny
deforma¢ni diagram pro valcovy vzorek 1 m vysoky o pruméru
0,9 m. Vpravo na obrazku je vidét zkuSebni vzorek pred zkouskou
a po ni. Napéti odpovidajici 45 % stlaceni bylo 8,5 MPa, coZ odpo-
vida sile 54 MN. V okamzZiku zastaveni zkouSky byla sila 11,4
MN. Féze zpevnovani neni prakticky zajimava.

As can be seen in Figure 6,
the flat tunnel base means that
the space beneath the carriage-
way is accessible and permits
maintenance work to be carried out at any time. Thus, yielding ele-
ments that have reached their crushing potential can be replaced, or
corrections can be made due to swelling if the tunnel base exhibits
heave as necessary.

However, the heave of the flat base due to swelling between the
foundation elements is constrained by an arrangement of heavy pre-
stressed anchors. To prevent the anchors from losing their bearing
capacity after a short time due to swelling, the anchor heads are
designed to have special yielding elements such that the anchor
force remains almost constant for a specified amount of base heave.

4.1 Deformation-strength properties of the yielding
elements

The aim is to obtain a large deformation under a large constant
force before the process leads to increasing strain hardening. With
these elements, a possible loss of bearing capacity is ruled out. With
regard to the required durability, the elements consist of inert mate-
rials like cement, sand, porous foam glass, steel in the form of steel
fibres and steel reinforcement. The details of the construction of
these special bearing elements (shape, dimensions, material matrix,
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Obr. 9 Vyvoj zveddni tunelovych trub v ruznych méri¢skych profilech pred rekonstrukénimi pracemi, v jejich prubéhu a po nich (zéna zdvihu 1)
Fig. 9 Development of heave of the tunnel tubes at various measuring cross sections before, during and after the reconstruction work (heave zone 1)
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Obr. 10 Pohled na prostor pod vozovkou se zdkladovymi prvky a kotevnimi
prvky v plochém dné tunelu

Fig. 10 View of the space beneath the carriageway with foundation elements
and anchor elements in the flat tunnel floor

Jak bylo uvedeno vyse, tyto zdkladové prvky musi vykazovat
ruzné hodnoty napéti pii deformaci a riznou odolnost proti defor-
macni sile v zavislosti na nadloZi. Horni hranice tlaku (obr. 5) se
da odhadovat pomoci teorie sila. Deformace zakladového prvku
nesmi byt zahdjena pred dosazenim odpovidajici podpérné sily,
jinak by tunelové osténi pokleslo. Jestlize se vSak bobtnaci tlak
vyvine v takovém rozsahu, Ze sila pisobici na opérné oblasti pod-
por piesdhne limitni hodnotu, deformace zdkladového prvku musi
byt zahdjena, jinak by mohlo dojit k zveddni tunelového osténi
jako celku.

V piipadé kotevnich prvku se pouZije teorie pro pronikdni oce-
lové desky do stlacitelného média (obr. 8). Vidlcovy poddajny
prvek ma po své délce souvisly otvor, kterym se zavadi prut kotvy.
Pramér kotevni desky zévisi na pozadované predpinaci sile.
JestliZe se kotva napind v dusledku zvedani dna tunelu vice, nez je
stanovend hodnota, ocelova deska se zatlacuje do vadlcového prvku
tak, Ze prstencovd okrajovd oblast zustdvd nedotlend (pruZnd).
Timto zpusobem je zaji$t€na stabilita s ohledem na naklonén{ nebo
natoCeni. Material podpory hlavy kotvy je podobny materidlu pou-
zitému na zakladovy prvek a také kruhovd vyztuZ je umisténa
v raznych rovindch. Z diagramu zdvislosti deformace na sile je
vidét, Ze sila po poddtku deformace v rozmezi 1 aZ 45 % vzrustd
asi 0 50 %.

4.2 Stavebni prace

Rekonstrukce tunelu se provadéla v dsecich, ve kterych droven
anhydritu stoupajici od zdpadu k vychodu byla mens$i neZ 5 m pode
dnem tunelu a soucasné nadloZi bylo niz$i nez 50 m. Pro provadé-
ni ndpravnych opatfeni se tedy vybraly tseky dlouhé 370 m
v zdpadni ¢asti tunelu a 60 m ve vychodni ¢asti.

Tato samostatnd ¢ast stavebnich praci byla pfedmétem vybéro-
vého Tizeni a prace na ni zacaly na pocatku roku 2005. Trvaly do
1éta 2006. Sklddaly se z bourdni spodni ¢4sti stdvajictho kruhové-
ho profilu s osténim z prostého betonu, podchycovani a rekon-
struovani konstrukce do nového podkovovitého profilu. Celkem
bylo instalovédno 570 poddajnych zédkladovych prvku a bylo zabu-
dovano asi 1000 skalnich kotev délky 21 m (prumér kotevni tyce
63 mm, pracovni zatizeni 1500 kN.

Pfitom by se mélo uvést, Ze nové vysoce deformovatelné beto-
nové prvky byly puvodné vyvinuty pro razbu v podminkdch silné
tlacivych hornin, jaké byly napfiklad v hlubokych bazovych tune-
lech v Alpdch. Tam se jednalo o pripad navrhovani osténi ze stfi-
kaného betonu s vysokou odolnosti, které soucasné umoznovaly
vznik vysokych konvergenci. Toho bylo dosazeno instalovanim
trdmovych deformac¢nich prvka v raznych mistech po obvodu pri¢-
ného fezu ve sméru osy tunelu [10] [11].

arrangement of reinforcement, etc.) are adapted to the specific prac-
tical requirements. For all element types of cylindrical, cubic or
prismatic shape, the micromechanical process is the same under
loading. As a result of the specially designed reinforcement of the
element appropriate for its shape, lateral strain is prevented, so that
a three-dimensional stress state is induced within the element under
axial loading that ensures a controlled stepwise closure of the pores.
It should be noted that here it is a case not only of a new type of
material, but in the first instance of a novel element of high defor-
mability and constant high structural resistance.

The elements were tested with a large number of test specimens
in the laboratory in large test series. Figure 7 shows the experimen-
tally determined stress-strain diagram of a cylindrical specimen of
diameter 0.9 m and height 1 m. On the right of the figure, a test spe-
cimen before and after testing can be seen. The stress corresponding
to a compression of 45 % was 8.5 MPa, which corresponds to
a force of 54 MN. When the test was stopped, the force was
11.4 MN. The hardening phase is not of practical interest.

As mentioned above, these foundation elements have to exhibit
differing values of yield stress or a different yield force, depending
on the overburden. The upper limit of loosening pressure (see
Figure 5) can be estimated using silo theory. The foundation ele-
ment may not enter the yield state before reaching the correspon-
ding support force, otherwise the tunnel lining would settle.
However, if the swelling pressure develops to the extent that the
pressure on the support areas of the supports exceeds the value due
to loosening pressure, the foundation element must enter the yield
state, otherwise the tunnel lining as a whole would experience
heave.

In the case of anchor elements, the theory governing the penetra-
tion of a steel plate into a compressible medium is applied
(Figure 8). A cylindrical yielding element contains a continuous
opening along the axis, through which the anchor rod is introduced.
The diameter of the anchor plate depends on the required prestres-
sing force. If the anchor is stressed in excess of a specified amount
due to the heave of the tunnel base, the steel plate continues to
penetrate the cylindrical element, whereby the ring-shaped edge
region remains intact (elastic) and in this way stability is ensured
with respect to tilting or rotation. The material mix is similar to that
of the foundation element and thus also the ring reinforcement
arranged in different planes. From the force-deformation diagram,
it is evident that the force after the onset of yielding in the range of
the yielding 1 to 45 % increases by about 50 %.

4.2 Construction works

The reconstruction of the tunnel was carried out in the sections in
which the level of anhydrite, which increases from west to east, was
less than 5 m below the tunnel base and at the same time the over-
burden was less than 50 m. Thus a 370 m long section in the wes-
tern part of the tunnel and a 60 m long section in the eastern part
were selected for the implementation of the remedial measures.

This separate part of the construction work was put out for tender
and started early in 2005. It lasted until the summer of 2006. This
involved demolishing the lower part of the existing circular profile
with its unreinforced concrete lining, underpinning the structure
and reconstructing it to have a new horseshoe profile. In total
around 570 yielding foundation elements were installed and around
1,000 rock anchors were built in (anchor rod 63 mm, working load
1,500 kN), each with a length of 21 m.

In passing it should mentioned that the new highly deformable
concrete elements were originally developed for tunnelling in
strongly squeezing rock conditions, as is necessary for example in
the deep Base Tunnels in the Alps. There it was a case of designing
a shotcrete lining of high resistance, which at the same time per-
mitted a large amount of convergence. This was achieved by instal-
ling beam-shaped yielding elements in various positions around the
profile in the direction of the tunnel axis [10] [11].




5 ZKUSENOSTI SE STAVEBNICOVYM DEFORMACNIM
SYSTEMEM (MODULAR YIELDING SYSTEM)

V tunelu Chienberg byly price na bourdni spodni poloviny sta-
vajiciho vnitfniho osténi, prohlubovéni profilu ve dné a instalaci
prvnich poddajnych prvka zahdjeny v roce 2005. Tunel byl uveden
do provozu 20. prosince 2006.

Chovani do 1éta 2010 odpovidalo ocekdvanim. Zdvih tunelové
trouby v z6né zveddni 1 se dal uvést do klidu (obr. 9). Zplosténi
krivky popisujici vyvoj zvedani byl vysledkem postupného osazo-
vani poddajnych podpor a je jasné viditelné. V zéné zvedani 2 se
zdvih zcela neuklidnil. Budouci pozorovani ukdzou, zda se
v nékterych mistech budou muset stavajici poddajné prvky nahra-
dit ,,mék&imi.

Rychlost, kterou jsou zdkladové prvky stlatovdny, je jasné
mensi, nez byly pavodni predpovédi, takZe jejich prvni vymény po
dosaZeni specifikované velikosti jejich deformace se budou reali-
zovat aZ za nékolik let. Je zfejmé, Ze intenzita procesu bobtnani{ se
po délce tunelu méni. To lze pozorovat i na chovani kotevnich
prvku v plochém dné tunelu. Vyména jednotlivych hlav kotev
nepusobila vabec 7addné potize. Velkou vyhodou je, Ze piislusnd
&ast profilu tunelu je nejenom kdykoli pristupnd a prdce se tedy
daji provadét kdykoli je to potiebné, ale také to, Ze ddrZzba muze
probihat bez nejmensiho preruseni provozu tunelu. Na obr. 10 je
pohled do spodnf ¢asti tunelu po rekonstrukei s podélné usporada-
nymi zdkladovymi prvky a s predpjatymi kotvami v protiklenbé
s deformacénimi prvky instalovanymi pod jejich hlavami.

Vceelku lze fici, Zze novy systém uspél nejen koncepéné, ale
i prakticky tim, Ze udrZel riziko zdvihu tunelovych trub jako celku
pod kontrolou. V pfipadech, kde proti bobtnacimu tlaku na proti-
klenbu nepusobi adekvétni reakce pusobici na klenbu tunelu,
poskytuje stavebnicovy deformacéni systém proveditelné a v praxi
osveédcené feSeni.
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5 EXPERIENCES WITH THE MODULAR YIELDING SYSTEM

In the Chienberg tunnel, work started in 2005 on the demolition of
the lower half of the existing inner lining, the deepening of the profi-
le at the base and the installation of the first yielding elements. The
tunnel was put into service on the 20th December 2006.

The behaviour up to summer 2010 corresponded to expectations.
The heave of the tunnel tube in heave zone 1 could be brought to
a standstill (Figure 9). The flattening of the curve describing the
development of heave as a result of the stepwise installation of the
yielding supports is clearly visible. In heave zone 2, the heave has not
quite come to a standstill. Future observations will show whether the
existing yielding elements will have to be replaced by “softer” ele-
ments in some places.

The rate at which the foundation elements are being compressed
clearly lies below the original predictions, so that the first replace-
ment measures, i.e. after reaching the specified amount of yielding,
will only have to be implemented in a few years time. It is evident
that the swelling process along the tunnel takes place with varying
intensity. This is also noticeable in the behaviour of the anchor ele-
ments in the flat tunnel base. The replacement of individual anchor
heads presented no difficulties at all. It is a big advantage that the cri-
tical region of the profile is not only accessible at any time and the-
refore work in situ can be carried out whenever necessary, but also
that this maintenance work can proceed without the slightest inter-
ruption to the operation of the tunnel. Figure 10 provides a view of
the stretch of tunnel after reconstruction with the laterally arranged
foundation elements and the prestressed anchors in the invert with the
yielding elements on their anchor heads.

In summary, it may be said that the new system has been a success,
not only conceptually but also in practice by keeping under control
the hazard scenario of heave of the tunnel tubes as a whole. In cases
where the swelling pressure on the invert is not resisted by an ade-
quate reaction on the tunnel roof, the Modular Yielding System pro-
vides a feasible and practically proved solution.
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FAKULTA STAVEBNI CVUT V PRAZE OTVIRA
REGIONALNI PODZEMNI VYZKUMNE CENTRUM URC JOSEF

FACULTY OF CIVIL ENGINEERING OF THE CZECH TECHNICAL
UNIVERSITY IN PRAGUE IS OPENING THE REGIONAL
UNDERGROUND RESEARCH CENTRE (URC) JOSEF

DANUSE NADHERNA, DANA PACOVSKA

ovoD

Prvni informace o pripravé nového experimentdlniho praco-
vité Fakulty stavebni Ceského vysokého uleni technického
v lokalité Mokrsko - Celina ve stfednich Cechach byla uverejné-
na v ¢asopise Tunel jiz v roce 2006. Pfehled o nejvyznamnéjsich
aktivitach, které ndsledovaly poté, poskytuje tento prispévek.

Vlastnik dila — Ministerstvo Zivotniho prostiedi CR — uzavie-
lo v roce 2005 smlouvu s Fakultou stavebni Ceského vysokého
uceni technického v Praze o zapujceni $toly pro studijni, vzdéla-
vaci a vyzkumné icely. Po tomto nezbytném aktu byly v aredlu
Stoly Josef v srpnu roku 2006 zahdjeny prace na znovuzprovoz-
néni podzemi a na vystavbé povrchového zdzemi. Na zprovoz-
néni prvnich 650 m podzemnich chodeb se jako partner projektu
finan¢né podilela spoleCnost Metrostav, a. s. Povrchové zdzemi
bylo vybudovano také pracovniky Metrostavu, a. s. — z finan¢ni{
podpory Evropského socidlntho fondu, stdtniho rozpoctu
a rozpoctu hlavniho mésta Prahy. Od &ervna roku 2007 zacalo
tedy fungovat v aredlu Stoly Josef nové pracovisté Fakulty sta-
vebni — Podzemni vyukové stfedisko Josef. Provozovatelem are-
alu Stoly se stalo Centrum experimentdlni geotechniky FSv —
pracovisté, které se v rdmci své ¢innosti zameruje jak na peda-
gogickou, tak i na experimentdlni ¢innost (obr. 1).

Do soucasnosti byly jiZ zprovoznény a k vyuZiti slouZi pri-
blizné 4 km podzemnich chodeb. V podzemi je mozné se pfipo-
jit na internet, vyuZivat telefonni spojeni, zprovoznéné prostory
jsou monitorovdny 26 kamerami, pro docasnou ochranu ohroze-
nych osob byla vybudovéna ve slepé &asti patefni Stoly zachran-
nd komora.

Jiz od samého pocitku zprovoznéni Stoly je aredl pristupny
verejnosti. Od dubna do konce zdri se konaji pravidelné sobot-
ni, v pribéhu prdzdnin i &tvrtedni, prohlidky. Této moZnosti
vyuZivé kazdoro¢né okolo 1000 navstévniku. V leto$nim roce se
poprvé uskutecnil ,,Den Josefa“, akce organizovana pracovniky
CEG a financovand z Fondu na podporu celoskolskych aktivit
CVUT, kter4 pribliZila studentim stfednich $kol ze stredoceské-
ho regionu studium technickych obord jinym, netradi¢nim zpu-
sobem.

ZAKLADNI POPIS STOLY JOSEF

Pruzkumnéd S$tola Josef byla vyraZena v souvislosti
s rozsdhlymi pruzkumnymi pracemi v 80. a 90. letech 20. stol. ve
zlatonosném rudném reviru Psi hory. Rudny revir Psi hory se
rozprostird prevazné v proterozoickych, vice nez 600 miliont let
starych, hornindch tzv. Jilovského pdsma, do kterych pozdéji
béhem variského vrasnéni pronikly granitoidy Stfedoceského
plutonu [1]. LoZiska zlatonosnych rud jsou vdzana na poruchové
z6ny v horninéch, jednd se o kfemenné Zily, Zilné roje a Zilniky.

Stola Josef prochdzi vrchem Vesely napii¢ horninovym masi-
vem ve sméru SSZ a propojuje dvé zlatonosn4 loZiska — Celinu
a Mokrsko, kterd jsou pojmenovand po nedalekych obcich.
Péterni Stola je 1835 m dlouhd, na konci je propojena

INTRODUCTION

The first information about the preparation of the new experi-
mental workplace of the Faculty of Civil Engineering of the
Czech Technical University in the Mokrsko-Celina locality in
central Bohemia was published in TUNEL journal as long ago
as 2006. This paper provides an overview of the most important
activities which followed.

The project owner, the Ministry of the Environment, signed
a contract with the Faculty of Civil Engineering of the Czech
Technical University in Prague for lending the gallery for stu-
dy, educational and research purposes in 2005. The work on the
reopening of the underground and the development of surface
facilities in the premises of the Josef gallery commenced after
this requisite act, in August 2006. Metrostav a. s. financially
participated as a project partner in the opening of the initial
650 m of underground galleries. The surface facilities were also
built by Metrostav a. s. workers, using the financial support of
the European Social Fund, the state budget and the budget of the
Prague capital. The new workplace of the Faculty of Civil
Engineering, the Josef Underground Educational Facility was
opened in the Josef gallery in June 2007. The Centre of
Experimental Geotechnics of the Faculty of Civil Engineering
became the keeper of the gallery facilities. This centre focuses its
work on both teaching and experimental activities (see Fig. 1).

About 4 km of underground galleries have been brought into
service and are used today. In the underground it is possible to
connect to the Internet and to use telephone communication; the
spaces opened to service are monitored by 26 cameras; a rescue
chamber was built in a pocket of the main drift for the tempora-
ry protection of endangered persons.

The premises are accessible for the public since the very
beginning of the gallery operation. Regular visits are possible
from April to the end of September on Saturdays and, during
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Obr. 1 Portdly Stoly Josef (Vojta Hrach)
Fig. 1 The Josef gallery portals (Vojta Hrach)
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s povrchem terénu 144 m vysokym vétracim kominem. V oblasti
Celiny a Mokrska navazuji na pdtefni $tolu hlavni prekopy, ze
kterych jsou ddle vedeny kratSi rozrdZzky. Celkovd délka pod-
zemnich chodeb ¢ini 7853 m, jejich profil se pohybuje od 14 do
16 m?2, priblizné 90 % vylomi je nevystrojeno. Vyska nadlozi
dosahuje hodnot od 30 m (Celina—zépad) do 180 m (Mokrsko).
Kromé oblasti Celina-vychod, kde jsou chodby vyraZeny
v dalSich dvou patrech, je celé podzemi razeno v jedné trovni.
Ze dvou vstupnich portdla vedou do podzemi dva tunely dlouhé
80 m o profilech 40 m? (obr. 2).

VYUKA V PODZEMI

Jednim z hlavnich duvodu pro vybudovani podzemniho expe-
rimentdlniho pracovist¢ Fakulty stavebni byla snaha rozsifit
a zvysit droven praktické vyuky studentu, nebot’pri setkdnich se
zastupci stavebnich spolecnosti se casto diskutovalo o ne-
dostate¢né praktické pripravé budoucich inZenyru v redlném
podzemnim prostredi.

Od akademického roku 2007/2008 probihd v podzemi pravi-
delnd vyuka predmétd zaméfenych na problematiku souvisejici
napr. s podzemnimi stavbami, mechanikou hornin, materidlo-
vym inZenyrstvim, inZenyrskogeologickym pruzkumem, geode-
tickymi pracemi a mapovanim v podzemi jak z bakaldrskych, tak
i magisterskych oboru. Studenti zde fe${ experimentdlné zamére-
né bakaldiské, magisterské i doktorské préce.

V roce 2009 byla zprovoznéna pateini Stola v celé své délce
(1865 m), a tim se rozsifily moznosti pro dalsi vyuziti podzemi
v oblasti Mokrsko-zdpad. V jedné rozrdZce v této oblasti byla za
finan¢ni podpory Rozvojového projektu Ministerstva Skolstvi
télovychovy a mlddeze vybudovana meziuniverzitni podzemni
laborator (MeziLab). Ctyfi vysoké §koly se rozhodly spojit své
védecké kapacity a spolecné se podilet na vystavbé a provo-
zovani podzemni laboratore. Témito vysokymi S$kolami byly
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holidays, even on Thursdays. This opportunity is used every
year by about 1000 visitors. This year saw for the first time the
“Josef Day”, which is an event organised by employees of the
CEG and financed from the Fund for support of university-wide
activities of the Czech Technical University. They explained the
study of technical subjects to students from high schools from
the Central Bohemian Region in a different, non-traditional
way.

BASIC DESCRIPTION OF JOSEF GALLERY

The exploratory gallery Josef was driven within the context of
extensive research operations in the 1980s and 1990s in the gold
ore district of Psi Hory. The Psi Hory ore district exists mostly
in Proterozoic, over 600 million years old, rocks of the so-cal-
led Jilové Zone, which was later, during the Variscan orogeny,
intruded by granitic rocks of the Central Bohemian Pluton [1].
Gold ore beds are bound to faulted zones in rock, such as quartz
veins, dyke swarms and reticulated veins.

The Josef gallery passes through Vesely hill, across the rock
massif in the NNW direction. It connects two gold ore beds —
Celina and Mokrsko, which are named after villages found in
their vicinity. The 1835 m long main drift is interconnected at
its end with the surface via a 144 m high ventilation chimney.
There are main cross cuts in the area of Mokrsko and Celina lin-
king the main drift; shorter drifts lead to the sides of the cross
cuts. The total length of underground galleries amounts to 7853
m; their cross-sections range from 14 to 16 m?; approximately
90% of excavated spaces are unsupported. The overburden
height varies from 30 m (Celina-West) to 180 m (Mokrsko).
With the exception of the Celina-East area, where the galleries
were driven at other two levels, the entire underground excava-
tion was carried out at a single level. Two 80 m long tunnels
with cross-sectional areas of 40m? lead to the underground from
two entrance portals (see Fig. 2).

TEACHING IN THE UNDERGROUND

One of the main reasons for developing the underground
experimental workplace of the Faculty of Civil Engineering was
the effort to expand and increase the level of the hands-on trai-
ning of students, taking into consideration the fact that it was
often discussed at meetings with representatives of construction
contractors that the practical preparation of future engineers in
a real underground environment was insufficient.

Since the 2007-2008 Academic Year, regular teaching of sub-
jects focused on problems associated, for example, with underg-
round structures, rock mechanics, material engineering, engine-
ering geological survey, land surveying and underground map-
ping has been performed, both in Bachelor’s and Master’s
degree programs. Students solve experimentally focused bache-
lor’s, master’s and doctoral works at this facility.

In 2009, the main drift was brought into service throughout its
length (1865m). As a result, the opportunities for other ways of
using the underground in the Mokrsko-West area were expanded.
An inter-university underground laboratory (InterLab) was estab-
lished in one of the gallery side stubs in this area with the support
of the Development project of the Ministry of Education, Sports
and Youth. Four universities, namely the Faculty of Civil
Engineering and the Faculty of Nuclear Sciences and Physical
Engineering of the CTU in Prague, the Institute of Chemical
Technology, Prague, the Technical University of Liberec and the
Masaryk University, Brno) decided to join their scientific capaci-
ties and jointly participate in the development and operation of the
underground laboratory. The decision was made taking into consi-
deration the necessity for comprehensive and systematic solving
of multidisciplinary problems regarding the development and ope-
ration of gas storage caverns, deep level underground disposal of
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Fakulta stavebni a Fakulta jadernd a fyzikdlné-inZenyrskd
CVUT v Praze, Vysoka skola chemicko-technologickd v Praze,
Technickd univerzita v Liberci a Masarykova univerzita Brno.
Vedla je k tomu nutnost komplexné a systémové resit multidis-
ciplindrni problematiku tykajici se vystavby a provozovani pod-
zemnich zdsobniku plynt, ukldddni vyhotelého jaderného pali-
va do hlubinnych dlozist, pfipadné skladovdni CO, v podzemi.
Hledani optimdlniho fe§eni vyse uvedenych témat vsak vyzadu-
je dlouhodobou pripravu odborniku (studentu), a to nejen teore-
tickou, ale i praktickou, zahrnujici moZnost experimentdlni
vyuky v ,,in situ“ prostfedi (obr. 3). Prvni studenty privital
MeziLab v cervnu roku 2010 a od té doby se sem vraceji
v ramci pravidelné vyuky i odbornych exkurzi, fesi zde své
bakaldrské, magisterské i doktorské prace, podileji se na
vyzkumnych projektech.

Od zahdjeni vyuky na podzim roku 2007 do roku 2010 se
v podzemi $toly Josef vystiidalo priblizné 1300 studentui.

EXPERIMENTALNI VYZKUM

Vzhledem k rozloze podzemniho dila a ke skute¢nosti, Ze ¢ast
podzemi je vyrazena v amfibolicko-biotitickém granodioritu
Stiedoceského plutonu, bylo od prvotni idey o zprovoznéni pod-
zemi zfejmé, Ze neméné vyznamnym se stane ve Stole Josef
i experimentdlni ,,in situ® vyzkum. Posledni vyvoj v aredlu Stoly
Josef tento predpoklad zcela potvrzuje. Do soucasnosti jiZ
v podzemnich prostorach Stoly Josef bylo realizovdno 6 vyzkum-
nych projektl, 9 projekta probihd a dal3f se pripravuji. Na fese-
ni projekta se podileli, resp. podileji jak &esti, tak zahrani¢ni
partnefi. Tematicky je pfevdznd Cdst z nich zaméfena na dvé
oblasti — vyzkum souvisejici s problematikou budovani hlubin-
ného tloziité (HU) radioaktivnich odpadii (RAO) a vyzkum ply-
nopropustnosti horninového masivu.

Prvnim a zatim nejdéle probihajicim experimentem ve Stole
Josef (2006-2010) byl evropsky projekt TIMODAZ, na kterém
spolupracovalo 14 evropskych vyzkumnych instituci a univerzit
(obr. 4). Projekt zkoumal vliv dlouhodobého tepelného zatizeni
na stabilitu osténi uloZného tunelu pro kontejnery s vyhorelym
jadernym palivem. Stabilita osténi tlozného tunelu musi zustat
zachovdna po extrémné dlouhou dobu pfedev§im z duvodu moz-
ného budouciho opétovného vyjmuti kontejneru s radioaktivnim
odpadem. Experiment dlouhodobé probihal na dvou fyzikdlnich
modelech — na laboratornim v laboratofi CEG v Praze, druhy —
»in situ“ model byl umistén do rozrazky ve Stole Josef. Velmi
zajimavé a prinosné byly poznatky predevsim z ,,in situ* experi-
mentu, kdy prostor mezi smontovanym osténim a horninou byl
vyplnén betonem. Timto zpusobem byl simulovén stav, pfi kte-
rém nemd betonové osténi moznost deformovat se smérem do
horniny, a proto v ném vznikaji velkd napéti. Pet let trvajici
monitoring jednoznaéné prokazal, Ze je nezbytné z hlediska bez-
pecnosti vyvoj zmén v osténi béhem tepelného zatéZzovani sledo-
vat. Z tohoto diivodu se nyni pfipravuje dalsi pokraovani expe-
rimentu.

Dlouhodobym partnerem, resp. zadavatelem experimentdlniho
vyzkumu v oblasti uklddani vyhorelého jaderného paliva je
Sprdva udloZist radioaktivnich odpadu (SURAO) Praha. Témata
zaddni vychdzeji z nutnosti systematicky prozkoumat a overit
vlastnosti materidla, se kterymi se po&itd pro vystavbu inZenyr-
ské bariéry hlubinného tlozisté RAO, a rovnéz vyvinout techno-
logické postupy, které se pro tyto materidly budou pouzivat.
Tohoto okruhu se tykaji projekty zamérené na vyzkum vlastnos-
tf materidlu na bdzi bentonitu pfi dlouhodobém puasobeni teploty
a saturatniho média s extrémnimi ucinky, na geotechnicky
vyzkum pfirodnich zelenych jila z lokality Skalnd — Nové Ves
a na vyzkum moZnosti vyuZit technologii stifkaného bentonitu
pro konstrukeci tésnici vrstvy hlubinného tlozisté.

Obr. 3 Meziuniverzitni laborator (Vojta Hrach)
Fig. 3 Interuniversity laboratory (Vojta Hrach)

spent nuclear fuel or underground storage of CO,. Seeking opti-
mum solutions to the above-mentioned topics requires the long-
term preparation of specialists (students), not only theoretical but
also practical, comprising the possibility of experimental educati-
on in the in-situ environment (see Fig. 3). First students were gre-
eted by the InterLab in June 2010. Since that time they return to
this place within the framework of the regular education and tech-
nical excursions. They solve their Bachelor’s, Master’s and
Doctoral works there and participate in research projects.

Approximately 1300 students took turns in the underground
provided by the Josef gallery from the beginning of teaching in
the autumns of 2007 to 2010.

EXPERIMENTAL RESEARCH

It was obvious from the initial idea about bringing the underg-
round into service that, taking into consideration the extent of
the underground working and the fact that part of the underg-
round space was excavated through amphibole-biotitic granodi-
orite of the Central Bohemian Pluton, that the experimental in-
situ research would become no less important in the Josef gal-
lery. The recent development in the Josef gallery premises fully
confirms this assumption. Till now, 6 research projects have
been accomplished in the underground spaces of the Josef gal-
lery, 9 projects are being implemented and others are under pre-
paration. Both Czech and foreign parties participated and parti-
cipate in solving the projects. As far as the topics are concerned,
the majority of them is focused on two areas: the research asso-
ciated with the problems of developing a deep-level repository
(DR) for spent nuclear fuel and high-level radioactive waste
(HLW) and the research into gas permeability of rock mass.

The first, and till now the longest-running experiment conduc-
ted in the Josef gallery (2006 — 2010) was the TIMODAZ,
a European experiment carried out in collaboration of 14
European research institutes and universities (see Fig. 4). The
project investigated the influence of long-term thermal load on
the stability of the lining of the tunnel where containers with
spent nuclear fuel are stored. The stability of the lining of a fuel
storage tunnel must be maintained for extremely long time, first
of all because of the possibility of repeated removing of
a container with the radioactive waste in the future. The experi-
ment was conducted on two physical models — one laboratory
model was in the CEG laboratory in Prague, whilst the other one
was installed in situ, in a side stub of the Josef gallery. The most
interesting and contributing pieces of knowledge were obtained
first of all by the in-situ experiment, where the space between the
assembled lining and the ground was filled with concrete. This
method allowed the simulation of the state where the concrete



Obr. 4 Experiment TIMODAZ (Radek Vasicek)
Fig.4 TIMODAZ experiment (Radek Vasicek)

Bentonit je ekologicky prirodni materidl, se kterym se pocitd
pro tésnici a vyplnovy materidl v konstrukci hlubinného dlozisté
RAO. Vyvoj technologie stfikaného bentonitu je uren pro apli-
kaci materidlu s prevdzné vyplnovou funkci. Kde to dovoli pro-
storové podminky, bude vypliovy materidl zhutnén za pouziti
hutnicich mechanizmu. V prostoru blizko klenby pfistupovych
Stol hutnici mechanizmy pouZit nelze, a proto se vyviji techno-
logie zaplnéni (backfill) t€Zko pristupnych mist zastiikdnim.
Vyzkum se zaméfuje na optimalizaci sloZeni smési na bdzi ben-
tonitu a optimalizaci zafizeni pro ndstiik. Technologie strikané-
ho backfillu vychézi z technologie stifkanych betonti béZné pou-
Zivané v podzemnim stavitelstvi. Pro stiikany backfill se pouZi-
vé suchy zpusob néstfiku betonové smési, pfi kterém je nezvlh-
&end smés pneumaticky dopravovéna potrubim a zimésova voda
je pridana v ndstfikové trysce na konci ndstiikové sestavy.
V prabéhu zkuSebnich ndstfika se ménilo sloZeni stiikané smési
a doslo i ke zméné komponentt ndstiikové sestavy — byla navr-
Zena, vyrobena a odzkousena origindlni tzv. SC tryska. NavrZzend
technologie se ovéruje jak v povrchovém aredlu S$toly, tak také
v jedné z rozrdzek Stoly Josef (obr. 5).

Dal$im predmétem zkoumanf je experimentélni ,,in situ* simu-
lace vertikdlniho uloZeni kontejneru s vyhofelym jadernym pali-
vem v HU. Pro tento v Ceské republice ojedinély experiment
pojmenovany Mock-Up Josef byla vybrana slepd Stola v oblasti
Mokrsko-zdpad, kde se nachdzeji kvalitni granitické horniny.
Vlastnimu vrtdni dloZnych studni predchdzela pripravna faze. Ta
zahrnovala obtrhdni vyrubu a vy¢isténi polvy aZ na mate¢nou

Obr. 5 Cviénd stena pro stiikany backfill (Radek Vasi¢ek)
Fig. 5 Training wall for sprayed backfill (Radek Vasicek)
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lining cannot deform in the direction toward the ground, which
is the reason why large stresses originate in it. The five years las-
ting monitoring unambiguously proved that it is necessary for
safety reasons to follow the development of changes in the lining
during the thermal loading. This is why the continuation of the
experiment is currently being prepared.

A long-term partner and/or client for the experimental rese-
arch in the field of disposing of spent nuclear fuel is the
Radioactive Waste Repository Authority (RAWRA), Prague.
Topics to be addressed start from the necessity for systematic
surveying into and verifying of properties of the materials
which are expected to be used for the development of an engi-
neering barrier separating an HLW repository, and for develo-
ping technological procedures to be applied to these materials.
This circuit is associated with projects focused on the research
into properties of bentonite-based materials exposed to long-
term effects of heat and a saturation medium with extreme
effects, for geotechnical research into the possibility to use the
sprayed bentonite technology for the structure of the sealing
layer of a deep-level repository.

Bentonite is an environmentally friendly natural material,
which is planned for sealing and backfilling purposes in the
structure of a deep-level repository of the HLW. The develop-
ment of the sprayed bentonite technology is intended for the
application of a material having mostly a filling function. There
where spatial conditions will allow it, the filling material will be
compacted using compaction mechanisms. In the area near the
crown of access galleries it is impossible to use compaction
mechanisms. For that reason a technology for the backfilling of
spaces difficult to access by spraying is being developed. The
research is focused on the optimisation of the composition of
the bentonite-based mix and the optimisation of the spraying
equipment. The spray-applied backfilling technology is based
on the technology of spray-applied concrete used in the underg-
round construction industry. The dry application process is used
when the sprayed concrete backfill is carried out. The non-wet-
ted concrete mixture is pneumatically transported through
a pipeline and mixing water is added in the spraying jet at the
end of the spraying assembly. The composition of the mixture to
be applied by spraying was changed during the course of trial
applications and even the components of the spraying assembly
were modified (the original, so-called SC jet was designed, pro-
duced and tested). The proposed technology is being verified
both in the surface premises of the gallery and in one of the Jose
gallery side stubs (see Fig. 5).

Another subject of the research is the experimental in-situ
simulation of vertical storing of a container with spent nuclear

Obr. 6 Rozrdzka se studnami pro experimenty Mock-Up (Vojta Hrach)
Fig. 6 Side stub with wells for the Mock-Up experiments (Vojta Hrach)
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Obr. 7 Sestava pro méreni plynopropustnosti hornin (Vojta Hrach)
Fig. 7 Gas permeability of ground measuring set (Vojta Hrach)

horninu a betondZ desek pro stabilizaci vrtaciho zafizeni.
V prostoru Stoly byly vyvrtdny 3 studny o pruméru 750 mm do
hloubky 2800 mm. Na zdkladé doporucenych parametri pro
materidl geotechnické bariéry byl pro jeji vystavbu zvolen ben-
tonit B75 z dpravny v Obrnicich. Tento bentonit je technologic-
ky upraveny prfirodni bentonit a jeho vlastnosti byly ovéfeny
sérif zkouSek v laboratofi CEG. V soucasnosti se testuje topidlo,
které bude simulovat tepelné zatizeni od kontejneru s RAO
a probihd vyroba lisovanych bentonitovych tvarnic pro vystavbu
bariéry (obr. 6).

Plynopropustnost horninového masivu je pfedmétem vyzkumu
rozséhlého projektu, ktery fesi Centrum experimentalni geotech-
niky FSv spole¢né s firmou Mott MacDonald CZ, spol. s r. o.,
v rdmci projektu MPO — Program TIP.

Plynopropustnost horninového masivu se zkouma v souvislosti
s myslenkou budovat podzemni zdsobniky energetickych médif,
zachytdvat a v podzemi skladovat oxid uhli¢ity a v neposledni
fadé je tento vyzkum spojen s uklddénim radioaktivnich odpadu.
Dosud neexistuje spolehliva metodika, kterou by bylo mozné
vyuZit pro ndvrh zpusobu a rozsahu monitorovani bezpe&ného
provozu uvedenych podzemnich dél. Uklddani, resp. skladovéani
latek v podzemi vyZaduje dokonalé nezpochybnitelné monitoro-
vaci systémy, které jsou schopny odhalit mozny unik téchto latek
do okolniho prostfedi. Podzemni prostory $toly Josef predstavuji
svym pestrym geologickym prostfedim pro vyzkum plynopro-
pustnosti jedine¢né podminky pro ,,in situ® testy. V riznych geo-
logickych pomérech byly vyvrtany celkem 3 vrty dlouhé cca
20 m. Pomoci specidlni sestavy pro injektovdni plynného média
a unikdtni mobilni méfici stanice s moZnosti zaznamenavat méfe-
né hodnoty tlaku, teploty a objemu plynu, jsou ve Stole provadeé-
ny testy plynopropustnosti od fijna 2009 (obr. 7). Timto testova-
cim zafizenim lze provadét nésledujici zkousky:

e CHIT test — Constant Head Injection Test — vrt je tlakovan
do dosazeni maximélniho ustdleného tlaku pri konstantnim
pruchodu plynu (vzduchu) a méfi se, jak velky objem plynu
unikne do horninového prostiedi v Case.

e PDT test — Pressure Drop Test — vrt se natlakuje na prede-
psany tlak a poté se odecitd pokles tlaku ve vrtu v Case.

e MEFi se prutok vzduchu na vystupu z vrtu, a tim se porov-
navd mnoZzstvi proteklého plynu do vrtu a mnoZstvi z vrtu
vyteklé.

V leto$nim roce byla zahdjena spoluprace na dalSich dvou roz-
sahlych tuzemskych projektech. Projekt Vyzkum termdlni zdteZe
hornin — perspektivy podzemniho skladovdni tepelné energie je
zaméren na vyzkum S$ifeni tepelné energie v horninovém prostre-
di granitoida a pfi ,,in situ“ experimentu bude provadéna tepelnd
z4at€Zz horniny v podzemi Stoly Josef. Stimulace horninového

in the DR. A dead-end adit in the Mokrsko-West area, where
there are high quality granitic rocks, was selected for this expe-
riment, unique in the Czech Republic, named the Mock-up
Josef. A preparation phase preceded the drilling for the storage
wells. It consisted of the scaling of the excavated space and cle-
aring of the bottom up to the primary rock and casting of conc-
rete slabs required for the stabilisation of the drill rig. Three
wells 750 mm in diameter were drilled in the space of the adit
to the depth of 2800 mm. Bentonite B75 from the treatment
plant in Obrnice was selected on the basis of parameters recom-
mended for the material for the construction of the geotechnical
barrier. This bentonite is technologically treated natural bento-
nite and its properties were verified by a series of tests in the
CEG laboratory. At the moment a heating device which will
simulate heat loading induced by the container with the HLW is
being tested and the production of pressed bentonite blocks for
the construction of the barrier is in progress (see Fig. 6).

Gas permeability of ground mass is the subject of an extensi-
ve research project being solved by the Centre of Experimental
Geotechnics at the Faculty of Civil Engineering jointly with
Mott MacDonald CZ spol. s r. o. within the framework of the
Ministry of Industry and Trade project — the TIP programme.

Gas permeability of rock mass is being researched in the con-
text of the idea of developing underground facilities storing
energy media, capturing and storing underground carbon dioxi-
de. Last but not least, the research is associated with storing of
radioactive waste. Till now no reliable methodology has existed
which could be used for designing the method and extent of
monitoring of the safe operation of the above-mentioned
underground workings. Disposing or storing of matters in the
underground requires perfect, unquestionable monitoring sys-
tems, which are capable of detecting possible leaking of these
matters to the surrounding environment. Underground spaces of
the Josef gallery, owing to the varied geological environment,
represent unique conditions for in-situ testing in the field of the
research into the gas permeability. Three boreholes about 22 m
long were carried out in various geological conditions. Gas per-
meability tests have been underway in the adit since October
2009, using a special gas injection set and a unique mobile mea-
surement station capable of recording the measured values of
pressure, temperature and volume of gas (see Fig. 7). This tes-
ting equipment can be used for the following tests:

e CHIT test — Constant Head Injection Test — the pressure in
the borehole is increased until the maximum steady pressu-
re is reached at the constant passage of gas (air); the volu-
me of gas escaping into the ground environment during
time is measured.

e PDT test — Pressure Drop Test — the borehole is pressuri-
sed to the prescribed pressure level and the pressure decre-
ase with time is read.

e The rate of the air flow is measured at the outlet from the
borehole, which allows the amount of gas which flew into
the borehole to be compared with the amount which flew
from the borehole.

Collaboration on other two extensive domestic projects star-
ted this year. The project entitled “The research into thermal
loads acting on ground — perspectives of underground storing of
thermal energy” is focused on the research into thermal energy
propagation through the rock environment formed by granito-
ids. Thermal loading on rock will be carried out during the in-
situ experiment in the underground of the Josef gallery.
“Stimulation of rock mass after developing a fissure reservoir
for storing geothermal energy using the Hot-Dry-Rock system”
— this is the name of the project focused on the research into loo-
sening of rock mass or increasing the rate of fissures on the
principle of hydraulic fissuring. The underground space of the




Obr. 8 Budova URC Josef (Vojta Hrach)
Fig. 8 Josef URC building (Vojta Hrach)

masivu pro vytvoreni puklinového rezervodru pro jimdni geoter-
mdlni energie systémem hot-dry-rock je nazev projektu, ktery je
soustfedén na vyzkum rozvolnovani horninového masivu, resp.
zvyseni Cetnosti puklinové sité na principu hydraulického $tépe-
ni. Pro ,,in situ“ testy uvedené technologie se opét pocitd s pod-
zemim §toly Josef.

REGIONALNI PODZEMNI VYZKUMNE CENTRUM
URC JOSEF

V roce 2010 ziskalo Centrum experimentdlni geotechniky
Fakulty stavebni z operaniho programu Podnikdni a inovace
dotaci na projekt védecko-technického parku Regiondlni pod-
zemni vyzkumné centrum URC Josef (Josef Underground
Research Centre). Zékladem pro URC Josef se stala dvoupo-
dlazni dlouhodobé nevyuzivand budova v povrchovém aredlu
Stoly Josef. Jednd se o byvaly Sachetni objekt, ktery od ukonce-
ni prazkumnych praci v roce 1991 chétral a ktery jiz v roce 2005
ziskala Fakulta stavebni CVUT darem od vlastnika dila —
Ministerstva Zivotniho prostredi.

URC Josef vyuzivd existujici kapacity, které poskytuji pod-
zemn{ prostory a existujici povrchové zazemi. Soucasné rozsifu-
je moznosti vyuziti zprovoznénych ¢asti $toly a nabizi prostory
a sluzby podnikatelskym subjektim zejména z okruhu inovac-
nich firem. Pro nové vznikajici subjekty slouZi jako podnika-
telsky inkubdtor.

Hlavni cile URC Josef:

 podpora priamyslového vyzkumu,

e technologicky vyvoj a inovace zamérené zejména na nové
technologie, konkurenceschopné vyrobky a sluzby v oboru
podzemnich staveb,

e rychlejsi transfer vysledku vyzkumu k praktickym aplikacim,

* trénink a rekvalifikace pracovniku podzemnich staveb,

e marketinkové aktivity, expertni sluzby a akreditované zku-
Sebnictvi.

V Ceské republice ani v Evropé neexistuje védecko-technicky
park, ktery nabizi infrastrukturu, prostfedi a sluzby jako URC
Josef. Jeho jedinecnost spocivd ve funkéni provazanosti
s rozsahlym komplexem podzemnich prostor Stoly Josef.
Soucinnosti URC Josef s jiZ zprovoznénym podzemim vzniklo
pracovisté, které v redlném prostredi pripravuje odborniky pro
podzemni stavitelstvi a zdroven zde podnikatelské subjekty nalé-
zaji prostory pro vlastni vyzkum.

Realizace projektu byla zahdjena rekonstrukci budovy (zari
2010 — duben 2011). Stavebni prace dodavatelsky zajiStovala
Subterra, a. s. Rekonstruovand budova poskytuje ve tiech podla-
zich vyuzitelné prostory o plose 914 m? zahrnujici kancelafské
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Josef gallery is again expected to be used for in-situ testing of
the above-mentioned technology.

REGIONAL UNDERGROUND RESEARCH CENTRE
(URC) JOSEF

In 2010, the Centre of Experimental Geotechnics at the
Faculty of Civil Engineering received a grant from the
Operational Programme Enterprise and Innovation for the pro-
ject for developing a scientific-technical park named “The
Josef Regional Underground Research Centre”. A long time
unused two-storey building in the surface premises of the Josef
gallery became a basis for the Josef URC. It is a former head
house, which grew dilapidated after the end of exploratory
operations in 1991 and which was obtained by the Faculty of
Civil Engineering of the Czech Technical University as a gift
from the owner of the working, the Ministry of the
Environment.

The Josef URC uses existing capacities provided by underg-
round spaces and the existing surface hinterland. At the same
time it expands the possibilities of using the parts of the gallery
which were brought into service and offers spaces and services
to entrepreneurial subjects, first of all those from the circuit in
innovative firms. It serves for newly originating subjects as an
entrepreneurial incubator.

Main objectives of the Josef URC:

e the support for industrial research

* technological development and innovations focused
first of all on new technologies, competitive products
and services in the field of underground construction

 faster transfer of research results to practical applicati-
ons

e training and requalification of workers on underground
construction sites

* marketing activities, expert services and accredited tes-
ting

Neither in the Czech Republic nor in Europe is there
a scientific-technical park offering the infrastructure, environ-
ment and services which are offered by the Josef URC. Its uni-
queness lies in the functional association with the extensive
complex of underground spaces of the Josef gallery. The com-
bination of the Josef URC and the already operating underg-
round spaces gave rise to a work place which prepares specia-
lists for underground construction in real conditions and, at the
same time, provides spaces for entrepreneurial subjects to con-
duct their own research.

The implementation of the project commenced by recon-
structing the building (September 2010 — April 2011). The
construction work was carried out by Subterra a. s. as the con-
tractor. The reconstructed building provides three floors with
the usable area of 914 m?2, comprising office rooms, a mul-
tifunctional conference room, an experimental hall, accredited
laboratories and technical hinterland. Entrepreneurial subjects
are offered a 300 m? area for lease. Inner spaces are equipped
with office furniture and information technologies. Modern
machines and equipment are available in the laboratories. In
the area of information technologies, it is first of all
a multifunctional data network connected to the Internet, ser-
ving as a backbone for all communications, audiovisual equip-
ment in the conference room and a digital telephone system
(see Fig. 8).

All agreements for leasing of all office rooms planned for ent-
repreneurial subjects from November 2011 have been conclu-
ded. Small and medium-sized companies will have the advanta-
ge for the time of sustainability, reaching 10 years in the case of
this project, in the form of lower than usual lease rate for 1 m?2
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prostory, multifunkéni konferenéni mistnost, experimental-
ni halu, akreditované laboratore a technické zdzemi.
Podnikatelskym subjektdm nabizi 300 m? plochy k prondjmu.
Vnitini prostory jsou vybaveny kancelarskym ndbytkem, infor-
macénimi technologiemi a laboratofe modernimi stroji
a zafizenim. V oblasti informac¢nich technologif se jednd zejména
o multifunkéni datovou sit’s pfipojenim k internetu, kterd slouz{
jako péter pro vesSkerou komunikaci, ddle o audiovizudlni vyba-
veni konferencni mistnosti a digitalni telefonni system (obr. 8).

Od listopadu 2011 jsou jiZz uzavieny smlouvy o prondjmu
vSech kanceldfi uréenych pro podnikatelské subjekty. Po dobu
udrZitelnosti, kterd u tohoto projektu predstavuje 10 let, jsou
malé a stfedni podniky zvyhodnéné nizsi nez obvyklou sazbou
za 1 m? kancelaiské plochy. Pro své potieby si ndjemci samo-
zfejme mohou pronajimat i konferenéni mistnost.

Partnery projektu jsou subjekty z komeréni sféry (Metrostav,
a. s.), verejné spravy (obec Chotilsko, mésta Dobfi§ a Pribram)
a Hornické muzeum Pfibram. Projekt podporuje International
Atomic Energy Agency (IAEA) se sidlem ve Vidni a ITC School
(School of Underground Waste Storage and Disposal) ve Svycar-
sku. Role partneri spo¢ivd v prezentaci a propagaci URC Josef
a v preddvani zkuSenosti jak v prubéhu realizace projektu, tak
dalSich 10 let v dobé jeho udrzitelnosti. Pfedev§im Metrostav,
a. s., se od zahdjeni aktivit v aredlu Stoly Josef prubézné zajima
o budouci rozvoj lokality a poskytuje cenné konzultace.

TRENINKOVE AKTIVITY

Své postaveni si zacind aredl Stoly Josef budovat i v me-
zindrodnim méfitku. Diky prezentacim $toly Josef na zahranic-
nich konferencich a semindrich jako jedine¢ného prostoru pro
praktickou vyuku i experimentdlni vyzkum se zde tento rok
uskutecnily dva tréninkové pobyty.

Prvni z nich probéhl jako souldst tréninkového kurzu
Fundamentals of Geological Disposal 2011, ktery v Praze pora-
dalo Centrum experimentdlni geotechniky Fakulty stavebni
CVUT ve spoluprici se §vycarskou mezindrodni organizaci ITC
School ve dnech 14. az 23. ¢ervna 2011. Soucasti kurzu byl také
dvoudenni prakticky trénink vedeny pedagogy a doktorandy
z CEG v Regiondlnim podzemnim vyzkumném centru URC Jo-
sef. Dvacitka mladych odborniku ze 13 zemi svéta se sezndmila,
nejprve teoreticky a pak v ,,in situ“ podminkéch, se tfemi tema-
tickymi okruhy — s postupy pfi méfeni plynopropustnosti horni-
nového masivu, s metodami monitoringu v podzemnim stavitel-
stvi a s postupem nastiiku backfillu. Nejdulezit€jsim aspektem
celého tréninku bylo vlastni praktické zapojeni dlastniki do
vSech aktivit (obr. 9). To potvrdili jak zdstupci ITC School, tak
také vSichni frekventanti, ktefi na zdvér obdrzeli certifikat
0 tspésném absolvovani praktického kurzu.

Druhou mezindrodni akci byl tfitydenni vyukovy kurz, ktery
se uskute¢nil v ramci tiiletého evropského projektu PETRUS II,
jehoz hlavni néplnf je vytvorit koncepci celoevropského systému
pripravy odbornikd zabyvajicich se problematikou naklddan{
s radioaktivnimi odpady a jehoZ je CEG od roku 2009 ucastni-
kem. Kurzu se zicastnilo celkem 10 studentu z Francie, §panél—
ska, Finska, Velké Britdnie a CR a pfevdznd &st vyuky se ode-
hravala v aredlu $toly Josef. V laboratorich nové zrekonstruova-
né budovy URC Josef si studenti vyzkouseli metody pro urCova-
ni vlastnosti bentonitu (napf. stupen nasyceni, bobtnaci tlak
atd.), v podzemi se pak sezndmili s méfenim konvergenci, vrta-
nim na jadro, monitorovanim teplot a s technologii vystavby tés-
nici bentonitové bariéry hlubinného ulozisté. VSe pod vedenim
pedagogu a doktoranda CEG (obr. 10). V dalSich dnech nésle-
dovala vyuka vedena lektory z helsinské Aalto University.
Ndplni predndsek a praktickych lekci byly metody pro uréovéni
charakteristik horninového prostiedi, které jsou nezbytné pro
vybér a mapovani lokality hlubinného uloZisté. Znacnd Cast

Obr. 9 Vrtdni na jadro (Dana Pacovskd)
Fig. 9 Cored drilling (Dana Pacovskd)

of the office floor area. Of course, tenants can rent the confe-
rence room for their use.

Partners of the project are subjects from the commercial sphe-
re (Metrostav a.s.), public authorities (the village of Chotilsko,
the towns of Dobfi§ and Pfibram) and the Mining Museum
Pfibram. The project is supported by the International Atomic
Energy Agency (IAEA) having its seat in Wien and the ITC
School (School of Underground Waste Storage and Disposal),
Switzerland. The role of partners lies in the presentation and
promotion of the Josef URC and in providing experience both
during the project implementation and during subsequent 10
years of its sustainability. Metrostav a.s. above all has been con-
tinually interested in the future development of the locality and
provided precious consultancy since the commencement of its
activities.

TRAINING ACTIVITIES

The Josef gallery complex has started to build its position
even on an international scale. Owing to the Josef gallery pre-
sentations in foreign conferences and seminars introducing it as
a unique space for hands-on training as well as experimental
research, two training visits took place in this facility this year.

The first of them was a part of a training course ,,Fundamen-
tals of Geological Disposal 2011, which was held in Prague by
the Centre of Experimental Geotechnics (CEG) at the Faculty of
Civil Engineering of the Czech Technical University in collabo-
ration with the ITC school, a Swiss international organisation,
from 14th to 23rd June 2011. Among the parts of the course
there was a two-day hands-on training ran by lecturers and doc-
toral students from the CEG at the Josef Regional Underground
Research Centre (URC). Twenty young specialists from 13
countries all over the world got acquainted, first theoretically
and then in-situ conditions, with three topic circuits, namely the
procedures applied during the measuring of gas permeability of
rock mass, the methods of monitoring in underground construc-
tion and the procedure for the application of the spray-applied
backfill. The most important aspect of the entire training was
the integration of the participants into all activities (see Fig. 9).
This opinion was confirmed both by representatives of the ITS
School and by all attendees, who received a certificate proving
the successful passing through the hands-on course.

The other international event was a three-week teaching
course, which took place within the framework of PETRUS II,
a three-year European project the objective of which is to
establish a concept of Europe-wide system of preparation of
experts dealing with problems of the treatment of radioactive
waste. The CEG has participated in this project since 2009. The



Obr. 10 Urcovdni vlastnosti bentonitu (Vojta Hrach)
Fig. 10 Determination of bentonite properties (Vojta Hrach)

kurzu byla vénovédna geofyzikédlni metodé Ground Penetrating
Radar (GPR), kterou se pomoci vysokofrekvenéniho elektro-
magnetického vinéni zjistuji vlastnosti zemin a hornin pod zem-
skym povrchem. Kurz potvrdil, Ze vzajemnd evropska spolupra-
ce pri vzdélavani odbornikl v oblasti ukldddni radioaktivnich
odpadu je velmi uZite€nd a prospésnd a Ze je duleZité pokralovat
v tomto trendu i v budoucnosti.

ZAVER

Je patrné, Ze se v aredlu Stoly Josef postupné zacinaji uskutec-
novat zaméry, se kterymi bylo ke znovuzprovoznéni opusténého
podzemniho dila pfistoupeno. Ve Stole jiz patym rokem probiha
praktickd vyuka vysokoskolskych studentl, v fadé rozréZek jsou
realizovadny vyzkumné projekty, podzemi slouZzi pro mezindrod-
ni tréninkové aktivity, prostfednictvim védecko-technického
parku URC Josef se rozbihd spoluprace s podnikatelskymi sub-
jekty. V pocitcich jsou marketinkové aktivity — o prezentaci
svych produkti projevily zdjem firmy HILTI CR, spol. s r. 0.,
a BASF Stavebni hmoty Cesk4 republika, s. r. 0. Dal§im dlouho-
dobym cilem je roz§ifit mezindrodni spoluprici i o zemé mimo
Evropskou unii — probihd jednani o spoluprici s ¢inskymi kole-
gy z Beijing Research Institute of Uranium Geology, svuj zdjem
projevili partnefi napf. z Koreje, Ruska, Chorvatska.
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course was attended by 10 students from France, Spain
Finland, Great Britain and the Czech Republic. The major part
of the training took place in the premises of the Josef gallery.
In the laboratories of the newly reconstructed Josef URC buil-
ding, the students tried to apply methods for determining pro-
perties of bentonite (e.g. the degree of saturation, the swelling
pressure etc.). In the underground, they acquainted themselves
with the measurement of convergences, core drilling, monito-
ring of temperatures and the technology of developing a sealing
bentonite barrier at a deep-level underground disposal site. All
of that was conducted under the leadership of the CEG teachers
and doctoral students (see Fig. 10). Next days the training con-
tinued by lectures delivered by teachers from the Aalto
University of Helsinky. The lectures and practical lessons were
focused on methods for the determination of rock environment
characteristics, which are indispensable for the selection and
mapping of a deep-level repository. Significant part of the
course was dedicated to the Ground Penetrating Radar (GPR)
geophysical method, where properties of soils and rocks under
the ground surface are surveyed by means of high-frequency
electromagnetic waves. The course confirmed that joint
European collaboration within the area of storing radioactive
waste is very profitable and it is important that this trend con-
tinues even in the future.

CONCLUSION

It is obvious that the intentions which were defined on the
reopening of the abandoned mining working gradually start to
be brought into being in the Josef gallery premises.

It has already been for five years that the hands-on training
and practical teaching of university students is performed.
Research projects have been realised in several side stubs, the
underground serves to international training activities and colla-
boration with entrepreneurial subjects is starting to work owing
to the Josef URC scientific-technical park. Initial marketing
activities have appeared — HILTI CR spol. s r.o. and BASF
Construction Materials, Czech Republic s.r.o. have shown inter-
est in the presentation of their products. Another long-term
objective is to expand the international collaboration by incor-
porating countries outside the European Union. Negotiations on
the collaboration with Chinese colleagues from the Beijing
Research Institute of Uranium Geology are in progress and even
partners from, for example, Korea, Russia and Croatia have
exhibited their interest.
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ZMENA KONSTRUKCE PROTLAKU TEPELNEHO NAPAJECE
VYSOCANY - LIBEN

MODIFICATION OF PIPEJACKING STRUCTURES ON THE
VYSOCANY - LIBEN HEAT FEEDER LINE

JAROMIR ZLAMAL

ovop

Spole¢nost Prazska tepldarenskd, a. s., provadela vystavbu tep-
lovodu (horkovodu) v oblasti VysoCany — Liben. Trasa teplovo-
du, dvojice trubek @ 500 mm, ve tfech mistech kfizovala inze-
nyrské sité a tramvajové traté. Proto byl v téchto problematic-
kych mistech navrzen protlak, aby nedoslo k jejich preruSeni.
Podle pozadavku zadavatele byla protlacovand trubka navrZena
dvoupldstovd, z ocelové trubky @ 1220x20 mm a ocelové trub-
ky @ 920x14 mm. MezikruZzi bylo vyplnéno betonem C25/30
a betondrskou vyztuzi. Pro obsluzné a ovladaci kabely, ukldda-
né soubézné s teplovodem, byla navrZzena samostatnd ocelovd
trubka @ 219x11 mm rovnéZz provadénd protla¢enim.

Po podrobném statickém posouzeni byl ndvrh pozménén na
ocelové trubky @ 1200/10 a @ 900/5 mm s vybetonovanym
mezikruZim mezi trubkami betonem C25/30. Ocelova vyztuz
betonového mezikruzi byla nahrazena sprazenim mensi trubky
@ 900/5 mm s betonem mezikruzi [10].

Samostatné protlacovand trubka pro kabely @ 219x11 mm
byla nahrazena péti trubkami @ 76x3 mm, umisténymi v horn{
&asti betonového mezikruZi u jednoho z dvojice protlaka. Misto
tif protlaka se tak provddély pouze protlaky dva. Do protladené
dvoupldstové trubky bude ndsledné vloZena trubka teplovodu
o pruméru 500 mm.

TRASA TEPLOVODU

Teplovod byl veden v oblasti Vyso¢any — Liben (od ulice
Oceldrska do ulice Svabky) v celkové délce 2775 m. Teplovod

s ¥z

byl z vetsi ¢asti polozen do otevieného hloubeného vykopu. Ve

INTRODUCTION

Prazska teplarenskd a. s., a heat generation and distribution
company, developed a heat feeder line in the area of the Prague
districts of VysoCany and Liben. The heat feeder line, consisting
of two @500 mm tubes, crossed utility networks and tram lines
in three locations. For that reason pipejacks were designed for
these problematic places so that the lines were not interrupted.
The pipe to be jacked was designed in compliance with the cli-
ent requirement as a double-shell structure consisting of
a @¥1220x20 mm steel pipe and a @920x14 mm steel pipe. The
annulus was to be filled with C25/30 reinforced concrete.
A separate steel pipe @219x11 mm was designed for service and
control cables, which are laid in parallel with the heat pipeline.
It was also to be jacked.

The design was modified after a detailed structural analysis.
Steel pipes @1200/10 mm and @900/5 mm were to be used,
with the annulus between them filled with C25/30 concrete.
The steel reinforcement of the concrete in the annulus was
replaced by means of locking the smaller diameter pipe
?900/5 mm with the concrete filling the annulus, thus forming
a composite structure [10].

The separately jacked pipe @#219x11 mm for cables was repla-
ced by five pipes @76x3 mm, which were to pass through the
upper part of the concrete annulus in one of the pair of pipejacks.
Only two pipejacks were therefore carried out instead of three.
Once the jacking of the double-shell pipe is completed, a heat
feeding pipe 500 mm in diameter will be inserted in it.

Obr. 1 Cast trasy teplovodu s protlaky
Fig. 1 Part of the heat feeder line with pipejacks
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slozitych mistech kfiZeni s nejvyznamnéjSimi komunikacemi
nebo tramvajovymi tratémi byl proveden protlak. Hloubkovy
dosah liniové stavby nepresdhl 4-5 m.

Geologické poméry trasy teplovodu v mélo ¢lenitém rovina-
tém tdzemi, prevySeni v rdmci trasy dlouhé 2,7 km &inf 13 metra,
jsou silné ovlivnény erozivni a akumulaéni ¢innosti povrcho-
vych tokl potoka Rokytky a Vltavy. Trasa neprotind ani jeden
z uvedenych vodnich toku, ale prochdzi prevazné tizemim, kde
jsou uloZeny jejich ndnosy. Jen cca 300 m dlouhy tsek je veden
izemim bez fluvidlnich nédplavi (od byvalého nddrazi Liben,
ulici Novdkovych az mezi ulice Vacinova a U Balabenky). Zde
je pod navdzkami nepfili§ mocnd poloha deluvii a horniny skal-
niho podkladu. Prakticky cely vykop trasy teplovodu ve své
povrchové &sti zastihoval vrstvu antropogennich sedimentt —
navazky a zavazky.

Skalni podlozi je soucdsti sedimentdrniho komplexu Bar-
randienu, ktery je zde zastoupen horninami star§iho paleozoika
— svrchni ordovik, a vyskytuje se zde pouze souvrstvi zahoran-
ské a vinické [6].

Pokryvné zeminy kvartérniho stafi prekryvaji skalni podklad
v celém rozsahu trasy teplovodu, a to v rozliSnych mocnostech
od 1,2 do cca 13 metra. Geneticky jsou kvartérni zeminy tvore-
ny fluvidlnimi uloZeninami — terasové a holocenni ndplavy
Rokytky a Vltavy, deluvidlnimi uloZeninami a antropogennimi
sedimenty — navdzkami. Protlaky se provadély pod ulici Cupro-
va — v délce 44,75 m, pod ulici U Balabenky 18,5 a 22 m a pod
ulici Zenklova v délce 23 m. Z kazdé startovaci jdmy se prova-
dély protlaky dva, takZe celkem se protlac¢ilo 176 m trubek
dvouplastové konstrukce s vybetonovanym mezikruzim.
Pouzitim trubek @ 1200/10 a @ 900/5 mm se usetfilo, ve srov-
nani se trubkami @ 1220x20 mm a @ 920x14 mm, priblizné
95 tun oceli.

KONSTRUKCE PROTLACENYCH TRUBEK

Trubky @ 1200/10 a @ 900/5 mm se zkruzovaly z plechu
délky 3 ma 2,85 m z oceli 11 375.1 s velmi pfisnymi pozadav-
ky na tolerance kolmosti ¢el. Trubka @ 900/5 mm byla navrze-
na sprazend s betonem mezikruzi tl. 140 mm. Na vnéjs{ strané
trubky byla navafena betondfskd ocel @ 10 mm tvarovand tak,
aby zajistila sprazeni s betonem mezikruzi. Na poloviné trubek
@ 900/5 mm byly prfivareny distanéni plechy pro upevnéni péti
trubek @ 76x3 mm — CSN 425723-11 375.1, do kterych se ulozi
kabelova vedeni. Pro injektaZ za vné&jsi plast vetsi trubky, mezi

voev o

zeminu a trubku, byly do vnéjsi trubky navareny injektaZn{

21. rocnik - €. 1/2012

HEAT FEEDER LINE ROUTE

The heat feeder line ran through the Vysofany — Liben area
(from Ocelafskd Street to Sviabky Street) at the total length of
2775 m. The major part of the pipeline was laid in an open
trench. Pipejacks were carried out in complicated locations of
crossings with most important streets or tram lines. The depth of
this linear structure did not exceed 4 — 5 m.

Geological conditions along the heat feeder line in the little
dissected, level area (the difference in elevations along the
2.7 km long line amounts to 13 metres) are significantly affected
by the erode and accumulation action of the Rokytka Brook and
the Vltava River on the surface. The route crosses none of the
two water courses, but it mostly passes through an area covered
with deposits formed by them. Only an about 300 m long stretch
is led through an area without fluvial deposits (from the former
railway station Liben, along Novédkovych Street, up to a point
between Vacinova and U Balabenky Streets). There is a not too
thick layer of deluvium and the bedrock under the made ground
in this area. Virtually the entire trench for the heat feeder line in
its upper part encountered a layer of anthropogenic sediments -
made ground and fills.

The bedrock is part of the Barrandean sedimentary complex,
which is represented in this location by Early Palaeozoic — Upper
Ordovician rocks; only the Zahotfany and Vinice strata are pre-
sent in the area [6].

Soils of the Quaternary age cover the bedrock along the entire
heat feeder line route. The cover thickness is variable, ranging
from 1.2 m to about 13 m. Genetically, the Quaternary soils are
formed by fluvial sediments — terrace and Holocene alluviua of
the Rokytka Brook and the Vltava River, deluvial sediments and
anthropogenic sediments — made ground. The pipejacks were
carried out under Cuprova Street (44.75 m long), U Balabenky
Street (18.5 m and 22.0 m long) and Zenklova Street (23 m
long). Two pipelines were jacked from each launching pit, which
means that the total length of the double-shell structure tubes
with the annulus filled with concrete amounted to 176 m.
Approximately 95 tonnes of steel were saved owing to the use of
?1200/10 and @¥900/5 mm pipes instead of #1220x20 mm and
?920x14 mm pipes.

THE STRUCTURE OF THE PIPES BEING JACKED

The @1200/10 and @900/5 mm pipes were rolled from 3 m and
2.85 m long sheets, respectively, of 11 375.1 steel grade, satis-
fying stringent tolerance requirements for the perpendicularity of

PUVODNI PROJEKT-ORIGINAL DESIGN

UPRAVENY PROJEKT-ADAPTED DESIGN

"
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Obr. 2 Puvodni a upraveny pricny rez protlaku teplovodu

Fig. 2 Original cross-section and modified cross-section through the heat feeder line pipejacks




21. rocnik - €. 172012

trubky @ 1" o vnéj$im rozméru @ 34 mm dl. 150 mm. Injektdzni
trubka je vyhnuta do sty¢né spary mezi trubkami, aby se na ni
mohla nasazovat injektdzni prevle¢nd matice (obturdtor).
Puvodni a nové usporadéni protlaku je na obr. 2. Sestavovan{
jednotlivych dild do findlni podoby a detaily horni a spodni
Césti jsou na obr. 3,4,5 a 6.

Priprava na betonaZz probihala ve ¢tyfech etapach.

Prvni etapa:

e dolni drzék rozteCe potrubi se priSroubuje k betonovému
panelu 2x3 m Srouby @ 20 mm do hmoZdinek.

Druh4 etapa:

* na dolni drzédk roztece potrubi se nasadi potrubi 900/5 mm,
na potrubi je pfivafena betondrskd vyztuz @ 10 mm,;

* na potrubi uréené pro vratnou vodu budou pfivafeny dva
drzéky potrubi @ 76/3 mm z plechu tl. 5 mm a na tyto ple-
chy se privari 5 ks potrubi.

Treti etapa:

* na dolni drzdk rozteCe potrubi se nasadi potrubi 1200/
10 mm;

e v potrubi 1200/10 mm jsou privareny dve injektdZzni trubky

@ 1" vn€jsi @ 34 mm dl. 150 mm; injektdZni trubka je
vyhnuta do sty¢né spary mezi trubkami 1200/10 mm,
v sestave jsou injektdzni trubky vzdy nahorte;

e pokud nebude dodrZena kruhovitost potrubi 1200/10 m,
provede se rektifikace potrubf;

e potrubi musi byt zajisténo proti padu.

Ctvrtd etapa:

e na potrubi 1200/10 mm se nasadi horni drzdk roztece po-
trubf;

e potrubi 900/5 mm se privafi k potrubi 1200/10 mm, aby pfi
betondzi nedoslo k pohybu potrubf;

e mezera mezi potrubim 900/5 mm a 1200/10 mm se vyplni
betonem;

e po zaplnéni mezery betonem, zvibrovéni a zatuhnuti beto-
nu se odstrani horni drzak roztece potrubi.

Protlak ocelové chranic¢ky @ 1200/10 a @ 900/5 mm byl prova-
dén ze startovaci jamy o rozmérech 5x8 m smérem k cilové Sach-
té o rozmérech 3x5 m. Plocha vyrubu protlaku byla 1,169 m2.

the ends to the pipe axis. A @900/5 mm pipe interlocked with the
140 mm thick concrete annulus was designed. Concrete reinfor-
cement bars @10 mm, shaped in a way ensuring the composite
action with the concrete annulus, were welded to the outer surfa-
ce of the pipe. Steel sheet spacers for fixing the five pipes
@76x3 mm (CSN 425723 -11 375.1) providing casings for cable
lines were welded to a half of the pipes @900/5 mm. Injection
tubes @1" with the outer diameter of 34 mm and 150 mm long
were welded to the external pipe to be used for grouting behind
the external shell of the bigger pipe, i.e. between the ground and
the pipe. The injection tube is turned into the joint between the
pipes so that a packer can be slipped on it. The original arrange-
ment and the new one are presented in Fig- 2. The assembly of
individual parts into the final form and details of the upper and
lower parts are shown in Figures 3,4, 5 and 6.

The preparation for pouring of concrete was divided into four

stages.

Stage 1:

* The lower spacer maintaining the annulus width is fixed to
dowels in a 2.0 x 3.0 m concrete panel with @20 mm screws.

Stage 2:

e The 900/5 mm pipe is placed on the lower annulus spacer
and the concrete reinforcement (@310 mm) is welded to the
pipe;

* Two spacers for the pipes @76/3 mm made from 5 mm thick
steel sheets are welded to the reclaim heat pipe; 5 pipelines
are welded to the steel sheets.

Stage 3:

e the 1200/10 mm pipe is placed on the lower annulus-main-
taining spacer;

e Two injection tubes @1" with the outer diameter of 34 mm
and 150 mm long are welded to the 1200/10 mm pipe. The
injection tube is turned into the joint between the
1200/10 mm pipes; in the assembly, the injection tubes are
always on the top;

e when the circularity of the 1200/10 mm pipes is not met, the
pipes have to be rectified;

* the pipes must be secured against collapsing.
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Obr. 3 Sestaveni prvku potrubi
Fig. 3 Assembly of the pipe components




Obr. 4 Celo vybetonované trouby teplovodu bez trubek pro kabely, v pozadi
trouba s kabelovymi trubkami pripravend k betondzi

Fig. 4 The end of a completed heat feeder line pipe without cable casing
pipes; a pipe with cable casing pipes prepared for casting is in the rear

Pii provddéni protlaku byla Celba stabilni. Vzhledem k cha-
rakteru zeminy a bezvodému prostfedi nedoSlo k poruseni
stability vyrubu a vzniku singuldrnich poklesu. Pokles nad pro-
tlakem byl eliminovdn dodrZovanim technologie — zamezeni

Ly o

vzniku nadvylomu a injektdZi za rub trubek.

POSOUZENI PROTLAKU

Protld¢end ocelovd trubka @ 1200/10 mm byla posouzena na
stavebnf stav, trubka @ 900/5 mm @ 900/5 mm sprazena se Zele-
zobetonovym C25/30 byla posouzena na definitivni zatéZovaci
stav [2]. Vypocet vnitinich sil v protlacené trubce byl proveden
obecnou deformaéni metodou, spojitd stfednice je nahrazena
polygonem a spoluplsobeni rdmu s horninou je modelovéno
soustavou kyvnych prutu. Pfi vypoctu je konstrukce zatéZovéna
jednotkovym zatiZzenim a dimenzovani konstrukce je provedeno
pro koeficienty loZnosti kyy, = 5, 50 a 100 MNm-3 a pro pomé-
ry bo¢niho ku svislému tlaku p/q = 0,2; 0,4; 0,6 [7] [8] [11].

Obr. 6 Dolni dridk roztece potrubi
Fig. 6 Lower spacer maintaining the annulus between pipes
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Obr. 5 Horni drZik roztece potrubi
Fig. 5 Upper spacer maintaining the annulus between pipes

Phase 4:

 the upper spacer maintaining the annulus width is fixed on
the 1200/10 mm pipe;

* the 900/5 mm pipe is welded to the 1200/10 mm pipe so that
no movement of the pipes happens during the casting of
concrete;

e the annular space between the 900/5 mm and 1200/10 mm
pipes is filled with concrete;

e after the filling of the annular space with concrete, vibrating
it and its setting, the upper spacer is removed.

The steel casing pipe consisting of @1200/10 and @900/5 mm
pipes was jacked from a 5.0 x 8.0 m launching pit toward the 3.0
x 5.0 m receiving pit. The excavated cross-sectional area was
1.169 m?. The excavation face was stable during the pipe jacking
operations. Owing to the character of soils and the water-free
environment, no disturbance to the excavation stability and no
singular settlement cases were experienced. The settlement
above the pipejack was eliminated through adhering to the tech-
nological procedure — preventing overbreaks and injecting grout
behind the outer surface of the pipes.

PIPEJACK ASSESSMENT

The loading case during construction was assumed for asses-
sing of the steel pipe @1200/10 mm to be jacked, whilst the final

(]

1-paraboloid/paraboloid
214 2-rovinna smykova plocha/
2.0 - 1 plain slip area
191 3-kuielovd plochafconical area
s 4-hyperbolicky paraboloid/
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1,7 -
1.6-
1,54
1471 pLatiprO
134 WVALID FOR
124 =30°
] 8=10° L=délka stény H=vyka stén
1 L=wall length H=wall height
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175 [ L,-"H]:'m

Obr. 7 Tvar pasivniho klinu na oporné stené
Fig. 7 The passive earth pressure region behind the thrust wall
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Maximdlni inosnost konstrukce byla vyhodnocena interakénim
diagramem, vyjadfujicim tGnosnost ocelové vyztuZe pro ruzné
poméry momentu a normdlovych sil.

Protlak trubky byl provadén hydraulickym protld¢ecim zafi-
zenim o maximalni protlacovaci sile 1800 kN. Potrubi je v dobé
protlacovani soucasné namdhdno stilym a nahodilym svislym
zatizenim a souCasné bude namdhdno podélnym zatiZenim od
protlacovaci sily. Srovnavaci napéti vypoéteme podle teorie
Huber-Mises-Hencky:

2 > . :
O = -‘fo‘x +0, =040, SO X fixv x1l/s 1]

Kde ox — podélné napéti; o, — radidlni napéti (te¢né); oy —
minimalni mez kluzu oceli 11 353 — 245 MPa; f} — soucCinitel
koroze (kritkodoby protlak) — 1,0; v; — soucinitel jakosti svaru
—1,0; s — mira bezpecnosti — 1,5 [5].

Souddsti statického posudku bylo posouzeni oporné stény,
kterd zachycuje tlacné sily od protlaceciho zafizeni a prendsi je
do zeminového masivu, kde je pasivni stav napjatosti. Pasivn{
odpor zeminy feSime jako prostorovou 3D tlohu desky koned-
nych rozméru, opirajici se 0 zeminovy masiv. Velikost pasivni-
ho odporu muZe nékdy omezovat velikost protlaceci sily.
V dusledku pasivniho odporu vznikd v zeminovém prostred{
tzv. pasivni klin, obr. 7.

Predpokladdme, Ze celkovy pasivni odpor je sloZen ze dvou
asti. Jedna sloZka odporu pusobi po délce oporné stény L, druhd
pusobi na bocich na svislych hrandch oporné stény. Pasivni klin
je slozen ze tfi Casti, jedné stfedni a dvou boénich. Velikost
odporu bo¢nich klint je odvisld od modulu deformace zeminy
a celkovy odpor oporné stény je zdvisly na geometrickém tvaru

[“’1‘;’1 P =f (cb,:) k, =2,00
15: Ep=0,5'H 'Y‘ll-'pr

14+

13+

124

k,=1,75
k; = 1,50

k,=1,25
ks = 1,00

=0,75

2 T T L] L]
20 25 30 35 & [

Obr. 8 Soucinitel prostorového ucinku v v zdvislosti na L/H a tvaru pasivniho
klinu

Fig. 8 Areal coefficient y relative to L/H and the shape of the passive earth
pressure region

loading case [2] was assumed for the assessing of the
?900/5 mm pipe interlocked with the C25/30 reinforced concre-
te annulus. The calculation of inner forces in the pipe being jac-
ked was carried out using the well known deformation method,
with the continuous centreline substituted by a polygon and the
composite action of the frame with ground modelled as a system
of swinging beams. In the calculation, the structure is loaded by
a unit load and the structure is designed using the coefficients of
subgrade reaction k,y, = 5. 50 and 100 MNm- and the proporti-
ons of the side pressure to the vertical pressure p/q =0.2; 0.4; 0.6
[71[8] [11]. The maximum loading capacity of the structure was
assessed using an interaction diagram, which expresses the loa-
ding capacity of steel reinforcement for various proportions of
moments to normal forces.

The pipe was jacked using a hydraulic jacking rig with the
minimum thrust of 1800 kN. During the process of jacking, the
pipe is loaded by permanent and live loads and, concurrently, is
loaded by the longitudinal load induced by the jacking thrust.
The equivalent stress is calculated according to the Huber-
Mises-Hencky theory.
Oy =Ty T, =0 (0, S0 % ) X ) W W [1]

where oy — longitudinal stress; Oy - radial stress (tangential);
Okr— minimum yield strength of steel 11 353 - 245 MPa; f; — cor-
rosion coefficient (short-term pipejack) — 1.0; vy — weld quality
coefficient — 1.0; s; — margin of safety — 1.5 [5].

In addition, the structural assessment contained the assessment
of the thrust wall, which resists the thrust induced by the jacking
rig and transfers it to the ground mass, where there is a passive
state of stress. The passive resistance of soil is solved as a 3D
problem of a plate with definitive dimensions, leaning against
the ground mass. The magnitude of the passive resistance may
sometimes reduce the magnitude of the jacking thrust. The so-
called “passive earth pressure region” develops in the ground
environment due to the passive resistance (see Fig. 7).

We assume that the total passive resistance consists of two
parts. One component of the resistance acts along the thrust wall
L, whilst the other component acts on the sides, on vertical edges
of the thrust wall. The passive earth pressure region consists of
three parts, i.e. one central part and two lateral parts. The mag-
nitude of the resistance of the side wedges depends on the defor-
mation modulus of soil and the total resistance of the thrust wall
depends on the geometrical shape of the passive earth pressure
region. There are four sliding modes of the passive earth pressu-
re region described and expressed analytically in literature:

e a planar surface,

e a conical surface,

* a paraboloidal surface,

* a hyperbolic paraboloidal surface.

Mathematical formulas [1] for the calculation of the resistance
of a spatial passive earth pressure region were determined on the
basis of model tests and geotechnical properties of the soils
(¢, v). The influence of soil friction against the external surface
of the thrust wall was assumed for the wall length L as § =0.3 ¢.

The formulas were derived under the following boundary con-
ditions:

e the horizontal terrain surface is at the level of the upper edge

of the thrust wall;

 the wall is displaced only horizontally; angular rotation is

not assumed;

* the value of the angle of friction against the external surfa-

ce of the full-height thrust wall is constant, § = const.

The value of the total passive resistance depends on the dimen-
sional parameter of the wall k = L/H. If it applies that 7 <k < 10,
the influence of the side parts of the passive earth pressure regi-
on compared to the total value of the passive resistance of soil is



TuHel

pasivniho klinu. V literatufe jsou popsdny a analyticky vyjadre-
ny ¢tyfi kluzné tvary pasivniho klinu:

e rovinna plocha,

e kuzelovita plocha,

 paraboloidickd plocha,

* plocha hyperbolického paraboloidu.

Matematické vzorce [1] pro vypocet odporu prostorového
pasivniho klinu byly uréeny na zdkladé modelovych pokust
a geotechnickych vlastnosti zemin (¢, y). Vliv tfeni zeminy
o rub oporné stény se uvazoval na délku stény L hodnotou § =
0.3 ¢.

Vzorce byly odvozeny za téchto okrajovych podminek:

* horizontdlni povrch terénu je ve vySce horni hrany oporné

stény,

e posun stény je pouze v horizontdlnim sméru, pootoeni

stény se neuvazuje,

¢ hodnota dhlu tfeni zeminy o rub oporné stény je na celou

vysku stény konstantni, & = const.

Hodnota celkového pasivniho odporu je zavisld na rozméro-
vém parametru stény k = L/H. Pokud plati 7 < k < 10, je ti¢inek
bocnich ¢asti ,,pasivniho klinu“ v porovnani s celkovou hodno-
tou pasivniho odporu zeminy zanedbatelny. Na obr. 8 je uvede-
na zdvislost soucinitele prostorového dcinku vy na souciniteli
k. V pripade, Ze k > 10, pasivni odpor zeminy se vypocitd béz-
nymi metodami mechaniky zemin pro rovinnou tdlohu.

Pro jednotlivé geometrické tvary ,,pasivniho klinu“ za opor-
nou sténou se uvadeji tyto vzorce [1]:

1. Rovinnd kluznd plocha

H? xYxL H’ xyxtgp
= k., sq/2
T o o prC L [l
oilare) - _S@0) e g [3]
" sin(a +¢) " sin(@ +e)
_ 2x1g°(45°+ @/2) o [4]
@ = arctg| ———————" |+ 1g(45° + ¢ /2)
gy
e=d+9d [5]
2. Kuzelovita kluznd plocha
Hyeosp/2 [g 1 HLy
E w—Dl T — | T, oy ¥ ——— (6]
" g (450 - qwz)[ o= Z‘P)] 7t 2g(a5—gi2) "
E-arcrgirg(d's —an"Z] (7]
cosg/2

3. Paraboloidicka kluzna plocha

; Htegpxy 2H L xy sin(@ + )
E,- |t Ly ] EnE 8]
1g°(45°-@/2)  31g(45°-@/2)| cos(@ +&)
@= arﬂg[Z.fg(tIS"-q&fZ)—-ZJ.'g:(élS“—QJIZ}] [9]
4. Kluzna plocha hyperbolicko-paraboloidicka
. 3xyx H'igg < 5iﬂ(a+¢] 5 HLxY  sinfo+¢) [10]
P251g’(45°-9/2) cos(o+e) 21g(45°-¢/2) coso+)
a=am85rg(45 -¢/2) [11]
3+2s,,
2 2 @ &
fos 91g’p +251g (405 -¢/2) - cosn [12]
g +51g(45° - /2) 51g(45°-¢/2)
18tg°p
=arctg—————+———
1= S org? (457 - 12) [13]
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Obr. 9 Soucinitel Y, prostorového pasivniho odporu . = f (¢, k)
Fig. 9 Areal coefficient v, of the passive earth pressure region v, = f (¢, k)

negligible. The dependence of the areal coefficient 1 on coeffi-
cient k is presented in Fig. 8. When k > 10, the passive resistan-
ce is calculated using common soil mechanics methods designed
for planar problems.

The following formulas [1] are quoted for individual geome-
trical shapes of the passive earth pressure region behind the
thrust wall:

1. Planar sliding surface

HY %Y=l HY ' i2g

E = ‘ 3 TR L i «k % cosgi2 (2]
2w gl 457 -2 Swxrg (45°-qgf2) "
g odolee) - JSMELE) ey 3]
sinfer + £ sinfer + )
[TET |'|I!-j.I L b i, II; + IRl A5" + g (2) [4]
l i |
e=0+0 [5]
2. Conical sliding surface
N s T 1 1y,
E = ”_ L_"“' 25 o Ix||||.'r = e | ”_ 2 k. (6]
gt —-pi2)1 2 - | t 5" - 2
Il A5* =2/ 2)
o= grepp = : [7]
cosg (2
3. Paraboloidal sliding surface
H'teo =y IH L x v 1. sinlaE+ e
F - ..l' Igo = " i PE : il or = iy [8]
207 (45" =ep i) Figld5T-q/2)| cositf+0)
[T, -..lnn'l;[].'l;l-i‘-\- - 2] - 3_:\-|\'.I-:ﬂ - EI] l9J
4. Hyperbolic paraboloidal surface
"K']"KH."' -un|'|r+-|' | ||'| x Y sinfoe+ g []O]
" ! ¥
g (43" —q¥2) cos{C+E) pldd" —g¥l] CcosiE+E)
Sl A8% =g/ 2
< arcth e FiL) [11]
3+
Qe+ 2503 (45% = pi2) oo
- SRATANT S Sl [12]
Mgy + Stp(45° =qi2) 1545 =g /2)
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Prostorovy ucinek rovinné a kuzelovité kluzné plochy boc-
nich ¢asti ,,pasivného klinu* se velmi malo odliSuje, viz obr. 8.
Pro praktické ndvrhy se v téchto pripadech doporuluje pouZit
vztah:

Ep=%H"xqu:m [14]

kde H je vyska oporné stény [m], y — objemovd hmotnost
zeminy [kNm-3], Y pr — soucinitel prostorového pasivniho odpo-
ru uvedeny na obr. 9.

Soucinitel 1, byl odvozen v zdvislosti na smykové pevnosti
sypké zeminy ¢ a od tvarového parametru k, pri tfeni mezi
zeminou a rubem stény hodnot & = 0,3 ¢. Na obr. 9 je graficky
zndzornén pribéh funkce Y pr = f (¢, k).

Do teoretického feSeni prostorového pasivniho odporu zemin
musime zahrnout parametry oporné konstrukce a zeminy.
Doporucuje se proto pouzivat jednodu$si priblizné feSeni.
Vypocet provedeny pomoci priblizné metody dava vysledky na
strané bezpecnosti, jak o tom ve svych pracich informuji autori
Zweck [4], Steinfeld [3].

ZAVER

Protlaceni ocelobetonovych trubek pro tepelny napdjec
Vysolany — Liben probe€hlo uspés$né a pri podchdzeni dvou
tramvajovych trati nebyly na terénu zaznamendny Zz4adné
deformace. Téchto vysledku bylo mimo jiné dosaZeno také
proto, Ze po ukonceni protlaceni se v kazdé sty¢né spare mezi
trubkami provddéla injektdz do pripravenych injektdZnich
trubek.

Celkova délka protlakd dvoupldstové konstrukce s vybeto-
novanym mezikruzim byla 176 m. Proti pivodnimu nédvrhu
@ 1220x20 mm a @ 920x14 mm se pouzitim trubek @ 1200/10
a @ 900/5 mm uSetfilo priblizn€ 95 tun oceli. Sestavené trub-
ky délky 3 m bylo mozné snadnéji dopravovat na béznych
nakladnich vozidlech a manipulace s nimi stavbu nijak nezaté-
Zovala.

ING. JAROMIR ZLAMAL, zlamal@pohl.cz,
POHL cz, a. s

Recenzoval: doc. Dr. Ing. Jan Pruska
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The spatial effect of the planar and conical sliding surface of
the side parts of the passive earth pressure region differs very
little (see Fig. 8). It is recommended for practical designing in
similar cases that the following relationship is applied:

Epm=H xyxi [14]

where H is for the height of the thrust wall [m], y is for the
volume weight of soil [kNm-3], Yy is for the areal coefficient
presented in Fig. 9.

The coefficient 1, was derived in dependence on the shear
strength of loose ground ¢ and from the shape parameter k, with
the friction between the soil and the outer surface of the wall
8 = 0.3 ¢. The behaviour of the function yp = f (¢, k) is grap-
hically presented in Fig. 9.

Parameters of the thrust wall structure and the soil must be
incorporated into the theoretical solution to the passive resistan-
ce of soils. We therefore recommend that a simpler approximate
solution is applied. A calculation carried out using an approxi-
mate method yields results on safe side, as the authors Zweck
[4], Steinfeld [3] inform in their works.

CONCLUSION

The jacking of composite steel and concrete pipes for the
Vysocany - Liben heat feeder line was successfully finished and
no deformations were registered on the terrain surface during the
passage under two tram lines. These results were achieved,
among other reasons, because of the fact that when the jacking
had been finished, grout was injected through prepared injection
tubes into each head joint between the pipes.

The total length of the jacking of double-shell pipes with the
annulus filled with concrete amounted to 176 m. Compared with
the original design for pipes @1220x20 mm and @920x14 mm,
about 95 tonnes of steel were saved by using pipes @1200/10 and
?900/5 mm. The 3 m long pipes assembled in the above descri-
bed way were transported in a simpler way on common lorries
and handling them presented no problem for the construction
team.

ING. JAROMIR ZLAMAL, zlamal@pohl.cz,
POHL cz,a.s.
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ovob

Historie je soucdsti identity ndroda. Kazdé spolecCenstvi se
vraci ke svym kofenum, doklddd svij vyvoj duchovnimi
i hmotnymi vytvory, které prokazuji vyspélost, droven ¢&i zruc-
nost predchozich generaci. Mezi hmotné technické pamadtky
patii historickd dulni a podzemni dila, dokumentujici vyvoj
technického mysSleni a technologii jejich vystavby. Jestlize
souhrn pfiznivych okolnosti vedl k tomu, Ze technickd pamat-
ka ve své tplnosti zustala zachovéna, bylo by chybou nechat ji
devastovat a nepokusit se o jeji zdchranu, pfipadné nalezeni
dal$tho smysluplného vyuZziti.

Takovou technickou pamatkou je bezesporu soubor podzem-
nich prostor Dolu Jeronym v Cisté. Nabizi piiklad stfedovéké-
ho hornictvi a podzemniho stavitelstvi, dokumentujici nejen
technologie dobyvani, ale i ovladani horninového masivu pri
vystavbé podzemnich a dulnich dél [napf. Kaléb, et al., 2006,
Zurek, et al., 2008]. Podobnych dulnich a podzemnich d€l ve
Slavkovském lese, kde se Dul Jeronym nachézi (obr. 1), bylo
v 15. az 17. stoleti fadové nekolik set [napf. Beran, et al.,
1995]. Jejich lokalizace je vSak znesnadnéna nedostatkem pra-
ment a skuteénosti, Ze banské prace v té dobé byly provozo-
vany na malych vymérach dolovych poli bez jednotného systé-
mu a bez koordinace s &innosti ostatnich dolu. VétSina
s postupujicim Casem zcela zanikla. Podzemni dila Dolu

INTRODUCTION

History is part of the identity of a nation. Each society returns
to its roots, documents its development by spiritual and materi-
al artefacts proving the advances of past generations, their level
and skills. Historical mining and underground workings docu-
menting the development of technical thinking and the techno-
logy of their development belong among material technical
monuments. If a complex of favourable conditions led to the
state of a technical monument which has remained preserved in
its entirety, it would be a mistake to let it devastate and not to
attempt to save it or find another reasonable use for it.

Such a technical monument is undoubtedly the complex of
underground spaces of the Jeronym Mine in the town of Cista.
It offers an example of medieval mining and underground con-
struction, documenting not only mining techniques but also the
handling of rock mass during the development of underground
and mine workings [e.g. Kaldb et al. 2006, Zurek et al. 2008].
There were several hundreds of similar mining and underg-
round workings in the Slavkov Forest, where the mine is loca-
ted (Fig 1), in the 15th to 17th century [e.g. Beran et al. 1995].
Unfortunately, locating them is difficult due to the lack of sour-
ces and the fact that mining was performed in small-area mine
fields, lacking a unified system and coordination with operati-
ons of other mines. The majority of them completely disappea-

red with the passing time.
Underground workings of
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Obr. 1 Zemepisnd lokalizace Dolu Jeronym
Fig. 1 Geographical location of the Jeronym Mine

Some of the results are also
presented in this paper.
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Jeronym tvofi tak sice malou, ale vyznamnou vyjimku z pos-
ledné uvedené informace.

V prispévku jsou shrnuty vybrané informace, které ukazuji
neékteré vyznamné prvky stfedovékého hornictvi. Aby bylo
mozno ukdzat pamdtky na stfedovéké hornictvi odbornikim
i vefejnosti, je zvazovdna moznost vytvoreni muzea, pripadné
hornického skanzenu. K tomu je nutné zpracovat odborny ban-
sky posudek na stabilitu podzemnich prostor jako celku i jeho
jednotlivych ¢asti. K tomuto tcéelu jsou v Dole Jeronym reali-
zovany ruzné vyzkumy, nékteré tyto vysledky jsou zde také
predstaveny.

PRIKLADY STREDOVEKYCH PAMATEK

Dal Jeronym dnes predstavuji dva zndmé oddélené podzem-
ni komplexy nazyvané Stard dulni dila (SDD) a Opusténd
duln{ dila (ODD). Pudorysnd mapa (obr. 2) dokumentuje aktu-
alni zndmou situaci ¢asti ODD: fédraci jamu, komory a za-
topené prostory v jednotlivych patrech (barevné vyznaceno),
chodby a prordzky, dsti dédi¢né §toly Jeronym, vCetné nazna-
Ceni silnice nad dolem. V horni &asti jsou zndzornény severo-
jizni a vychodo-zdpadni vertikdlni rezy ODD.

Zékladnimi prvky dolu jsou:

o Stola Jeronym, kterd je zdkladni podzemni stavbou

a dilnim dilem predmétné lokality (ODD) a kterd plni
funkci vstupu do dolu a slouzi jako hlavni odvodnovaci
dilo a vétrni cesta.

e Komplex liniovych a prostorovych dél (chodeb, tpadnic,
komor, §ifin), ktery predstavuje slozity prostorovy skelet
nepravidelnych pudorysnych rozméru a vysek jednak nad
drovni Stolového patra (droven S$toly Jeronym), jednak
pod drovni §tolového patra v zatopenych a bezodtokovych
partiich dolu (ODD).

EXAMPLES OF MEDIEVAL MONUMENTS

The Jeronym Mine is currently represented by two known,
separate underground complexes named the Old Mine
Workings (OMW) and the Abandoned Mine Workings (AMW).
The ground plan map (see Fig. 2) documents the current known
layout of the AMW: the winding shaft, chambers and inundated
spaces on individual levels (distinguished in colours), galleries
and cross-drifts, the mouth of the Jeronym sough, including the
road above the mine marked in it. There are north-south and
east-west vertical cross-sections through the AMW presented in
the upper part.

The mine consists of the following fundamental elements:

e the Jeronym gallery, which is the basic underground struc-
ture and mine working of the location in question (the
AMW) and which fulfils the function of the entrance to the
mine and serves as the main drainage working and an air-
way;

* the complex of linear and spatial workings (adits, inclines,
chambers, large stopes) forming a complex spatial frame-
work with irregular ground plan dimensions and heights
both above the adit level (the level of the Jeronym gallery)
and under the adit level in the inundated and drainless parts
of the mine (AMW);

e the Jeronym shaft, connecting the surface with the com-
plex of underground workings and mine workings. The
27 m high shaft fulfils the function of the ladder and tran-
sport way, the second entrance to the mine and the airway
(AMW);

e The separate complex of linear and spatial workings, the
OMW, the access to which is through a portal from the
slope and also through a vertical shaft (both ways were
developed in the 1980s, after the OMW had been discove-
red when a sinkhole developed in a road above).
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Obr. 2 Piidorysnd mapa Dolu Jeronym, édst ODD (autor Lednickd, podklad Diamo, s. p.)
Fig. 2 Ground plan map of the Jeronym Mine, the AMW part (author Lednickd, source document: Diamo, s. p.)
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Obr. 3 Ukdzka dovrchniho dobyvdni (komora K1); foto Lednickd
Fig. 3 Example of ascending working (chamber K1); Photo courtesy of
Lednickd

e Jama (Sachtice) Jeronym, kterd spojuje povrch s komple-
xem podzemnich a dilnich dél. Sachticovy stvol o vyice
27 m plni funkci lezni a dopravni cesty, druhého vstupu do
dolu a vétrni cesty (ODD).

e Oddéleny komplex liniovych a prostorovych dél SDD, do
n¢hoZ je vstup portdlem ze svahu a téZ svislou Sachtic{
(oboji realizovdno v 80. letech po objeveni SDD pfi pro-
padu silnice).

£

Obr. 4 Ukdzka svislého hloubeni (5tolové patro); foto Lednickd
Fig. 4 Example of vertical working (the adit level); Photo courtesy of
Lednickd
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The basic characteristic of the Jeronym Mine underground
workings and mine workings was introduced in the paper by
Korinek [Kofinek 2011]. Examples of selected underground
workings of the Jeronym Mine, documenting the history and
their current condition, are presented in Figures 3 — 8. One of
the mining methods in the medieval mining was ascending
working. A usually oval vault of a mined out chamber (see Fig.
3) is a remnant of this mining activity. Another typical relics are
vertical workings. Rectangular vertical workings found in the
Jeronym Mine lead down from the adit level to the inundated,
non-searched spaces underneath (see Fig. 4). The reason why
the shape of these workings is so regular and precise remains to
be a question which has not been answered yet. One of the lar-
gest mine spaces is the chamber designated as K2. This nearly
30 m long and up to 8 m high space (see Fig. 5) was excavated
and reached the current dimensions (using blasting) during
World War 2. Today a laser sensor measuring changes in the
height of the chamber (the DMS system, see below) is installed
in this chamber. Figure 6 shows remains of not only the hand
work of medieval miners but also remains after setting of fire
(soot on walls). Fires were set in the mine working to make
breaking of rock easier. They heated it and it cracked while
cooling. Deposits of soot remained on walls and the roof in the
locations through which the smoke was being removed.
Because of the fact that even the spoil had to be excavated

Obr. 5 Komora K2 (uprostred laserové ¢idlo pro méreni svislé konvergence);
foto Lednickd

Fig. 5 Chamber K2 (a laser sensor measuring vertical convergence is in the
centre); Photo courtesy of Lednickd
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Obr. 6 Ukdzka sdzeni ohném a prdce Zelizkem a mlitkem (komora K3); foto
Lednickd

Fig. 6 Example of setting fire and work with a picker and a holing pick
(chamber K3); Photo courtesy of Lednickd

Zékladni charakteristika podzemnich a dulnich dél Dolu
Jeronym byla predstavena v ¢lanku Korinka [Kofinek, 2011].
Ukdzky vybranych podzemnich dél Dolu Jeronym, které doku-
mentuji historii a jejich souCasny stav, jsou na obr. 3-8. Jednou
z dobyvacich metod ve stredovékém hornictvi bylo dovrchni
dobyvani. Pozustatkem této hornické aktivity je zpravidla ova-
lovita klenba vydobyté komory (obr. 3). Dalsi typickou pamat-
kou jsou svisld hloubeni. V Dole Jeronym je svislé hloubeni
obdélnikového tvaru, které vede ze Stolového patra do zapla-
venych neprozkoumanych prostor pod nim (obr. 4). Zatim
nevysvétlenou otdzkou zustdava, pro¢ ma toto hloubenf tak pra-
videlny a presny tvar. Jednou z nejvétSich prostor dolu je
komora oznafena K2. Tato prostora (obr. 5), dlouhd témér
30 m a vysokd az 8 m, byla do stdvajicich rozméru vyraZena
(za pouziti trhacich praci) za druhé svétové valky. Dnes je
v této komore umisténo laserové ¢idlo pro méfeni zmeén vysky
této komory (v systému DMS, viz niZe). Obr. 6 ukazuje pozu-
statek nejen ruéni prce stfedovékych horniku, ale také zbytky
po sazeni ohné (saze na sténdch). Pro snadnéjsi odlamovani
horniny byly v dulnim dile zakldddny ohné, které ohraly hor-
ninu, kterd pfi chladnuti rozpraskala. V mistech, kudy byl
odvéadén kouf, zustaly na sténéch a stropu ndnosy sazi. Protoze
pri razbé v rudnich loZiscich musi byt odtéZena i jalova horni-
na, a protoZe jeji doprava na povrch byla velmi ndro¢nd, zakla-
daly se v jiz dotéZenych prostorach tzv. suché zdi. Na obr. 7 je
priklad takové zdi na Stolovém patfe, kterd pochdzi ziejmé
z obdobi druhé svétové valky. V Dole Jeronym je mozno
nalézt také fadu zajimavych detaild z hornické prdce, napfi-
klad prostory na hornické kahany, prostory na soSku patronky
hornikd sv. Barbory, vyklenky, zdseky na trdmy, vereje ¢i pod-
lahy (obr. 8).

ProtoZe pozar v 18. stoleti zniCil veSkerou dokumentaci
dolu, jsou historické dokumenty o tomto dole necetné. Popis
pouzivanych stfedovékych ,.technologii* 1ze v uceleném sou-
hrnu nalézt v bohaté ilustrovaném spise Georgia Agricoly
s nazvem De re metallica libri XII (Dvanact knih o hornictvi —
Agricola, 1556). V tomto spise jsou priklady pamadtek na préaci
stiedoveékych hornika, které 1ze vidét v Dole Jeronym.

KONCEPCE A INSTRUMENTACE KONTROLNIHO
SLEDOVANI

Zachovani podzemnich prostor Dolu Jeronym a zabezpeceni
povrchu nad podzemnimi prostorami je podminéno stabilitou
podzemnich a dalnich dél. Proto je postupné budovan, dopliio-
van a provozovan rozsdhly systém kontrolniho sledovéni.

Obr. 7 Dulni chodba a ukdzka suché zdi (5tolové patro); foto Lednickd
Fig. 7 Mine adit and an example of a pack (the adit level); Photo courtesy of
Lednickd

during the excavation in ore deposits and transporting it to the
surface was very demanding, the spaces where the excavation
had been completed were packed. Figure 7 presents an example
of the pack on the adit level. It was probably carried out during
World War 2. The Jeronym Mine also contains many interesting
details of mining work, for example spaces for miner’s safety
lamps, spaces for statuettes of St. Barbara, a patron of miners,
niches, and cuts for timber beams, frames or floors (see Fig. 8).

Because a fire in the 18th century damaged all documents of
the mine, historical documents about this mine are quite spar-
se. A description of “technologies” used in the Middle Ages can
be found in an integrated summary contained in the amply
illustrated treatise by Georgio Agricola titled De re Metallica
Libri XII (Twelve books on mining) (Agricola, 1556).). This
work contains examples of the relics of the work of medieval
miners which can be seen in the Jeronym Mine.

CHECK MONITORING CONCEPT AND INSTRUMENTATION

The preservation of the Jeronym Mine underground spaces
and securing of the surface above the underground spaces is
conditioned by the stability of the underground and mine wor-
kings. For that reason an extensive checking monitoring system
is being gradually developed, complemented and operated. The
concept of this monitoring starts from guessing at critical loca-
tions in the mine. A critical location in our understanding is
a location where it is possible to expect detectable changes in
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Obr. 8 Zdsek na tram v komore K3; foto Lednickd
Fig. 8 A cut for a timber beam in chamber K3; Photo courtesy of Lednickd

Koncepce tohoto sledovani vychdzi z vytipovani kritickych
mist v dole. Pod pojmem kritické misto rozumime misto, kde
Ize i z kratkodobého hlediska oCekdvat pozorovatelné zmény
v chovani horninového masivu. To umoZzni vyjadfeni hypotéz
a vystiZzeni moZnych dasledku pfi vyrazném poruseni stability.
Kromé sledovani stabilitniho stavu podzemi a povrchu je pod-
statnou souédsti kontrolniho sledovéni ziskani podkladi pro
matematické modelovani stavu napjatosti masivu. Mezi kritic-
kd mista, kterd jsou situovédna prevdzné na trovni horniho
patra (nehluboko pod povrchem), patfi profily podzemnich
a dulnich dél, usti liniovych dél do komor, zbytkové pilife,
zdvaly, dulni vody a komunikace 1I/210, kterd prochédzi nad
dolem.

GEOLOGICKY MONITORING

Cilem geologického monitoringu je studium puklinové tek-
toniky v podzemnich dilech a v ochrannych pilifich, coz pfi-
spivd k pochopeni tektonické stavby masivu a jeho vyznamu
pro stabilitu studovanych liniovych dél a téZebnich komor.
Ziakladnim pocinem bylo provedeni detailnich strukturné-tek-
tonickych méfeni. To bylo nezbytné pro upfesnéni hypotéz
o vzniku puklinové tektoniky predev§im v oblastech zminé-
nych pilifd a v mistech poruSeni horninového masivu, které
patrné sahd aZ k povrchu.

Nedilnou soucdsti geologického monitoringu je instalace
jedendcti sddrovych nebo sklenénych teréiki na puklindch
a trhlindch v granitoidech krudumského masivu, sledujicich
rozvoj této tektoniky. Toto sledovdni probihd zhruba
v kvartdlnich intervalech. Souhrnné Ize konstatovat, Ze vétSina
sledovanych mist nevykazuje Zddny pohyb, Zddnd poSkozeni
teréika. Jako priklad pohybu lze uvést prasklé skli¢ko
v komore K4, které bylo instalovdno na silné rozpukaném pili-
fi v horni ¢4sti komory. V okoli pilife jsou ve stropé Sir§i
praskliny, z nichZ do volného prostoru misty zasahuji kofeny
stromi. Uvedené poskozeni bylo nalezeno na podzim 2011,
tedy v obdobi po intenzivn€j$im seizmickém roji z kraslické
oblasti. Projevy tohoto roje a téZ dal3i seizmické zatizeni dul-
niho dila jsou popsdny v ¢lanku Kaldba (2011). Seizmologicka
meéfeni byla zahdjena pfi rekonstrukci dédi¢né Stoly, aby bylo
mozno objektivné posoudit velikost seizmického zatizeni
v inkriminované dobé. Spoustény zdznam seizmologickych
dat v soucasnosti zahrnuje prirozend zemétieseni z Kraslicka
(nejblizsi zdrojova oblast, cca 35 km), intenzivni zemétreseni
z Evropy, prip. i svéta, projevy trhacich praci z okolnich povr-
chovych lomt, vibraéni projevy tézké dopravy projizdéjici po
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the ground mass behaviour in the short term. It makes expres-
sing of hypotheses and identifying possible consequences of
significant upsetting of stability possible. Apart from the moni-
toring over the stability condition of the underground and the
ground surface, a substantial part of the checking monitoring is
obtaining of source data for the mathematical modelling of the
state of stress of the rock mass. Among the critical locations,
which are mostly located at the upper adit level (not too deep
under the surface), there are profiles of underground and mine
workings, entrances of linear workings to chambers, residual
pillars, collapses, mine water and the II/210 road running above
the mine.

GEOLOGICAL MONITORING

The objective of the geological monitoring is to study the fis-
sure tectonics in underground workings and protection pillars.
This study contributes to the understanding of the tectonic
structure of rock mass and its importance for the stability of the
linear workings and production chambers. The primary deed
was the execution of detailed measurements of structural tecto-
nics. It was necessary for adjusting of hypotheses on the origi-
nation of fissure tectonics, first of all in the locations of the
above-mentioned pillars and locations where the rock mass was
disturbed probably up to the ground surface.

Inseparable part of the geological monitoring is the installa-
tion of eleven plaster targets or glass targets on fissures and
cracks in granitoids forming the Krudum massif, monitoring
the development of this tectonics. This monitoring is performed
approximately at quarterly intervals. In general it can be stated
that the majority of the locations being monitored exhibit no
movements, no breaking of the targets. As an example of the
movement it is possible to mention a broken glass in chamber
K4, which was fixed to a heavily fractured pillar in the upper
part of the chamber. In the pillar surroundings, there are wider
cracks in the roof, with tree roots locally reaching into the open
space. The above-mentioned damage was identified in the
autumn of 2011, in the period following after a more intense
seismic swarm coming from the Kraslice region. Mani-
festations of this swarm and even other seismic loads acting on
the mine working are described in a paper by Kaldb (2011).
Seismologic measurements started during the reconstruction of
the sough so that the magnitude of seismic loading could be
objectively assessed during the incriminated period. The trig-
gered record of seismologic data currently contains natural
earthquakes from the Kraslice region (the closest source area,
about 35 km), intense earthquakes from Europe or even world-
wide, manifestations of blasting operations from open-pit
mines in the surroundings, vibration manifestations of heavy
load transport running along the road above the mine and vibra-
tions induced by human activities in the mine. The quality of
the records is very high owing to the fact that the seismometers
are installed on a pillar inside the mine working.

GEOMECHANICAL MONITORING

The study of interrelations between deformational changes
and deformational manifestations in underground workings and
on the surface of the massif (the I1/210 road) is the main objec-
tive of the geomechanical monitoring. Quarterly readings are
carried out on fixed measurement points forming:

e 16 transverse convergence profiles in linear workings,
which are measured by means of a mechanical convergen-
ce post,

* 5 convergence profiles on spatial workings, which are sur-
veyed by a laser distance meter,
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silnici nad dolem a vibrace vyvolané lidskou ¢innosti v dole.
Zaznamy jsou velmi kvalitni, protoZe seizmometry jsou umis-
tény na pilifi v dalnim dile.

GEOMECHANICKY MONITORING

Studium vzdjemnych souvislosti deformacnich zmén
a deformacnich projevu v podzemnich dilech a na povrchu
masivu (silniéni komunikace 11/210) je hlavnim cilem geome-
chanického monitoringu. Kvartdlnf odecty jsou realizovdny na
pevné instalovanych méficich bodech, které predstavuji:

e 16 pri¢nych konvergenénich profila v liniovych dilech,

proméfovanych mechanickou konvergenéni stojkou,

* 5 konvergenénich profilt v prostorovych dilech, proméfo-

vanych laserovym ddlkomérem,

e mérické body nivelaéniho tahu na silnici I11/210, sledova-

né dulné méfickou sluzbou.

Zavery z geomechanického monitoringu jsou stejné jako
u monitoringu geologického: na Zddném ze sledovanych profi-
la nebyla ziskdna informace o deformacnich projevech.
Meéiené hodnoty kolisaji kolem své stredni hodnoty bez vychy-
lek. Zmény nebyly pozorovany ani pri vyznamnéjsich proje-
vech v podzemi, jako byla rekonstrukce dédi¢né $toly nebo
seizmické roje z Kraslicka v roce 2008, 2010 a 2011.

HYDROGEOLOGICKY MONITORING

Hydrogeologické poméry Dolu Jeronym a nédsledné zmény
prirozenych hydraulickych poméra lokality jsou &initelem,
ktery vyznamné ovliviiuje geomechanické poméry masivu.
Cilem sledovdni je registrace zmén vyskové trovné hladiny
podzemnich vod v zatopenych prostordch pod trovni Stolové-
ho patra (volny odtok dulnich vod pies $tolu Jeronym)
a v bezodtokovych depresich, resp. hloubenich s malym odto-
kem, nad udrovni $tolového patra. Odecitaci zafizeni pro kon-
trolni sledovani jsou umisténa na ¢tyfech mefickych profilech.

VIZUALNI MONITORING — CASOSBERNE SNIMKOVANI

V komplexu dél Dolu Jeronym se nachdzi nékolik mist, kterd
jsou predmétem cCasosbérného snimkovani. Jednd se o mista,
kterd mohou v Case ménit svij plo$ny &i prostorovy rozsah.
Cilem metody je sbér ¢asovych dat (vizudlni pozorovani, ale
predevsim fotodokumentace) na mistech se sniZenou stabili-
tou, zejména v komordch K1, K2 a K4. Pravidelné jsou identi-
fikovdny zmény na pocvé sledovanych mist (vétSinou zpuso-
bené chuzi osob), pro nalezeni zmén na sténéch &i stropé pro-
bih4 tento monitoring krdtkou dobu (od roku 2009).

DISTRIBUOVANY MERICI SYSTEM

Vsechna vySe zminénd pozorovani jsou provddéna kvartdl-
né. To je postacujici pro ta méfeni, kterd vykazuji stabilni hod-
noty, nebo pokud nepotfebujeme znat ¢i hodnotit dynamiku
naméfené zmény. Prvni diskuse tohoto typu vznikla pfi zachy-
cenf snizeni hladiny dulnich vod pod droveri $tolového patra
v roce 2004. Tehdy snizeni dosdhlo cca 3,5 m pod odtokovou
uroven — kvartdlni méfeni neumozZnuje ani potvrdit, Ze bylo
zachyceno maximdlni sniZeni, ani neumoZnilo dokladovat, jak
rychle proces tbytku a posléze naplnéni probehl. Proto je od
roku 2006 postupné budovan stavebnicové usporadany distri-
buovany meérici systém. Sbér dat odeéitanych kazdou hodinu
(perioda je nastavitelnd) probihd do pocitace, ktery je soucasti
seizmologické aparatury. Datum, ¢as a namérené hodnoty jsou
zapisovany do textovych soubort, které se telemetricky (GSM
sit) prendseji ke zpracovdni do zpracovatelského centra na
Ustavu geoniky AVCR, v. v. i., spolu se seizmickymi zdznamy.
V soucasné dobé obsahuje distribuovany mérici systém tyto

e survey points forming a levelling line along the 11/210

road, which is observed by the mine survey service.

The geomechanical monitoring conclusions are identical
with the results of the geological monitoring: information about
deformational manifestations was found on none of the profiles
being monitored. The measured values fluctuated about their
mean value without substantial deviations. No changes were
observed even during more significant manifestations in the
underground, such as the reconstruction of the sough or seismic
swarms from the Kraslice region in 2008, 2010 and 2011.

HYDROGEOLOGICAL MONITORING

Hydrogeological conditions in the Jeronym Mine and subse-
quent changes in hydraulic conditions in the locality are
a factor significantly affecting the geomechanical conditions of
the massif. The monitoring objective is to register changes in
the level of ground water in inundated spaces under the adit
level (gravity drainage via the Jeronym gallery) and in drain-
less depressions or poorly drained excavations above the adit
level. Check monitoring reading appliances are installed in four
measurement profiles.

VISUAL MONITORING - SEQUENTIAL RECORDING

There are several locations in the complex of the Jeronym
Mine complex which are the subject of sequential recording.
These locations may change the extent of their areas or spaces
with time. The objective of this method is to collect time data
(visual observations, but, first of all, photodocumentation) in
lower stability locations, first of all chambers K1, K2 and K4.
Changes are regularly identified on the bottom of the locations
being monitored (mostly caused by walking persons); the
monitoring has been carried out for the time which is too short
for finding changes on walls or roofs (since 2009).

DISTRIBUTED MEASUREMENT SYSTEM

All of the above-mentioned measurements are conducted
quarterly. It is sufficient for those of them which exhibit stable
values or where we do not need to know or assess the dynamics
of a change found by the measurement. The first discussion of
this type originated in 2004 when the level of mine water drop-
ping under the adit level was registered. At that time the lowe-
ring reached about 3.5 m under the drainage level. The quarter-
ly measurement system allows neither confirming that the
maximum lowering level has been reached nor documenting
the rate at which the decrease and the subsequent refilling took
place. For that reason, a modular, distributed measurement sys-
tem has been gradually developed since 2006. The data is read
every hour (the period is adjustable) and is logged in
a computer, which is part of the seismological apparatus. The
date, time and measured values are recorded in text files, which
are telemetrically transmitted (the GSM network) to the pro-
cessing centre at the Institute of Geonics AS CR, v.v.i., together
with seismic records. At the moment the distributed measure-
ment system contains the following elements: continual measu-
ring of changes in the mine water level (3 measurement points),
continual measurement of opening (closing) of cracks in the
rock mass (induction sensors and vibrating wire sensors — 9
points), measurement of vertical convergence (a mechanical
sensor and a laser-based sensor — 2 points), measurement of
temperature of mine atmosphere (6 points), measurement of
temperature of mine water (2 points), measurement of physical
parameters of water (pH and apparent specific resistance - 2
points), measurement of changes in the tensor of stress in the
rock mass (2 points) and triggered measurement of seismic




souldsti: kontinudlni méfeni zmény trovné hladiny dalnich
vod (3 méfend mista), kontinudlni méfeni rozevirani (svirdni)
puklin v horninovém masivu (induk¢ni a strunovd cidla —
9 mist), méfeni svislého sméru konvergence (mechanické
a laserové ¢idlo — 2 mista), méfeni teploty dulni atmosféry
(6 mist), méfeni teploty dulni vody (2 mista), méfreni fyzikal-
nich parametra vody (pH a zddnlivy mérny odpor — 2 mista),
méfeni zmen tenzoru napjatosti horninového masivu (2 mista)
a spousténé méfeni seizmického zatiZeni dalniho dila (tfinoZ-
kova registrace). Jednotliva ¢idla, kabeldz a elektronické vyba-
veni jsou ve vodotésném provedeni.

Koncepce, postup vyvoje, realizace a souCasny stav distri-
buovaného méfictho systému byly predstaveny v fadé odbor-
nych &lanku, naposledy v monotematické &isle Casopisu
International Journal of Exploration Geophysics, Remote
Sensing and Environment — EGRSE (CD-ROM ISSN 1803-
1447), ktery je vydavian CAAG — Ceskou asociaci geofyziki,
0. s. V casopise EGRSE 1/2011 jsou publikovédny vysledky
reSerSe z historicko-montdnniho hlediska, geomechanického
a seizmologického monitoringu a téZ povrchového geofyzikal-
niho a morfologického pruzkumu (stav k poloviné roku 2011).

SPECIFIKACE HLAVNICH CILU NUMERICKE ANALYZY
NA LOKALITE DOLU JERONYM

Soucdsti posouzeni napéto-deformacni a stabilitni situace
Dolu Jeronym a provedeni rizikové analyzy, véetné stanoveni
odpovidajicich varovnych stavu, je rovnéz matematické mode-
lovani. Ziskané vysledky matematického modelovani jsou
vyuZzivany nejen k vyhodnoceni stabilitni situace souc¢asného
stavu zdjmové lokality, ale maji velky vyznam i z hlediska pro-
gnézovani vyvoje stabilitniho stavu v souvislosti s pred-
poklddanymi stavebnimi dpravami, zménou tvaru dulnich pro-
stor a kolisdnim hladiny podzemni vody v urCitych cdstech
dolu. Znaénym prinosem aplikace metod matematického
modelovéni je rovnéZ moznost realizace parametrickych vypo-
&tu s variantnimi hodnotami parametra horninového prostfedi.
Vysledky matematickych modeld mohou byt rovnéz vyuzity
pro optimalizaci geotechnického monitoringu s cilem postih-
nout monitorovacimi meérenimi nejvice problematickd mista
a dosdhnout tak co nejvy$si vypovidaci schopnost vysledka
monitoringu. Cilem matematického modelovan{ je tedy kvan-
titativni i kvalitativni vyhodnoceni stavu napéti a deformaci
v z4jmové oblasti, stanoveni dosahu vlivu planovanych sta-
vebnich dprav a lokalizace potencidlné nestabilnich oblasti.

CHARAKTERISTIKA DILEICH MODELOVANYCH CASTI
DULNIHO KOMPLEXU

Tvorba matematického modelu Dolu Jeronym je kompliko-
vdna rozsdhlosti a geometrickou variabilitou celé oblasti, neu-
plnymi informacemi o velikosti, tvaru a prostorové lokalizaci
jednotlivych ¢asti komplexu (komory, kaverny apod.), speci-
fickou geologickou stavbou a hydrogeologickou situaci dané
oblasti, specifickymi vlastnostmi Zulového horninového masi-
vu s nedostate¢né zndmym stupném zvétravani a rovnéZ pozu-
statky drivéjsi tézby bez potfebné dokumentace. VSechny tyto
zékladni zminéné faktory se ve vetsi ¢i menSi mife projevuji
v urité omezené vypovidaci schopnosti vysledki modelovéni.

Vzhledem ke znacné rozsdhlosti a horizontdlni i vertikdlni
variabilité celé oblasti historického dolu neni mozno realizo-
vat komplexni celkovy model, ale jsou postupné modelové
analyzovany pouze dil¢i vybrané Casti. Volba téchto dil¢ich
¢asti celého komplexu je provedena jednak s ohledem na pred-
poklddany vliv stability vybranych ¢dsti na stabilitu celé
zdjmové oblasti a jednak s ohledem na pldn predpokladanych
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loads acting on the mine working (tripodal registration). Indi-
vidual sensors, cabling and electronic equipment are in waterp-
roof design.

The concept, development process, implementation and cur-
rent state of the distributed measurement system were introdu-
ced in many technical papers, the last of which was in
a monothematic issue of International Journal of Exploration
Geophysics, Remote Sensing and Environment - EGRSE (CD-
ROM ISSN 1803-1447), which is published by the Czech
Association of Applied Geophysicists (CAAG). Results of an
information search dealing with the geomechanical and seis-
mological monitoring and the surface geophysical and morpho-
logical survey from the historical-montan point of view were
published in EGRSE journal issue No. 1/2011 (the state as of
the mid 2011).

SPECIFICATION OF MAIN OBJECTIVES OF
THE NUMERICAL ANALYSIS FOR THE JERONYM MINE
LOCALITY

Part of the assessment of the stress-strain and stability situa-
tion of the Jeronym Mine and the risk analysis, including the
determination of corresponding warning states is also mathe-
matical modelling. Results obtained by the mathematical
modelling are used not only for assessing of the stability situa-
tion of the current state of the locality in question, but they are
very important even in terms of predicting the stability conditi-
on within the context of the expected construction work, chan-
ges in the shape of mine spaces and the fluctuation of the water
table in certain parts of the mine. The significant benefit of the
application of mathematical modelling methods is also the pos-
sibility of carrying out parametric calculations with variant
values of the rock environment parameters. Results of the mat-
hematical modelling can also be used for the optimisation of
geotechnical monitoring, with the aim of identifying the most
problematic places by the monitoring measurements, thus to
achieve as high as possible information value of the monitoring
results. The objective of the mathematical modelling is there-
fore quantitative and qualitative assessing of the state of stress
and strain in the area of operations, determining the reach of the
influence of planned construction works and locating potential-
ly instable areas.

CHARACTERISTICS OF PARTS OF THE MINE COMPLEX
BEING MODELLED

The development of the mathematical model for the Jeronym
Mine is complicated by the large extent and geometrical varia-
bility of the entire area, incomplete information about the
extent, shape and spatial locations of individual parts of the
complex (chambers, caverns etc.), the specific geological struc-
ture and the hydrogeological situation of the particular area,
specific properties of the granite rock mass with the insuffici-
ently known degree of weathering and, in addition, relics of the
former mining work without necessary documentation. All of
the above-mentioned basic factors manifest themselves to
a greater or smaller extent in the form of a limited value of
information provided by the modelling results.

With respect to the large extent and horizontal and vertical
variability of the entire region of the historical mine, it is not
possible to develop a comprehensive model. Instead, only
selected partial sections are step-by-step analysed by the
modelling. The selection of these parts of the entire complex is
carried out with respect to the anticipated influence of the sta-
bility of the selected parts on the stability of the entire area of
operations and taking into consideration the plan of assumed
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stavebnich a rekonstruk¢nich praci, které souviseji s ivahami
o zpristupnéni této historické pamdtky verfejnosti. Dosud byly
realizovdny modelové vypolty pro dvé nejvetsi komory celé-
ho podzemniho systému (komory oznacené K1 a K2) a dale
byla provedena modelova analyza vlivu razby pldnované spo-
jovaci Stoly mezi opuSténymi a starymi dulnimi dily. Obé
modelované komory maji znaéné komplikovanou prostorovou
geometrii a Gsti do nich na raznych hloubkovych drovnich
dal$i chodby. Nejdelsi rozmér komor je cca 30 m, maximaln{
§itka cca 15 m, vySka komor kolisd v rozmezi cca 2-10 m,
vySka masivu v nadloZi komor se pohybuje v rozmezi asi
27-51 m.

Komora K1 se nachdzi v nejsvrchnéjsi ¢asti dulniho kom-
plexu ODD v blizkosti pldnované propojovaci Stoly. Této
komofe je vénovdna pozornost i z toho duvodu, Ze se
v prostoru této komory nachdzi sutovy kuZzel, ktery bude nutno
v dalich fézich pfipravy dilniho komplexu na zpfistupnén{
verejnosti odtéZit, coZ se projevi ve zmeéné napétového
a deformacniho stavu v této ¢&dsti dualniho komplexu.
V souvislosti s modelovanim odtéZovani sutového kuzele
v komore K1 je tfeba uvést dvé skutecnosti — v soucasné dobé
neni zndma poloha horninového dna sutového kuZele a nejsou
spolehlivé zndmy ani vlastnosti suté tvorici kuZzel. Druha
modelovand komora K2 je jednim z moznych mist vyudsténi
pldnované propojovaci $toly mezi ¢dstmi Stard a Opusténa
duln{ dila. Numericky modelovéna byla rovnéz razba planova-
né propojovaci $toly mezi dvéma &astmi dalniho komplexu
(ODD a SDD). Jednad se o spojovaci §tolu lichobéZznikového
pri¢ného prifezu s plochou svétlého prifezu 3,12 m2, maxi-
malni vyska 3toly je 2,2 m, délka 3toly 90 m. Stola je ukloné-
nd s prevySenim 11,9 m, vySka nadloZi cca 42 m. Predpoklada
se, ze Stola bude vyztuZena obloukovou poddajnou vyztuzi
z tvarovych ty¢i profilu K24 s ocelovymi paznicemi UNION,
po¢va bude stabilizovand pri¢nym ocelovym prahem.
Provedeny pruzkum odhalil v trase budouci $toly nékolik
kaveren. VySka téchto kaveren nad stropem budouci Stoly je
cca 18 m, kaverny jsou lokalizovany nad cca polovinou délky
trasy Stoly, priblizné v jeji stfedové Cdsti. Mimo zastiZenou
zavalovou oblast bude Stola razena v Zulovém masivu, moc-
nost Zulového télesa nad stropem $toly je cca 18 m, nad timto
télesem se nachdzi rula o mocnosti cca 18 m, pripovrchova
vrstva 0 mocnosti cca 4 m je tvofena eluviem. Geometrie
a dosah kaveren v oblasti boku §toly, popt. pod jeji pocvou,
nejsou dosud znamy, spolehlivé neni specifikovdna ani vypln
téchto kaveren. V &asti kaveren se pouze predpokldda vypln
z jilovito-pis€itych sedimentd, které mohou byt zvodnélé,
v pripadé zbyvajicich kaveren nejsou dosud znamy zadné
informace o materidlu jejich vyplné, ani o rozsahu vyplnéni
téchto kaveren.

Jak jiZ bylo uvedeno, historickd dokumentace lokality byla
v predchozich obdobich zni¢ena, nové zmapovéany byly pouze
v souCasnosti pristupné Casti. Pro zaméfeni vnitfniho povrchu
komor byl vyuZit prostorovy laserovy skener. Tato prostorova
dokumentace vSak neni zcela kompletni, zcela chybi nepri-
stupné Casti (zavalené Casti, zatopené casti), v nékterych
oblastech jsou vysledky skenovéni nedplné a pro tvorbu pro-
storového matematického modelu tedy velmi obtizné vyuzitel-
né. Model vyZaduje mnohdy prijeti ur¢itého zjednoduseni celé
geometrie a rovnéz uréitou miru improvizace. Tato skute¢nost
vedla k tomu, Ze byly dosud modelovdany obé zminované
komory pouze v reprezentativnich pri¢nych a podélnych rovin-
nych fezech. Planovana spojovaci §tola byla v prvni fazi
modelovidna také rovnéz pouze v pri¢ném fezu, v dalsi fazi byl
sestaven zjednoduSeny prostorovy model.

construction and reconstruction works associated with the ideas
of providing access to this historical monument for the public.
Till now, model calculations have been completed for two lar-
gest chambers in the entire underground system (chambers
denoted as K1 and K2) and a model analysis of the influence of
the excavation of the planned connecting adit between abando-
ned old mine workings. The spatial geometry of the two cham-
bers subjected to the modelling is very complicated. In additi-
on, other adits are connected to them at various depth levels.
The greatest length of the chambers is about 30 m, the maxi-
mum width is about 15 m, the height of the chambers varies
from about 2 — 10 m, the height of the massif in the overburden
of the chambers ranges from 27 to 51 m.

Chamber K1 is located in the uppermost part of the AMW
complex, near the planned connecting adit. This chamber is
paid attention even because of the fact that a cone of debris
which is found in the chamber will have to be removed during
the subsequent phases of the mine complex preparation for ope-
ning to the public. This activity will result in changing the
stress and strain state in this part of the mine complex. It is
necessary to mention two facts in the context of the modelling
of the removal of the cone of debris in chamber K1: The posi-
tion of the rock bottom under the cone of debris is currently
unknown nor are the properties of the debris forming the cone
reliably known. The other chamber being modelled, chamber
K2, is one of possible places where the planned connecting adit
between the OMW and AMW can end. The adit planned to con-
nect the two parts of the mine complex (the AMW and OMW)
was also numerically modelled. The cross-section of this con-
necting adit is trapezoidal with the net area of 3.12 m?, maxi-
mum height of 2.2 m and the length of 90 m. The adit is incli-
ned with the difference between levels reaching 11.9 m; the
overburden is about 42 m high. It is expected that the adit exca-
vation will be supported by yielding steel arches (K24 section
bars) with UNION steel lagging. The bottom will be stabilised
by a lateral steel sill. The completed survey discovered several
caverns along the route of the future adit. The height of the
caverns above the roof of the future adit is about 18 m. The
caverns are located above approximately a half of the adit route
length, approximately in the middle part. With the exception of
the collapse area encountered, the adit will be driven through
granite rock mass. The thickness of the granite body above the
adit roof is about 18 m. There is an about 18 m high body of
gneiss above the granite. The about 4 m thick surface layer con-
sists of eluvium. The geometry and reach of the caverns in the
area of the sides of the adit or under its bottom are still unk-
nown. Nor is the fill of the caverns reliably specified. Silty-
sandy filling, possibly water-bearing, is only assumed to be in
a part of the caverns. As for the remaining caverns, no infor-
mation about the filling material or the degree of the filling of
the caverns is still available.

As mentioned above, historical documentation of the locality
had been damaged in the past. Only the parts which are cur-
rently accessible have been newly mapped. A 3D laser scanner
was used for the survey of the inner surface of the chambers.
However, this 3D documentation is not fully complete. The
scanning of inaccessible parts (collapsed parts, inundated parts)
is missing; in some areas scanning results are incomplete, the-
refore very hard to use for the development of a 3D mathema-
tical model. The model often requires a certain simplification
of the entire geometry and a certain degree of improvisation.
This fact led to the situation where the two chambers were
modelled only for representative planar cross sections and lon-
gitudinal sections. In the first modelling phase the planned con-
necting adit was modelled only for a cross-section and
a simplified 3D model was developed in the next phase.
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Tab. 1 Materidlové charakteristiky horninového masivu pro matematické modelovdani
Table 1 Material characteristics of the rock mass used for the mathematical modelling

Hornina Objemova tiha Modul pruznosti
Rock (kN/m3) (MPa)
Volume weight Elastic modulus
(kN/m3) (MPa)
Zula / Granite 25,8 13 000
Rula / Gneiss 25,8 10 400

CHARAKTERISTIKA NUMERICKYCH MODELU, JEJICH
PREDPOKLADY A VSTUPNI CHARAKTERISTIKY

Modelova analyza byla provedena s vyuZitim programového
systému Plaxis 2D a prostorového vypocetniho softwaru Midas
GTS. Oba zminéné softwarové systémy jsou zaloZeny na nume-
rické metodé kone¢nych prvku, tedy metodé predpokladajici
kontinudlni pretvafeni materidlu. Tato metoda neumozZnuje
zohlednit diskontinuitni charakter horninového masivu, v némz
je Dul Jeronym situovdn. Horninovy masiv je v8ak charakteris-
ticky vyraznou tektonikou s mnoZstvim trhlin a puklin, které
mohou mit rizny charakter povrchu, riznou vyplii a mohou rov-
néZ tvorit prusakové cesty pro podzemni vodu. Kromé zéklad-
nich vstupnich charakteristik kontinudlnich modelt ovliviiuj{
tedy vysledky modelovani i charakteristiky lokalizovanych dis-
kontinuit (geometrické i materidlové). Zohlednéni zminéného
diskontinuitniho charakteru horninového prostiedi v mate-
matickém modelu by vyZadovalo aplikaci diskontinuitnich
metod modelovéni, zaloZenych na metodé oddélenych prvka,
a rovnéz dostatecné spolehlivou znalost materidlovych charak-
teristik diskontinuit (zejména znalost normdlové a smykové
tuhosti diskontinuit a pevnostnich charakteristik vyplné diskon-
tinuit). Vzhledem k tomu, Ze tyto charakteristiky diskontinuit
nejsou v této fazi vyzkumu znamy, je k modelovani vyuzita
metoda kontinudlni. Materidlové charakteristiky Zulového masi-
vu prostiedi byly ziskdny laboratornimi zkouskami. Materidlové
charakteristiky ruly nebyly laboratorné stanoveny, také neni
zndm v této fazi vyzkumu ani dosah, ani stupen degradace rulo-
vého masivu. Pro potfeby modelu byly tedy uvazovany hodno-
ty modulu pruznosti a pevnostni parametry ruly o 20 % nizZsi ve
srovnani s zZulou. Pouzité materidlové charakteristiky jsou uve-
deny v tabulce 1.

V piipadé modelovych vypocta stability pldnované spojova-
ci Stoly je nedostate¢né identifikovany zdvalovy materidl
v kavernach, zastizenych v trase Stoly. V modelu je uvazovéan
ve tfech variantdch: varianta s vyplni z pis¢itého jilu mékké
konzistence, varianta s vyplni z pis¢itého jilu tuhé konzistence
a varianta s vyplni z hlinitého §térku. Vstupni materidlové cha-
rakteristiky téchto vypliovych zemin odpovidaji v modelu
smérnym normovym charakteristikdm dle CSN 73 1001.

VYSLEDKY MODELOVE ANALYZY KOMORY K1

S vyuzitim vysledku geodetického zaméfeni pomoci prosto-
rového skeneru a odpovidajicich interpretanich softwara bylo
celkem vyhotoveno 16 pii¢nych a 12 podélnych fezt komorou
(HrubeSov4, et al., 2010). Modelovény byly v této etapé reSe-
ni jen dva nejdelsi souvislé fezy ziskané skenovanim. V obou
analyzovanych fezech dosdhly celkové posuny ve stropni ¢asti
komory hodnot maximalné 2,4 mm (obr. 9), coz koresponduje
s vysledky ziskanymi stdvajicim geotechnickym monitorin-
gem. Vysledky modelovani komory K1 dokumentuji stabilitu
soucasného stavu — stupen Cerpdni pevnosti nepfesahuje hod-
notu 0,46 a tyto maximalni hodnoty jsou lokdlné koncentrova-
ny do oblasti ostrych vystupka.

Poissonovo Cislo Soudrznost Uhel vnitfniho tfeni
() (kPa) ()
Poisson’s ratio Cohesion Angle of internal
() (kPa) friction (°)

0,39 9200 49
0,39 7360 39

CHARACTERISTICS OF NUMERICAL MODELS, THEIR
ASSUMPTIONS AND INPUT CHARACTERISTICS

The model analysis was carried out using the Plaxis 2D soft-
ware and the Midas GTS 3D calculation software. Both above-
mentioned software systems are based on the finite element
numerical method, which is a method assuming continual
deformation of material. This method does not allow taking
into consideration the discontinuous character of the rock mass
in which the Jeronym Mine is located. But the rock mass is cha-
racterised by significant tectonics with lots of cracks and fissu-
res which may have various character of the surface, various
filling and even may form seepage paths for ground water.
Apart from basic input characteristics of continual models, the
results of the modelling are affected by characteristics of loca-
lised discontinuities (both geometrical and material ones).
Making provisions for the above-mentioned discontinuity cha-
racter of the rock environment in the mathematical model
would require the application of discontinuity modelling met-
hods based on the Distinct Element Method, and also suffici-
ently reliable knowledge of material characteristics of the dis-
continuities (first of all the knowledge of the normal stiffness
and shear stiffness of the discontinuities and strength-related
characteristics of the discontinuity filling). Because of the fact
that these characteristics of discontinuities are not known in
this phase of the research, the continual method is used for the
modelling. Material characteristics of the granite massif envi-
ronment were obtained through laboratory testing. Material
characteristics of gneiss were not determined by laboratory
methods nor is the extent and degree of the deterioration of the
gneiss mass known in this phase of the research. For that rea-
son the values of the elastic modulus and strength-related cha-
racteristics of gneiss lower by 20 % compared with granite
were assumed for the needs of the model. The material charac-
teristics applied are presented in the table below.

As far as the model calculations of the stability of the plan-
ned connecting adit is concerned, the material forming the
debris in the caverns along the adit route is identified insuffici-
ently. Three variants of this material are considered in the
model: a soft consistency sandy clay fill variant, a stiff consi-
stency sandy clay fill variant and a silty gravel fill variant. The
input material characteristics of these filling soils correspond in
the model to guide standard values specified in the CSN 73
1001.

RESULTS OF THE MODEL ANALYSIS OF CHAMBER K1

The results of the survey carried out by means of the 3D
scanner and corresponding interpretation software systems
were used for developing 16 cross-sections and 12 longitudinal
sections through the chamber (Hrubesova et al. 2010). At this
stage of the solution, only two, the longest, continuous sections
obtained by the scanning were modelled. In both analysed sec-
tions the maximum values of aggregate displacements in the
chamber crown reached 2.4 mm (see Fig. 9). They correspond
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VYSLEDKY MODELOVE ANALYZY KOMORY K2

V pripadé komory K2 bylo analyzovéno celkem 6 pri¢nych
fezi A-F. Maximdlni celkové posuny jsou lokalizovdny do
oblasti stropu komory a vykazuji v zdvislosti na analyzova-
ném fezu hodnoty fddové 0,3—1,7 mm (obr. 10). Napéti jsou
koncentrovana predev§im do prechodovych oblasti mezi
dnem komory a bo¢nimi sténami a do oblasti ostrych vystup-
ku. Stupen stability ukazuje ve vSech analyzovanych fezech
dostatecné vysoké hodnoty cca 2.4, coz dokumentuje v téchto
pri¢énych fezech dostate¢nou stabilitu soucasného stavu
komory K2.

VYSLEDKY MODELOVE ANALYZY SPOJOVACI STOLY

V prvni fazi modelovani razby propojovaci Stoly byl sesta-
ven rovinny numericky model v jednom pfi¢ném fezu Stolou.
Modelové vypocty byly provedeny pro ruzné varianty vyplio-
vého materidlu v zdvalovych prostordch a pro variantni odstup
vyztuzeni dila od jeho vyraZzeni. Modelové vysledky, podle
predpokladu, dokumentuji kvalitativné i kvantitativné odlisny
charakter chovani horninového prostfedi v zdvislosti na vyse
uvedenych variantnich faktorech. Vyznamnou roli md mimo
jiné i lokalizace zdvalovych prostor v trase Stoly (nesymetric-
ké ulozeni kaveren vzhledem k pldnované trase Stoly, existen-
ce zavalovych prostor na bocich Stoly apod.), avSak tyto dosud
neznamé geometrické aspekty nebyly v modelech variantné
posuzovany. V modelu byly kaverny umistény nad stropem
symetricky vzhledem k trase Stoly. Rozdily v jednotlivych
variantnich vypoctech se projevuji z hlediska Cerpani pevnos-
ti horninového prostfedi, z hlediska celkovych posunt nad
stropem Stoly i z hlediska vnitfnich sil ve vyztuzi S$toly.
V Zadné z posuzovanych modelovych variant nedoslo ke ztra-
té stability. Za predpokladu $térkové vyplné dosahuji maxi-
madlni celkové posuny stropu Stoly max. 4-6 mm v zavislosti
na prodlevé mezi vyraZzenim dila a jeho vyztuzenim, v pripadé
jilovité vyplné jsou hodnoty maximdlnich celkovych posuna
nad stropem $toly fadove vyssi a z hlediska 2. mezniho stavu
se jednd jiz o hodnoty nepripustné (graf na obr. 11). Z hlediska
praktické aplikace model poukdzal, mimo jiné, na nutnost co
nejrychlejstho vyztuzeni Stoly po jejim vyraZeni, pricemZ
tento faktor se ukdzal byt zcela zdsadni v pripadé vyplnového
materidlu z jilovitych zemin mékké konzistence.

to the results obtained by the current geotechnical monitoring.
Results of modelling of chamber K1 document that the current
state is stable — the degree of the exhaustion of the strength
limit does not exceed 0.46 and these maximum values are local-
ly concentrated in areas around sharp protrusions.

RESULTS OF THE MODEL ANALYSIS OF CHAMBER K2

As far as chamber K2 is concerned, the total of 6 cross-secti-
ons A-F were analysed. The maximum aggregate displacements
are localised in the area of the chamber crown. Depending on
the analysed section, they reach values in the order of 0.3 —
1.7 mm (see Fig. 10). Stresses are concentrated first of all in
transition areas between the chamber bottom and side walls and
in areas around sharp protrusions. The values of the degree of
stability are sufficiently high in all analysed sections, approxi-
mately reaching 2.4. They document that the stability of the
current state of chamber K2 is sufficient in these cross sections.

RESULTS OF THE MODEL ANALYSIS
OF THE CONNECTING ADIT

In the first phase of the modelling of the connecting adit
excavation, a plane numerical model was developed for one
cross-section through the adit. Model calculations were con-
ducted for various variants of the material filling the collapse
spaces and for a variant delay of the installation of excavation
support after the excavation. As expected, the model results
document the qualitatively and quantitatively different charac-
ter of the rock environment behaviour, depending on the above-
mentioned variant factors. An important role is played, among
others, even by the localisation of the collapsed spaces along
the adit route (nonsymmetric positions of caverns with respect
to the planned adit route, the existence of collapse spaces along
the sides of the adit etc). Nevertheless, these till now unknown
geometrical aspects were not taken into consideration in model
variants. In the model, the caverns were placed over the roof,
symmetrically with respect to the adit route. Differences in
individual calculation variants show up in the area of the
exhausting of strength limits of rock environment, the area of
aggregate displacements above the adit roof and in the area of
inner forces in the adit support elements. The stability loss was
not experienced in any of the model variants being assessed.
Under the assumption of the gravel filling, the maximum

Rez 7 komorou K1 - celkové posuny

Section through chamber K1
- aggregate displacements

max. u=2.4 mm

max. u=2.4 mm
- -

Obr. 9 Celkové posuny v rezu 7 v komore K1 — matematicky model (Cervend barva odpovidd rozmezi 0.0022 — 0.0024 m, tmavé modrd barva rozmezi 0 — 0.0002 m)
Fig. 9 Aggregate displacements in cross-section 7 through chamber K1 — the mathematical model (red colour is for the range 0.0022 — 0.0024 m, dark blue

colour is for range 0 — 0.0002 m)
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Obr. 10 Celkové posuny v fezu D-D’ v komore K2 — matematicky model
(Cervend barva odpovidd rozmezi 0.0016-0.0017 m, tmavé modrd barva
rozmezi 0-0.0001 m)

Fig. 10 Aggregate displacements in cross-section D-D’ through chamber K2
— the mathematical model (red colour is for the range 0.0016-0.0017 m, dark
blue colour is for range 0-0.0001 m)

ZAVERECNE ZHODNOCENI VYSLEDKU MODELOVANI

Vzhledem k dfive uvedenym predpokladim a omezenim mode-
lu, které bylo nutno prfijmout vzhledem ke komplexnosti celé
modelované lokality i vzhledem k nespolehlivym, netiplnym
a mnohdy neexistujicim informacim o geometrii a materidlovych
charakteristikdch, je tieba vysledky modelovéni vyhodnocovat
a vyvozovat z nich zavéry, které v této fazi modelovani nemaji
zcela obecny charakter. V dalSich fazich vyzkumu této podzemni
lokality bude nutno numerické modely doplnovat, rozvijet
a zdokonalovat, provadét oveérovaci parametrické vypocty a pre-
devsim srovnavat vysledky modelovani s vysledky geotechnického
monitoringu. Matematické modelovani a metody geotechnického
monitoringu tvoii jeden navzdjem provazany celek, vysledky mate-
matického modelovéani mohou prispét k optimalizaci geotechnické-
ho monitoringu, vysledky geotechnického monitoringu pak umoz-
ni provadét inverzni analyzu, a to jak vzhledem k materidlovym,
tak i ke geometrickym charakteristikim modelu.

ZAVER

Prispévek popisuje vybrané informace z historicko-montanniho
priizkumu Dolu Jeronym v Cisté. Rozsah a tiplnost zachovani téch-
to podzemnich stfedoveékych prostor fadi toto dilo k nejvyz-
namnéj$im pamatkdm na hornickou dovednost 16. a dalSich stole-
ti. Pro mozZnost budouciho zpfistupnéni této pamatky verfejnosti je
provadeéna tprava vybranych ¢asti dolu a téZ kontrolni geomecha-
nické sledovani Dolu Jeronym. Ukolem monitoringu, ktery je rea-
lizovan v kvartdlnich intervalech a téZ pomoci distribuovaného
meficiho systému, je posuzovdni stability souboru podzemnich
dél, protoZe podzemni prostory jsou a také v budoucnosti budou
vystaveny prirodnim a antropogennim impaktim pfi pfipravé zpii-
stupnéni této technické pamatky vefejnosti.

Souhrnné lze konstatovat, Ze nebyly zatim zaregistrovany
zadné vyznamné zmény v rozvoji tektonickych trhlin a puklin.
Rovnéz na méfickych profilech geomechanického monitorin-
gu nebyly zaznamendny jevy, které by signalizovaly varovné
stavy pro stabilitu podzemnich dél.

Dlouhodobé nejvyznamnéjsim vysledkem kontrolntho sle-
dovéni pomoci distribuovaného meticiho systému je registrace
zmén hladiny podzemnich vod a posuzovani seizmického zati-
Zeni podzemnich prostor. Jako celek jsou podzemni prostory
stabilni, analyzy vSak ukazuji na kritickd mista v dole.

Matematické modelovani je vyznamnou souldsti vyzkuma
na Dole Jeronym. Tyto vysledky napoméhaji objektivnéj$imu
hodnoceni mozného vyvoje stability modelovanych mist, a to
jak bez vlivu antropogenni ¢innosti, tak pfi rekonstrukénich
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aggregate displacements of the adit roof reach 4 — 6 mm,
depending on the delay of the installation of the support after
the excavation. In the case of the clayey filling, the maximum
values of the aggregate displacements above the adit roof are
greater by an order of magnitude and, from the point of view of
the 2nd limit state, these values are already inadmissible (see
the chart in Fig. 11). As far as the practical application, the
model pointed out the necessity for as quick as possible instal-
lation of the adit support after the excavation. This factor pro-
ved to be absolutely fundamental in the case of the filling mate-
rial consisting of soft consistency clayey soils.

FINAL EVALUATION OF THE MODELLING RESULTS

Taking into consideration the above-mentioned model
assumptions and limitations which had to be adopted with res-
pect to the complexness of the entire locality being modelled,
and with regard to the unreliable, incomplete and often nonexi-
stent information on the geometry and material characteristics,
it is necessary to analyse the modelling results and derive conc-
lusions from them which do not have absolutely general charac-
ter in this modelling phase. In the following phases of the sur-
vey into this underground locality it will be necessary to com-
plement the numerical models, develop and refine them, con-
duct verification parametric calculations and, first of all, com-
pare the modelling results with the results of geotechnical moni-
toring. Mathematical modelling and geotechnical monitoring
methods form one interconnected unit. Mathematical modelling
results can contribute to the optimisation of geotechnical moni-
toring. Then the geotechnical monitoring results will make con-
ducting of an inverse analysis possible with respect to both the
material and geometrical characteristics of the model.

CONCLUSION

This paper describes pieces of information selected from the
historical-montan research into the Jeronym Mine in Cista.
Owing to the extent and completeness of the preservation of
these medieval underground spaces, this working ranks with
the most important monuments to mining skills of the 16th and
following centuries. Selected parts of the mine are under recon-
struction and under the checking geotechnical surveillance so
that the monument can be opened to the public in the future.
The objective of the monitoring, which is carried out at quar-
terly intervals and by means of a distributed measurement sys-
tem, is to assess the stability of a complex of underground wor-
kings, taking into consideration the fact that the underground
spaces are and in the future will be exposed to natural and anth-
ropogenic impacts during the preparation for opening of this
technical monument to the public.

In summary it is possible to state that no significant changes
in the development of tectonic cracks and fissures were regis-
tered. No phenomena signalling states warning for the stability
of underground workings were registered in the geomechanical
monitoring measurement profiles.

The in the long-term most important result of the checking
monitoring by means of the distributed measurement system is
the registration of changes in the water table level and asses-
sing of the seismic loads acting on the underground spaces. The
underground spaces are stable as a whole, but analyses point
out critical places in the mine.

Mathematical modelling is a significant part of surveys con-
ducted in the Jeronym Mine. Its results help in the process of
objective assessing of the possible development of the stability
of the modelled locations, both without the influence of anth-
ropogenic activities and during the reconstruction work in the
mine working. The interconnection of results of mathematical
modelling with results of geomechanical monitoring also
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Maximalni posuny stropu spojovaci Stoly v zavislosti na typu zeminy a v kaverné nad
Stolou a rychlosti vyztuzeni — Maximum displacements of the connecting gallery roof
depending on the soil type and, in the cavern above the gallery, on the speed of the ESIWEELGFAEE
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Obr. 11 Modelové varianty vlivu charakteristik zdvalového vyplné nad stropem spojovaci §toly
Fig. 11 Model variants of the influence of characteristics of the filling of collapsed spaces above the connecting adit roof

pracich v dulnim dile. Propojen{ vysledkti matematického mo- contributes to the optimisation of measurement locations for

delovani a geomechanického monitoringu taktéZz prispiva the purpose of the checking monitoring.

k optimalizaci méficich mist pro kontrolni sledovani.
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FOTOREPORTAZ Z DOKONCOVANI STAVBY ZELEZNICNICH
TUNELU V USEKU VOTICE - BENESOV

PICTURE REPORT ON FINISHING WORK ON THE CONSTRUCTION
OF RAIL TUNNELS IN THE VOTICE - BENESOV TRACK SECTION

Obr. 1 Zahradnicky tunel, (foto Ing. Sponar Subterra, a. s.)
Fig. 1 Zahradnice Tunnel (photo courtesy of Ing. Sponar, Subterra, a. s.)

Obr. 3 Portdl Tomického tunelu (foto Ing. Marik IKP Consulting Engineers)
Fig. 3 Tomice Tunnel portal (photo courtesy of Ing. Marik IKP Consulting
Engineers)

Obr. 5 Vyjezdovy portdl Olbramovického tunelu (foto Ing. Marik IKP
Consulting Engineers)

Fig. 5 Olbramovice Tunnel exit portal (photo courtesy of Ing. Ma¥ik IKP
Consulting Engineers)

Obr. 2 Montdzni vlak pred portilem Votického tunelu (foto Ing. Marik IKP
Consulting Engineers)

Fig. 2 Track laying train in front of the Votice Tunnel portal (photo courtesy
of Ing. Marik IKP Consulting Engineers)

Obr. 4 Poklidka kolejovych poli Zelezni¢niho svrsku (foto Ing. Marik IKP
Consulting Engineers)

Fig. 4 Installation of trackwork (photo courtesy of Ing. Marik IKP Consulting
Engineers)

Obr. 6 Slavnostni zahdjeni provozu (foto Viadimir Tdborsky SZDC Stavebni
sprdva Praha)
Fig. 6 Inauguration (photo courtesy of Vladimir Tdborsky SZDC Stavebni
sprdva Praha)
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FOTOREPORTAZ Z VYSTAVBY
PRODLOUZENI TRASY V.A PRAZSKEHO METRA

PICTURE REPORT FROM THE CONSTRUCTION
OF THE PRAGUE METRO LINE V.A EXTENSION

L By . : 4
Obr. 1 Z vystavby stanice Motol (foto Ing. Maridn Chotdr)
Fig. 1 From Motol Station construction (photo courtesy of Maridn Chotdr)

Obr. 3 Razba stanice Cerveny vrch (foto Ing. Maridn Chotdr)
Fig. 3 Cerveny Vrch Station excavation (photo courtesy of Maridn Chotdr)

Obr. 5 Stit Tonda a zimni ndlada v jamé E2 (foto Ing. Ludék Rais)
Fig. 5 Tonda TBM and the winter atmosphere in E2 construction pit (photo
courtesy of Ludék Rais)

L 2 L 5
Obr. 2 PrordZka $titu Adéla do stanice Veleslavin (foto Ing. Maridn Chotdr)
Fig. 2 Adéla TBM breakthrough into Veleslavin Station (photo courtesy of M. Chotdr)

Obr. 4 Stredni vyrub jednolodni stanice Petriny (foto Ing. Maridn Chotdr)
Fig. 4 Central excavation sequence for Petfiny one-vault station (photo cour-
tesy of Maridn Chotdr)

Obr. 6 Stit Tonda ve stavebni jamé u stanice Veleslavin (foto Ing. Maridn Chotdr)
Fig. 6 Tonda TBM in construction trench at Velestavin Station (photo cour-
tesy of Maridn Chotdr)
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2. Bezhrdlové kameninove trouby pro bezvykopové technologie Crea-Dig trouby pro bezvykopové
protlagéovani DN 150—1400 mm —délka 1,0 nebo 20 m

3. Dopinéni kanalizaGnich fadlu z kameniny kameninové Sachty, zkracené trouby, opravné manzZety

Bezplatné dodavky kameninovych trub dle CSN EN 295 na kterékoliv misto v CR
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statickych vypoéti pro ukladani trub
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piskového loZe, éimZ odpada obetonovani trub a z toho plynouci saiZzeni nakladd na pokladku.

ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

VYSLA MONOGRAFIE O TUNELECH NA POZEMNICH KOMUNIKACICH
TREATISE ON ROAD TUNNELS HAS BEEN PUBLISHED

The publishing house of the Czech Technical University in Prague
published a treatise entitled Road Tunnels in December 2011. It is the
first treatise of its kind in the Czech Republic. Its authors,
Prof. Ing. Pavel Pribyl, CSc., and Prof. Ing. Jifi Bartdk, DrSc., wrote it
using the long-term experience gathered during the course of their tea-
ching at the Faculty of Transportation Sciences and the Faculty of Civil
Engineering and the wealth of their practical experience. Important part
of the publication is contained in chapters dealing with the design for
technical facilities and their maintenance, which often significantly
influences tunnel operating costs.

Vydavatelstvi CVUT v Praze vydalo v prosinci roku 2011 monogra-
fii s nazvem Tunely na pozemnich komunikacich, ktera je prvni svého
druhu v Ceské republice. Jeji autofi prof. Ing. Pavel Pribyl, CSc.
a prof. Ing. Jifi Bartdk, DrSc. vychazeli pfi psani z dlouholetych zku-
Senosti pfi vyuce na Fakulté dopravni a Fakulté stavebni i z jejich boha-
té praxe. Tato monografie je zdkladnim referenénim pramenem oboru
tunelovych systému pro odbornou tuneldiskou vefejnost a muze
poslouzit jako vynikajici studijni materidl i studentam Fakulty doprav-
ni (v dennim studiu i v kurzech celoZivotniho vzdéldvani). Knizka
obsahuje celkem 13 kapitol, které jsou koncipovany tak, aby prezento-
vané informace umoznily nejen sezndmeni se s danou problematikou,
ale vytvorily pevné zdklady pro teoreticky rozvoj oboru tunelovych
systému.

Prva ¢ast monografie se zabyvd stavebni problematikou. Zde se Cte-
ndr prenese od historického vyvoje podzemnich staveb pres vysvétleni

odborné tuneldrské terminologie a popis konstrukce a vystavby raze-
nych tunelt az k perspektivé vystavby tunelu.

V nasledujici ¢asti je popsan zcela novy pohled na tunel jako doprav-
né-technicky systém — od predstaveni architektury dopravné-technic-
kych systému, zdkladnich dopravnich a provoznich stavt tunelt az
k popisu celého dopravniho systému véetné bezpe¢nostniho systému
a organizace bezpecnosti.

Zakladem publikace jsou vSak kapitoly zabyvajici se ndvrhem tech-
nickych zarizenf a jejich idrZbou, kterd Casto vyznamné ovliviiuje pro-
vozni ceny tuneld. Od rozboru ventilace, osvétleni a napdjeni se Ctendr
dostdva k fidicimu systému tunelu, vysvetleni analyzy a fizeni rizik
a popisu testovani chovéni fidi¢l v tunelu a na volné komunikaci (v&et-
né vyuZiti simuldtoru).

Posledni ¢dst monografie se vénuje Zivotnosti zafizeni v tunelu vcet-
né tvahy o Zivotnim cyklu technickych zafizeni v tunelu a zajisténi
spravné ddrzby a obnovy tunelt.

Z4vérem je nutné zduraznit, Ze tato monografie obsahuje vedle teo-
retickych &asti i vysledky vyzkumi realizovanych v rdmci vyzkum-
nych projekti ministerstva dopravy ,,Analyza a Fizeni rizik v tunelech
pozemnich komunikaci®, ddle v projektech OPTUN (Optimalizace pro-
vozu silni¢nich tuneld) a SAFETUN (Optimalizace tunelu z hlediska
bezpelnosti). Tato publikace se nepochybné stane cennym zdrojem
informaci pro stavebni praxi i pro potfeby vysokoskolské vyuky.

DOC. DR. ING. JAN PRUSKA, pruskaj@fsv.cvut.cz,
CVUT v Praze, Fakulta stavebni
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GIGANTICKE PROJEKTY TUNELOVYCH STAVEB V CINE
GIGANTIC TUNNEL CONSTRUCTION PROJECTS IN CHINA

The ISRM Chinese national group summari-
sed underground construction projects being
designed for China in the current decade in the
publication entitled Chinese challenges and
opportunities in geomechanics and geotech-
nics. The scope of these projects, a significant
part of which has been commenced, is indeed
breathtaking.

Cinskd nérodni skupina ISRM shrnula v pub- i

likaci Cinské vyzvy a prileZitosti v geome-
chanice a geotechnice projektované podzemni
stavby na Cinském tzemi v nynéjsi dekade.
Rozsah téchto projektu, z nichZ uz zna¢nd Cdst
byla zahdjena, skute¢né bere dech.

V oblasti hydrologickych staveb je nejroz-
sdhlej$im projektem vybudovani vodnich priva-
dé¢u Jih — Sever, které maji zdsadnim zpuso-
bem vyresit nedostatek vody v severnich ¢ds-
tech zemé.

Privadéce, které maji v roce 2050 prevadét
cca 45 km? vody ro¢né, jsou projektovany ve
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trech vétvich — vychodni, stfedni a zdpadni
(obr. 1). Stfedni a vychodni vétev se stavi, pri-
¢emz vétsinou se jednd o oteviené kandly. I zde

Obr. 1 Mapa vodnich privadécu
Fig. 1 Water supply lines map

letech bude dokonceno celkem 1800 km téchto tunelu ve &tyfech
nejvetsich mestech (Beijing, Shanghai, Guangzhou, Shenzhen).

Celkem tedy predstavuje pldnovand vystavba tunell zhruba do
roku 2020 objem ptes 9000 km liniovych podzemnich staveb, tedy
stavbu cca 1000 km tuneli ro&né.

DOC. ING. RICHARD SNUPAREK, snuparek@ugn.cas.cz,

Obr. 2 Schéma ddlniéni sité
Fig. 2 Motorway network system

jsou vsak zajimavé tunelové stavby jako osmikilomet-
rovy tunel, podchézejici feku Huanghe apod. Naopak
v tunelech bude vedena velka ¢ast zdpadni vétve — do
roku 2020 v délce 244 km z celkovych 260 km. Jednd
se vesmes o kruhové tunely o praméru 9 m.

Stdvajici ddlni¢ni systém, ktery v roce 2008 pred-
stavoval cca 18 000 km ddlnic, se md do roku roz§ifit
na cca 100 000 km véetné 4370 km novych silni¢nich
tunelu (obr. 2).

Rovnéz v oblasti Zelezni¢ni sité je planovany objem
novych trati do roku 2020 cca 100 000 km vcetné
2200 tunelu v celkové délce 2270 km. V soudasné
dobé se stavi nékolik velmi dlouhych tunelu
(Wuaxioling — 20 km, Yeshaguan — 13 km).

V pristich 20 letech se ma vybudovat cca 400 km
podmorskych tunelu (nejdel3i Yantai — Dalian 150 km
a Fujian — Taiwan v délce 125 km).

Velky objem také predstavuje délka budovanych
tuneld méstské podzemni dopravy. V nejblizsich
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Obr. 3 Schéma tunelu vodniho privadécée pod Fekou Huanghe
Fig. 3 Scheme of the water supply tunnel under the Huanghe River
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ZAHAJENI RAZEB TUNELU PATNITOP V SEVERNI INDII
COMMENCEMENT OF THE PATNITOP TUNNEL EXCAVATION IN NORTHERN INDIA

There are two long tunnels under con-
struction on the route of the NHI1A/44
arterial road in Kashmir, northern India,
within the framework of its widening and
increasing its capacity. The route passes
under two main ridges between the towns
of Jammu and Srinagar.

The Patnitop tunnel (today called the
Chenani — Nashri Tunnel) was designed in
2005 — 2006 (its location in terrain, length
and system solution) by D2 Consult
Prague within the framework of a sub-
contract for Louis Berger International.
Subsequently a limited investigation was
conducted and tender documents were
carried out. A concession agreement bet-
ween the National Highways Authority of
India and the concessionaire, IL&FS
Transportation Networks Ltd. (ITNL),
was concluded in 2010. Construction and
technological work on the tunnel and
access roads is being carried out by
Leighton, an Australian construction com-
pany. The excavation for the 9 km-long
tunnel and a parallel escape gallery com-
menced in August 2011. D2 Consult
Prague is participating on the construction
as a tunnelling consultant.

Na trase ddlkové silnice NHI1A/44
v KaSmiru v severni Indii jsou v rdmci
projektu jejiho rozsiteni a zkapacitnéni ve
stavbé dva dlouhé tunely pod dvéma hlav-

nimi hfebeny mezi mésty Jammu a Sri-

Obr. 1 Oblast projektu

nagar. . .

Tunel Patnitop (dnes nazyvany Chenani Fig. 1 Project area
— Nashri Tunnel) by v letech 2005-2006 International. Ndsledné byl proveden omezeny pruzkum
navrzen (umisténi v terénu, délka a systémové feseni) firmou a vypracovany dokumenty pro zaddni stavby. V roce 2010

D2 Consult Prague v subdoddvce pro Louis Berger byla uzaviena koncesni smlouva mezi indickym ,,RSD*

Obr. 2 Systémové reSeni — dopravni tunnel, iinikovd §tola, propojka a profil mozné budouci druhé tunelové roury
Fig. 2 System solution — transport tunnel, escape gallery, cross passage and cross-section through the potential future tunnel tube
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Obr. 3 Jizni a severni portdl tunelu (rijen 2011)
Fig. 3 Southern and northern tunnel portals (October 2011)

Obr. 4 Kanceldrskd budova v ,,Campu‘ a jizni portdl (leden 2012)
Fig. 4 Office building in the camp and the southern portal (January 2012)

a koncesiondfem IL&FS Transportation Networks Ltd.
(ITNL). Stavebni a technologické prace na tunelu a jeho pri-
stupovych trasich zajiStuje australskd stavebni firma
Leighton a razba 9 km dlouhého tunelu a paralelni tnikové
Stoly byla zahdjena v srpnu 2011. D2 Consult Prague se podi-
I na vystavbé jako tunelovy konzultant.

Vzhledem ke standardné obtiZznym podminkdm provadéni
tuneld v prostfedi Himélaji (terén, dostupnost, klima)
a v Indii (kvalifikace a ndvyky pracovniku, byrokracie, ¢as)
byly razby zahdjeny dobre. V soucasné dobé (leden 2012) je
vyrazeno celkem priblizné 1 km tnikové Stoly a 700 m hlav-
niho tunelu z obou portdli. Razba probihé v prostredi flySo-
vych sedimenta (stfiddni vrstev jilovce, prachovce a piskov-
ce), stredné rozpukanych a stabilnich s deformacemi v radu
centimetru. Z duvodi maximdlnich dspor (cena je za zhoto-
veni tunelu, ne za polozky) je zajisténi redukovano na 10 cm
stffkaného betonu ve tfidé A, 15 cm ve tfidé B a 1 vrstvu siti
v obou spolu s radidlnim kotvenim 5 m SN kotvami a délkami
zdbéru 2-3 m.

Razba probihd zatim v prostiedi prevdzné suchém a bez
vétsich problému. Strojni vybaveni odpovidd soucasnému
svetovému standardu, jeho obsluha je ov§em ve stadiu zauco-
vani a koordinace a navaznost praci je velkym problémem
spole¢né s udrzbou, opravami a se zajiSténim zdsobovani
materidlem v zimnich podminkach.

Dosazeni planované prordzky v roce 2014 a uvedeni do pro-
vozu v roce 2015 je velkou vyzvou a bude vyZadovat pod-
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statné zvysSeni rychlosti razeb. Dokonceny tunel zkrati trasu
0 30 km, vyhne se prevySeni 1 km a zajisti prijezdnost trasy
i v zimnim obdobi, ve kterém byva prejezd hiebene uzavien
i na nékolik dni.

Zajimavy a ,,neevropsky* je i zpusob prace a Zivota mezina-
rodniho spolecenstvi pracovniku projektu. V podstaté se da
pouze pracovat, emuZ je prizpusobena organizace stavby. Tzv.
,-Camp®, tj. uzavieny prostor s kanceldfremi, jidelnou, ubytovna-
mi a dal§imi zaf{zenimi pro asi 150 techniku, z toho asi 30—40
mezindrodnich, je malym mésteckem s vlastni vyrobou elektric-
ké energie, dpravnou vody, pripojenim k internetu a pri-
stupovymi komunikacemi. Pracovni rezim je nastaven na
12hodinové smény (7-19 h), 13 dni pracovnich, 1 den volny,
8 tydnu na stavbé a 2 tydny dovolend s placenou cestou domu
(coz muZe byt i na druhém konci svéta). Usnadnéni a zpfi-
jemnéni prace a pobytu pracovniku je vénovéna velkd pozornost
(v ramci moznosti), stravovani je na skvélé drovni, stejné jako
ubytovani, doprava na stavbu, bezpecnost prace a dal$i pomoc-
né sluzby. Nejblizsi letisté v Jammu je vzdilené asi 4 hodiny
cesty autem. Pokud se nékdo z Ceské ¢i slovenské tuneldrské
komunity rozhodne travit prazdniny v Kasmiru a pojede okolo,
muZe po dohodé navstivit velmi zajimavou a v mnohém
i pou¢nou stavbu v soucasné dobé nejdelsiho silniéniho tunelu
v Indii. Jste vitani!

ING. MARTIN SRB, srb@d2-consult.cz,
D2-CONSULT PRAGUE, s. r. o.




VODARENSKY PROJEKT MELAMCHI V NEPALU
MELAMCHI WATER SUPPLY PROJECT

There is a project currently under construction in Nepal sol-
ving potable water supplies for Kathmandu Valley, entitled the
Melamchi Water Supply Project. One of the main parts of this
project is the construction of an underground water feeder, the
Melamchi Water Supply Diversion Tunnel. This 25.5 km long
tunnel will convey water from the Himalaya, the Melamchi
River, across the Mahdbhdarat mountain range to the northern
part of the Sundarijalu Valley in Kdthméndu.

Nepadl je zemi leZici v centralnim dseku Himalajského oblou-
ku, nejvyssiho pohofi svéta, a obrazné receno je mistem, kde se
zeme a lidé dotykaji nebes. Nepal se rozklada na plose 147 tisic
km? a je obyvan necelymi 30 miliony obyvateli. Hlavni mésto
Nepdlu Kathmandu, mésta Lalitpur a Bhaktapur a dals{ aglome-
race se rozprostiraji v Kathmandské kotliné v nadmorské vysce
1300 m. n. m.

Kathmandské ddoli trpi chronickym nedostatkem vody, ktery
je kriticky zejména v obdobi sucha. S tim, jak prudce roste
populace kathmandského udoli, se pristup k vode stava ¢im dal
vice palCivéjsim problémem. V soucasnosti zde Zije okolo 3 mil.
lidi. Celkova potieba vody je odhadovana na vice nez 300 mil.
litrd vody denné pro celé tddoli, pfi¢emZ stavajici kapacita nabi-
zi zhruba 70 az 130 mil. litra vody denn€ v zavislosti na ro¢nim
obdobi. Pitnd voda je na fadé mist nedostupnd, pripadné nekva-
litni a mnohdy nesplnuje standardy stanovené Svétovou zdra-
votnickou organizaci.

V soulasnosti je ve vystavbé projekt na zdsobovani
Kathmandského udoli pitnou vodou ,,Melamchi Water Supply
Project. Jednou z hlavnich soucdsti tohoto projektu je stavba pod-
zemniho privadéce ,,Melamchi Water Supply Diversion Tunel®.
Tato 25,5 km dlouhd $tola privede vodu z Himadlaji z feky
Melamchi pres pohofi Mahdbhdrat do severni Casti
Kathmandského tdoli Sundarijalu. Projektovana kapacita Stoly je
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6 m® vody za vtefinu. Pfedpokldda se, Ze vodovodni pfivadé¢ zaji-
sti pfisun priblizné 170 mil. litri vody denné. Stavba privadéce
predstavuje priblizné 27 % celkovych praci. Dalsi vyznamné Easti
projektu pro zdsobovani Kédthmandského ddoli vodou tvori vystav-
ba nové dpravny vody v Sundarijalu, prestavba stavajici vodovod-
ni sité¢ v Kathméandském tdoli nebo vystavba nové Cisticky odpad-
nich vod.

Cena tunelové casti projektu Cini priblizné 66 mil. USD
(cenova droven z roku 2009). Projekt je z vétsi ¢asti financovan
Asijskou Rozvojovou Bankou (ADB) a déle nepalskou vladou,
Skandindvskym rozvojovym fondem (NDF), Japonskou bankou
pro mezinarodni spolupréci, sdruzenim OPEC, atd.

Hlavnimi dcastniky tunelové casti projektu jsou:

e investor: Melamchi Water Supply Development Board

(MWSDB);

e hlavni inZenyr a supervize: Melamchi Design and
Supervision Consultant Concorcium (MDSCS) tvorené
sdruZenim firem finské spolecnosti Poyry Group a nepdlské
spole¢nosti Multi Disciplinary Consultants Ltd.;

e dodavatel: China Railway 15 Bureau Group Corporation
& China CMIIC Engineering Corporation (CRCC-CMIIC JV).

Razba je provadéna zejména pomoci trhavin ze Ctyr lokalit —
od vydsténi hlavniho privadéce v Sundarijalu a z pfistupovych
Stol Sindhu, Gyalthum a Ambathan. Celkova délka raZenych
lseka zahrnujici pfistupové Stoly je priblizné 27,7 km. Razby
probihaji dovrchné s maximalnim sklonem 5,5 %. Hlavni Stola
je podkovovitého tvaru se svislymi stojkami s rozméry vyrubu
3,5x4,0 m a plochou vyrubu 12,7 mZ2. Cast privadéce
a pristupové Stoly jsou vétsiho profilu 4,2x4,8 m o plose vyrubu
18,4 m2.

Nadmorska vyska terénu v dseku razeb se pohybuje v rozmezi
od 800 do 2500 m n. m. Pfi nadmorské vySce nivelety tunelu

Obr. 1 Mapa Nepdlu s umisténim projektu
Fig. 1 Nepal map with the project location
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Obr. 2 Portdl v Sundarijalu
Fig. 2 Sundarijal portal

v rozmezi 1383 az 1414 m. n. m. tak vyska nadlozi dosahuje az
1,2 km s tim, Ze vice neZ 11 km raZeb probéhne v prostredi
s nadloZim vy$§im neZ 500 m.

Zejména v Useku mezi pristupovymi Stolami Gyalthum
a Sindhu se ocekavaji obtizné geotechnické podminky — poruse-
ny a zvétraly horninovy masiv s vét§imi pritoky podzemni vody
do tunelu.

Klasifikace horninového prostredi je zaloZena na norském
Q-systému, pricemZ pro ucely projektu se horninovy masiv
zaclenuje do péti zdkladnich horninovych tfid. V zdvislosti na
zastizenych horninovych podminkach je stanoveno Sest zaklad-
nich tfid vystrojeni vyrubu. VEtsi &ast raZenych tseku bude
vystrojena stfikanym drdtkobetonem a kotvenim. Nékteré tiseky
vyzaduji vystrojeni pomoci rdmu ze stifkaného betonu (vdzana
vyztuz v jedné vrstvé), pripadné Zelezobetonové osténi z litého
betonu.

Dodavatel zvolil kolejovy zpusob dopravy v tunelech del§ich
cca 1 km. Hlavni strojni vybaveni, které ma dodavatel
k dispozici pro préci v podzemi, je ndsledujici:

» naklddaci tunelbagry WDZ-150/58L pro naklddani rubani-
ny (na pasovém podvozku, teoreticky blokuje pristup na
c¢elbu pro jiné strojeni vybaveni, které je ovSem
v soucasnosti nedostupné);

e prepravnikové nakladace ZL.40B (vyuZzivany v tunelech do
délky razby cca 1 km);

Obr. 4 Priprava na manudlni vrtdani éelby
Fig. 4 Preparation for manual face drilling

Obr. 3 Pristupovd $tola Sindhu — kriZovatka s vodovodnim privadécem
Fig. 3 Sindhu access gallery — crossing with the water supply tunnel

* ndkladni vozidla s kapacitou 3 az 5 m3 (kolova, &asto
v havarijnim stavu);

e nikladni vagony s pdsovym dopravnikem s kapacitou
14 m3 (kolejové, koncem roku 2011 pouZivané ve 3tole
Sundarijal);

e ruéni vrtaci kladiva YT28 (dodavatel nema vrtaci vozy);

* jedna vrtaci souprava GL-6000 pro pruzkumné vrty (na
pasovém podvozku, umisténd ve §tole Gyalthum, dodavatel
neni schopen jejiho premisténi do jinych useku).

Aplikace stfikaného betonu mokrou cestou probihd manudlné

bez uziti manipuldtoru.

Razby se potykaji s radou problému, z nichZ nejvaznéjsimi

jsou:

 Dostupnost pristupovych §tol, a to zejména v obdobi letnich
monzunu spojené s mimoradnymi uddlostmi jako napf. sva-
hové sesuvy, zatopeni tunelu, rozvodnéné feky a odplavené
mosty.

e Lokdlni podminky, obcasné nepokoje, nedostupnost
ndhradnich dilt a materidlu, vybavenost stavenist.

e Nevybavenost a nezkuSenost dodavatele s fadnou aplikac{
horninové vystroje, s injektdznimi pracemi a s bezpecnosti
vystavby (Cinsky dodavatel versus kontrakt postaveny na
skandinavskych zkuSenostech).

e Geotechnické podminky v nékterych tsecich vyzaduji
zajistujici prace v predstihu pred ¢elbou.

Obr. 5 Mimorddnd uddlost - zdval na §tole Gyalthum
Fig. 5 Incident — a collapse in Gyalthum gallery
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Obr. 6 Aktivni svahovy sesuv podél pristupové cesty ke §tole Sindhu
Fig. 6 Active slope slide along the access road to the Sindhu gallery

I proto je rychlost razeb nizkd a tak koncem roku 2011 bylo
vyrazeno pouze piiblizné 13 % z celkové délky tunelu, coZ pied-
stavuje vyrazné zpozdéni oproti planovanému postupu razeb.

V plénu je prodlouZeni trasy tunelt o dalSich pfiblizné 12 km
razeb vychodnim smérem. Uéelem je ziskani vétitho mnoZstvi

LITERATURA / REFERENCES

[1] Contract Documents No. MDS/DT/01
[2] www.melamchiwater.org
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Obr. 7 Tunelbagr WDZ-150
Fig. 7 Tunnel excavator WDZ-150

2%

vody do privadéce, a to z dalsich dvou fi¢nich toku — Yangri
a Larke.

ING. ARISTOTELIS CARAVANAS,
arista@post.cz

CESKY GEOTECHNIK NA PODZEMNICH STAVBACH V CINE

Ciaste¢nd recese podzemnich staveb (predeviim tuneld)
v Ceské republice a zajimavé nabidka ze zahrani¢i zpasobily, 7e
autor tohoto prispeévku odcestoval v kvétnu roku 2011 do stéle
jesté exotické zemé — do komunistické Ciny. Diky nabidce od
klienta ze SRN se zapojil do noveé budovanych vysokorychlost-
nich Zelezni¢nich projekta (projektovand rychlost 250 az 300
km/h) v kvapem rostouci ¢inské ekonomice. Pusobi na pozici
tunelového experta v nevelkém tymu zahrani¢nich supervizora,
ktefi dohlizeji komplexné na vystavbu Zelezni¢niho projektu
(tunely, mosty, zarezy, naspy atd.). OvSem jeho prvoradym tko-
lem je pouZit své zkuSenosti z vystavby tunela v Evropé pfi kon-
venénim razeni (NRTM). Oficidlnim jazykem je angliCtina
a kazdy zahrani¢ni ¢len tymu ma svého kolegu — ¢inského pre-
kladatele. Momentdln¢€ tym &itd 4 zahrani¢ni experty (2 ze SRN,
1z CR a 1 z Tchaj-wanu) a 4 &inské asistenty.

Projekt, na kterém se tym podili, s ndzvem Chengdu-Chong-
qing Railway PDL je dlouhy celkem 308 km a je rozdélen na
nékolik dil¢ich dseku, které jsou samostatné budované
a kontrolované. Usek, na ktery dohlizi zminény tym, mé&fi néco
maélo pres 65 km a zahrnuje 12 raZenych tunelu (cca 15,5 km),
spoustu mostu a zarezu. VEtsinou se jedné o dvoukolejné tune-
ly s profilem vice nez 100 m?, pouze u hlavniho mésta provin-
cie Chongqing se tunely, z davodu méstského urbanismu
a nizkého nadlozi, rozdvojuji a buduji se jako jednokolejné (cca
70 m?). Delii tunely neZ 700 m jsou raZeny z obou portdlovych
stran. Celkem pét nejdelSich tunelu (délka vzdy pres 3 km) je
rozrazeno i z prostfedni ¢dsti pomoci pristupové Stoly a razba
tak probihd na vice pracovistich (Celbach). Co se tyce geolo-
gické stavby, tak ve stru¢nosti lze uvést, Ze v oblasti prevladaji
predevs§im védpence, v men$i mife se v tomto horském masivu
vyskytuji piskovce, ale nenf nouze i o vlozky bridlic. V jednom

pripadeé je tunel raZen v rizikové oblasti masivu, ktery byl doby-
vén z duvodu uhelnych sloji v dobé ddvno minulé, takZze po
geologické strance se jednd o celkem pestré dzemi.

Technologie razeb a vystavby tunelovych ¢ésti je zde odlis-
nd od evropského zpusobu vystavby metodou NRTM. Nékterd
nafizeni a pravidla od zdej$iho investora ¢i ministerstva Zelez-
nic jsou zbyte¢nd a naopak kontraproduktivni (ale o tom snad
vice po névratu do CR). Momentiln& neni povoleno informo-
vat tfeti strany o detailech projektu.

Pracovni den je vétSinou zahdjen vyjezdem na vybranou ¢ast
stavby, kde se provede inspekce nékolika stavebnich objekta
(autor jako tunelovy expert je hlavné zaméfen na tunelové
objekty, ale obCas musi s kolegy kontrolovat i technologickou
kdzeni a bezpeCnost pri vystavbé mostd &i zéfezu). Navrat
z denni navstévy stavby do kanceldre je vétSinou kolem poled-
ne. Odpoledne pak musi byt zpracovén ,,denn{ report®, ktery je
zaslan investorovi a zhotoviteli. Dal§imi ¢innostmi je zpraco-
véni tydennich, mési¢nich, pripadné specidlnich reportu &i pre-
zentaci a ucast na pravidelnych kontrolnich dnech.

Pokud bude autor mit moZnost a bude i zdjem redakce toho-
to odborného &asopisu, tak se pokusi pripravit obsahlejsi piis-
pevek po ukonéeni své zdejsi spoluprace. Kazdopadné koope-
race na vysSe popsanych projektech je velkou osobni zkuSe-
nosti i proto, Ze probihd ve zcela jiném prostredi s odli§nou
kulturou a stavebnim pristupem.

Struéné informace o projektu Chengdu-Chongqing Railway
PDL jsou na webu: http://english.cqnews.net/html/2011-
09/08/content_8177367 .htm

ING. RADEK BERNARD, Ph.D. bernard@arcadisgt.cz,
ARCADIS Geotechnika, a. s.
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ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

SEMINAR RAKOUSKA LEGISLATIVA PRO PODZEMNI STAVBY A JEJI APLIKACE PRI VYSTAVBE TUNELU
SEMINAR ON AUSTRIAN LEGISLATION ON UNDERGROUND CONSTRUCTION AND ITS APPLICATIONS

TO TUNNEL CONSTRUCTION

On 24th January 2012, the Czech Tunnelling Association
held an international seminar focused on Austrian legislati-
on on underground construction and its application to the
construction of tunnels. The main attention was dedicated
to the directive of the Austrian Association on geotechnical
design of underground structures with conventional tunnel-
ling and the Austrian standard ONORM B 2203-1
Underground Works - Works Contract - Part 1: Conven-
tional Tunnelling, which originated on the basis of long-
term experience with tunnelling using the New Austrian
Tunnelling Method (the NATM).

The following Austrian foremost experts gave their lectu-
res at the seminar:

Univ.-Prof. Dipl.-Ing. Dr.mont. Robert Galler from
Montanuniversitit Leoben,

Dipl.-Ing. Dr.mont. Wulf Schubert from TU Graz,

Dipl.-Ing. Thomas Neumayr and Dipl.-Ing. Manfred Eder
(both from Laabmayr)

The seminar was very successful not only due to great
amount of participants.

V titery 24. ledna 2012 porddala Cesk4 tuneldfska asoci-
ace v Praze mezindrodni semindr, ktery byl zaméfen na
rakouskou legislativu pro podzemni stavby a jeji aplikaci
pri vystavbé konvenéné raZenych tuneld.

Hlavni pozornost byla vénovana smérnici rakouské spo-
leCnosti pro geotechnicky navrh konvenc¢né raZenych sta-
veb a rakouské norm& ONORM B 2203-1 Price v podzemi
— smlouva o provedeni dila (¢ast 1 — konvenc¢ni tunelovani),
které vznikly na zdkladé dlouholetych zkuSenosti s vystav-
bou tuneltt Novou rakouskou tunelovaci metodou (NRTM).
Ta je v Ceské republice jiz bé7né pouZivdna a vétSina
novych silni¢nich a Zelezni¢nich podzemnich staveb je
touto metodou provadéna. Preklad obou vySe zminénych
diilezitych dokumentti do estiny zajistila Ceskd tuneldiskd
asociace v roce 2011.

Semindr ridili panové Ing. Libor Marik z IKP Consulting
Engineers, s. r. 0., a Ing. Martin Srb z D2 Consult Prague,
s. . 0., prednédsky byly simultdnné tlumoceny z némciny do
cestiny.

Na seminafi prednaSeli predni rakousti odbornici
z oblasti vystavby tunelu, které zajistil Ing. Libor Mafik.

Nejprve vystoupil Univ.-Prof. Dipl.-Ing. Dr.mont.
Robert Galler z Montanuniversitit Leoben a sezndmil
posluchace se zdkladnimi poznatky a principy NRTM.
Cilem prednésky bylo ukdzat moZnosti a hranice pouZzitel-
nosti NRTM v raznych geotechnickych podminkéch. I kdyZ
je v soucasnosti trendem zvySovani podilu mechanizova-
nych raZeb pomoci nasazeni tunelovacich stroju, ani pfi
jejich pouziti se nelze vyhnout nasazeni konvencnich tune-
lovacich metod. Jedna se zejména o atypické profily, jaky-
mi jsou podzemni stanice, tunelové propojky a tunelové
rozplety. Pfredndska uvedla zdsady tunelovani ve skalnich
hornindch, zemindch i opatfeni pouZivana pfi razbé tunelu
v bobtnavych hornindch, nebo pri velkych deformacich
vyrubu. Nastinéna byla problematika geotechnického

rizika, fizeni rizika béhem vystavby i moZnosti operativné
reagovat na skute¢né zastiZzené podminky béhem vystavby.
Jedn4 se o jeden z hlavnich principt NRTM a na prednaSce
zazné€ly hlavni zasady, podle kterych dochdzi pri vystavbe
k dpravé projektem definovanych jednotlivych prvku zajis-
téni stability vyrubu.

Déle byly zminény moznosti geotechnického monitorin-
gu pri vystavbé a zejména interpretace jeho vysledku.
K tomu, aby bylo pfi razbé mozné provadét zmény na
zéakladé€ skute¢né zastizenych podminek, je nutné prizpuso-
bit jak zaddvaci dokumentaci, tak smluvné definovat pravi-
dla, jak v takovém pripadé¢ postupovat. K tomu slouzi
norma ONORM B 2203-1, které se prednaska rovnéZ okra-
jové dotkla. Uvedené zdsady a dokumenty i jejich praktic-
ké nasazeni bylo predmétem dal$ich ¢asti seminare.

Po uvodni prednd$ce nasledovala predndska o Smérnici
pro geotechnicky ndvrh konvencéné raZenych podzemnich
staveb Rakouské spole¢nosti pro geomechaniku (OGG),
zamérfend predev§im na jeji vznik a vyznam pro geotech-
nické planovani, kterou si posluchaci vyslechli od Univ.-
Prof. Dipl.-Ing. Dr.mont. Wulfa Schuberta z TU Graz,
predsedy (OGG). Piivodné byly pozadavky na geotechnic-
ké planovani soulasti normy ONORM B2203 a filozofie
geotechnického ndvrhu byla od soucasného odliSna.
Soucdsti ndvrhu byla klasifikace horninového masivu pro
cyklickou i kontinudlni razbu tuneli. Klasifikace byla
z normy pri jeji revizi odstranéna a pln€ nahrazena smérni-
ci pro geotechnické planovéni. Ta nahradila puvodni klasi-
fikaci metodikou zkouméni horninového masivu ve fazi
ndvrhu a provddéni stavby. Smérnice zavadi kategorie typu
horninového masivu, typu chovdni horninového masivu
a metodiku zkoumdni jeho reakce na razbu podzemniho
dila nejen s ohledem na geologické prostredi, ale i s ohle-
dem na tvar a velikost dila, hloubku pod povrchem, ¢lené-
ni vyrubu, zpusob razby a jeho vztah k okolnim objektum.
Vysledky pruzkumu tak musi byt orientované na provadéni
dila a zpusob jeho razeni. Horninovy masiv je posuzovan
jako systém zahrnujici jak vlastni geologické prostredi, tak
jednotlivé prvky zajisténi stability vyrubu a zpusob vystav-
by. Podstatné je, Ze na geotechnickém ndvrhu musi spolu-
pracovat projektant, geolog a geotechnik. Vysledkem je
geotechnicky model sestaveny na zdkladé prognézy chova-
ni daného systému. Ve fdzi vystavby je pak tento model
posuzovdn a v pripadé, Ze neodpovidd predpokladim, je
upravovan na zdakladé skuteéné zastiZzenych podminek
a chovdni systému.

Po kratké prestdvce priblizil Univ.-Prof. Dipl.-
Ing. Dr.mont. Robert Galler tucastnikum koncept rakous-
ké stavebni smlouvy o dilo — normu ONORM B 2203-1.
Norma podrobné resi problematiku vypracovani nabidek,
zaddvani, ocenovani a thrad staveb tuneld a cenové dopa-
dy dprav zpusobu razby na zdkladé skute¢né zastiZenych
podminek. Jednd se o origindlni metodiku, kterd nema
obdoby a vychdzi ze zkuSenosti s vystavbou tunelt pomoci
NRTM. Velmi ndzorné bylo vysvétleni principu uvedenych
v normé na modelovém prikladu tunelu s vertikdlnim



&lenénim. Ucastnici seminafe mohli prubézné sledovat,
jakym zpusobem se vytvaii matice tfid vyrubu pro kalotu,
opé€ri a dno tunelu v zdvislosti na délce zdbéru a bodovém
hodnoceni jednotlivych prvku zajiSténi stability vyrubu
(strikany beton, kotvy, sit€, ramy atd.). Bodové hodnoceni
souvisi s pracnosti a ¢asem, ktery je potfeba na zabudovani
jednotkového mnozstvi daného prvku vynalozit. Prednaska
byla velmi ndzornd a srozumitelnd, i kdyZz se jednalo
o zcela novy pristup k hodnoceni zmén zpusobu zaji§téni
stability vyrubu a zejména jejich ocenovani, V zavéru pred-
nasky bylo poslucha¢um ukédzéno, jakym zpusobem je do
ceny dila zahrnut ¢as za provddéni dila a jeho propldceni
jak v pripadé zrychleni, nebo zpomaleni v porovnani
s predpokladanou a v dodavatelské smlouvé obsazenou
dobou vystavby.

Po obédé€ se dcastnici sezndmili se standardnim zpuso-
bem projektové pripravy tuneli v Rakousku (projektovani,
vytvareni zaddvaci dokumentace, pouzivani rakouské
normy a smérnice a model placeni), ktery v§em pritomnym
nastinil Dipl.-Ing. Manfred Eder z firmy Laabmayr. Na
rozdil od Ceské republiky je v Rakousku standardem, Ze
projektant zpracovavad vSechny stupné projektové doku-
mentace od studie aZ po provadéci projekt pro investora.
Ten také zodpovida za spravnost rozsahu a obsahu geotech-
nického pruzkumu a nese geotechnické riziko. Zho-
tovitelské firmy si vlastnimi prostredky zajiStuji napr. pro-
jekty zafizeni staveniSté, ale nikoli vlastniho podzemniho
dila. Predmétem predndsky bylo dile predstaveni zpusobu
projektovdni tunelt v Rakousku od jednotlivych etap pro-
jektovéni, pres zpusob schvalovani dokumentace aZ po
legislativni rdmec a zdvazné podklady pro projektovani
tuneld, ke kterym patii fada norem a smérnic. V rdmci pied-
nasky bylo poukdzdno na mozZné problémy plynouci ze
smluvnich vztaht a z organizace projektovéni i vystavby.

Dal$fm tématem pak byla opét rakouskd smérnice OGG
pro geotechnické planovani, tentokrat vSak byla podrobné
rozebrdna na konkrétnim prikladu jejtho pouziti v praxi
v podani Univ.-Prof. Dipl.-Ing. Dr.mont. Whulfa
Schuberta.

Posledni blok byl vé€novan prikladim z praxe. Dipl.-
Ing. Thomas Neumayr hovoril o prabéhu stavby tunelu,
organizaci stavby, struktufe komunikace mezi ucastniky
vystavby. V prvnim bloku sezndmil dcastniky seminére
s jednotlivymi tdcastniky vystavby jak na strané investora,
tak zhotovitele. Do procesu vystavby vstupuji i zdstupci
statnich, zemskych i mistnich orgdnu (ministerstva, zemské
urady apod.). Na strané zhotovitele se jednd zejména
o zastupce jednotlivych profesi, které se na vystavbé tune-
lu podileji. Dals{i oblasti byla organizac¢ni struktura a popis
vztahu pri vystavbé na konkrétnich prikladech vystavby
podzemni tramvaje Harter Plateau v Linci a dalni¢niho
tunelu Bosruck na dalnici A9. K velmi zajimavym momen-
tim bezesporu patfilo rozdéleni pravomoci a odpovédnosti
u jednotlivych ddastniku vystavby, ke kterym patfi kromé
investora a zhotovitele i stdly stavebni dozor, projektant,
geotechnik stavby a dokumentujici geolog.

V zdvéru prednasky byl popsédn systém pravidelnych jed-
ndni na ruznych drovnich vedeni stavby vcetné jejich Cet-
nosti, jednotlivych dlastniki jednéni a informace, kdo
zpracovava protokoly z jedndni. Z prednéasky vyplynulo, Ze
stavebni dozor investora je zajiStén po celou dobu provadeé-
ni praci v nepretrzitém provozu a je fyzicky pritomen
v tunelu v prubéhu provddéni jednotlivych &innosti od
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razby aZ po montdz vnitiniho a technologického vybaveni
tunelu.

Univ.-Prof. Dipl.-Ing. Dr.mont. Wulf Schubert se
v poslednim prispévku vénoval rozhodovani pfi vystavbe,
pouziti geotechnického pldnovani a poskytl fadu uZitec-
nych informaci o zdbérovych listech, pldnu fizeni bezpec-
nosti a o geotechnickém monitoringu. Diskuse k jednot-
livym tématim probihala ihned po jednotlivych prednds-
kéch a posluchaci si mohli dotazy doplnit a ujasnit ziskané
poznatky. Zavére¢nd diskuse se pak tykala celého prubéhu
seminare.

Piinosem semindfe byl novy pohled na razbu tunelu
pomoci NRTM, tak jak je aplikovana v kolébce jejiho vzni-
ku. Jeji skute¢né pouziti v praxi vyzaduje kromé zkusenych
projektantu, zhotovitelskych firem a investora i podporu
v legislative. Jedna se zejména o jasné definovani odpo-
védnosti a pravomoci jednotlivych udcastnika vystavby.
Dile se jedna zejména o vytvoreni zaddvaci dokumentace,
kterd skutené umoZnuje operativné ménit zpusob zajisténi
stability vyrubu a popisuje, jakym zpusobem se v takovém
pripadé postupuje jak z hlediska odpovédnosti, tak
z hlediska zpusobu thrady provedenych zmén. Jen timto
zpusobem lze skute¢né vyuZit moZnosti této metody vyna-
loZit takové mnoZstvi finanénich prostredku, které odpovi-
dd nutnym opatfenim k zajiSténi stability vyrubu
a bezpenému provedeni dila. Zaroven tento zpusob zaddni
motivuje zhotovitele k dspordam. V Ceské republice takové
predpisy dosud chybéji a veskerd odpovédnost za bezpecné
provedeni dila je podle banskych predpisu presunuta pouze
na banského projektanta a zhotovitele stavby (zavodniho).
Zatimco investor si je v Rakousku védom odpovédnosti za
geotechnické riziko, u nds neni v bdanskych zdkonech
a vyhldskdch jeho role vibec zakotvena. Pfesun odpovéd-
nosti pouze na jeden subjekt muZze pak ve snaze o zvySeni
bezpecnosti provddéni vést ke zbyteCnému a nehos-
poddarnému zvySovdni investi¢nich ndklada. Dulezitym
poznatkem byl vykon technického dozoru investora na
rakouskych tunelech, ktery probihd nepretrzit¢ 24 hod.
denné a 7 dni v tydnu s postupem praci zhotovitele. Tim je
zajistén dokonaly prehled nejen o provedenych pracich
a jejich upravdch, ale i o zpusobu jejich provadéni.
Duslednd kontrola vede ke zkvalitnéni dila, zvySeni bez-
pecnosti provadéni a usnadnuje rozhodovani v pripade
reSeni neoCekdvanych situaci.

Seminar byl dspé$ny i z hlediska ucasti. Pfedndsky si
vyslechli 162 tdastnici v¢etné nékolika kolegu ze Sloven-
ska. Jako hosté byli pozvani i zdstupci stitni spravy
a rozhodujici investofi (napf. zdstupci Ceského i obvodnich
baniskych tfada, Reditelstvi silnic a délnic CR, Spravy
7elezni¢ni dopravni cesty, Ministerstva dopravy CR,
Dopravniho podniku hl. m. Prahy a dal$i). Zavérem nezby-
véa neZ na$im rakouskym kolegim podékovat za tematicky
perfektné a komplexné pripraveny odborny program.
Ziskané informace mohou byt inspiraci i motivaci ke zméné
pristupu k rozsahu i obsahu zaddvaci dokumentace kon-
venéné raZenych tuneli a obecné pristupu k tvorbé prislus-
nych zdkonu, vyhldsek a norem.

ING. LIBOR MAIéI’K, libor.marik @ikpce.com,
IKP CE, s. r. o.,

ING. MARTIN SRB, srb@d2-consult.cz,
D2-CONSULT PRAGUE,s. r. o.
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STUVA TAGUNG "11, BERLIN
STUVA TAGUNG "11, BERLIN

The already traditional conference on transport-related
underground construction was held in Berlin on 6th
December through 8th December 2011. The venue was the
Berlin Exhibition Grounds. The conference attendance rate
was traditionally very high — over 1500 attendees from the
total of 20 countries from the whole world. Part of the con-
ference was also the exhibition attended by companies from
the whole world active in the tunnelling and underground
construction industry — this time about 130 exhibitors.

Ve dnech 6. 12. 2011 az 8. 12. 2011 se konala v Némecku
jiz tradi¢ni konference podzemniho dopravniho stavitelstvi.
Mistem konani byly prostory vystaviité v Berliné. Ugast na
této konferenci byla tradi¢né velmi vysokd — vice nez 1500
Ucastniku z celkem 20 stdta celého svéta. Soudésti konferen-
ce je rovnéZ expozice vystavovateli z oboru tunelového
a podzemniho stavitelstvi z celého svéta — letos cca 130
vystavovatelu.

Jde o tzv. némecky mluvici konferenci, i kdyZ s perfektnim
simultdnnim tlumocenim do anglictiny, takZe hlavni orienta-
ce piispévku byla na evropské stavby. Konference je organi-
zovdna klasicky pouze v jedné sekci, proto nemuze dojit
k tomu, Ze by ducastnik priSel o néjakou predndsku.
Odbornymi tematickymi okruhy byly nejvétsi mezinarodni
projekty tunelovych staveb, bezpecnost v tunelech, pravni
aspekty podzemnich staveb, poZdrni bezpecnost v tunelech,
vétrani a provoz, sanace tuneli a samoziejmé troSku narod-
nostné pojaty okruh — podzemni stavby v Berling.
Zajimavym blokem byly rovnéZz predndsky &tyf doktorandu
na témata jejich doktorandskych praci, které tcastnici ano-
nymné vyhodnotili, a autor vitézné prezentace byl ocenén
pozvéankou na tydenni pobyt na stavbé metra v Mexico City.

\lex ‘I ==latz

Obr. 1 Projizdka berlinskym metrem na otevieném plosinovém voze (U-Bahn
Cabrio)
Fig. 1 A ride along the Berlin Metro on a topless train (U-Bahn Cabrio)

Odborné exkurze zahrnovaly stavby berlinského metra,
navstévu pozarnévycvikového strediska pro metro, ale také
lehce oddychové akce, jako jsou simuldtor fizeni berlinského
metra nebo dvouhodinovd projizdka metrem na otevieném
ploSinovém voze — zvaném U-Bahn Cabrio.

Bohuzel je tato konference ze strany ¢eskych a slovenskych
tunel4it nepravem hodné opomijena. Utast z Ceské republiky
byla miziva — autor této poznamky tam nepotkal Zddného Ces-
kého ucastniky, ze Slovenské republiky pak jen jednoho.

ING. VLASTIMIL HORAK, vhorak@amberg.cz,
AMBERG ENGINEERING BRNO, a. s.

17. MEZINARODNI SEMINAR ZPEVNOVANI, KOTVENI A TESNENI HORNINOVEHO MASIVU

A STAVEBNICH KONSTRUKCI 2012

17™ ANNUAL INTERNATIONAL SEMINAR ON STABILISATION, ANCHORING AND REDUCING
PERMEABILITY OF GROUND MASS AND ENGINEERING STRUCTURES 2012

The already 17th annual international seminar Stabilisation,
Anchoring and Reducing Permeability of Ground Mass and
Engineering Structures 2012 was held from 19th to 20th
January 2012 in the premises of the New Assembly Hall of
the VSB - Technical University of Ostrava. The seminar was
traditionally organised in collaboration of the Department of
Geotechnics and Underground Engineering of the Faculty of
Civil Engineering of the VSB — TU Ostrava with Minova
Bohemia s.r.o. The seminar was attended by the total of 160
professionals from the field of geotechnical engineering and
building. 39 attendees were from abroad (Germany, Austria,
Poland, England and Slovakia).

Another professional geotechnical event on which the
Department of Geotechnics and Underground Engineering of
the Faculty of Civil Engineering of the VSB-TU Ostrava par-
ticipates will be the International Conference Geotechnics
2012 in the High Tatras (26th — 28th September 2012).

Ve dnech 19.-20. 1. 2012 se konal v prostordch Nové auly VSB-
Technické univerzity Ostrava jiz 17. roénik mezinarodniho semindie

Zpevnovani, tésnéni a kotveni horninového masivu a stavebnich
konstrukei 2012. Semindr byl tradiéné poraddn ve spolupraci
katedry geotechniky a podzemniho stavitelstvi Fakulty stavebni
VSB-TU Ostrava a firmy Minova Bohemia, s. r. 0. Zastitu nad
seminafem prevzala Ceska tunelafské asociace ITA-AITES a dile
Cesky barisky trad. Tento ro¢nik odborného semindfe se konal
rovnéz v ramci feSeni projektu Inovace studijniho oboru geotech-
nika, ktery fakulta ziskala v lonském roce z operaéniho programu
Vzdéldvdni pro konkurenceschopnost a jehoZz hlavnim cilem je
zvysit zdjem studentl o studium oboru geotechnika. Semindfe se
celkem zdcastnilo 160 odborniki z oblasti geotechnického
a podzemniho stavitelstvi, z toho 39 Gcastniku bylo ze zahranici
(Némecko, Rakousko, Polsko, Anglie, Slovensko).

Semindf zahdjil uvitacim projevem prof. Aldorf, jeden
z odbornych garanti seminéfe, Qcastniky pozdravil rovnéz
v zastoupeni pani dékanky FAST prod€kan pro rozvoj, za
firmu Minova Bohemia, s. r. 0., pfednesl dvodni slovo novy
reditel firmy ing. Petr KuCera. Kratkym projevem privital
G¢astniky semindfe rovnéz zistupce CBU ing. Teichmann

a za Ceskou tuneldrskou asociaci doc. HrubeSova.



Obr. 1 Uvodni slovo nového reditele firmy Minova Bohemia,s.r. o.,ing. Petra
Kucery

Fig. 1 Opening speech by Ing. Petr Kucera, the new director of Minova
Bohemia, s. r. o.

Na seminari byly prezentovany zajimavé prispévky zastup-
cu firmy Minova Bohemia i dal$ich svétovych pobocek firmy
Minova (prednasejici Leeming C Eng, Dr. Krizanovic, Smith,
Rockhoff) informujici o nabizeném sortimentu firmy v oblas-
ti kotevnich systému a injektdZnich materidlu, fada prispévkua
se tykala praktickych aplikacich téchto systému a materidla
jak v oblasti geotechnického, tak i hornického stavitelstvi.
Nové vyrobky a jejich aplikace predstavily na semindfi rov-
néz firmy Osborn Strata products Ltd., Geofinal, s. r. o.,
Spyra Primo Poland, Sp. z. 0. 0. Podnétnou odbornou disku-
si iniciovala rovnéz firemni prezentace firmy BASF. Firma
Maccaferri Central Europe, s. r. o., predstavila moZnosti

TUNELARSKE ODPOLEDNE 4/2011
TUNNELLING AFTERNOON 4 /7 2011

The topic of the Tunnelling Afternoon (TA 4/211), the
fourth half-day seminar organised quarterly by the ITA-
AITES Czech Tunnelling Association, comprised portal con-
struction pits, designing, execution and complications
encountered during the course of construction. The event was
held in November 2011 at Masaryk’s College of the Czech
Technical University Prague in Prague 6 — Dejvice. It was
attended by a large number of persons — 87.

Tématem ¢tvrtého tunelarského odpoledne v roce 2011 (TO
4/2011), coZ jsou puldenni semindfe porddané kazdé &tvrtleti
Ceskou tuneldfskou asociaci ITA/AITES, byly portdlové sta-
vebni jamy, jejich navrhovani, provadéni a komplikace, ke
kterym pfi navrhovani a provadéni dochdzi.

Akce se konala v Masarykové koleji CVUT Praha v Praze 6
-Dejvicich a zicastnil se ji velky pocet osob — 87.

Hlavni podil na pripravé TO 4/2011 mél Ing. Alexandr
Butovi¢, Ph.D., ktery také spole¢né s prof. Jifim Bartdkem,
DrSc., tuneldfské odpoledne fidil.

Uvodni piehlednou a velmi dobfe zpracovanou prednasku
Navrhovdni paZeni stavebnich jam — minulost, pritomnost
a budoucnost prezentoval doc. Ing. Jan Masopust, CSc.,
FAST VUT Brno. I na prikladech ukdzal rizika ndvrhu
i provadéni predevs§im hlubsich stavebnich jam.
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vyuziti flexibilnich bariér. Aktudlnimi problémy hornického
stavitelstvi se zabyvali ve svych prispévcich zastupci firmy
OKD, a. s. UCastniky semindfe jisté zaujal i prispévek
prof. Turceka zabyvajici se problematikou realizace hlubo-
kych tésnénych stavebnich jam v blizkosti Dunaje, dale pris-
pévek kolegi z Ustavu geoniky v Ostravé, prezentujici moz-
nosti monitoringu chovéani a dnosnosti kotevnich systému.
Kolektiv autoru firmy Inset, s. r. 0., seznamil dcastniky semi-
nare s vyuzitim magnetoelastického dynamometru pro moni-
toring vyvoje sil v zemnich kotvdch. Zistupci firmy
Metrostav, a. s., prezentovali prispévky tykajici se aplikaci
dvoukomponentni injektdze pfi razbé tuneld metra a vyuziti
chemickych injektdzi svorniku pfi vystavbé stanice Velesla-
vin prazského metra.

V zdvéru seminare pak dostali pfilezitost vystoupit na
tomto odborném féru dva letoSni absolventi oboru geotechni-
ka se zavéry svych obhdjenych diplomovych praci.

Stejné jako v predchozich letech seminar potvrdil potfebu
téchto odbornych setkdvani, prinesl fadu novych informaci,
zkuSenosti a inspiraci pro reSeni mnohdy velmi sloZitych
a komplexnich praktickych problému v oblasti geotechnické-
ho i hornického stavitelstvi a prispél k odborné diskusi
i k navdzani novych odbornych kontaktu.

Dalsi odbornou geotechnickou akci, na jejiz pripravé
a organizaci se spolupodili katedra geotechniky a pod-
zemniho stavitelstvi Fakulty stavebni VSB-TU Ostrava, je
mezindrodni konference Geotechnika 2012 ve Vysokych
Tatrach (26.-28.9. 2012).

DOC. RNDr. EVA HRUBESOVA, Ph.D.,
eva.lirulzesova@vsb.cz,
FAKULTA STAVEBNI VSB-TU Ostrava

Ing. Jiri Svoboda z Pragoprojektu Praha, a. s., prednesl
predndsku Technické FeSeni portdlu
Poukdzal na obtiZze zpusobené umisténim portdlové stavebni
jamy u portalu Cadca do slozitych geotechnickych podminek.
Zajmové tzemi bylo postizeno starymi blokovymi porucha-
mi, i poruchami tektonickymi. Navic se jednalo o sesuvné
tuzemi. Pri realizaci praci musel projektant reagovat na
postupné se projevujici nestabilitu svahu stavebni jamy, coz
vydustilo v provedeni masivnich opatreni k trvalé stabilizaci
portdlové jamy.

Stabilitni problémy portdlu tunelu Prackovice byly téma-
tem prednasky prof. Ing. Jifiho Bartdka, DrSc., z FSV CVUT
Praha. Provedeni portdlové stény a jamy si vyzadalo postup-
nou aplikace stabilizalnich opatfeni i proto, Ze portal byl
situovdn v byvalém lomu na cedic.

Technické reSeni a komplikace pri provddeni mimorddné
stavebni jamy Myslbekova na tunelovém komplexu Blanka
v Praze byly tématem predndsky Ing. Alexandra Butovice,
Ph.D. ze spole¢nosti Satra, s. 1. 0., kterou pfipravil spolecné
s Ing. Pavlem Prachou (FGC, s. 1. 0.). Velmi zajimava pred-
naska se zabyvala jdmou skute¢né mimofddnych parametru:
rozméry 53,5 mx53 m; hloubka 32 m az 37,65 m, objem vyte-
7ené horniny 139 500 m3.

tunelu Horelica.
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Tunelovy komplex Blanka — deformacni problémy stavebni
Jjamy Letnd byl nazev prednasky, kterou prednesl Ing. Jaroslav
Némedek ze spoleCnosti Satra, s. r. 0., spole¢né€ s Ing. Mi-
roslavem Jaso (Arcadis Geotechnika, a. s.). Prezentace byla
zamérfena na deformace vétSinou vysokych zdporovych pazi-
cich stén rozlehlé a pudorysné ¢lenité stavebni jamy.

Vyborné shrnuti a prehled vSech obtizi souvisejicich
s provadénim vychodniho portdlu tunelu Hrebel prednesl
Ing. Miloslav Sala¢ z divize 5 Metrostav, a. s., v prednaSce Tunel
Hiebec¢ — ztrdta stability portdlové steny. Jejim spoluautorem

byl prof. Ing. Jifi Bartdk, DrSc., z FSV CVUT Praha. Zakladnim
problémem bylo dodate¢né rozhodnuti o zméné otevieného
zafezu za tunel, jehoZ zminény portédl byl umistén v nevhodnych
geotechnickych podminkéch.

Podle zdjmu uGcastniki lze poklddat posledni Tuneldiské
odpoledne v roce 2011 za velmi Gspésné.

Prezentace prednesené na TO 4/11 lze vyhledat na
www.ita-aites.cz.

ING. MILOSLAV NOVOTNY, novotny@metrostav.cz,
sekretdr CzTA ITA-AITES

VYROCI / ANNIVERSARIES

STO LET OD NAROZENI PROF. ING. DR. JIRIHO STREITA, CSC.
ONE HUNDREDTH ANNIVERSARY OF BIRTH OF PROF. ING. DR. JIRI STREIT, CSC.

Prof. Jifi Streit se narodil 22. ledna 1912 /
v Praze. Vystudoval zemskou vyS$i redlku ve
Velkém Mezifi¢i, kterou ukonéil v roce 1930
maturitou. Poté studoval na Vysoké Skole tech-
nické v Brné. Svd vysokoskolskd studia zakon-
¢l na Ceském vysokém uleni technickém
v Praze, které absolvoval v roce 1935.

Po vojenské prezen¢ni sluzbé J. Streit nastou-
pil v roce 1937 do sluzeb CSD. Byl pridélen na
Slovensko, kde se zicastnil stavby nové drahy
Pichov — Horni Lide¢ a Banskd Bystrica —
Diviaky. Pracoval zde jako stavbyvedouci na
stavbéch tunela.

Po vzniku Slovenského Stdtu v roce 1939 byl
prelozen do Prahy a pridélen projekéni
a konstrukéni kanceldfi DR v Praze, kde pracoval jako kon-
struktér a projektant. V roce 1944 byl preloZzen na reditelstvi
drah v Praze. Po osvobozeni v kveétnu 1945 byl J. Streit povo-
ldn na ministerstvo dopravy, kde pracoval v oddéleni pro stav-
bu novych drah, pozdéji na hlavni spravé Zelezni¢niho stavitel-
stvi jako vedouci odboru pro stavbu Zelezni¢niho spodku
a tuneli, poté jako nalelnik odboru pro konstrukce
a technickou kontrolu. V roce 1958 presel k Zelezniénimu sta-
vitelstvi v Praze, v roce 1959 na SUDOP a v roce 1961 nastou-
pil u spravy drdhy Praha, kde byl v roce 1963 jmenovan redite-
lem Sprévy prestavby Zelezni¢niho uzlu Praha.

V roce 1966 J. Streit preSel na Vysokou Skolu dopravni
v Ziling, kde byl jmenovdn mimofddnym profesorem pro tune-
lové stavitelstvi. Zde pusobil az do roku 1977, kdy formélné
odesel do duchodu. Od roku 1977 do 1981 pracoval ve Stdtnim
ustavu dopravniho projektovani (SUDOP Praha, a. s.)

Prof. J. Streit zemfel 22. ledna 1993 v Praze.

Jako vyjadreni dcty k panu profesorovi cituje déle jeho Zdk
a autor tohoto prispévku jeho predmluvu z knihy:

Tunely viech dob a svétadilu

Tunel — ¢arovné slovo s nddechem tajemstvi, slovo ldkajici, plné
nesplnéenych dobrodruzZnych prislibi tem, kdo zvédave nahlédli do
temného otvoru tunelového stavenisté. Jen mdlokomu je doprdno
shlédnout obtiZe oné nebezpecné a zajimavé podzemni prdce, kde
Zivot odvdznych muzii visi na nitce, kde nikdo nevi dne ani hodiny,
kde zdleZi na kazdém pohybu, na kaZdé myslence, ba na kaZdém
hmatu, kde stac¢i mdlo, opravdu velmi mdlo, aby celé tuny Fitici se,
vie drtici skdly a zemé s hromovou ranou pohrbili za Ziva odvdz-
livce pronikajici nebojdcné do neprobddaného, hrozive mlciciho,
potmesile mokvajictho nitra hory. Tunel — slovo naplnéné téZ
praci, naprosto vSedni a netajemnou, zato téZkou. Z hukotu

(22. 1. 1912 - 22, 1. 1993)

~

Prof. Jiri Streit was born in Prague on 22nd January
1912. He finished the secondary school in Velke
Mezirici, passing his school-leaving examination in
1930. Then he studied at the Technical University in
Brno. He completed his university studies at the
Technical University in Prague, graduating in 1935.

After the compulsory military service, in 1937, J.
Streit entered Czechoslovak State Railways. He was
sent out to Slovakia, where he participated in the con-
struction of the new Pichov — Horn{ Lide¢ and Banskd
Bystrica — Diviaky rail line in the position of a site
agent on tunnel construction sites.

In 1939, after the foundation of the Slovak Republic,
he was transferred to Prague and employed as
a structural engineer and designer. In 1944 he was tran-
sferred to the directorate of railways in Prague. After liberation, in May
1945, J. Streit was called to the ministry of transport, where he worked in
the department for the construction of new rail lines, later at the main offi-
ce of the railway construction administration, in the position of the head
of a department for the construction of track bed and tunnels, then in the
position of the chief of the department for structures and technical inspec-
tion. In 1958 he transferred to a railway construction company in Prague,
then, in 1959, to SUDOP designing office and, in 1961, he entered the
Railway Administration in Prague, where he was appointed director of the
Prague Rail Junction Redevelopment Administration.

In 1966, J. Streit transferred to the University of Transport in Zilina,
where he was appointed associate professor for tunnel construction engi-
neering. In this position he worked till his formal retirement in 1977.
From 1977 to 1981 he worked for the State Administration for the State
Railways and Transport Design Institute (SUDOP Praha, a. s.)

Prof. J. Streit passed away in Prague on 22nd January 1993.

His student, the author of this contribution, quotes the foreword from
his book as the expression of his respect to his Mister Professor:

Tunnels of all times and continents

A tunnel — a magic word with an air of secret, an alluring word, full of
unfulfilled promises to those who have curiously taken look into the dark
opening of a tunnel under construction. Only few people are granted the
possibility of seeing the problems of that dangerous and interesting
underground work, where lives of brave men hang on by thread, where no
one knows the day or hour, where each movement, each idea, even each
touch are important, where little, really very little is enough for tonnes of
crushing rock and ground to fall down and, with a thunder clap, bury
alive brave people daringly breaking into the unexplored, frighteningly
silent, cunningly festering entrails of a mountain. A tunnel — a word fil-
led, in addition, with work, which is absolutely unexceptional and unmis-
terious, although hard to perform. The weight of tunnelling work wafts on
us from the noise generated by compressors, from the dizzying darkness
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kompresorii, ze zdvratnych temnot tuneldrského podsvéti, v nichZ of the tunnelling underground where wills o’ the wisp produced by miner-
mrkaji bludicky svétélek tuneldrskych lamp, na nds vane tiha tune- s’ lamps blink at us. Tunnels have been constructed during all periods. He
ldrské prdce. Tunely se stavély ve v§ech dobdch. Kdo chce sledo- who wishes to follow their history has to walk along a path beaten down
vat jejich déjiny, musi krdcet cestou vySlapanou stopami nespocet- by steps of countless generations of men, which is full of creative imagi-
nych generaci muZu, plnou tvirdi obrazotvornosti, odvahy nation, bravery and self-sacrifice. It is a path soaked with the blood of the
a obétavosti. Je to cesta nasdkld krvi padlych a udusand slépéje- fallen and pounded by feet of conquerors heading on along the same path
mi vitezii, spejicich touZe cestou ddl a ddl za uskutecnénim zdvrat- toward the accomplishment of their astonishing ideas. It is a path full of
nych myslenek. Je to cesta plnd romantiky, cesta, kterd se tahne od romance, a path stretching from a century to a century, from an idea to an
stoleti k stoleti, od myslenky k myslence, od jednoho velkého dila idea, from one great working to another. It continues through millennia,
k druhému. Plyne tisiciletimi, ze zemé do zemé, nepatri nikomu from a country to a country, belonging to nobody and serving all. Nobody
a slouzi v§em. Nikdo nedohlédne jejiho konce. Viem nadsencum, can see as far as its end. This book, which does not intend to be only
kteri stdavaji se zvédave rozsirenyma ocima na okraji této neko- a technical publication, is dedicated to all enthusiasts who usually stand
necné cesty, prochdzejici temnym otvorem rozestaveného tunelu, with their eyes curiously wide open at the edge of this endless path run-
cesty, jejthoZ mlhavého zacdtku ani konce nedovedou dohlédnout, ning through the dark opening of a tunnel under construction, the path the
a vSem, kteri si zachovali pochopeni pro romantiku technického hazy beginning or end cannot be seen by themselves and to all those who
dila a zdvratné myslenky, je vénovdna tato knizka, kterd nechce byt have retained their understanding for the romance of technical workings
Jen kniZkou prisné technickou. Chce zanitit jiskricku nadSent a viry and breathtaking ideas. Its merit is to ignite a spark of enthusiasm and
ve velké technické dilo, v mySlenky budoucnosti, chce vzpomenout belief in great technical work, in ideas of the future. Its desire is to remem-
prostych i velkych muzii, kteri pro odvdind dila minulych dob ber common as well as outstanding men, who laid their lives in wage,

ddvali v sdzku své Zivoty, umirali a vitezili. died and won for daring workings of the past.

Praha v lednu 1946 Prague, January 1946

Co vic dodat, v téchto par fadcich je slySet tlukot srdce, které What else is to be added? The several lines above emit the sound of the

mame mnozi. beat of a heart many of us have in our bodies.
ING. MICHAL GRAMBLICKA, gramblicka@sudop.cz, ING. MICHAL GRAMBLICKA, gramblicka@sudop.cz,
SUDOP, a. s. SUDOP, a. s.

NAROZENIN, KTERE OHRANICUJI ZIVOTNI BEH DLOUHY 3/4 STOLETI,
SE DOZIVA ING. JOZEF FRANKOVSKY

A BIRTHDAY BORDERING THE THREE-QUARTER-CENTURY-LONG LIFE
WILL BE CELEBRATED BY ING. JOZEF FRANKOVSKY

Mij dlouholety pfitel Josef Frankovsky se N\ Josef Frankovsky, a long-time friend of mine, was
narodil v breznu roku 1937, jesté za Casu spo- born in March 1937, during the time of the First
le¢né prvni republiky. Jeho rodistém byla Czechoslovak Republic. His birthplace was the Slovak
Velka Frankova, vesnice v okrese KeZzmarok, village of Velkd Frankov4 in the District of Kezmarok, in
v blizkosti hfebene Spisské Magury a polskych the vicinity of the Spi§skd Magura mountain range and
hranic. the border with Poland.

Jeho hornicko-stavarska zivotni draha zacala His mining and construction career started by learning
vzdélavanim na hornickém ucilisti v Sirku a at a mining vocational school in Sirk and, subsequently,
poté na hornické primyslovce v Rozhave. studying at a technical college in Roznava. Later, from

i, i 1961 through 1967, he studied extramurally at the
Faculty of Mining in KoSice, the Department of Deep
Mining and Development of Mines. In 1960, Ing.
Frankovsky entered Bénské Stavby Prievidza (develop-
ment of mines) and remained faithful to it virtually for
the whole time of his fruitful professional life, with the
exception of a four-year post-revolution period during
which he held important managerial functions in other companies. As far
as Banské Stavby Prievidza company is concerned, he worked there till
1989 with the Technical Development Department, where he participated
in the development of tunnelling techniques, including the stabilisation
and support of underground workings, which was at that time very pro-
gressive (panel reinforcement, sprayed concrete). In 1990, he was entrus-
ted with the position of director of Banské Stavby Prievidza a. s.

From 1991 to 1993 he was the director of the Department of
Exploitation of Mineral Resources of the Ministry of Economy of the
Slovak Republic, Bratislava. From 1993 to 1994 he was in the position of
the general director of Prefabetén a. s. In 1995 he returned to Banské
Stavby a.s., where he worked in the position of the marketing department,
later he was in the position of the manager of general director’s office and
consultant to general director.

As a renowned expert, Ing. Frankovsky actively participated in the
development of significant mining-related and civil engineering

1961 az 1967 Hornickou fakultu v KoSicich,
obor hlubinné dobyvdni a vystavba dolu.
V roce 1960 nastoupil Ing. Frankovsky
do podniku Bdnské stavby Prievidza, jemuZz
zustal vérny prakticky po celou dobu svého
plodného odborného Zivota, s vyjimkou C&tyfle-
tého porevolu¢niho obdobi, kdy zastdval vyznamné ridici funk-
ce v jinych organizacich. V Bdnskych stavbach Prievidza pra-
coval az do roku 1989 v oddéleni technického rozvoje, kde se
podilel na vyvoji technologii razby a v té dob¢ velmi progre-
sivniho vyztuzovani podzemnich dél (panelova vyztuz, strika-
ny beton). V roce 1990 byl povéfen funkei feditele podniku
Banské stavby Prievidza.

V letech 1991 az 1993 byl reditelem odboru téZby nerostnych
surovin na Ministerstvu hospodaistvi SR v Bratislavé a
v obdobi 1993 az 1994 pusobil jako generélni feditel podniku
Prefabetdn, a. s. V roce 1995 se vrétil na Banské stavby, kde
pracoval jako vedouci odboru marketingu, pozdéji jako vedou-
ci kanceldfe a poradce generdlniho feditele.

Jako uzndvany odbornik se Ing. Frankovsky aktivné podilel
na vystavbé vyznamnych banskych a inZenyrskych staveb,
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napr. odvodnovaci §toly Voznica, preCerpavaci vodni elektrar-
ny Cierny Vih a Bané Cigel. Velmi bohatd a vyznamn4 je jeho
publikaéni €innost ve sbornicich védeckych konferenci, zame-
fenych na oblast hornictvi a podzemniho stavitelstvi, a také
v odbornych casopisech — Tunelu, InZenyrskych stavbdch,
Rudach apod. Je téz autorem knizni publikace Popod hory
a doliny, kterd byla vydana pri prileZitosti padesatiletého trva-
ni podniku Banské stavby Prievidza v roce 2001. Odborn¢ i
organizaéné se radu let podilel na ¢innosti Slovenskej tunelér-
skej asocidcie ITA-AITES a diky tzké spoluprdci CzTA a STA
i na mnoha akcich spole¢nych — pripravé konferenci, tematic-
kych zajezdu, exkurzi atd.

Pusobeni Ing. Frankovského v Casopise Tunel, ktery taktéz
spole¢né vyddvaji tunelarské asociace obou na$ich republik, si
zaslouZi zvl4Stni zminku. Jako dlouholety ¢len redakcni rady se
trvale a velmi aktivné podilel a podili na pfipravé kazdého &isla
Tunelu, jeho velmi kvalitni odborné, jazykové a také vSeobec-
né humanitni znalosti prispivaji ke stdle se zlepSujici kvalité
naseho Casopisu. Svym pusobenim v redakéni radé nepochybné
prispél i k zafazeni TUNELU mezi recenzované ¢asopisy, vel-
mi priznivym zahraniénim referencim a zvySenému zdjmu au-
tora o publikovani svych poznatki v TUNELU.

Jsem hluboce presveédéen, Ze si Jozef Frankovsky ziskal
béhem svého dlouholetého pusobeni v tuneldfské komunité
obou nasich republik zaslouzené uznani, a proto si dovoluji
jménem vSech &lent CzTA i STA, redakéni rady TUNELU,
poprat mu do dal§ich let predevsim stdlé zdravi a Zivotni poho-
du. A do budoucna mu pfeji neutuchajici chut’ do prace vibec,
zejména vSak v redakéni radé TUNELU. Na jejich zaseddnich
je, a jisté nejen pro me osobné, kazdé dalsi setkdni s nim poté-
Senfm i poucenim zdroven. Jozifku, dékujeme za trvalou prizen
a zdravim Té& za vSechny pratele, jak jinak, neZ ,,Zdar Bah*!

PROF. ING. JIRI BARTAK, DrSc.,
predseda redakéni rady ¢asopisu TUNEL
a mistopredseda CzTA ITA-AITES
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construction projects, for example the Voznica drainage gallery or the
Cierny Véh and Bané Cigel' pumped storage schemes. His activities of
publishing in proceedings of scientific conferences focused on the fields
of mining and underground construction, as well as technical journals
TUNEL, InZenyrské Stavby, Rudy etc. have been very extensive and
important. In addition, he is the author of a book “Popod hory a doliny”
(Under mountains and valleys), which was published in 2001 on the occa-
sion of the fiftieth anniversary of the existence of the company of Banské
Stavby Prievidza. He participated as an expert and organiser in the acti-
vities of the ITA-AITES Slovak Tunnelling Association and, owing the
close collaboration between the CzTA and STA, even in many events
organised jointly, e.g. the preparation of conferences, thematic trips and
excursions.

Activities of Ing. Frankovsky in TUNEL journal, which is also publis-
hed jointly by the tunnelling associations of both our republics, deserve a
special mention. In the position of a long-time member of the editorial
board, he permanently and very actively participated and participates in
the preparation of each TUNEL issue. His high quality technical, linguis-
tic and even general artistic knowledge contribute to the ever improving
quality of our journal. Through his activities in the Editorial Board he
even undoubtedly contributed to the ranking of TUNEL among peer-
reviewed journals, which have received very favourable references from
abroad and won increased interest of authors in publishing their know-
ledge in TUNEL.

I 'am deeply convinced that Jozef Frankovsky has got the well deserved
credit during his long-time activities in the tunnelling communities of our
two republics. For that reason I take the liberty of wishing him, on behalf
of all members of the CzZTA and the STA and the editorial board of TUNEL,
great health and happiness for many years to come, as well as unflagging
desire for working in general, first of all in the editorial board of TUNEL.
Each meeting with him at the board sessions is a pleasure as well as enligh-
tenment certainly not only for me. Dear Jozef, let me thank you for your las-
ting goodwill and greet you on behalf of all friends. God speed you!

PROF. ING. JIRI BARTAK, DrSc.,
Chairman of the Editorial Board of TUNEL
and vice-chairman of the ITA-AITES CzTA

Dukazem, Ze Cas netprosné bézi, je skutec- 7
nost, ze nas vzdy vitdlni a Cinorody kolega
Ing. Petr Vozarik, dlouholety predseda redaké-
ni rady Casopisu Tunel, se v dubnu 2012 dozi-
va sedmdesati let.

Narodil se 16. 4. 1942 na Uherskobrodsku
v razovité oblasti Moravského Slovacka,
v kraji vina, slivovice i merunkovice, krasnych
kroju a strhujicich lidovych pisni. Neni divu,
Ze nikdy svuj vztah k rodnému kraji neztratil
a svym zpusobem byl na néj ndleZité hrdy.
Pokud pfi spoleCenskych veerech konferenci
Podzemni stavby Praha, jejichZ aktivnim orga-
nizatorem vzdy byl, hrdla cimbdlovd muzika,
urcité nékde pobliz Petr byl.

Po ukonceni stredni $koly odeSel z rodného
kraje do Ostravy, kde vystudoval obor vystavby dolu na Vysoké
Skole banské. Pozdéji si vzdelani rozsifil v rdmci postgradual-
niho studia na CVUT Praha i VSCHT Pardubice (obor trhacich
praci).

Za zaméstnanim nejprve presel do Kladna k podniku VKD
Kladno, u kterého se nejprve podilel na pfipravé a stavbé tune-
lového piivadéce pitné vody ze Zelivky, kde pracoval jako
stavbyvedouci. Do roku 1975 stihl v rdmci VKD Kladno
pracovat na kanaliza¢ni siti pro SONP Kladno, ale hlavné na

“\ The fact that our always vital and active colleague
Ing. Petr Vozarik, the long-standing chairman of the edi-
torial board of TUNEL journal, will live to see seventy in
April 2012 is a proof that time inexorably marches on.

He was born on 16th April 1942 in the region of

Uhersky Brod, which is a typical area of Moravian
Slovakia, a wine, plum brandy and apricot brandy pro-
ducing region famed for beautiful folk costumes and stir-
ring folk songs. No wonder that he has never lost his
relationship to his home region and in a way remained
proud of it. If there was a dulcimer band at the
Underground construction Prague conference gala din-
ners, an active organiser of which he always was, Petr
was certainly somewhere nearby.

After finishing a high school he left his home region
for Ostrava, where he graduated from the Mining
University with a degree in the development of mines. Later he expanded
his education within the framework of post-gradual studies at the
Technical University of Prague and the Institute of Chemical Technology,
Pardubice (shot blasting).

At the beginning he found the employment in VKD Kladno, where he
participated in the planning and construction of the tunnel supplying
potable water from the Zelivka River. He worked there in the position of
site agent. Till 1975 he managed to work with VKD Kladno on sewerage
network for SONP Kladno and, first of all, on mined sections of lines C




prazském metru na tunelovych tsecich C a II. A vCetné stanic
Zelivského, Malostranska a HradcCanska.

V roce 1975 nastoupil k firme¢ Metrostav Praha, kde se nej-
prve vénoval prfipravé dalSich tras metra I.A, I.B, II.B a IV.B,
posléze jako vedouci oddéleni. V roce 1990 se stal vedoucim
odboru predvyrobni pripravy Metrostav, a. s., a ndsledné redi-
telem divize Consult, kterd sdruZovala specialisty pro vystavbu
tras metra a dal§ich podzemnich staveb.

Z tohoto stru¢ného prehledu je patrné, Ze prazské metro napl-
novalo profesni Zivot Ing. Petra Vozarika vice nez 30 let,
z CehoZ vyplynula jeho mimorddnd znalost této stavby i velké
zkuSenosti. Ty v neddvném obdobi od roku 2006 do roku 2011,
kdy odeSel do duchodu, uplatnil také v piipravé a inZenyringu
stavby tunelového komplexu Blanka v Praze na divizi 02
Metrostav, a. s.

Zaujeti pro podzemni stavby se odrazilo i ve velmi aktivnim
ptsobeni v Ceské tuneldiské asociaci ITA-AITES (dfive komi-
tétu). Podilel se na pripravé prvniho v Praze konaného svéto-
vého tunelarského kongresu ITA-AITES WTC 1985, tehdy pod
vedenim nezapomenutelného Ing. Jaroslava Grdna. Nechybél
samozrejmé prfi organizaci dal§iho uspésného svétového tune-
larského kongresu konaného v Praze v roce 2007. Byl ¢lenem
pripravného vyboru prakticky vSech mezindarodnich konferenci
Podzemni stavby Praha, jejichZ jiz 11. ro¢nik se konal v roce
2010.

Predsedou redakéni rady €asopisu Tunel byl neuvéritelnych
17 let — od roku 1993 az do roku 2009. Pro ¢asopis Tunel je to
obdobf rustu, zkvalitfiuje se zdsadnim zptisobem obsah &asopi-
su, zvySuje se pocet publikovanych ¢ldnku a prispévku, Casopis
prechdzi na Cesko/slovensko anglickou mutaci a vSeobecné
roste jeho prestiz. Je jasné, Ze vyrazny podil na rozvoji ¢asopi-
su patii Ing. Vozarikovi.

Je ale vhodné zminit i Petrovy osobni konicky. Ldska
k hordm ho privedla k vysokohorské turistice, v ramci které
absolvoval mnoho opravdu ndro¢nych vystupu a horskych tras.
K horam patii lyZzovani, které Petr provozoval s ndruZivosti
sobé vlastni. I ochotnické divadlo mezi jeho koni¢ky najdete.

Pred zdvérem si dovoluji zduraznit duleZitou stranku jeho
osobnosti. Petr byl a je ¢lovék spoledensky, s otevienym vzta-
hem ke kazdému, je to dobry partik.

Za celou redak¢ni radu Casopisu Tunel a za vSechny, kdo se
s nim v rdmci CzTA ITA-AITES potkdvali a potkavaji, preji
Ing. Petru Vozarikovi do dalSich let pevné zdravi a Zivotni opti-
mismus, ktery saim umél rozdavat.

ING. MILOSLAV NOVOTNY, sekretd# CzTA ITA-AITES
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and IIA of the Prague metro, including Zelivskeho, Malostranska and
Hradcanska stations.

In 1975 he entered Metrostav Prague, where, in the beginning, he pur-
sued the planning for new metro lines 1A, IB, IIB and IVB, later as a head
of a section. In 1990 he became the head of Metrostav a. s. construction
pre-planning department and, subsequently, the director of the Consult
Division, which joined specialists needed for the development of metro
lines and other underground structures.

It is obvious from the above overview that the Prague metro has been
filling the professional life of Ing. Petr Vozarik for over 30 years, beco-
ming the source of his exceptional knowledge of this project and his
extensive experience. He applied it recently, from 2006 to 2011, after reti-
ring, even it the planning and engineering for the project of Blanka com-
plex of tunnels in Prague, working for Metrostav a. s. Division 02.

His concern for underground construction projects even reflected itself
in the very attractive work in the ITA-AITES Czech Tunnelling
Association (formerly a Committee). He participated in the preparation of
the ITA-AITES World Tunnel Congress held for the first time in Prague
in 1985, at that time under the leadership of unforgettable Ing. Jaroslav
Gran. Of course, he was present at the organisation of the other success-
ful ITA World Tunnel Congress held in Prague in 2007. He was a member
of preparatory committees practically for all international conferences
Underground Construction Prague, the already 11th annual event of
which was held in 2010.

He was the chairman of the Editorial Board of TUNEL journal for inc-
redible 17 years, from 1993 to 2009. For tunnel JOURNAL it was
a period of growth during which the quality of the content significantly
improved, the number of published papers and contributions increased,
the journal transited to a Czech/Slovak — English variant and its prestige
was generally growing. It is obvious that a substantial share in the deve-
lopment of the journal is owed to Ing. Petr Vozarik.

But it is also suitable to mention Petr's personal hobbies. His love to
mountains brought him to Alpine tourism. Within its framework he atten-
ded many tours on mountain paths, including really difficult climbs.
Mountains are associated with skiing and Petr enjoyed it with passion so
typical of him. You can even find amateur acting among his hobbies.

Before the conclusion, allow me to put stress on an important point of
his personality. Petr was and is a sociable man, with an open relationship
to all people. He is a good mate.

I wish Ing. Petr Vozarik on behalf of the entire editorial board of
TUNEL journal and all people who met him and still meet him within the
framework of the ITA-AITES CzTA great health and optimism in life he
has always known how to spread, for the years to come.

ING. MILOSLAV NOVOTNY, CzTA ITA-AITES Secretary

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA

SOUBOR STAVEB MO V USEKU
MYSLBEKOVA - PELC-TYROLKA

TUNEL SPEJCHAR - PELC-TYROLKA
(KRALOVSKA OBORA)

V STT byl uloZen posledni kubik lit€ého betonu do sekce ¢. 45
u propojky TP 13, a tim byly ukon&eny 40 mésicu trvajici prace
na budovéni definitivniho ostén{ raZenych tunell a souvisejicich
vzduchotechnickych prostor. Zbyva provést vyztuz a finalni osté-
ni ze stiikaného beton v ¢asti propojky TP 13 a jejiho napojeni na
sekci €. 45 v STT.

V STT a JTT byly dokonceny cementové injektdZe. Bednici
vozy pouZzivané pro betondZ dvoupruhovych tunelt byly jiZ

THE CZECH REPUBLIC

CITY RING ROAD STRUCTURES:
MYSLBEKOVA - PELC-TYROLKA

SPEJCHAR - PELC-TYROLKA TUNNEL
(KRALOVSKA OBORA PARK)

The last cubic metre of cast concrete was placed in the NTT casting
block No. 45 near cross passage TP 13. It was the end of the 40-month
period of the construction work on the final lining of the mined tunnels and
associated spaces for ventilation. The only remaining work is to install
reinforcement and the shotcrete final lining for a part of cross passage TP
13 and for its connection to block No. 45 in the NTT.

Cement grouting in the NTT and STT has been finished. The dismant-
ling of the travelling tunnel formwork sets used for the casting of the doub-
le-lane tunnels has been completed. The dismantling of the last travelling
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rozebrany a v souasné dobé probihd demontdZ posledniho
bedniciho vozu, ktery slouZil pro betondz tfipruhovych tuneld.

V prostordach technickych chodeb byly dokonceny podlahy
v tipravé betonovych mazanin. V drovni vozovek JTT a STT jsou
Castecné polozeny obrubniky a v chodnicich zabetonovany chra-
ni¢ky. Dokonéeny jsou témer v celém rozsahu ochranné natéry
betont horni klenby osténi.

Prostory tunelu véetné propojek a vzduchotechnickych prostor
se postupné uvadeji do stavu stavebni pripravenosti pro zahdjeni
montdze provozni technologie. V technickych prostordch pod
mostovkou probihaji pfipravné price pro pokladku kabelu defi-
nitivntho technologického vedeni v trase tunelq.

TUNEL MYSLBEKOVA - PRASNY MOST (BRUSNICE)

Cela severni tunelové trouba je jiZ provedena v definitivnim
osténi. To znamend, Ze byly kompletné dokonleny betondze jak
spodni, tak horni klenby. V soucasné dob¢ se v STT provadi beto-
néze podkladnich betonu pro osazeni $té€rbinovych Zlaba, obrub-
niku a spddovych betont pod mostovkou.

Prace na vlastni betondZzi definitivniho osténi se pfesunuly do
jizni tunelové trouby vcetné izolace a armovacich praci. Ze spod-
ni klenby zbyvé dokonéit pouhych Sest betondZznich celka. Ty by
mély byt hotovy do konce tnora. Horni klenba je betonovina
pomoci ocelové formy, kterd byla presunuta ze severniho tunelu
v poloviné prosince minulého roku. Od té doby se jiz podarilo
zabetonovat bezmadla polovinu jizni tunelové trouby. Pred-
poklada se, Ze kompletni dokon&eni praci na definitivnim osténi,
véetné obou propojek, bude hotovo do poloviny roku 2012.

Objekt vzduchotechnického kandlu je jiz také dokoncen. Nyni
se pokracuje pracemi na betondzi vzduchotechnické Sachty
pomoci kruhového posuvného bednéni. Prvni tfi bloky jsou jiz
hotovy, a to véetné délici Zelezobetonové stény, kterd je betono-
vand zdroven s osténim Sachty.

PRODLOUZENI TRASY METRA V.A

Ve sledovaném obdobi od posledni informace v asopise Tunel
probihala na levém tratovém tunelu razba mezistani¢niho tdseku
Petfiny — Veleslavin. Mechanizovany §tit Tonda stihl vzdéalenost
1065 m urazit za necelé dva mésice, pfesné za 57 dni. Béhem
listopadu byl jeho mési¢ni vykon pfes 620 metri vyraZzeného
tunelu. Ve shodé s harmonogramem pokrocila razba 1. prosince
k Sachté pred stanici Veleslavin, ve které probéhla v den oslav
svéitku Sv. Mikuld$e slavnostni prordzka. Po prordzce a presném
zamereni aktudlni vysky stroje zapoCaly prace na Zelezobetono-
vych kolibkdch pro posun §titu. Kromé kolibek samotnych bylo
nutno osadit ocelové konstrukce pro uchyceni trubnich vedeni
a pasovych dopravniku. Zminéné prace v&etné celého posunu
byly dokoneny 22. ledna. Ndsledné byla provedena rozrdzka
strojem S 609 a zahdjeny razby 210 metra dlouhého tseku ze sta-
nice Veleslavin do stavebni jamy E2, do které stroj dorazil jiz
v prvnim tnorovém tydnu.

Zahanbit se nedal ani tunelovaci komplex Adéla. Stit razici
pravy tratovy tunel vytvoril nékolik tctyhodnych rekorda. Dne 16.
prosince se podafilo dosdhnout denniho rekordu délky 36 metra,
o den drive padl rekord v po¢tu vyraZzenych metra v jedné dvandc-
tihodinové sméné — 18 metru. Prordzka do stanice Veleslavin se
uskute¢nila 19. ledna. Stroj nyni ¢ekd technologickd prestivka
v razbé, behem niz se bude stejné jako v pfipadé levého tunelu pro-
vadeét Zelezobetonova kolibka pro umoznéni posunu stanici.

Kromé praci na razbdch jednokolejnych tunela probihaji pii-
pravné price na ZS u jaimy E2, kam se postupné bude st€hovat
jak persondl, tak i objekty a kompletni vybavenost s vyhledovym
ZS pro technologii TBM.

Stanice Petfiny je v soucasné dobé tésné pred dokonlenim
razi¢skych praci. Zatimco opérové tunely prafezu jednolodni sta-
nice jsou blokovany komplexnim logistickym zajisténim mecha-
nizovanych S§titd, byla vyraZena kalota v celé délce stanice,

formwork which was used for the casting of the triple-lane tunnels is cur-
rently in progress.

Concrete screed floors have been completed in service galleries. The
laying of curbs has been partially carried out at the STT and NTT roadway
level and the embedding of casing pipes in concrete walkways has been
finished. Protective coating of nearly the whole upper vault lining concre-
te surface has been completed.

The civil works in tunnel spaces including cross passages and spaces for
ventilation are being prepared in a phased manner for starting the installa-
tion of operating equipment. Preparation work for the laying of the final
distribution of service cables running along the tunnels is underway in ser-
vice spaces under the road deck

MYSLBEKOVA - PRASNY MOST (BRUSNICE) TUNNEL

The installation of the final lining has been completed throughout the
northern tunnel tube length. This means that the casting of concrete of both
the invert and upper vault has been completely finished. At the moment the
casting of concrete bed under slotted drainage troughs, curbs and cambe-
red concrete under the road deck is in progress.

The work on the casting of the final lining moved to the southern tunnel
tube, including the installation of the waterproofing membrane and conc-
rete reinforcement. Only six concrete casting blocks of the invert remain
to be completed. They should be finished by the end of February. The
upper vault is being cast using steel formwork, which was moved from the
northern tunnel tube last year, in the middle of December. Since then the
casting of nearly a half of the southern tunnel tube has been successfully
completed. It is expected that the work on the final lining including both
cross passages will be completely finished by mid 2012.

The ventilation duct structure has also been completed. Currently the
work continues by casting of the concrete lining of the ventilation shaft
using a circular climbing form. Initial three blocks, including the reinfor-
ced concrete dividing wall which is cast concurrently with the casting of
the shaft lining, have already been completed.

METRO LINE VA EXTENSION

During the period under observation, since the previous information in
TUNEL journal, the left-hand running tunnel has been driven within the
Petfiny — Veleslavin inter-station section. The Tonda mechanised shield
managed to excavate 1065 m of the tunnel for less than two months, exact-
ly 57 days. Its monthly advance rate achieved in November exceeded 620
metres. On 15t December, in conformity with the works schedule, the exca-
vation reached the shaft before Veleslavin Station, where the breakthrough
ceremony took place on the occasion of the Saint Nicholas day celebration.
After the breakthrough and precise surveying of the actual level of the
TBM, the work on reinforced concrete cradles required for moving of the
machine started subsequently. In addition to the cradles it was necessary to
install steel structures supporting pipelines and belt conveyors. The above-
mentioned work items, including the complete shifting of the TBM, were
finished on 22nd January. Subsequently the TBM S 606 (Tonda) started to
excavate the 210 m long stretch from Veleslavin Station to the construction
pit E2. It reached the pit as early as the first week of February.

The tunnelling complex Adéla did not allow Tonda to shame it. The
TBM driving the right-hand running tunnel established several new res-
pectable records. The record advance of 36 m per day was reached on 16th
December, while one day before the record of the tunnel length driven
during one twelve-hour shift was broken, reaching 18 metres. The breakt-
hrough into Veleslavin Station took place on 19th January 2012. Now
a technological break is ahead of the TBM. A reinforced concrete cradle
will be installed during the break, the same as that installed in the left-hand
tunnel, making the pulling of the machine through the station possible.

Apart from driving the single-track running tunnels, preparatory work is in
progress on the site facility at the E2 construction pit, to which the personnel,
structures and complete technical equipment will be step-by-step moved, with
the installation of the site facility for the TBM technology planned to follow.

The tunnelling for Petfiny Station is currently near completion. While
the side tunnels being driven within the one-vault station cross-section are
being blocked by the complex logistics for mechanised shields, the top
heading excavation was finished throughout the station length.



nésledné provedena razba jadra a z¢asti i protiklenby ve stfednim
dil¢im vyrubu stanice. Zbyva dokoncit poslednich 70 m proti-
klenby. Po dokonceni razby protiklenby budou prace ve stanici
Petfiny pozastaveny aZ do doby, kdy bude logistika pro mechani-
zované S§tity presunuta na zafizeni staveni$t¢ u jamy E2.
V soubéhu s témito pracemi v podzemi je z povrchu razen eska-
latorovy tunel. Je provadén tpadné ve sklonu 30° ze ZS PE 1
v Brunclikové ulici. V dobé sepsani prispévku je vyrazeno 19 m
kaloty a 12 m dna z jeho celkové délky 51 m.

V prosinci lonského roku byly dorazeny oba stometrové bo¢ni
tunely stanice Veleslavin, a to véetné zardzek pro TBM. Tunely
byly preddny MTS pro zhotoveni konstrukci pro protazeni TBM
a z té€chto divodu jsou razici prdce na stanici pozastaveny az do
prepojeni technologie do jamy E2. Razi¢ské osddky Subterra,
a. s., nyni provadéji razbu Stoly tnikového objektu, této razbé
predchédzelo hloubeni kruhové Sachty hl. 14 m.

DALNICE D8 - 805 ~ LOVOSICE — REHLOVICE

I kdy? stavba délnice D8 — 0805 Lovosice — Rehlovice ekd na
zbyvajici stavebni povoleni v ¢dsti staveb A a F, stavebni price
na obou tunelech Prackovice a Radej¢in pokracuji.

V podzimnich a zimnich mésicich roku 2011 na tunelu
Prackovice byly dokonceny zdsypy hloubenych konstrukei
u prazského i usteckého portdlu s vyjimkou rozprostfeni ornice.
Zelezobetonova konstrukce provozné-technického objektu pred
tunelem je stavebné dokoncena. U tohoto objektu byla dokonce-
na montaz gabionové zdi. Rovnéz bylo provedeno i odvodnéni
rubu zdrubni zdi.

V tunelu Radejéin byl dokoncen vykop a zaji§téni stavebni
jamy u prazského portalu. Stavebni jama byla zajiSténa 13 kotev-
nimi drovnémi. Prace pokracovaly na hloubenych tsecich tunelu.
U tsteckého portdlu bylo vybetonovdno 11 spodnich i hornich
kleneb obou tunelovych trub. V hloubeném tdseku prazského por-
tdlu byly provedeny vykopové prace, podkladni betony a betondz
dvou bloku spodnf klenby v trase jiZn{ tunelové trouby. V razené
¢asti je dokonceno definitivni osténi jizni tunelové trouby bez 5
bloku horni klenby. V severn{ tunelové troubé pokracuji prace na
budovani definitivntho osténi. Spodni klenba byla kompletné
vybetonovana. Horn{ klenba je dokoncena ve tretiné délky tune-
Iu. Pfed bednicim vozem je provedena izolace horni klenby
a osazena armatura klenby jizZ na dseku téméf poloviny délky
razeného tunelu.

TUNELY VMO DOBROVSKEHO

Pro brnénské silni¢ni tunely plati, Ze v§echny stavebni prace na
tunelech jiz byly dokonceny, a to véetné pozarniho vodovodu.
V tuto chvili se proto provadeji jen dokoncovaci prace na tech-
nologickém vybaveni. Na svuj ¢as realizace spojené s pfichodem
teplejSiho jarniho pocasi jiz také cekaji findlni vrstvy vozovky.

Soucasné se déle opravuji poskozené povrchové objekty zpu-
sobené jiz probéhlou razbou. Tyto opravy budou pravdépodobné
postupné pokraCovat i v dalSich letech, tak jak budou doznivat
vlivy razby na povrchovou zdstavbu. Prace provadeji firmy
Subterra, a. s., a OHL ZS.

TUNELY NA ZELEZNICNI TRATI
PRAHA - CESKE BUDEJOVICE
USEK: VOTICE — BENESOV U PRAHY

Na jedné z naSich nejvetsich prave realizovanych koridorovych
staveb se stdle vice misi Cily stavebni ruch dokoncovacich praci
S jiz provozovanymi dseky traté. S koncem lonského roku byl
totiZ naplnén predpoklad odevzddni Olbramovického tunelu do
zkusebniho provozu.

Nejdelsi Zahradnicky tunel je dokonlen stavebné a probihd
montédZ vétrani plus pripravy na koneénou prejimku. Pro tunely
Tomice I a II plati, ze byly dokonceny definitivni obezdivky
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Subsequently the core was excavated and, partially, the invert in the cent-
ral partial excavation of the station was excavated. The last 70 m portion
of the invert excavation remain to be carried out. When the invert excava-
tion is finished the work in Petfiny Station will be suspended until the
logistics for the mechanised shields is moved to the site facility at con-
struction pit E2. Concurrently with this work in the underground the esca-
lator tunnel is being driven from the terrain level. The tunnel is driven
down on a 30° grade from the construction site PE 1 on Brunclikova Street.
As this paper was being written, 19 m of the top heading and 12 m of the
invert excavation at the total length of 51 m had been completed.

The excavation of both one hundred metres long side tunnels at Veleslavin
Station, including starter tunnels for TBMs, was finished last year in
December. The tunnels were handed over to Metrostav which is to carry out
structures necessary for pulling the TBMs through the station. For these rea-
sons the tunnelling operations in the station are suspended until the technolo-
gical facilities are switched to the E2 construction pit. Subterra a.s. tunnelling
crews are currently excavating a gallery leading to an escape shaft. The exca-
vation was preceded by the sinking of the 14 m deep circular shaft.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE-REHLOVICE

Despite the fact that the construction of the D8 construction lot 0805
between Lovosice and Rehlovice s still waiting for the remaining building
approvals for sections A and F, the construction work on both tunnels,
Prackovice and Radejcin, continues.

The autumn and winter months of 2011 saw the completion of backfil-
ling of the cut-and-cover sections of the Prackovice tunnel adjacent to the
Prague portal and Usti nad Labem portal, with the exception of top soil
spreading. The civil works on the reinforced concrete structure of the ope-
ration and service building in front of the tunnel have been finished.
A gabion wall along this building has been completed. In addition, the dra-
inage on the outer side of the revetment wall has also been completed.

As far as Radej¢in tunnel is concerned, the excavation and stabilisation
of the construction pit at the Prague portal has been finished. The construc-
tion pit was stabilised by 13 tiers of anchors. The work continued on the cut-
and-cover sections of the tunnel. Eleven blocks of both the invert and upper
vault were cast in both tunnel tubes at the Usti nad Labem portal. The exca-
vation, casting of blinding concrete and casting of two blocks of the invert
was finished in the cut-and-cover section adjacent to the Prague portal on
the alignment of the southern tunnel tube. With the exception of 5 blocks of
the upper vault, the final lining of the southern tunnel tube has been com-
pleted. In the northern tunnel tube the work continues on erecting the final
lining. The casting of the concrete invert has been completely finished. The
upper vault has been completed within one third of the tunnel length. Nearly
a half of the upper vault length in the mined tunnel has already been provi-
ded with waterproofing and concrete reinforcement has been finished in it
before the installation of the traveller formwork.

DOBROVSKEHO TUNNELS ON THE LARGE CITY CIRCLE ROAD
IN BRNO

It applies to the Brno road tunnels that all civil works on the tunnels have
been completed, including the fire main. Therefore only finishing work on
the tunnel equipment is in progress at the moment. Final courses of the
roadway also wait for the due time for realisation, which is associated with
the arrival of warmer spring weather.

Surface buildings damaged by the preceding tunnelling are being repa-
ired concurrently. The repairs are likely to gradually continue in the years
to come, depending on the fading of the effects of the tunnelling on surfa-
ce buildings. The work is carried out by Subterra a. s. and OHL ZS.

TUNNELS ON VOTICE -~ BENESOV U PRAHY SECTION OF
PRAGUE - CESKE BUDEJOVICE RAILWAY LINE

One of our largest construction sites of the railway corridor development
project which is currently under construction is busy with finishing con-
struction activities more and more mixing with the operating sections of the
track. The reason is the fact that the assumption of handing the Olbramovice
tunnel over for the trial operation was fulfilled at the end of the past year.
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véetn€ chodnikt a multikanélt. Navazujici prace na technologic-
kém vybaveni tunelu, stavbé-gabionovych stén a terénnich tprav
pokracuji tak, aby bylo mozné koncem srpna investorovi predat
tunely ke zkuSebnimu provozu po jedné koleji.

Prdce na vSech &Etyrech tunelech a tedy i celém dseku probiha-
ji podle harmonogramu. Prace provadi Subterra, a. s., s kolektivy
vedené ing. Sponarem a ing. Néme&kem.

ZELEZNICNI TUNEL JABLUNKOV C. 2

Byly dokonceny razby hornich bo¢nich Stol v havarovaném
useku. Podle projektu byla Stola A (levd horni) prorazZena,
zatimco u Stoly B (pravd horni) byl ponechdn desetimetrovy
celik. Stoly tak maji délku 117 m (A), resp. 107 m (B). Ze $toly
E (stfed kaloty) bylo vyrazeno 10 m a nasledné byla razba opét
v souladu s projektem zastavena. Slo jen o to dosdhnout plné
kaloty az do stani¢eni 70 m, coZ se podafrilo. Také se podarilo
zpétné€ vyztuzit kalotu v celé pozadované délce. Nésledné se
provedla pribirka jadra a protiklenby v primarnim osténi az
k zacatku havarovaného useku s dokoncenymi hornimi boc¢ni-
mi Stolami A a B. Od 1. dnora doSlo k vyluce na vedlejSim
tunelu a tim bylo mozné zacit razbu bo¢ni Stoly C. Praci kom-
plikuji silné mrazy, ale i tak se pracovnikim firmy Subterra
vedenym ing. Stfedulou dafi dosahovat metrovych dennich
postupu a stifdat prace na vech otevienych Eelbdch v souladu
s harmonogramem stavby.

ING. BORIS SEBESTA, sebesta@metrostav.cz,
METROSTAV, a. s.,

ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA, a. s.

SLOVENSKA REPUBLIKA
TUNEL TURECKY VRCH

Stavebnd Cast zelezni¢ného tunela Turecky vrch diiky 1775 m
na dseku Nové Mesto nad Vdhom — Zlatovce je prakticky ukon-
¢end. V sucasnosti pokracuji prace na budovani prvej kolaje pev-
nej jazdnej drdhy v tuneli, pricom v polovici februdra 2012 je
hotovych cca 1100 m. Zaroven prebiehaji prace na montdzi tech-
nologického vybavenia. Podla harmonogramu stavby by mala byt’
do prevadzky uvedend jedna kolaj v juli 2012, pricom tplné
ukoncenie stavby a sprevadzkovanie oboch kolaji sa ocakdva
v roku 2013. Investorom stavby st Zeleznice Slovenskej repub-
liky a zhotovitefom zdruZenie vedené spolo¢nostou OHL ZS,
a. s. Dal§fmi ¢lenmi zdruZenia sd Skanska BS a. s., Vahostav —
Sk, a. s., Doprastav, a. s., a Eltra, spol. s r. 0.

VYSTAVBA USEKOV DIALNICE D1 S TUNELMI

V predoslom roku 2011 Narodné dialni¢nd spolo¢nost’ vyhlasi-
la niekolko sttazi na projekt a vystavbu usekov dialnice D1, kto-
rych sicastou by mali byt aj tunely. Prvym bol dsek D1 Janovce
— Jablonov s tunelom Sibenik (0,6 km), pricom vitaz sitaze na
tento usek stdle nie je zndmy. Druhym je usek Hubovd —
Ivachnovi s tunelom Cebrat’ (2 km), kde sitaz v siasnosti pre-
bieha. V decembri 2011 bola vyhldsena aj dlho oCakdvand sitaz
na projekt a vystavbu useku dialnice D1 Lietavskd Licka —
Visnové — Dubnd Skala, ktorej sicastou je aj najdlhsi slovensky
dialni¢ny tunel Visnové (7,5 km).

ING. MILOSLAV FRANKOVSKY,
frankovsky@terraprojekt.sk,
TERRAPROJEKT, a.s., Bratislava

The Zahradnice tunnel, the longest one, has been completed in terms of
civil works and the installation of the ventilation equipment plus prepara-
tion for the final handover to the client is underway. Regarding the Tomice
I and Tomice II tunnels, they have the final lining including walkways and
multiple-way ducts finished. The subsequent work on the tunnel equip-
ment, erection of gabion walls and terrain finishing continues with the aim
of handing the tunnels over to the client at the end of August so that the
commencement of the trial operation is possible on one track.

The work on all of the four tunnels, therefore on the whole rail track sec-
tion, is in progress in compliance with the works schedule. It is performed
by Subterra a. s. teams headed by Ing. Sponar and Ing. Németek.

JABLUNKOV NO.2 RAILWAY TUNNEL

The excavation of the upper side-wall drifts in the collapsed section
has been completed. According to the design, the drift A (the upper left-
hand one) has broken through, while a 10 m long block of untouched
ground was left in the drift B. The drifts A and B are 117 m and 107 m long,
respectively. The excavation of 10 metres of the drift E (the top heading
centre) was completed, subsequently the excavation was, again in compli-
ance with the design, again suspended. The objective was to achieve the
full-face excavation of the top heading up to chainage of 70 m. This objec-
tive was met. The effort to repeatedly install the support of the top heading
excavation throughout the required length was also successful.
Subsequently the core and invert excavation was carried out and provided
with a primary lining up to the front end of the collapsed tunnel section
where the upper side-wall drifts A and B had been finished before. The traf-
fic in the adjacent tunnel has been closed since 15t January. It was therefo-
re possible to start to work on the side-wall drift C. Despite the fact that the
operations are complicated by severe frost, the Subterra a. s. teams headed
by Ing. Stfedula have managed to achieve daily advance rates of one metre
and follow the excavation sequence required by the works schedule.

ING. BORIS SEBESTA, sebesta@metrostav.cz, METROSTAY, a. s.,
ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA, a. s.

THE SLOVAK REPUBLIC
TURECKY VRCH TUNNEL

The civil works on the 1775 m long rail tunnel Turecky Vrch on the
Nové Mesto nad Vdhom — Zlatovce section have been virtually completed.
Currently the work operations continue on the slab track for the first rail in
the tunnel. As of the middle of February 2012 about 1100 m have been
finished. At the same time the work on installing the tunnel equipment is
in progress. According to the works schedule, one track should be brought
into service in July 2012, whilst the total completion of the works and pla-
cing of both tracks into service is planned for 2013. The project owner is
Slovak Railways and the contractor is a consortium led by OHL ZS
a. s. The other members of the consortium comprise Skanska BS a. s.,
Vihostav - Sk, a. s., Doprastav, a. s. and Eltra, spol. s r. 0.

CONSTRUCTION OF D1 MOTORWAY SECTIONS
CONTAINING TUNNELS

Last year the National Motorway Company issued several tender notices
for the design and construction of the D1 motorway sections which should
contain tunnels. The first of them was the D1 section between Janovce and
Jablonov containing the Sibenik tunnel (0.6 km). The successful bidder for
this section has not been announced yet. The other section is between Hubova
and Ivachnova. It contains the Cebrat'tunnel (2.0 km). The tendering process
is currently in progress. In December 2011 even the long awaited tender noti-
ce for the design and construction of the Lietavskd Liicka — Visnové — Dubnd
Skala section of the D1 motorway was issued. The longest Slovak motorway
tunnel, the Visnové tunnel (7.5 km), is part of this section.

ING. MILOSLAV FRANKOVSKY, frankovsky@terraprojekt.sk,
TERRAPROJEKT, a.s., Bratislava



NETRADICNI OCENENI PRO TUNEL BLANKA
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NON-TRADITIONAL APPRECIATION FOR THE BLANKA TUNNEL, PRAGUE

In 2011, the Progressive Media Group publishing house, the pub-
lisher of the well known journal Tunnels & Tunnelling, announced the
T&T Photo Competition 2011 (an event accompanying the T&T
International Awards). The task was to capture the true essence of
underground construction. An employee of Czech company SATRA
a.s. and frequent supplier of photographs for the ITA-AITES CzTA
journal TUNEL, Mr. Jakub Karlicek, took part in the competition
submitting a series of photos taken during the course of the construc-
tion of the Blanka complex of tunnels, Prague. The picture entitled the
Human Dimension ranked second in the great competition. The photo
displays a mined tunnel for the ventilation plant under Letnd Plain at
the stage after the completion of the final lining. The author’s intenti-
on was to introduce the dimensions of the underground working by
comparing them with the size of human bodies.

All competition submissions were assessed by a professional jud-
gement panel comprised, among other members, of photographers
Nick Kozak and David Vintiner, the creative director of the
Progressive Media publishing house Henrik Williams and the chief
editor of the journal organising the competition, Jon Young.

Judgement panel’s comments on the awarded picture:

The photograph is well thought out in its composition and the use
of light. The large area of tunnel wall is what makes this photograph
powerfull. The scale of it all is immediately apparent thanks to the
contrast created between the people and the surrounding space.
Information on spaces outside the edges of the photo is provided
thanks to a great use of light.

V roce 2011 vypsalo nakladatelstvi Progressive Media Group,
vydévajici zndmy Casopis Tunnels & Tunnelling, fotografickou soutéz
T&T Photo Competition 2011 (soutéZ byla doprovodnou akei T&T
International Awards). Zadan{ znélo — zachytit na snimku pravou pod-
statu podzemniho stavitelstvi. Pracovnik spolecnosti SATRA
a dlouhodoby dodavatel fotografii do naseho Casopisu pan Jakub
Karli¢ek se ziicastnil s cyklem snimka, pofizenych pri vystavbé tune-
lového komplexu Blanka v Praze. Snimek s ndzvem Lidsky rozmer
(Human dimension) obsadil ve velké konkurenci ostatnich soutéZicich
druhé misto. Fotografie zachycuje raZzenou strojovnu vzduchotechni-
ky pod Letnou ve fazi dokonéeného definitivniho osténi. Autorovym
zamérem bylo prezentovat velikost podzemniho dila pomérem

Vv,

k méritku lidské postavy.

Obr. 1 Ocenény snimek: Lidsky rozmer (autor Jakub Karlicek)
Fig. 1 Awarded picture: The Human Dimension (author Jakub Karlicek)

Se viemi vitéznymi snimky se muZete sezndmit v pifloze prosincové-
ho ¢isla Casopisu Tunnels & Tunnelling, kterd je vénovand vysledkiim
T&T International Awards. Prvni misto obsadila Kathrine Du Tiel, vitéz-
nou trojici doplnil Robinu Scheswohl, oba shodou okolnosti se snimky
ze San Franciska. Tunel Blanka tak dustojné reprezentoval nejen Ceské,
ale s nadsdzkou muZeme fici, i evropské podzemni stavitelstvi.

Vsechny soutezni prispévky posuzovala odbornd porota, ve které
zasedali mimo jiné fotografové Nick Kozak a David Vintiner, kreativ-
ni feditel nakladatelstvi Progressive Media Henrik Williams
a $éfeditor poradajiciho magazinu Jon Young.

Komentar poroty k ocenénému snimku:

Tato fotografie je dobre promyslend z hlediska kompozice a vyuZiti
svetla. Velkd plocha tunelové stény je to, v cem spocivd piisobivost
tohoto snimku. Méritko snimku jako celku je okamZité zjevné diky kon-
trastu mezi postavami a okolnim prostorem. Informace o prostordch
nachdzejicich se mimo okraje této fotografie je jasnd diky velkému
vyuZiti svétla.

V breznu bude cely cyklus fotografii, inspirovanych tunelem Blanka,
vystaveny v prostorach informa¢niho stfediska stavby na Letné.

ING. PAVEL SOUREK, pavel.sourek@satra.cz,
SATRA,s. r. o.

ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz
PRIPRAVA 12. MEZINARODNI KONFERENCE PODZEMNI STAVBY PRAHA 2013

22.-24. DUBNA 2013, PRAHA, CESKA REPUBLIKA

PREPARATION FOR THE 12™ INTERNATIONAL CONFERENCE UNDERGROUND CONSTRUCTION PRAGUE 2013

22 - 24 APRIL 2013, PRAGUE, CZECH REPUBLIC

Priprava 12. mezindrodni konference Podzemni stavby Praha
2013, kterd se bude konat od 22. do 24. dubna 2013 v prazském
hotelu Clarion Congress Hotel Prague, intenzivné probihd.
Poradatelem konference je Ceska tuneldiskd asociace ITA-AITES.
Prvni plendrni jednén{ organiza¢niho vyboru a védecké rady konfe-
rence se uskutecnilo v Praze v pédtek 24. tnora 2012. Jak uZ jsme
diive informovali, predsedou organizaéniho vyboru je Ing. Alexandr
Butovi¢, Ph.D. z firmy Satra, s. r. 0. Védeckou radu vede doc. Ing.
Matous Hilar, Ph.D. (D2-Consult Prague s. r. 0. a FSv CVUT Praha).

The intense preparation for the 12th International Conference
Underground Construction Prague 2013, which will be held
from 22nd through 24th April 2013 in Clarion Congress Hotel
Prague is underway. The conference organiser is the ITA-AITES
Czech Tunnelling Association. The first plenary session of the
Organising Committee and the Scientific Council took place in
Prague on Friday 24th February 2012. As we have already
announced, the chairman of the Organising Committee is
Ing. Alexandr Butovi¢, Ph.D. from Satra s. r. o. The Scientific
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Na pripravé konference spolupracuje také Slovenska tuneldfska
asociace ITA-AITES.

Program konference:

Po zahdjeni konference v pond€li 22. 4. 2013 budou dopoledne
predneseny &tyii key-note lectures, prednédsejici budou vyznam-
ni domdci a zahrani¢ni odbornici.

Dalsi odborny program probéhne v sedmi sekcich odpoledne
v pondéli 22. 4. a cely den v ttery 23. 4. 2013. Témata sekci
budou nasledujici:

1. Dopravni tunely ve méstech — projektovani a vystavba
Dopravni tunely mimo mésta — projektovéni a vystavba
Ostatni podzemni stavby — projektovani a vystavba
Geotechnicky prizkum a monitoring podzemnich staveb
Numerické modelovani, vyvoj a vyzkum podzemnich staveb
Vybaveni, bezpecnost provozu a tdrzba podzemnich staveb

SRS 2

7. Rizent rizik, smluvni vztahy a financovani podzemnich staveb

V kazdé sekci prednese vyznamny zahraniéni odbornik vyzva-
nou prednédsku. Jednacimi jazyky konference budou &estina / slo-
venstina a angli¢tina. Simultdnn{ tlumoceni bude zajisténo.

Technicka vystava a posterova sekce se uskute¢ni v pondéli
22.4.av ttery 23. 4. 2013.

Stieda 24. 4. 2013 bude vénovdna odbornym exkurzim na
podzemni stavby v Praze a blizkém okoli.

Dokumenty konference:

Piispévky zaslané na konferenci obdrzi kazdy tcastnik na elek-
tronickém nosici, tiskem bude vydan pouze sbornik rozsifenych
abstrakt prispévku.

Dulezité terminy:

Brezen 2012 — rozeslani{ 1. ozndmeni s vyzvou k prihldSen{ pris-
pévku a zasléanf jejich abstraktu;

30. 6. 2012 — kone&ny termin pro pfihldSen{ prispévku a zasld-
nf jejich abstrakti;

31. 8.2012 — oznameni autorum o prijeti prispévku (akceptace
abstraktu);

1.12.2012 - termin pro zasldni komplexné zpracovanych pris-
pévku a jejich roz§ifenych abstrakta.

Vsechny potrebné informace jsou postupné uverejiovany na
www.ita-aites.cz.

Kontakty:
Sekretariat pripravného vyboru konference:
SATRA, spol. s r. 0., Sokolska 32, 120 00 Praha 2,
Cesk4 republika, ps2013@satra.cz
Organizacni agentura:
Guarant International, s. r. 0., Opletalova 22, 110 00 Praha 1,
Ceska republika, sl. Lenka Sliwkov4, slivkova@guarant.cz

Doufdme, Ze konference bude stejné Uspésnd jako predcha-
zejici, kterd probéhla v roce 2010. Srde¢né zveme k tucasti
nejen Ctendre Casopisu Tunel, ale také vSechny odborniky zaby-
vajici se podzemnimi stavbami z Ceské i Slovenské republiky
a ze zahranici.

Nashledanou v Praze v dubnu 2013!!!

ING. IVAN HRDINA, predseda CzTA ITA-AITES
a vice-president ITA-AITES,
ita-aites @metrostav.cz

Council is chaired by Doc. Ing. Matous Hilar, Ph.D. (D2-Consult
Prague s. . 0.).

The ITA-AITES Slovak Tunnelling Association also collaborates
on the preparation of the conference.

Conference Programme:

After the Conference Opening on Monday 24th April 2013, in the
forenoon, four key-note lectures will be delivered by four outstan-
ding experts — two from abroad and two from the Czech Republic.

The subsequent technical programme will be performed in seven sec-
tions on Monday afternoon 220d April and, the whole day, on Tuesday
23rd April 2013. The following topics will be discussed in the sections:

1. Urban transport tunnels — design and construction

2. Non-urban transport tunnels — design and construction

3. Other underground structures — design and construction

4. Geotechnical investigation and monitoring for underground

construction projects

5. Numerical modelling, development and research for underg-

round construction projects

6. Equipment, operational safety and maintenance in underg-

round structures

7. Risk management, contractual relationships and funding of

underground construction projects

At the beginning of each section, an outstanding foreign expert
will deliver an invited lecture. Official languages of the conference
will be Czech / Slovak and English. Simultaneous interpretation will
be available.

Technical Exhibition and Poster Section will take place on
Monday 220d April and Tuesday 23td April 2013.

Monday 24th April 2013 will be dedicated to technical excursions
to underground construction sites in Prague and the close vicinity.

Conference Documents:

Each conference attendee will receive all papers sent to the con-
ference on an electronic carrier; the printed conference proceedings
will contain only expanded abstracts of papers.

Important deadlines:

March 2012 — distribution of the Conference Notice 1 containing
the Call for Papers and Abstracts;

June 30, 2012 — final deadline for the registration of papers and
submitting the abstracts;

August 31, 2012 — authors notification of acceptance of papers
(acceptance of abstracts)

December 1, 2012 — deadline for submitting comprehensively
written papers and expanded abstracts.

All information necessary will be successively published on
wWWww.ita-aites.cz.

Contacts:

Conference Steering Committee Secretariat:

SATRA, spol. s r. 0., Sokolskd 32, 120 00 Prague 2,

Czech Republic, ps2013@satra.cz

Organising agency:

Guarant International s. r. 0., Opletalova 22, 110 00 Prague 1,
Czech Republic, Miss Lenka Sliwkova, slivkova@guarant.cz

We believe that the conference will be so successful as the previ-
ous one which took place in 2010. We are sincerely inviting not oly
TUNEL journal readers but also all Czech, Slovak and foreign pro-
fessionals involved in underground construction to attend it.

See you in Prague in April 2013!!!

ING. IVAN HRDINA, Chairman of ITA-AITES CzTA
and vice-president of ITA-AITES,
ita-aites @metrostav.cz
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4. ROCNIK MEZINARODNIHO GEOMECHANICKEHO A GEOFYZIKALNIHO KOLOKVIA
4™ ANNUAL INTERNATIONAL GEOMECHANICAL AND GEOPHYSICAL COLLOQUIUM

BELTINE hotel in Ostravice will host the 4t traditional annual international Geomechanical and Geophysical Colloquium
from 7th to 8th June 2012. The technical gathering of professionals from the fields of geomechanics, geotechnics and geophy-
sics, which will become a basic platform for the presentation of the collaboration of science and research with the praxis, will
take place in the environment of Moravian-Silesian Beskids. The objective of the colloquium is to allow the exchange of pro-
fessional information and knowledge from the point of view of different experience, skills and different generations not only in
the field of mining geomechanics and geophysics but also in many other related technical areas. The main topics of the collo-
quium comprise the supporting of mine workings, dynamic effects of blasting operations, geomechanical experiments both in
laboratories and in-situ, and threats of tremors and induced seismism. The main organisers are the Institute of Geonics AS CR,
v.vi., Green Gas DPB.a. s. and the Czech national ISRM Group. The organisers expect that professionals from the Czech
Republic, Poland, Slovakia, Hungary, Germany, Australia, Japan, India and Turkey will attend the event.

Ve dnech 7. a 8. ¢ervna 2012 se v hotelu BELTINE na Ostravici uskuteéni jiz 4. ro¢nik tradiénitho mezinarodniho geomechanického a geo-
fyzikalniho kolokvia. V prostiedi Moravskoslezskych Beskyd se uskute¢ni odborné setkan{ pracovnikt v geomechanice, geotechnice a geofyzice jako
zékladni prezentaéni platforma spoluprdce védy a vyzkumu s praxi. Cilem kolokvia je vyména profesnich informaci a znalosti z pohledu ruznych zku-
Senosti, odbornosti a rozdilnych generaci nejen v oblasti hornické geomechaniky a geofyziky, ale i v fadé pribuznych odbornych oblasti. Hlavnimi
tématy kolokvia jsou vyztuZovani dulnich dél, dynamické G&inky trhaci préce, geomechanické experimenty v laboratofi a in-situ a nebezpe¢i otfesu
a indukovan4 seismicita. Hlavnimi pofadateli jsou Ustav geoniky AV CR, v.v.i., Green Gas DPB, a. s., a Ceskd ndrodni skupina ISRM. Pofadatelé

predpokladaji tast odbornikii z Ceské republiky, Polska, Slovenska, Madarska, Némecka, Austrélie, Japonska, Indie a Turecka.

DOC. ING. RICHARD SNUPAREK, snuparek@ugn.cas.cz, USTAV GEONIKY AV CR

GEATEGHNIRA - 2012 GEOTECHNIGY

HONSTRONEIE, TEEHNOLO®IE A RIZGA
CONSTRUCTIONS, VECHNOLOEIES AND RBISK

SLOVENSIKA REPUBLIA - SLOVAIKIA
VYSOKE TATEY - THE MIGH TATRAS
26. - 28. 09. 2012

The Faculty of Civil Engineering of the VSB - Technical University of Ostrava in collaboration with ORGWARE agency take pleasure
in inviting you to the international conference Geotechnics 2012, which is focused on geotechnical problems in the planning and
construction of underground structures and buildings. The technical guarantor of the conference is Prof. Ing. Josef Aldorf, DrSc.

Main conference topics:

. New technologies and materials in geotechnical and mine engineering

. Advanced foundation engineering methods and progressive foundation structures

. Topical problems of underground engineering

. Slope failures and their stabilisation

Geotechnical problems of flood plains

. Risk analysis in geotechnics

. Geotechnickal monitoring

. Selected problems of geomechanics and geophysics in underground engineering and mining
. Teaching geotechnics at universities

Conference secretariat: ORGWARE, Ing. Nora Badikova, Tovarenska 12, P.O.Box 52, 900 31 STUPAVA, Slovak Republic.
Telephone /Fax: +421-(0)2-502 44 475,
e-mail:orgware@mail.t-com.sk or badikova@arcadisgt.sk.

Fakulta stavebni VSB-TU Ostrava ve spolupréci s agenturou ORGWARE si vés dovoluji pozvat na mezinarodni konferenci
Geotechnika 2012, zamérenou na geotechnické otazky pfi pfipravé a vystavbé podzemnich a pozemnich staveb.
Odbornym garantem konference je prof. ing. Josef Aldorf, DrSc.
Hlavni témata konference:
10. Nové technologie a materidly v geotechnickém a hornickém stavitelstvi
11. Pokrokové metody zakladani staveb a progresivni zakladové konstrukce
12. Aktudlni problémy podzemniho stavitelstvi
13. Svahové poruchy a jejich sanace
14. Geotechnické problémy zaplavovanych uzemi
15. Rizikova analyza v geotechnice
16. Geotechnicky monitoring
17. Vybrané problémy geomechaniky a geofyziky v podzemnim stavitelstvi a hornictvi
18. Vyuka geotechniky na vysokych 3kolach

Sekretariat konference: ORGWARE, ing. Nora Badikova, Tovarenska 12, P. O. Box 52, 900 31 STUPAVA, Slovenska republika.
Tel./fax: +421-(0)2-502 44 475,
e-mail: orgware@mail.t-com.sk nebo badikova@arcadisgt.sk.




