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VAZENI A MILi CTENARI,

Jsem velmi rad, Ze mi byla dana pfileZitost prezentovat nasi
spole¢nost a ja mohu touto cestou pfipomenout milniky na
dlouhé cesté k nasi dnesni zavedené firmé a zvlast podtrh-
nout segment podzemnich staveb.

Uplynuly rok byl pro nas (a samoziejmé pro vSechny, kdo
méli to Stésti a byli nasimi zédkazniky, dodavateli a spolupra-
covniky) rokem jubilejnim. Znamenal 45 let nepfetrzité €in-
nosti, z toho poslednich 35 let pod jménem GEOtest Brno.
V roce 1958 byl ustanoven novy narodni podnik Geologicky
prtzkum Brno, v némz byly jiz od roku 1960 v ramci zfizené-
ho Zavodu stavebni geologie feSeny ukoly z oblasti inzenyr-
ské geologie a hydrogeologie na vysoké drovni. Po kratkém obdobi, kdy jsme
v uvedenych &innostech pisobili v ramci IGHP, n. p. Zilina, byl v roce 1968
delimitaci vytvofen novy podnik GEOtest Brno, v némz jsme tyto Cinnosti
a odbornosti dale rozvijeli. Behem roku 1992 se firma Uspésné privatizovala
v kupénové privatizaci a soustfedila se na inZenyrské ¢innosti v aplikované
geologii. Ve své dnesni podobé se jedna o dlouhodobé prosperujici soukro-
mou firmu, kterd dosahuje se svymi 150 pracovniky ro¢niho obratu prevysuji-
ciho 300 miliond korun. Vyviji se i skladba ¢innosti, kdyZ se kromé tradi¢nich
obort vice soustfedujeme i na sluzby pro Zivotni prostredi.

S podzemnimi stavbami byla tradi¢né spojena ¢innost nasich stfedisek geo-
techniky, inZenyrské geologie, mechaniky hornin a zemin a geofyziky. Zejmé-
na v oboru polniho geotechnického zkusebnictvi a mechaniky hornin nalezime
k nékolika malo firmam, které si udrzely a zdokonalily své know-how. Lze fici,
Ze s vyjimkou vystavby prazského metra se nasi pracovnici v minulosti podi-
leli na feSeni témér v8ech vyznamnych stavebnich akcich s podilem podzem-
nich staveb, a to jak ve fazich priizkumd, tak i jejich realizace, pokud jejich sou-
¢asti byla problematika mechaniky hornin. Z dél, kde vyznamny podil tvofily
podzemni stavby, mohu pfipomenout realizované precerpavaci vodni elekt-
rarny Dlouhé Strané a Cierny Vah a dosud nerealizované, pfip. alternativné
fesené Hrhov, Mala Vieska, Kfivoklat a Caracusey (Kuba), kde byl fesen kom-
plex problémud mechaniky hornin pro naro¢né stavby kaveren, $tolovych pfi-
vadécd, obtokovych tunell. Z vodohospodafskych liniovych staveb chci jme-
novat alespon vodovodni pfivadécée Slezska Harta, Il. bfezovsky vodovod,
Nové odvodiovaci $tola Hodru$a - Banska Stiavnica a nedavno dokongeny
Brnénsky oblastni vodovod - 24 km §tol. PFi pfipravé a realizaci téchto staveb
byly v ramci komplexnich prizkumd feSeny otazky pevnosti a deformacnich
vlastnosti skalnich masivi pfi hlubokém zakladani, problematika vystavby
obtokovych §tol a tunel(, stabilita vysokych skalnich stén. V podzemnich stav-
bach u dopravnich staveb se uvedend ¢innost uplatnila zejména pfi rekon-
strukci tuneld na Zelezniéni siti, zejména na trati Brno - Ceska Trebova (6 tune-
1) a Il. Zelezniéniho koridoru (Trebovicky a Tatenicky tunel), ale i na dal8ich
tratich po celé republice, napf. tunely Jarovsky, Novohamersky, Lu¢ansky atd.
Z novostaveb jsme nasi odbornost uplatnili mj. u tuneld Zelezni¢nich (Novo-
hradsky na zminéné trati Brno - Ceska Trebova), silniénich, resp. dalniénich
(Brno - Prazska radiala, Brno - Kohoutova), kolektorG v Brné - primarni
a sekundarni sit, i dosud nerealizovanych tramvajovych tuneld v Brné.
Zdaleka se v8ak nejedna jen o historii. Nedavno byl dokonéen priizkum pro
trasovani tunelu pod Cervenohorskym sedlem a pro dalniéni tunel Klimkovice,
loni se dokonéil naroény prizkum pro tunely Dobrovského v Brné a probiha
dale geotechnicky sled a monitoring pfesypaného tunelu na obchvatu Jihlavy
a pro pét staveb kolektorové a stokové sité v Brné.

Véim, Ze uvedeny historicky prehled pfipomenul nemaly podil nasi firmy na ces-
kém podzemnim stavitelstvi a chtél bych podékovat véem obchodnim partnerdim
za spolupraci a daveéru, které si vazime a ktera nas zavazuje i do let pristich.
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DEAR READERS,

I'am happy that | have been given this opportunity to present
our company and remember the milestones on our long way
to the current well-established firm, with a special stress
placed on the segment of underground construction.

The last year was a jubilee year for us (and obviously for all of
those who were so lucky and were our customers, suppliers
and co-operators). We celebrated 45 years of our uninterrupt-
ed work, carried out under the current name of GEOtest Brno
already for 30 years. A new national enterprise, Geologicky
Pruzkum Brno (Geological Survey Brno), was established in
1958. This enterprise, namely its plant Zavod Stavebni Geolo-
gie established in 1960, solved tasks from the field of engineering geology and
hydrogeology on a high level. After a short period of our work in this field under
the IGHP n.p. Zilina company, the new enterprise GEOtest Brno was created (by
delimitation), where we further developed those activities and expertise. During
1992 the firm was privatised successfully in the framework of the process of
coupon privatisation. It focused on engineering services in the field of applied
geology. In its current condition, GEOtest Brno is a long-term prospering private
firm, which achieves annual turnover over CZK 300 million with its 150 employ-
ees. Also the pattern of our activities has developed. Apart from traditional
fields, we are more focusing on environmental services.

The activities of our departments of geotechnics, engineering geology, rock and
soil mechanics, and geophysics have been traditionally associated with under-
ground projects. Namely in the area of field geotechnical testing and rock
mechanics, we belong among the few firms which have retained and developed
their know-how. We can state that our workers participated in nearly all major
projects containing a share of underground construction (with an exception of
the Prague Metro), both in the survey and construction phases, if the rock
mechanics issues were involved. Out of the projects where underground struc-
tures presented significant shares of the works, | can remember the completed
pumped storage schemes Dlouhé Strané and Cierny Vé4h, and non-completed or
alternatively solved schemes Hrhov, Mald Vieska, Kfivoklat and Caracusey
(Cuba), where a complex set of rock mechanics issues was solved for caverns,
aqueduct tunnels and diversion tunnels. Out of water resources line structures,
| would like to mention at least the water supply conduits Slezska Harta, Brezov
Water Supply Il, New Drainage tunnel Hodrusa - Banska Stiavnica, and recently
completed Brno regional water distribution project (24 km of tunnels). Complex
surveys were conducted in the planning and implementation phases of those
projects; we solved issues of strength and strain properties of rock massifs at
deep foundation, an issue of construction of deep diversion adits and tunnels, or
stability of high rock walls. Regarding underground construction for traffic-relat-
ed projects, the above-mentioned skills were applied namely to reconstruction to
railway tunnels, e.g. those on the Brno - Ceska Trebova line (6 tunnels) and the
Railway Corridor Il (the Trebovice and Tatenice tunnels), but also on other lines
all over the republic, e.g. the Jarov, Nové Hamry, Lic¢any and other tunnels.
There are also new structures where we utilised our expertise, among others rail-
way tunnels (the Nové Hrady tunnel on the above-mentioned Brno - Ceska Tre-
bova line), road or highway tunnels (the Prague radial road in Brno, Kohoutova
tunnel in Brno), collectors in Brno (primary and secondary network) and still
unrealised tram tunnels in Brno.

This story is far from history. A survey for delineation of a tunnel under Cervené
Hora Col and a survey for the Klimkovice highway tunnel were completed
recently; a demanding survey for the Dobrovského tunnel in Brno was com-
pleted last year, and a geotechnical observation and monitoring for a covered in
tunnel structure on the Jihlava bypass road and for five structures of the col-
lector and sewerage network in Brno.

| believe that the above historic review gave a good indication of the significant
contribution of our company to the Czech underground construction. | wish to
thank all business partners for their co-operation and trust. We appreciate it, and
regard it as an obligation we will be put under during the years to come.

'#]
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RNDr. Lubomir Prochazka

feditel spole¢nosti -

General Manager

GEOtest Brno, a. s.
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GEOTECHNICKY PRUZKUM PRO NEJVYZNACNEJSi STAVBU NA VELKEM MESTSKEM
OKRUHU V BRNE - TUNEL DOBROVSKEHO

GEOTECHNICAL EXPLORATION FOR THE DOBROVSKEHO TUNNEL,
THE MOST SIGNIFICANT STRUCTURE ON THE LARGE CITY RING ROAD IN BRNO
ING. JIRI PAVLIK, CSc., RNDr. LUBOMIR KLIMEK, ING. DAVID RUPE, GEOTEST BRNO, a. s.

1. UVOD

Dlouhodobé neiimérné vysoka hustota dopravniho provozu v Brné naléhavé
vyZaduje odlehéeni v podobé velkych dopravnich staveb. Jako sou¢ast prsten-
ce stavby Velky méstsky okruh v Brné byl jiz vybudovan hloubeny Husovicky
tunel a na pfipojném dalni¢nim pfivadéci Prazska radiala razeny Pisarecky tunel.
Priprava tfeti stavby - tunelu Dobrovského je v pokro¢ilém stadiu.

Diky podpore investorskych Utvarl zastoupenych Statutarnim méstem Brno
a Reditelstvim silnic a dalnic CR doslo v roce 2001 k nastartovani procesu pfi-
pravy investice formou prizkumnych §tol, které jsou dlInimi prazkumnymi dily
budovanymi hornickym zpGsobem ve finanénim objemu 300 mil. K& General-
nim dodavatelem geotechnického priizkumu bylo sdruzeni firem Stoly Dobrov-
ského, jehoZ soucasti byly organizace GEOtest Brno, a. s. - vedouci sdruzeni
a garant vysledkd prizkumu a tfi stavebni firmy Metrostav, a. s., Subterra, a. s.,
a ZS Brno, a. s., zodpovédné za razbu $tol a souvisejici stavebni prace.

V srpnu 2003 byly dokonéeny tfi prlizkumné $toly, jejichZ cilem bylo nalezeni
optimalni technologie razeb a celkového projekéniho feseni stavby. Generalni
projektant, firma Amberg Engineering Brno, a. s., jenz v soucasnosti dokonéuje
projekt pro stavebni povoleni a zadani stavby, uvazuje provadét tunelové dilo
technologii razby vertikalné a horizontalné ¢lenéného vyrubu. Této technologii
byl podfizen tvar a umisténi prizkumnych $tol, které budou trvalou soucasti
plnych profilt tuneld.

Ugelem realizace prizkumnych $tol a souvisejicich priizkumnych praci bylo:

« vySetfeni inzenyrskogeologickych a hydrogeologickych poméri v prostoru tunelu,
« ovéreni navrhované technologie razby a odstranéni pfipadnych problémd pfi razbé,
+ stanoveni U¢ink{ razby na méstskou zastavbu v maximalnim rozsahu,

« vytéZeni cca 20 % celkového objemu tunel(.

2. PREDMET A KONCEPCE PRUZKUMU

Pfedmétem prizkumu byla trasa tunelu tvofeného dvéma troubami o délkach

1237 m (severni - oznac¢ovany jako tunel I) a 1258 m (jizni - oznaéovany jako tunel

1), z ¢ehoZ na razenou Cast pripada 1019 m, resp. 1060 m. Zadani priizkumu pred-

pokladalo vyrazeni tfi prizkumnych $tol pfiblizné trojihelnikového pfiéného pro-

filu v prostoru tunelovych trub pfi patach jejich kleneb, jez budou vyuZity pfi
budouci vystavhé tunelového dila. Celkova délka prizkumnych $tol Cini pres
dva kilometry (IIA 831m, IIB 831m a IB 365m). Z technologickych dlivodd nesle-

dovaly Stoly celkovou délku projektovanych tunelovych trub (obr. 1).

Navrh prazkumnych praci respektoval pozadavky zadané generalnim projektan-

tem dila. Sestaval se z rozsahlého komplexu praci predev§im zamérenych na

vySetfovani chovani terciérnich jil, ve kterych bude raZen rozhodujici objem
budoucich tunelovych trub:

1. Resersni zhodnoceni geotechnickych parametrd brnénskych jild.

2. Geologicky sled a dokumentace pfi razbé - nepfetrzity geologicky dozor,
dokumentace ¢eleb, odbér vzorkl zemin, strukturni méreni.

3. Odkryvné prace na povrchu - jadrové vrty inZenyrskogeologické, strukturni
vrty, vrty hydrogeologické pozorovaci a vrty geotechnického monitoringu,
penetracni sondy.

4. Laboratorni zkousky mechaniky zemin, mineralogické a rentgenové analyzy,
chemické rozbory vod.

5. Geofyzikdlni méreni - vertikalni elektrické sondovani a mélka refrakéni
seismika na povrchu, karotdzni méreni, ve Stolach seismickd dokumentace
pro stanoveni anizotropie masivu, stanoveni Poissonova &isla z méfeni
rychlosti podélnych a pficnych vin, seismické prozafovani mezi vrtem
a povrchem a mezi Stolami pomoci seismické tomografie, méfeni korozivity
a bludnych proud.

6. Pasportizace vodnich zdroji a reZimni hydrogeologické méreni — komplexni
pravidelné sledovani vlivu razby na vodni zdroje a jejich kvalitu a kvantitu.

7. Polni geotechnické zkousky a méreni v rozrazkach - zatézovaci zkousky pro
stanoveni pretvarnych charakteristik, smykové zkousky s preduréenou
plochou poruseni, pfi razbé rozrazek méreni napjatosti masivu konvergenéni
metodou v kruhovém profilu, méfeni sviravosti jili a propustnosti in situ.

1. INTRODUCTION

Constantly unacceptable high density of traffic in Brno urgently requires relief in
terms of large traffic structures. As part of the constructed Large City Ring Road
(LCRR) in Brno, the cut-and-cover Husovicky tunnel and mined Pisarecky tunnel on
the highway feeder Prague Radial Road already been constructed. Preparation of
the third structure - Dobrovského tunnel has markedly advanced.
Thanks to the support of investment bodies represented by the Brno municipality
and the Directorate of roads and motorways in the CR, the process of the invest-
ment preparation was launched in form of exploratory galleries, which represent
underground exploratory works constructed using the mining method that cost
300 mil. K&. A consortium of companies Stoly Dobrovského was delegated to be
the general contractor of the geotechnical exploration. It consisted of GEOtest
Brno, a.s. - leader of the consortium guaranteelling the exploration results, and
three construction companies Metrostav, a.s., Subterra, a.s. and ZS Brno a.s. res-
ponsible for excavation of the galleries and connected engineering works.
Three exploratory galleries were completed in August 2003, whose purpose was
to find an optimal technology of excavation as well as total design solution of the
construction. General designer Amberg Engineering Brno, a.s., which is currently
about to finish the final design, considers realization of the tunnel structure using
the technique of vertically and horizontally segmented excavation. Shape and loca-
tion of the exploratory galleries, which will become permanent part of the full tun-
nel profiles, have been conformed to this technology.
The purpose of realization of the exploratory galleries and connected exploratory
works was to:
+ analyze engineering-geological and hydrogeological conditions in the tunnel area;
* verify the proposed excavation technology and remove potential problems
during excavation;
* determine the maximum range of impacts of excavation on the urban area;
* exavate app. 20% of the total tunnel volume.

2. OBJECT AND CONCEPT OF THE EXPLORATION

Object of the exploration was the tunnel route consisting of two tubes in lengths
of 1237 m (northern - designated as tunnel I) and 1258 m (southern - designated
as tunnel ll), from which 1019 m and 1060 m fall on the mined part. Commission
for the exploration estimated the excavation of three exploratory galleries with
approximately triangular cross section in the area of tunnel tubes at the bases of
their vaults, which will be used during the future construction of the tunnel struc-
ture. Total length of the exploratory galleries reaches something over 2 km (lIA 831
m, lIB 831 m and IB 365 m). Due to technological reasons the galleries did not pur-
sue the entire length of the designed tunnel tubes (Fig. 1).

Proposal of the exploratory works respected requirements laid forth by general
designer of the work. It consisted of extensive complex of works, mostly focused
on analysis of the behavior of tertiary clays, within which predominant part of the
future tunnel tubes will be excavated:

1. factual evaluation of geotechnical parameters of the Brno clays.

2. geological observation and documentation during the construction - constant
geological monitoring, documentation of the faces, collection of soil samples,
measurement of structure.

3. Open-trench works at the surface — engineering-geological core-bores, structu-
re bores, monitoring hydrogeological geotechnical bores, penetrating probes.

4. Laboratory tests of rock mechanics, mineralogical and x-ray analyses, chemical
analyses of waters.

5. Geophysical measurements - vertical electric probing and shallow refraction
seismic survey at the surface, borehole survey, seismic documentation in the gal-
leries for determination of the massif anisotropy, determination of the
Poisson’s ratio from measurements of velocity of axial and lateral waves, seismic
radiation between the bore and surface and between the galleries using seismic
tomography, measurement of corrosiveness and stray currents.

6. Passportization of water resources and regime hydrogeological measurement -
regular complex observation of impacts of the excavation on water resources as
well as their quality and quantity.

7. Field geotechnical tests and measurements in test galleries - loading tests for
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8. Geotechnické zkousky a méreni ve vrtech, deformacni vlastnosti a pokusné
méfeni napjatosti.

9. Geotechnicky monitoring realizovany jednak na povrchu uzemi, jednak uvniti
prazkumnych stol - nivelace poklesové kotliny na terénu a objektech, ve vrtech
méfeni porovych tlakd, méfeni extenzometry a inklinometry a ve $tolach
méreni konvergence, nivelace vyztuznych prvki a tlakii na obezdivku.

10. Fyzikalni modelovani's pouzitim ekvivalentnich materialt, stanoveni deformaci

od razby $tol i pfi razbé tunelu ¢lenénym vyrubem pro jednotlivé faze razby.

Pro tento ucel byly navrzeny 4 plGdorysné zalomené rozrazky kruhového profilu
0 1900 mm pro umisténi specialnich polnich geotechnickych zkou$ek. Jejich po¢va
byla zvy$ena 0 0,5 m proti Grovni pocvy smérné chodby Stoly IIB, z jejiZ levé stény
byly rozrazky razeny. Rozrazky byly souéasti tzv. mist soustfedéného prizkumu,
v nichz se koncentrovaly vSechny hlavni priizkumné a zkusebni metody geotech-
nického priizkumu i monitoringu. Tato mista obsahovala déale celkem 5 vrti hlou-
benych z povrchu. Jejich rozmisténi ukazuje situace mista soustfedéného prazku-
mu obr. 2.

3. PRUBEH RAZBY

Pred zahajenim razicich praci byl na podzim 2001 realizovan prvotni podrobny pr-
zkum trasy $tol a mista vstupniho kralovopolského portalu, jenz slouzil k upfesné-
ni geologické stavby a hydrogeologickych poméri. Soucasné byl vybudovan
monitorovaci systém jak ve zminénych mistech soustiedéného prizkumu, tak i po
celé délce trasy pro sledovani poklest Uzemi a deformaci objektld na povrchu
v disledku razby stol i budoucich tunelovych trub. Jako informacni databaze byla
na stavbeé zfizena centralni evidence dat pro ukladani digitalnich zaznamu veskeré-
ho monitoringu, polnich zkousek, provoznich a geodetickych méfeni. Digitalni zaz-
namy z fadové nékolika tisic zméfenych udaju byly v poCitacové siti stavby k dis-
pozici véem Ucastnikim akce. Jejich vyhodnocovani pravidelné provadéla odbor-
na skupina specialistd.

Nejprve byl realizovan provizorni portél Kralovo pole konstrukci kotvené podzem-
ni stény hloubky 18,0 m, do niz po odkryti licni ¢asti byly specialnimi diamantovy-
mi nastroji vyfiznuty otvory ve tvaru nasledné razenych stol $irky v pocvé 4,75 m,
a max. vySky v zaklenku 4,03 m. Pred vlastni razbou, jeZ probihala proti stanic¢eni
z Kralova pole smérem do Zabovfesk, byly kolem obvodu $tol vytvoreny klasické
mikropilotové destniky délky 16 m. Osténi Stol sestavalo z nosnych rami z valco-
vané dulni vyztuZe K 24 v rozestupu 1 m a stfikaného betonu B 20 mocnosti 10 cm
vyztuzeného KARI siti. Razba v jilech byla provadéna strojem ITC ve vSech tfech
Stolach vyjma kratkého Gvodniho Useku. Doprava byla feSena v delSich Stolach
jako kolejové, v kratsi Stole se uplatnil pneumatikovy dumper.

lhned po zapoceti razby byly zastiZeny nejsloZitéjsi geologické podminky trasy
s vyskytem kvartérnich zvodnélych stérkd v ivodnich 60 metrech. Nepredvidatel-
né chaoticky ulozené stérkopisky Ficky Pondvky meandrujici v tomto prostoru mély
v kazdé ze tfi Stol proménlivou mocnost a zastoupeni, které se koncentrovalo pfi
vrchliku Stol (viz obr. 3).

Pro zajisténi stability vyrubu $tol a nadloZni zastavby v tomto Gvodnim Useku se
muselo pfijmout mimofadné technické opatteni. Jednalo se o realizaci péti fad
mikropilotovych véjifa délky 12 m se Etyfmetrovym piekryvem vrtanych z podze-
mi po obvodé vsech tfi prizkumnych Stol. | kdyZ se jednalo o komplikované, narog-
né a razbu zpomalujici opatreni, ukazalo se jako ucinné. Pod jeho ochranou Stoly
prosly bez dalSich mimoradnych udalosti pod zastavbou ulice Podébradova pres
kvartérni vrstvy a ve vzdalenosti asi 60 m od Usti se plnym profilem zahloubily do
terciérnich jili. Nepfizniva geologie v Uvodni &asti Stol byla dale komplikovana
znaénym pfitokem podzemni vody z kvartérni zvodné, nizkym nadlozim (4 -7 m)
a cerstvymi nastavbami dvou vicepodlaznich domt na ulici Podébradova. Razi¢ské

determination of deformation statistics, shear tests with predestined area of faul-
ting, measurement of massif tension using convergence method in a circular cross
section during the excavation of test galleries, measurement of clay contraction
and in situ permeability.

8. Geotechnical tests and measurements in the bores - measurements of defor-
mation attributes and trial stress measurements

Geotechnical monitoring realized both at the surface and inside the exploratory
galleries - leveling of the settlement trough in terrain and structures, measure-
ments of pore pressures in the bores, measurements of convergence in the galle-
ries and measurements using extensometers and inclinometers, leveling of the
reinforcing elements and pressures in the lining.

Physical modeling using equivalent materials, determination of deformations after
the gallery excavation and also during the sequential excavation of tunnel for sepa-
rate phases of the excavation.

For this purpose, 4 bent test galleries of circular cross section 0 1900 mm were
designed for location of the special field geotechnical tests. Their floor was bend in
ground plan elevated by 0,5 m against the level of floor of axial corridor of the IIB
gallery, from whose left-side wall the test galleries were started. The tests galleri-
es were part of the so-called concentrated exploration, which brought together all
main exploratory and testing methods of geotechnical exploration as well as moni-
toring. These places further contained a total of 5 bores, carried out from the sur-
face. For their dislocation within the concentrated exploration see Fig. 2.

3. THE PROCESS OF EXCAVATION

Prior to the start of excavation works in fall 2001, an initial detailed exploration of
the tunnel routes and location of entry of the Kralovopolsky portal was realized. It
later served for specification of the geological structure as well as hydrogeological
conditions. At the same time, a monitoring system was established, both in the
aforementioned places of concentrated exploration and along the entire route, for
observation of terrain settlements and deformations of structures on the surface as
a result of excavation of the gallery or future tunnel tubes. A central registry was
established as an information database at the construction site for storage of digi-
tal records of the entire monitoring, field tests, and operational and geodetic mea-
surements. Digital records of estimated several thousand measured entries were
available to all participants of the proceeding on the construction’s computer net-
work. They had been regularly evaluated by a group of specialists.

First, the provisory portal Krdlovo Pole was realized by framework with fixed 18,0
m deep diaphragm wall, into which, following uncovering of the front section, ope-
nings were cut using special diamond devices in the shape of consequently excava-
ted galleries with width of the floor 4,75 m and max. height of the niche 4,03 m. Prior
to the own excavation, which proceeded counter chainage from Kralovo Pole
towards Zaboviesky, 16 m long classic micropile umbrellas were created around the
gallery periphery. Lining of the galleries consisted of bearing frames from rolled
mining reinforcement K24 with 1 m spacing and 10 cm thick B 20 shotcrete reinfor-
ced with KARI net. Excavation within clays was carried out using the ITC machine in
all three galleries excluding a short initial section. Transport in the longer galleries
was designed as monorail, a pneumatic dumper proved useful in the shorter ones.
Immediately after the excavation started, the most complicated geological conditi-
ons of the track with occurrence of Quaternary watered gravels were encountered
in the first 60 m. Unpresumably chaotically deposited sand-gravels of the Ponévka
river meandering in this area had in each of the three galleries a variable thickness
and representation, which concentrated at the gallery roof (see Fig. 3).

Special technical measures had to be adopted in order to provide for stability of
the gallery excavation as well as urban area in the overburden of this initial secti-
on. These were represented by realization of five rows of 12 m long micropile fans
with a four-meter cover, bored from the underground along periphery of all three
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firmy byly zde nuceny zéhy vyzkouSet fadu opatieni a zmén technologickych
postupt jako ¢lenény vyrub, hnané paZeni, chemickou injektaz, které vSak nepfines-
ly oéekavany ucinek. Soucasné se zvysenymi pritoky vody do podzemniho dila se
nastartovaly deformace na nejblizsi zastavbé. Deformace na objektech zde dosah-
ly v poklesové kotliné nad stolami IlA a IIB az 50 mm.

Dal$im velkym problémem bylo podejiti ulice Palackého s tramvajovym provozem
lemované az Sestipatrovymi domy, z nichZ nékteré byly ve velmi Spatném static-
kém stavu. S ohledem na vysokou prioritu bezpeénosti na povrchu zastavil inves-
tor preventivné razbu ve Stolach llA a lIB na 2 a 3 mésice. V tomto ¢asovém inter-
valu byla realizovana provizorni staticka opateni ve 3 domech v budouci pokleso-
vé kotliné. Dale byl modifikovan postup razby s cilem minimalizovat deformace na
povrchu. Bylo rozhodnuto stavét vyztuzné rdmy v hustsim rozestupu po 0,5 m (ve
Stolach IIA a lIB), poévu vyztuzit priénymi nosniky HEB (ve Stole IB) a vkladat roz-
naseci betonové prefabrikaty pod ocelovou vyztuz v pocvé ve vsech tfech stolach.
Rovnéz bylo rozhodnuto postupovat s razbou stol IIA a IIB ve 100 m odstupu
a doplnit monitorovaci systém pro plné uplatnéni observaéni metody. Pfijetim uve-
denych opatfeni pfi obnovené razbé byla zastavba ulice Palackého uspésné preko-
néna, pficemz deformace zUstaly v prognézované hranici 30 mm.

V dal$im pokracovani razby stol IIA a IIB bylo razeni v plném profilu v terciérnich
jilech s relativné vy$sim nadlozim bezproblémové, razilo se podle pGvodniho tech-
nologického postupu bez vzniku mimoradnych deformaci - deformace dosahova-
ly predpokladanych hodnot. Pfi razbé Stoly IB se problémy s deformacemi kromé
popisovaného uvodniho Gseku nevyskytovaly. Deformace zde dosahovaly pouze
10 - 20 mm a razba nepierusované pokracovala a7 do kone&né délky. Stoly tunelu Il
byly propojeny dvéma spojovacimi chodbami a doplnény jednim tnikovym vycho-
dem na povrch.

Denni postup razby ¢inil az 4,0 m pfi délce jednoho zabéru max. 1,0 m. Celkova
doba provadéni stavebnich a priizkumnych praci byla 24 mésic, vlastni razby asi
12 mésicd, pfi niz bylo vytézeno cca 200 000 m* materialu. Dilo bylo investorovi
predano bez zavad a nedodélk(i ve smluveném terminu v srpnu 2003.

4. METODIKA INZENYRSKOGEOLOGICKEHO PRUZKUMU

Koncepce inZenyrskogeologického prizkumu byla volena tak, aby prizkumné
prace provadéné z povrchu byly sladény s ¢innosti v podzemi. Celkem bylo v linii
projektovanych tuneld vyhloubeno 22 jadrovych vrtl. Hloubka vrti se pohybovala
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Obr. 2 Rozmisténi prazkumnych dél v mistech soustfedéného prizkumu
Fig. 2 Layout of geotechnical works in places of concentrated investigation

exploratory galleries. Although it was supposed to be a complicated, challenging
and excavation-retarding measure, it proves effective. With its protection, the gal-
leries proceeded without any further extraordinary events below urban area of
Podébradova street, passing through Quaternary layers and within the distance of
app. 60 m from the portal they penetrated into Tertiary clays in full profile. Unfa-
vorable geology in the initial gallery sections was further complicated by extensi-
ve groundwater inflows from Quaternary watering, by low overburden (4-7 m) and
recent reconstruction of the two multi-storey houses in Podébradova street. Com-
panies realizing the excavation were soon forced to undertake several measures
and change the technological procedures such as sequential excavation, forepo-
ling, chemical grouting, which did not, however, bring the desired effect. Along
with increased water inflows in the underground work, deformations in the imme-
diate urban area began to appear. Deformations of structures in this settlement
trough above galleries IIA and IIB reached even 50mm.
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Obr. 3 Charakteristicky sled vrstev v ¢elbé $toly v pocate¢nim useku razby
Fig. 3 Typical bedding of layers documented on gallery’s face in initial
section of excavation

There was another major problem in underpassing Palackého street with its tram
traffic and nearby up to six-floor houses, some of which were in pretty bad struc-
tural condition. With regards to high priority of safety at the surface, the investor
preventively halted excavation of the llA and IIB galleries for 2 and 3 months.
During this time period, provisory structural measures were realized in three hou-
ses within the future settlement trough. Moreover, the process of excavation was
modified in order to minimize deformations at the surface. It was decided to con-
struct support frames with denser spacing of 0,5 m (in galleries lIA and IIB), to rein-
force the floor using lateral beams HEB (in gallery IB) and to insert spread footing
(concrete prefabricates) below the steel reinforcement of floor in all three galleries.
It was also decided to proceed with excavation of the llA and IIB galleries with 100
m distance between the faces, and to supplement the monitoring system for full
utility of the observation method. By adoption of these measures, urban area of the
Palackého street was successfully crossed during resumed excavation, while the
deformations remained at the estimated level of 30 mm.

Continued excavation of the llA and IIB galleries proceeded without problems with
full-profile excavation within Tertiary clays with relatively high overburden, the ori-
ginal technological procedure of excavation was applied without the occurrence of
extraordinary deformations - deformations were reaching estimated values. With
the exception of the described initial section, there were no problems with defor-
mations during excavation of the IB gallery. Deformations here reached only some
10-20 mm and the excavation proceeded uninterrupted up to the final length. Gal-
leries of the tunnel Il were linked by connecting corridors and complemented by
one emergency exit to the surface.

Daily progress of the excavation reached 4,0 m with max 1,0 m length of one
advance. The total time for realization of engineering and exploratory works added
up to 24 months, the own excavation then 12 months, during which app. 200 000 m’
of material was excavated. The work was handed over to the investor without
defects or omissions within the contractual deadline due in August 2003.
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v rozmezi 8,0 - 20,0 metru. Ukolem sondaznich praci bylo zejména podat informa-
ci o kvartérnim pokryvu uzemi a urovni povrchu podloZi tvofeného neogennim
jilem. InZenyrskogeologické vrty byly navrzeny tak, aby spolehlivé odkryly profil
tunelového nadloZi a pfitom nezasahly do volného prostoru budoucich tuneld.
Vybrané vrty byly vystrojeny pro sledovani oscilace hladiny podzemni vody. Ve
zminénych mistech tzv. soustfedéného priizkumu byly vyhloubeny pétice vrtl geo-
technickych méfeni a monitoringu. Jednalo se jednak o vrty pro jednorézova mére-
ni vlastnosti neogenniho masivu, jednak o vrty sledujici chovani masivu béhem
razby prazkumnych $tol v ¢ase. V ramci téchto vrtnych ,hnizd” byly do hloubky
60 m vyhloubeny 4 strukturni vrty pro stanoveni geologického profilu v predpo-
klddané zoné ovlivnéni napjatosti masivu tunelovym dilem a odebrény vzorky pro
nasledné laboratorni zkousky. Na zékladé sou¢asnych i dfivéjSich sondéznich praci
a provedenych geofyzikalnich méreni byly v ose projektovanych tunell sestaveny
inZzenyrskogeologické fezy (obr. 4 a 5).

Soucasti prizkumnych praci na povrchu Uzemi bylo povrchové geofyzikalni méreni
zaméfené na doplnéni znalosti ziskanych vrtnym prizkumem. Pro méfeni byly pou-
Zity metody: vertikalni elektrické sondovani (VES) a mélka refrakéni seismika (MRS).
Méfeni bylo uspofadano do dvou podélnych profilii vedenych nad osami tuneld
a priénych profilt situovanych do ulic je protinajicich. K upresnénti litologického pro-
filu vrtt, stanoveni geotechnickych parametr(i hornin a zjisténi hydrogeologickych
pomérti ve vrtech bylo vyuZito karotazni méfeni a seismické prozafovani mezi vrtem
a povrchem pomoci seismické tomografie s kiivymi drahami seismickych paprska.

5. INZENYRSKOGEOLOGICKE
A HYDROGEOLOGICKE POMERY LOKALITY

Zajmové Gzemi projektované dvojice tunell nalezi do oblasti rozsifeni morského
neogénu karpatské predhlubné, ktery zde dosahuje mocnosti nékolika stovek
metrd. Sedimenty nasedaji pfimo na horniny brnénského masivu.

Znacéna Cast prizkumem pokrytého Uzemi je zastavéna, prevazujici ¢ast volnych
ploch je pokryta navazkami, popfipadé konstrukénimi vrstvami komunikaci. Reliéf
terénu, ktery je v celém nadlozi prizkumnych stol mirné uklonény v jednotném
sklonu, je v zapadni ¢asti Uzemi pretvoren silni¢ni vystavbou, zejména mimourov-
fiovou kfizovatkou ulic Hradecké a Zabovreské (navazujici ¢asti VMO).

Prirozeny pokryv povrchu terénu predstavuji sprasové hliny ukladané eolickou €in-
nosti béhem pleistocénu. V této poloze se vyskytuji nékolikadecimetrové tmavo-
hnédé polohy predstavujici fosilni pidni horizonty. Jilovité hliny a jily v podloZi
spra$i maji zpravidla smiSenou eolicko-deluvialni genezi. Jedna se o srazkovymi
vodami preplaveny material starsi generace sprasovych pokryvil a zvétralin neo-
génnich jili s obsahem zvétralych zaoblenych Glomku cicvard a misty s pfimési
drobnych stérkovych zrnek.

Baze kvartérniho pokryvu je zastoupena stérkovitymi sedimenty, velmi ¢asto hlini-
tymi & zajilovanymi. Stérkovité uloZeniny maji plodné rozsiteni na bézi kvartéru,
jejich vyskyt vSak neni zcela souvisly. Podle predpokladu vychazejiciho z pfedcho-
zich etap prazkumu byla nejvétsi mocnost Stérkového souvrstvi zdokumentovana
pod ulici Vodova a v pfimykajicim se aredlu méstského koupalisté Dobrék. V tomto
prostoru se nejvice priblizuje kalota projektovaného tunelu k $térkové poloze. Tune-
lova trouba bude mit v tomto prostoru pouze 1,0 - 2,5 metru nadloZi neogennich
jila, k zasazeni polohy stérk( razbou by v§ak dojit nemélo.

Predkvartérni podloZi je v celém zajmovém uzemi budovéano horninou neogenni-
ho (miocénniho) spodnobadenského stafi. Z hlediska inZzenyrskogeologického se
jedna o vépnity, znatné prachovity jil. Na vzorcich jilG byly v rdmci prazkumnych
praci provedeny mineralogické analyzy, a to RTG difrakéni analyzy, zrnitostni ana-
lyzy, stanoveni organického, mineralniho uhliku a siry a silikatové analyzy. Vysled-
ky prokazaly, Ze se jedna o prevazné jilovity prach (popf. prachovec). Z hlediska rizi-
ka deformaci je nejdulezitéjsi pritomnost expandujicich jilovych mineralG kvali
jejich schopnosti bobtnat a smrstovat se. Cerstva hornina mé nazelenale $edou
barvu, v pfipovrchové zoné byva zabarvena zZlutohnédé ¢i rezavohnédé. Skvrnitost,
popf. smouhovani jilu vznikd nasledkem pronikani limoniticky zabarvenych rozto-
ki systémem trhlinek v navétralém a tektonicky poruseném horninovém prostie-
di. Prizkumnymi pracemi bylo zjisténo, Ze jily jsou znacné tektonicky postizené,
misty v zonach az nékolik desitek metri mocnych. Maji hrubé blokovity az nepra-
videlné drobné Ulomkovity rozpad, ¢asto s radidlné paprs€itymi strukturami na
lomu, ktery je nerovny, miskovité prohnuty. Vyznamnéjsi tektonické plochy jsou
vylesténé, ryhované ve sméru pohybu a znacné zvinéné.

Podzemni voda zajmové oblasti je vazana predevsim na vyskyt kvartérnich fluvial-
nich sedimentli ve formé $térkovitych aZ §térkopisCitych uloZenin, které vytvareji
velmi dobré podminky pro vznik, transport a akumulaci podzemni vody. Prestoze
ve Vétsi Casti prizkumnych dél byly ovéfeny zvodnélé kvartérni fluvialni sedimen-
ty, zastizené kolektory nejsou pribézné. Lze je pokladat za plosné omezené cocky
propustnych sedimentd. Tyto zvodnélé polohy jsou uzaviené v relativné nepro-
pustnych kvartérnich jilovitych hlinach, pripadné vypliuji lokalni deprese zvinéné-
ho povrchu neogenniho podlozi. Podzemni voda ma tedy charakter pfedevsim sta-
tickych zasob. Spojita hladina zde neexistuje, jedna se o nespoijité zvodné lokalni-
ho charakteru. Hladina podzemni vody ve vrtech reaguje na atmosférické srazky
velmi pozvolna, k jeji oscilaci dochdzi v priibéhu roku v fadech centimetrd.

4. METHODS OF THE ENGINEERING-GEOLOGICAL
EXPLORATION

The concept of engineering-geological exploration was selected so that exploratory
works realized from the surface would be coordinated with the activities underg-
round. A total of 22 core bores was bored in line of these designed tunnels. Bore
depths ranged between 8,0 and 20,0 meters. It was the task of the probing works to
submit information about the Quaternary area covering and the level of underlay
surface formed by Neogene clay. Engineering-geological bores were designed to
reliably uncover cross section of the tunnel overburden and at the same time not
interfere with free area of the future tunnels. Selected bores were equipped for obse-
rvation of groundwater level oscillation. Groups of five bores for geotechnical mea-
surements and monitoring were bored in places of the so-called concentrated explo-
ration. It included bores for one-time measurements of attributes of the Neogene
massif, and also bores observing behavior of the massif in time during excavation of
the exploratory galleries. Within the frame of these bore “nests”, four 60 m deep
structure bores for determination of the geological profile in the estimated zone of
impact of the tunnel structure on state of stress in the massif were carried out and
samples for consequent laboratory tests collected. Based on current as well as pre-
vious probing works and realized geophysical measurements, engineering-geologi-
cal cross sections were indexed in axis of the designed tunnels (Fig. 4 and 5).
Surface geophysical measurement, focused on widening of knowledge gained from
the boring exploration, was part of the surface exploratory works. The methods of
vertical electric probing (VES) and shallow refraction seismic (SRS) were used for
measurement. The measurement was arranged in two axial cross sections conduc-
ted above the tunnel axes and in lateral cross sections located along streets that were
crossing them. Borehole survey and seismic radiation between the bore and surface
using seismic tomography with oblique tracks of seismic rays were used to accura-
tely determine lithospheric cross section of the bores, geotechnical parameters of the
rocks as well as hydrogeological conditions in the bores.

5. ENGINEERING-GEOLOGICAL AND HYDROGEOLOGICAL
CONDITIONS IN THE LOCALITY

Given area of the designed pair of tunnels belongs to the expanded pelagic Neo-
gene of Carpathian fore-trough, which in this case reaches several hundred meters
deep. Sediments lay directly on rocks of the Brno massif.

Significant area of the target for exploration is urbanized, predominant part of the
free areas is covered with fills, or eventually with road structure layers. Terrain sur-
face, which is slightly aligned in uniform gradient in the entire overburden of the
exploratory galleries, is in its western section formed by mostly road-type structu-
res, namely cloverleaf crossroad of the streets Hradeckd and Zabovieské (conne-
cting part of the LCRR).

Natural cover of the terrain surface is represented by loess loams, sedimented by
eolic activity during Pleistocene. This layer experiences several decimeters thick
dark-brown layers representing fossil soil horizons. Clayey loams and clays in the
overburden of loess commonly have a mixed eolic - diluvial origin. They are by
rainwater re-deposited materials of older generation of loess covers and erosions
of Neogene clays with content of weathered rounded fragments of rocks and local-
ly with some tiny gravel grains.

Basis of the Quaternary cover is represented by gravel sediments, very often full of
loam and clay. Gravel sediments are areally spreading on the Quaternary basis, their
occurrence is nevertheless not continuous. According to the expectation arising from
previous phases of exploration, the largest thickness of the gravel strata was docu-
mented below Vodova street and within adjacent area of the municipal bathing pool
Dobrék. In this area, calotte of the designed tunnel closest to the gravel lay. The tun-
nel tube will have here only 1,0 - 2,5 m of Neogene clays in the overburden, yet the
gravel layer should not be encountered by the excavation.

PreQuaternary underlay is in the entire given area formed by rocks of Neogene
(Miocene) lower Badenian age. From the engineering-geological point of view it is
limey, largely silty clay. Mineralogical analyses were performed on samples of clay
during the exploratory works, namely X-ray diffraction analyses, grain analyses,
determination of organic, mineral carbon and sulfur and silicate analyses. The
results proved that the material is mainly clayey silt (eventually siltstone). Consi-
dering the risk of deformations there is the most vital presence of expanding clay-
ey minerals due to their ability to swell and contract. Newer rock has a greenish-
gray color, near the surface it is colored yellow-brown to reddish-brown. Patches
or smudges of the clay occur as a result of penetration of the limonitically colored
solutions through a system of tiny fractures in the weathered and tectonically faul-
ted rock environment. Exploratory works revealed that the clays are heavily tecto-
nically faulted, locally in zones up to several tens of meters thick. They have a bloc-
ky to irregularly fragmenting disintegration, commonly with radial structures at the
fracture, which is uneven, bowl-curved. More significant tectonic areas are rubbed,
grooved in the direction of movement and highly undulated.

Groundwater in the given area is mostly bound to the occurrence of Quaternary flu-
vial sediments in the form of gravel to sand-gravel sediments, which create very
good conditions for the origin, transport and accumulation of groundwater. Despi-
te the fact that large proportion of the exploratory works verified watered Quater-
nary fluvial sediments, encountered collectors are not continuous. They can be con-
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6. GEOTECHNICKE VLASTNOSTI HORNIN
A HORNINOVEHO MASIVU

Vlastnosti horninového masivu, v némz jsou projektovany tunelové trouby tunelu
Dobrovského, a zemin tento masiv budujicich byly stanoveny zhodnocenim vysled-
ki fady laboratornich zkousek vzork( odebranych z vrtd i podzemnich vyrubd a pol-
nich zkousek realizovanych pfevézné v podzemi, v mensi mife z povrchu ve vrtech.
Vysetfovani geotechnickych vlastnosti se uskute¢nilo ve zminénych &tyfech mistech
soustiedéného prizkumu, které charakterizovala pfislusné kvazihomogenni celky,
do nichZ byl vySetfovany prostor tunelu rozdélen. Vlastnosti pokryvnych Gtvart byly
navic zjistovany i mimo uvedend mista soustfedéného prlizkumu na vzorcich ode-
branych z vrtli situovanych po celé délce obou tunelovych trub.

Laboratornimi zkouskami byly zjistovany vlastnosti materiald budujicich hornino-
vy masiv, a to na poruSenych vzorcich béZzné indexové vlastnosti, na neporusenych
vzorcich navic objemova hmotnost v plivodnim stavu a po vysus$eni, propustnost,
hustota pevnych &astic, totalni i efektivni parametry smykové pevnosti a oedome-
trické moduly v zavislosti na normalném napéti, bobtnavost, bobtnaci tlaky i smrs-
titelnost. Vzhledem k tomu, Ze v kazdém misté soustiedéného prizkumu byl
vyhlouben jeden strukturni vrt do hloubky 60 m, bylo mozno vysledovat pribéh
ménicich se vlastnosti v jilovém masivu nejen po délce $tol, ale i smérem do hloub-
ky. Na obr. 6 jsou graficky zndzornény zavislosti modull pretvarnosti na hloubce
pod povrchem stanovené prepoctem z naméfenych oedometrickych moduld
v oboru napéti odpovidajicimu pfirozenému svislému napéti panujicimu v hloub-
ce odbéru pfislusného vzorku.

Polni zkousky byly zaméreny na zjisténi vlastnosti masivu neogennich jild. Podle
Ucelu byly zkousky rozdéleny do 5 skupin: zkousky pfetvarnosti masivu, pevnostni
zkousky, zkousky napjatosti masivu, zkousky propustnosti masivu a zkousky tech-
nologické. K polnimu stanoveni geotechnickych vlastnosti byly pfifazeny rovnéz
vysledky a zhodnoceni penetraénich sond.

Do prvni skupiny nalezi predevsim zkousky zatéZovaci, jez byly umistény do rozra-
zek razenych ze smérné chodby Stoly 1IB v mistech soustiedéného priizkumu.
V kazdé rozrazce se uskutecnilo celkem 6 stanoveni deformacnich modul(i - modu-
10 pFetvarnosti a pruznosti, vidy po dvou ve vSech tfech navzajem kolmych smé-
rech, tj. ve sméru vodorovném souhlasném se smérem Stoly IIB v misté pfislusné
rozrazky, ve sméru vodorovném kolmém k ose Stoly a ve sméru svislém. Celkem
bylo provedeno 24 stanoveni téchto charakteristik. Pro zkousky byly pouzity tuhé
Ctvercové zatézovaci desky o strané 0,5 m stupriovité zatéZzované do maximalniho
pramérného kontaktniho napéti 0,5 MPa a nasledné odlehéované na nulovou hod-
notu v celkem dvou cyklech. Moduly pfetvarnosti byly stanoveny z vétve prvotni-
ho pfitéZovani, moduly pruznosti z obou odleh¢ovacich vétvi zkousky.
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tunnel Il
sStola lIB sStola lIA

gallery IIB gallery IIA

sidered as areally limited lentils of permeable sediments. These watered layers are
encased in relatively non-permeable Quaternary clayey loams, alternatively they fill
in local depressions of undulated surface of the Neogene overburden. The ground-
water is thus of mostly static resource character. There is no continuous water level,
but rather discontinuous local waterings. Groundwater level in bores slowly reacts
to atmospheric rainfall, throughout the year and it oscillates within centimeters.

6. GEOTECHNICAL ATTRIBUTES OF ROCKS AND ROCK MASSIF

Attributes of the rock massif, in which tubes of the Dobrovského tunnels are desig-
ned, as well as attributes of soils that form this massif were determined based on
evaluation of results of several laboratory tests of samples, collected from bores
and underground openings, and field tests, realized mainly underground, in lower
scale also at the surface in bores. Analysis of the geotechnical attributes proceeded
in the aforementioned four locations of concentrated exploration that characteri-
zed correspondent quasi-homogeneous units, into which was the analyzed tunnel
area divided. Attributes of the covering formations were further explored outside
these locations of concentrated exploration using samples collected from bores
located along the entire length of both tunnel tubes.

Laboratory tests analyzed the attributes of rocks of the rock massif, among those
common index attributes on disturbed samples, on undisturbed samples volume
weight in the original condition and after drying-out also permeability, density of
the solid particles, total and effective parameters of the shear strength, oedometric
modules based on normal stress, swelling, swelling pressures and contractibility.
With regards to the fact that each location of the concentrated exploration included
one 60 m deep structure bore, it was possible to observe the process of modifica-
tion of attributes in the clay massif not only along the gallery lengths, but also in
the vertical direction. Fig. 6 graphically illustrates regression of the modules of
transformation on depth below surface, determined by calculation from the mea-
sured oedometric modules in the aggregate of tensions corresponding to the natu-
ral vertical tension that prevails in the depth of collection of that particular sample.
Field tests were focused on analysis of attributes of the Neogene clay massive.
Based on their purpose, they were divided into five groups: tests of the massif
deformability, strength tests, tests of the massif stress, tests of the massif perme-
ability and technological tests. Moreover, results and evaluation of the penetration
probes were assorted with field determination of the geotechnical attributes.

The first group includes mostly loading tests, which were located into test galleri-
es excavated from axial corridor of the IIB gallery in locations of the concentrated
exploration. Determination of a total of 6 deformation modules was realized in
each test gallery — modules of transformation and flexibility, always in pairs in all
three mutually perpendicular directions, i.e. in the horizontal concurrent direction
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Obr. 4 Pricny geologicky fez v misté provizorniho portalu Kralovo Pole
Fig. 4 Geological cross-section in area of the temporary portal Kralovo Pole
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Kromé toho méreni deformability masivu probéhlo ve vrtech hloubenych z povr-
chu pomoci presiometru, a to az do hloubek 40 m pod povrchem. Presiometricka
méreni uskuteénili pracovnici SG-Geotechniky Praha. Vysledkem této ¢innosti bylo
stanoveni presiometrickych modull v zavislosti na hloubce pod povrchem. Ve
srovnani s vysledky laboratornich zkou$ek tato méreni urcila moduly v jednom pfi-
padé velmi blizké hodnotdm modull pretvarnosti stanovenym na zékladé labora-
tornich zkous$ek (v misté soustfedéného prizkumu v prostoru mezi ulicemi Palac-
kého a Podébradova), v ostatnich mistech byly namérené hodnoty celkové vyssi,
pficemz vykazovaly pomérné velky rozptyl.

Druha skupina predstavuje zkousky smykové s preduréenou plochou poruseni pfi
plsobeni tangencialni (smykové) sily ve smérech orientovanych obdobné jako
u zatéZovacich zkousek — rovnobézné s osou toly 1B a kolmo k ni ve vodorovném
a svislém sméru (obr. 7). Celkem se uskutecnilo 34 zkousek. Zkousky se uskuteéni-
ly na blocich 50 x 50 x 30 ¢cm, které byly pripraveny zatlaovanim ocelovych rama
do zkou$eného prostiedi a postupnym odstrafiovanim okolniho jilového materia-
lu. Ctyfi bloky tvofily jednu sérii, v niz kazdy blok byl namahan jinou kombinaci nor-
malného a tangencialniho napéti az do odlouceni bloku usmyknutim v jeho zéklad-
né. Z velikosti napéti v riznych fazich zkouSek jedné série byly pak stanoveny ¢ary
meze kluzu, vrcholové pevnosti a pevnosti rezidudlni jako regresni pfimky v grafu
zavislosti smykového napéti na napéti normalném - viz obr. 8.

Méfeni napjatosti masivu (tfeti skupina) pfedstavuje nejobtiznéjsi a nejméné zvlad-
nutou problematiku mechaniky hornin, zejména v podminkach podzemnich vyru-
bU. Velikosti a sméry napéti pusobici v masivu neogennich jilli byly méfeny tfemi
zplsoby, z nichZ Zadny nebyl dfive v obdobném horninovém prostiedi uplatnén.
Méfeni napjatosti mélo proto pokusny charakter. Byly pouZity metody Hydrofrac,
pfi nichz se zjistuje horizontalni napjatost sondou ve vrtu rozpinanym tlakem kapal-
ného media do poruseni jeho stén, dale metoda stanoveni napjatosti na zakladé
meéreni konvergence kruhového vyrubu béhem jeho razby a kone¢né byla méfena
napjatost sondou ve vrtech sledujici sviravy G¢inek plastickych jild.

Metoda Hydrofrac byla vyvinuta pro méfeni napjatosti masivu pevnych skalnich
hornin, v masivu jild byla pouZita poprvé na této lokalité. Metoda umoziuje urce-
ni velikosti a smérd hlavnich napéti v rovinach kolmych k ose vrtu, do néhoz se
zasouva meéfrici zarizeni. Touto metodou Ize méfit napjatost v riznych urovnich. Na
zdejsi lokalité byla aplikovéana Ustavem geoniky CAV Ostrava ve tfech vrtech hlou-
benych z povrchu situovanych v mistech soustfedéného prizkumu. Tato metoda
se vSak ukézala nevhodna pro pouZiti v masivu plastickych jild.

Naopak velmi dobré vysledky byly ziskany méfenim napjatosti konvergenéni meto-
dou (obr. 9), ackoli se jedna o metodu nepfimou uréujici velikosti a sméry napéti

of the IIB gallery in location of the given test gallery, in the horizontal direction per-
pendicular to the gallery axis and the vertical direction. Altogether, 24 determinati-
ons of these characteristics were carried out. The tests were realized using tough
0,5 m square loading plates, gradually loaded up to the maximum average contact
tension of 0,5 MPa and subsequently relieved to zero in two phases. The modules
of transformation were determined from the phase of initial loading, modules of
flexibility then from both relieving phases of the test.

On top of that, measurements of deformability proceeded in bores that were carried
out from the surface using pressiometer up to depths of 40 m below surface. Pres-
siometric measurements were realized by employees of SG-Geotechnika Praha.
Based on results of this activity, pressiometric modules and their regression on depth
were determined. In comparison with results of the laboratory tests, these measure-
ments in one case determined modules very close to the values of deformation
modules that derived from laboratory tests (in location of the concentrated explora-
tion in area between the streets Palackého and Podébradova), in other cases the
measured values were generally higher while showing a relatively large variance.
The second group is represented by shear tests with predetermined area of faul-
ting under the influence of tangential (shear) force in similar directions as for the
loading tests - parallely with axis of the IIB gallery, in perpendicular horizontal
direction and vertical direction (Fig. 7). Altogether, 34 tests were performed. The
tests were performed on 50 x 50 x 30 cm blocks, which had been prepared pres-
sing the steel frames into tested environment and by gradual removal of the sur-
rounding clay material. Four blocks formed one set, in which each block was loa-
ded with a different combination of normal and tangential tension up to disconne-
ction of the block by shearing of its basis. Values of tension in various phases of
the tests for one set then allowed to determine the linear margins of shearing, ver-
tical strength and residual strength in form of linear regression in a regressive
model of shear tension on the normal tension - see Fig. 8.

Measurement of the massif stress (third group) represents the most complicated
and least mastered part of rock mechanics, especially in the conditions of underg-
round openings. Sizes and directions of stresses that occur in the massif of Neo-
gene clays were measured by three methods, none of which had been before app-
lied in similar rock environment. Therefore, the stress measurement had a rather
experimental nature. The methods used included Hydrofrac, when the horizontal
stress is measured by a probe inside of a bore that is expanded into its faulted
walls by pressure of a liquid medium, then the method of tension determination
based on measurement of convergence of the circular opening during its excava-
tion and finally the stress measurement by probe inside of bores that observed
contracting effect of the plastic clays.

The Hydrofrac method was developed for stress measurement of massif with solid
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Obr. 5 Podélny geologicky fez v ose tunelu
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vypoétem z naméfenych hodnot jiné veli¢iny — deformaci vyrubu kruhového profi-
lu béhem jeho razby (obr. 10). Tato metoda byla pouZita ve vSech rozrazkach v obou
jejich ¢astech — v ¢astech kolmych k ose $toly IIB a v ¢astech zalomenych, které byly
razeny ve smérech rovnobéznych s touto osou.

Timto mérenim byly ziskany velikosti normalnych a smykovych napéti ve svislém
a vodorovném smeéru v rovinach kolmych k osdm vyrub, z nichZ dale byly vypo¢-
tem stanoveny velikosti a sméry napéti plsobicich v téchto rovinach a konecné
odeétenim napéti vyvolaném tihou sloupce zemin, jehoz vyska byla dana vzdale-
nosti osy vyrubu od povrchu, velikosti a sméry rezidualniho napéti plsobiciho
v masivu pred vyrazenim podzemniho dila. Méfeni ukazalo, Ze v masivu pusobi
vodorovné rezidudlni napéti, jeZ ve sméru kolmém k ose tunelu ma téméf kon-
stantni hodnotu pohybuijici se s minimalnimi odchylkami kolem 80 kPa s vyjimkou
jednoho kratkého useku v prostoru pod ulici Vodovou, kde bylo zjisténo enormni
zvy$eni hodnoty tohoto napéti témér na pétinasobek. V podélném sméru napéti
v krajnich Usecich bylo naméfeno mirné snizenou hodnotou (60 kPa), ktera ve
stfednich Usecich se zvysila na trojndsobek. Existenci rezidualniho napéti Ize pficist
prekonsolidaci jili plvodné vysokym, dnes oddenudovanym nadlozim (dosahuji-
cim az 80 m nad dnesni terén), jeho zvySeni ve stfedni ¢asti pravdépodobné exis-
tenci zliomové linie. Velikost napéti namérenych ve stfedni ¢asti zkoumaného tzemi
(v rozrézce R2 pobliz projektovaného technologického centra) ukazuiji elipsy napja-
tosti na obr. 11.

Metoda méreni napjatosti sondou svérometr je metodou pfimou, ktera vyuziva
reologickych vlastnosti jilii projevujicich se ve svirani vyvrtanych otvort. Jedné se
o zkousku vcelku jednoduchou, av§ak ¢asové velmi naroénou, proto toto méreni
mohlo byt z ¢asovych dlivodu uskuteénéno pouze ve dvou rozrazkach. Méfici zafi-
zeni bylo vyvinuto pro méteni na této lokalité, mélo proto pokusny charakter. Pres-
to dosazené vysledky ukazaly, Ze pouZiti tohoto zplsobu méfeni napjatosti Ize hod-
notit jako Uspésné. Touto metodou Ize stanovit napjatosti v rovinach kolmych k ose
zkuSebniho vrtu a Ize stanovit i velikosti a sméry reziduélnich napéti obdobné jako
u konvergenéni metody. Navic tato metoda umoZiiuje méfeni v riiznych trovnich
v zavislosti na délce zkuSebniho vrtu.

Do ¢&tvrté skupiny polnich zkousek a méreni nalezi méreni propustnosti horninové-
ho masivu vsakovaci metodou pomoci Hornova propustoméru, jez probéhlo ve
vsech rozrazkach, do jejichZz pocev byl po Gpravé vyrubu po ukonéeni zatéZovacich
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Obr. 6 Zavislost deformacénich modult jil na hloubce
Fig. 6 Relation of the constrained moduli into depth

semi-rock, in this locality it was used for the first time in a clay massif. The method
allows to determine sizes and directions of main stresses in planes perpendicular
to the axis of bore, into which the measuring device is inserted. Such method of
measurement can be applied in various levels. In this locality, it was applied by the
Institute of Geonics by CAV Ostrava in three bores, bored from the surface and
located in places of the concentrated exploration. This method, however, proved
unsuitable for use in a clay massif.

On the contrary, very good results were achieved by stress measurement using the
convergence method (Fig. 9), although this is an indirect method that determines sizes
and directions of tension by calculation from measured values of other factor - defor-
mations of the circular opening during its excavation (Fig. 10). This method was used
in all test galleries in their both parts - in parts perpendicular to axis of the lIB gallery
and those curved, which had been excavated in parallel directions with this axis.
This measurement submitted the sizes of normal and shear stresses in vertical and
horizontal direction in surfaces perpendicular to axes of the cuts, out of which the
sizes and directions of tensions that exist in these surfaces were determined and
finally calculated by subtraction of the stress evoked by weight of the soil column,
whose height was given by distance of axis of the excavation from surface, subt-
raction of sizes and directions of the residual stress that existed in the massif prior
to excavation of the underground work. The measurement showed that there is
a horizontal residual tension, which is, in perpendicular direction to the tunnel axis,
almost constant at 80 kPa with only minimal deviations with the exception of one
short section in area below Vodova street, where an enormous five-fold increase
of value of this tension was discovered. In the axial direction, tension in end secti-
ons was measured with slightly reduced values (60 kPa), which increased three-
fold in the middle sections. Existence of the residual stress can be attributed to pre-
consolidation of clays by originally high, now denudated overburden (reaching up
to 80 m above the current surface); its elevation in the middle section probably to
an existence of faulting line. For sizes of tension measured in middle section of the
explored area (in test gallery R2 near the designed technological center) see ellip-
ses of tension on Fig. 11.
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Obr. 8 Pevnostni ¢ary horniny (neogenni jil) v rozrazce R2
Fig. 8 Strenght lines of rock (neogene clay) in the test gallery R2

The method of stress measurement using contraction-meter probe is a direct met-
hod, which uses geological attributes of clays that become expressed in contracti-
ons of bored holes. It is a generally simple test, yet a very time-demanding one,
and therefore due to time reasons the measurement could be realized only in two
test galleries. The measuring device was developed for measurement in this loca-
lity, and therefore had an experimental nature. Nevertheless, achieved results pro-
ved that use of this method of stress measurement can be considered as success-
ful. This method can determine stress in planes perpendicular to axis of trial bore
as well as sizes and directions of residual stresses in the same way as with the con-
vergence method. Moreover, this method enables measurements in different
levels based on length of the trial bores.

Fourth group of the field tests measurements included measurements of permea-
bility of the rock massif by infiltration method using the Horn permeameter, which
proceeded in all test galleries, into whose floors was the permeability-meter loca-
ted following adjustment of the cut after the loading and shear tests were comple-
ted. The used method of measurement uses the principle of measurement accor-
ding to Maag, the Horn'’s device removes disadvantages of measurement of using
the original method by its application in low permeable soils. The measurements
proceeded for a long period of time, which also allowed to contemplate the possi-
bilities of modifications of the clay massif permeability based on the duration of
the open excavation in the floor. These measurements showed both permeability
higher by two orders than laboratory-based values, and slight reduction in perme-
ability based on the time of excavation opening. This reduction was larger at the
beginning of observation.
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Obr. 7 Priprava smykové zkousky v rozrazce R1
Fig. 7 Preparation of a shear test in the test gallery R1

a smykovych zkousek propustomér umistén. Pouzity zplisob méfeni vyuziva prin-
cipu méreni podle Maaga, pficemz Horn(iv pfistroj odstrafiuje nedostatky méreni
plvodni metodou pfi jeji aplikaci v mélo propustnych zeminach. Méfeni probihala
dlouhodobg, coz umoznilo i posouzeni moznosti zmén propustnosti jilového masi-
vu v zavislosti na dobé otevieni vyrubu v poévé. Tato méreni ukézala jednak pro-
pustnost celkové vétsi cca o 2 fady proti hodnotam stanovenym laboratorné, jed-
nak mirny pokles propustnosti v zavislosti na dobé otevieni vyrubu. Tento pokles
byl vyraznéjsi na pocatku sledovani.

Pata skupina - technologické zkousky - obsahuje pouze tahové zkousky kotev,
které byly provedeny na dvou zkusebnich polich ve stavebni jamé. Cilem téch-
to zkousek bylo vysetieni ucinnosti a vlastnosti ty¢ovych kotev v prostiedi neo-
gennich jilii. Ukol byl Fe$en ve dvou etapach - v prvni etapé bylo dodavatelem
kotevnich prvki CarboTech Bohemia instalovano celkem 12 kotev - 4 kotev
typu SN, 2 sklolaminéatovych a 4 samozavrtnych kotev TITAN, v druhé etapé po
uskuteénéni tahovych zkousek a. s. GEOtest Brno osazeni 2 kotev typu SN
a 2 kotev TITAN. Po odzkous$eni kotev druhé etapy bylo mozno vyhodnotit jako
nejvyhodnéjsi pro naslednou stavbu tunelového dila samozavrtné kotvy TITAN.
Penetracni sondy vySetfovaly vlastnosti nadloZi nerealizované Stoly IIA ve spodni
Casti Veleslavinovy ulice. Byly provedeny jako dynamické umoziiujici stanoveni
hodnoty modulu pretvarnosti a parametrti smykové pevnosti z poctu razi beranu
na zarazeni méficiho trnu v uréeném hloubkovém intervalu a z velikosti krouticiho
momentu na soutyci. Byly zaméreny na zjisténi charakteristik kvartérnich hornin
a povrchové zony masivu neogennich jild.

7. GEOMONITORING

Nedilnou soucasti prizkumnych praci je rozsahly geotechnicky monitoring, pro-
vadeény jak ve Stolach, tak z povrchu tizemi predevsim v mistech soustifedéného
prizkumu. V prostoru $toly IB (tunel 1) byly vystrojeny 2 skupiny vrti geotech-
nického monitoringu.

Do osy $tol byly situovany extenzometrické vrty sledujici vertikélni deformaci
masivu ve 3 hloubkovych drovnich v zavislosti na vzdalenosti elby $toly. Nulo-
vé méfeni bylo provedeno v dostate¢ném predstihu, tedy v dobg, kdy se bliZici
razba v misté extenzometru je$té neprojevovala. Vlastni méreni sestavalo jednak
z manualniho zméfeni oddaleni kotev extenzometru od zhlavi a jednak z geode-
tického zaméreni vysky tohoto zhlavi. Deformace nejspodnéjsich kotev osaze-
nych v urovni 0,5 - 1,0 m nad $pici kaloty dosahovaly po vylou€eni poklesu teré-
nu hodnot 5,0 - 29,5 mm v zavislosti na geologii a blizkosti sousedni $toly.

Ve vzdalenosti 1,0 - 1,5 m od osténi byly vyhloubeny vrty pfesné inklinometrie
sledujici vertikalni posuny masivu. Hloubky vrtl byly navrzeny tak, aby byly
méfenim postizeny ty partie horninového masivu, v nichz se predpokladaji
deformace v souvislosti s realizaci nejen prizkumnych §tol, ale i budoucich
tunelovych trub.

Deformace inklinometrickych vrti dosahovaly po priichodu stoly a nasledném uklid-
néni v trovni podzemniho dila hodnot v rozmezi 4,5 - 13,0 mm. Kfivky vertikdlniho
pohybu masivu prokazaly, ze i v hloubce cca 23 metrd pod pocvou Stoly nejsou defor-
mace zcela uklidnéné, coz bylo patrno z kifivek deformace vychazejicich z pat vrt.

V blizkosti osténi $toly byly vystrojeny vrty méfici zmény pdrovych tlakd v zavislosti
na pruchodu razby. Snimace pdrovych tlakt byly do vrtt osazeny v hloubce, ve které
se pfi prichodu razby nachazela pocva priizkumné stoly. Z méfeni byl patrny vyrazny
pokles tlakd v porech v okamziku prichodu stoly az na méné nez 10 kPa.

Hnizda vrtd geotechnického monitoringu zlistala zachovana pro pozdéjsi vyuziti
v ramci razby pIného profilu tunelovych trub.

Obr. 9 Priprava méfeni napjatosti konvergenéni metodou

v kruhovém profilu rozrazky R2

Fig. 9 Preparation of stress measuring by convergence method
in the circular section of the test gallery R2

Fifth group - technological tests include only pulling tests of anchors, which had
been realized in two trial fields in the construction cut. The aim of these tests was
to analyze effectiveness and attributes of rod anchors in the environment of Neo-
gene clays. The task was solved in two phases - the supplier of anchoring ele-
ments CarboTech Bohemia installed a total of 12 anchors in the first phase —
4 anchors of SN type, 2 glass-fibre and 4 self-boring anchors TITAN. In the second
phase following completion of the pulling tests, GEOtest Brno, a.s. installed
2 anchors of SN type and 2 anchors TITAN. After testing of the second-phase
anchors, it was possible to evaluate the self-boring anchors TITAN as the most
suitable for subsequent construction of the underground work.

Penetration probes analyzed attributes of overburden of the never realized lIA gal-
lery in lower part of Veleslavinova street. They were carried out as dynamic ena-
bling determination of the value of deformation module as well as parameters of
the shear strength from the number of hits of the ram needed for driving the mea-
suring pike in given depths interval and from torque at the string of rods. They
were focused on exploration of characteristics of the Quaternary rocks and surfa-
ce zone of the Neogene clay massif.

7. GEOMONITORING

Extensive geotechnical monitoring, realized both in the galleries and from surface
in locations of the concentrated exploration was an integral part of the explorato-
ry works. Two groups of bores for geotechnical monitoring were installed in area
of the IB gallery (tunnel ).

Extensometric bores, observing vertical deformation of the massif in three depth
levels based on distance from the face, were located in the tunnel axis. Original
measurement was realized sufficiently in advance, still in times when the approa-
ching excavation had no impact on the extensometer. The own measurement con-
sisted of both manual measurement of distance between the extensometer
anchors and its head and geodetic measurement of height of this head. Deforma-
tions of the lowest anchors, installed in the level of 0,5 - 1,0 m above top of the
calotte, after elimination of the terrain settlement reached values of 5,0 - 29,5 mm
based on geology and vicinity of the adjacent gallery.

In distance of 1,0 - 1,5, from the lining, bores for precise inclinometry were carri-
ed out to observe vertical movements of the massif. Bore depths were so designed
for the measurement to encounter those parts of the rock massif where deforma-
tions are expected in connection with realization of the exploratory galleries, but
also of the future tunnel tubes.

Deformations of the inclinometric bores reached, upon passage through the galle-
ry and subsequent settling at the level of the underground work, values between 4,5
- 13,0 mm. Curves of vertical movement of the massif proved that even in the depth
of 23 m below the gallery floor the deformations are not yet entirely settled, which
was obvious from the curves of deformation running from bore bases.

Close to the gallery lining, three bores were installed to measure changes in pore
pressures with regards to the passing excavation. Sensors of the pore pressures we
installed in the bores in depth, where the floor of the exploratory gallery during the
passing excavation was at the time. From the measurement there was an apparent
large decrease of pore pressures at the time of the passing gallery to less than 10 kPa.
Nests of bores for the geotechnical monitoring remained intact for future use wit-
hin the frame of full-profile excavation of the tunnel tubes.

The aforementioned measurements, realized by employees of SG-Stavebni Geo-
logie Praha, a.s., meant to analyze behavior of the rock massif based on passing of
the underground work. Frequency of measurement changed with approaching and
retreating of face of the exploratory gallery to and from the measured bores.
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Obr. 12 Geodetické sledovani bodl konvergenéniho profilu
Fig. 12 Geodetic monitoring of points of a convergence section
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Obr. 10 Deformace kruhového profilu rozrazky R2 v dasledku postupu jeji razby
Fig. 10 Deformation of circular section of the test gallery R2
in consequence of its excavation

Viy$e uvedena méreni, jeZ uskutecnili pracovnici a. s. SG Stavebni geologie Praha,
méla za Ukol postihnou chovani horninového masivu v zavislosti na priichodu pod-
zemniho dila. Cetnost méeni se ménila v zavislosti na pfiblizovani a posléze vzda-
lovani ¢elby prazkumné stoly vici méfenému vrtu.

Z povrchu uzemi byly sledovany velikost a tvar poklesové kotliny. Pomoci navrtt
do hloubky 0,80 m byly stabilizovany body pfesné nivelace, které tvofi sit profild
prochazejicich kolmo na osy $tol. Byl méfen svisly pohyb bodU v zavislosti na pru-
chodu stol pod profily. Tato méreni realizovala firma INSET, spol. s 1. 0.
Monitoring ve Stolach byl zaméfen prevazné na sledovani deformaci osténi a nive-
laci. Po cca 150 m se osadily profily konvergence, které sleduji vzajemny pohyb
3 bodu. Soucasti monitoringu ve $tole bylo i nivelaéni méfeni bodl konvergecnich
profilG a profild stabilizovanych geodety stavby slouzicich pro vedeni dila. Hodno-
ty konvergence osténi byly naméreny v rozmezi 20 — 40 mm, v extrémnich pfipa-
dech danych napf. nepfiznivou geologii v Gvodnich partiich razby az 85 mm.
U nivelatniho méreni osténi se pozornost zaméfila zejména na zvedani stredu
pocvy (max. 35 mm) a zabofovani pat ddini vyztuze (cca 10 mm).

Ve 3 profilech byly za osténi osazeny méfidla tlaku na obezdivku - tzv. tlakové
podusky. Podusky se osadily ve zvolenych mistech na kontakt mezi horninu a osté-
ni. Na méfidlech, ktera vykazovala relevantni hodnoty, byly zaznamenany narGsty
tlakt za obezdivkou po ustaleni v rozmezi 120 - 400 kPa. Konvergenéni méreni
a méfeni tlakd na obezdivku bylo zadano a. s. SG Geotechnika Praha, geodeticka
méreni uskutenili pracovnici méfického oddéleni a. s. GEOtest Brno (obr. 12)
a firmy IGM, spol. s r.o.

Z naméfenych pribéhd délkovych zmén sledovanych konvergenénim méfenim
a svislych pohybU zjistovanych nivelaénim méfenim bylo mozno stanovit priibéh
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Obr. 11 Elipsy napjatosti v prostoru rozrazky R2
Fig. 11 Ellipses of stress in the test gallery R2

Size and shape of the settlement trough were observed from surface. Bores into
0,80 m stabilized the points of precise leveling, which formed a network of profiles
running perpendicularly to gallery axes. Vertical movement of points was measu-
res based on the passing gallery below the profiles. These measurements were
realized by INSET, s.r.o.

Monitoring in the galleries was mainly focused on the observation of deformations
in lining and leveling. Convergence profiles, which observed the mutual move-
ment of three points, were equipped every app. 150 m. Leveling measurements of
convergence profile points and profiles stabilized by surveyors that serve for gui-
dance of the work were also part of monitoring in the gallery. Values of lining con-
vergence were measured between 20 - 40 mm, in extreme cases, for instance
given by unfavorable geology in initial sections of the excavation, up to 85 mm. As
for leveling measurement of the lining, attention was focused namely on heaving
of center of the floor (35 mm max) and settlement of bases of the mining support
frames (app. 10 mm).

Sensors of pressure on the lining were installed behind the lining in three profiles
- the so-called pressure cells. The cells were installed at selected places as a con-
tact between the rock and lining. The sensors, which submitted relevant values,
recorded the increases of pressures behind the lining upon moderation between
120 - 400 kPa. Convergence measurements and measurements of pressures on the
lining were commissioned by SG Geotechnika, a.s., geodetic measurements were
carried out by employees of the measuring department of GEOtest Brno, a.s. (Fig.
12) and IGM s.r.0.

From the measured processes of length changes, observed by the convergence
measurement, and vertical movements, analyzed by the leveling measurement, it
was possible to determine the progress of these movements in future. During the
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téchto pohybt i do budoucna. Pfi konvergenénim méfeni byla sledovana sblizova-
ni stfedl stén a pocvy - v nasledujicich grafech (obr. 13) jsou sledované délky cha-
rakterizovany jako spojnice bodd oznacenych HL - bod ve stfedni ¢asti vyztuze levé
stény, HP - bod ve stfedni Casti vyztuze pravé stény a PS - bod ve stiedu vyztuze
pocvy. Pfi nivelacnim méfeni byly sledovany svislé pohyby kromé uvedenych
bodu téZ bodu v pocvé na jejich okrajich. Z téchto méreni byly déle vypoctem sta-
noveny prahyby pocev (rozdil namérenych posuvi stfedu pocvy a priméru posu-
vl zjisténych na krajnich bodech) a celkové pohyby profilu $tol jako primér namé-
fenych pohyb stiedl vyztuznych prvka.

Jak bylo zjisténo, deformace po odeznéni vlivi postupujici razby (po postupu
¢elby 5 - 15 m od méfeného profilu), resp. razby sousedni Stoly se zpravidla
ustalovaly podle exponencialy. Proto byly z vysledkl méfeni stanoveny zavis-
losti teoretickych deformaci na ¢ase jako regresni kfivky prolozené body pred-
stavujicimi namérené hodnoty v grafech zavislosti deformaci na ¢ase. Koefici-
enty kfivek a konetné deformace byly stanoveny vypoctem spodcivajicim
v postupném pfiblizovani soucinitele spolehlivosti vypo€tu k hodnoté 1, coz se
v mnohych pfipadech konvergenéniho méfeni beze zbytku podafilo - namére-
né hodnoty vypoctového intervalu lezely takto pfimo na kfivce teoretickych
deformaci.

8. ZHODNOCENI VYSLEDKU GEOTECHNICKEHO
PRUZKUMU VE VZTAHU K VYSTAVBE TUNELU

Jak ukazaly vysledky uskute¢néné priizkumné ¢innosti, tunelové dilo bude prova-
déno v prostredi pfekonsolidovanych neogennich jili se specifickymi vlastnostmi,
které je nutno respektovat jak pfi ndvrhu jeho dimenzi, tak i pfi technologii jeho pro-
vadéni. Toto prostiedi se vyznacuje pomérné malou pevnosti, velkou stlacitelnosti,
pomalym dotvarovanim a objemovymi zménami pfi ménicim se obsahu vody.
PFiznivou skute€nosti pro razbu je velice malé propustnost jilového masivu, proto
proudici podzemni voda bude nepfiznivé ovliviiovat razbu pouze v Usecich pfi-
lehlych k vyjezdovému portalu, kde vyrub bude zasahovat do kvartérnich zemin.
Nicméné jilovy masiv vodu obsahuje, tato se z masivu vylucuje pfi dlouhodobgj-
§im odlehceni vyrubem nezabezpe¢enym nepropustnym osténim po celém obvo-
du. Popsany jev byl pozorovan ve vétsiné zkusebnich rozrazek i po délce $tol, kde
v patéach osténi se v jejich lici objevovala zavlhla mista.

Prizkum ukazal, Ze v masivu jilli existuji pomérné vysoka vodorovna rezidualni
napéti. Pro razbu tunelovych trub, u nichZ prevazuji vodorovné rozméry nad svis-
lymi, existence zvySenych vodorovnych napéti bude pfizniva.

Geotechnické podminky tedy vyZaduji, aby vyruby byly provadény v co nejkrat§im
¢ase a ihned byly opatfovany pro vodu nepropustnym celoobvodovym osténim.
RovnéZ organizaci prace bude nutno pfizplsobit témto geotechnickym podmin-
kédm - bude nutno volit takové technologické postupy, které zpusobuji pferusovani
plynulé razby v minimalnim rozsahu.

Soubézné s razbou bude nutno monitorovat chovani horninového masivu, osténi
vyrubu i deformace povrchu Gzemi a zejména Ucinek razby tunelovych trub na
zastavbu v poklesové kotling a ziskané udaje ihned vyhodnocovat pro pfipadné
usmériiovani realizace tunelového dila.

Podle projektového zaméru, jenz predlozil Amberg Engineering Brno, a. s., maji byt
tunelové trouby raZeny vertikdlné ¢lenénym vyrubem rozdélenym do 6 Casti
postupné na sebe navazujicich podle schématu na obr. 14.

Casti a a b jsou v prostoru tunelu Il v délce 831 m jiz vyrazeny - jedna se o pri-
zkumné Stoly IlA a lIB. V prostoru tunelu | je vyrazena pouze ¢ast a v délce 365 m —
Stola IB.
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Obr. 13 Priibéh deformaci konvergenéniho profilu Stoly ve Stole 1IB v km 0,860
Fig. 13 Process of deformation of the convergence section in IIB gallery km 0,860

convergence measurement, approximation of wall centers and the floor were
observed - the following charts (Fig. 13) show observed lengths characterized as
lines between the points designated HL - point in central section of the left-wall rein-
forcement, HP - point in central section of the right-wall reinforcement and PS -
point on the center of the floor reinforcement. During the leveling measurement,
vertical movements were observed beside the previous points also in the floor
points at its ends. From these measurements in was possible to calculate inflexions
of the floors (difference between measured movements of the floors center and
average movements at its ends) and total movements of the gallery profile as an
average of measured movements of centers of the reinforcing elements.

It was discovered that upon diminution of impacts of the proceeding excavation
(advance of the face by 5 - 15 m from the measured profile), or of excavation of an
adjacent gallery, deformations generally settled exponentially. Therefore, results of
the measurements allowed to determine regression of the theoretical deformati-
ons on time as a regression model, interlaid with points representing measured
values in charts of regression of the deformations on time. Coefficients of the cur-
ves and final curves were determined by calculation using step-by-step approxi-
mation of the reliability coefficient to one, which was the quite a few times the case
for convergence measurement - measured values of the prediction interval thus
lied directly on the curve of theoretical deformations.

8. EVALUATION OF RESULTS OF THE GEOTECHNICAL
EXPLORATION IN RELATION TO TUNNEL CONSTRUCTION

As results of the realized exploratory activity showed, the tunnel structure will be
realized in an environment of over-consolidated Neogene clays with specific attri-
butes that need to be respected during the design of its dimensions as well as
during the technology of realization. This environment is marked by relatively low
strength, high contraction, slow creep and volume modifications due to changing
water amount.

There is a very positive factor for the excavation in very low permeability of the
clay massif, and therefore running groundwater will be unfavorably affecting the
excavation only in sections adjacent to the exit portal, where the cut penetrates
into Quaternary rocks. Nevertheless, the clay massif holds some water, which is
discharged from the massif after longer disburdening by the excavation otherwise
not secured by non-permeable lining along the entire periphery. The described
phenomenon was observed in most test galleries as well as along those galleries
where front bases of the lining experienced damp places.

Exploration proved that there are relatively high horizontal residual tensions in the clay
massif. As for excavation of the tunnel tubes by which horizontal directions outweigh
the vertical ones, occurrence of higher horizontal tensions will be an advantage.
Geotechnical conditions thus require for the excavation to be realized in shortest
time possible and immediately equipped with non-permeable lining along the enti-
re periphery. Moreover, organization of works will have to be adjusted to these
geotechnical conditions - it will be necessary to select such technological proce-
dures that would only minimally interrupt otherwise continuous excavation.
Along with the excavation, it will be necessary to monitor behavior of the rock
massif, lining of the excavation and deformations from surface and especially the
impact of excavation of the tunnel tubes on urban area in the settlement trough in
order to immediately evaluate the acquired data for potential guidance of realiza-
tion of the tunnel structure.

According to the design intent submitted by Amberg Engineering Brno, a.s., the
tunnel tubes are to be excavated using vertical sequence, i.e. 6 partial faces
according to Fig. 14.

11,18 m

PLOCHA VYRUBU CELKEM 124,78 m’

13,75 m
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<

Obr. 14 Projektované ¢lenéni vyrubu tunelové trouby
Obr. 14 Design of tunnel tube excavation sequences
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Na zékladé vysledkd geotechnického prizkumu véetné soubéiné probihajiciho
monitoringu byla vydana nésledujici doporuceni pro technologicky postup vystav-
by tunelového dila.

V prostoru tunelové trouby | je tfeba nejprve vyrazit ¢ast oznacenou jako b (tj. nere-
alizovanou §tolu IA) ve stejné délce jakou méa dnesni §tola IB - 365 m. Vzhledem
k nizkému nadlozi v Useku pfiléhajicim k vyjezdovému portélu bude nutno zajisto-
vat vyrub stejnym zplsobem jako vyrub $toly IB mikropilotovymi destniky v délce
cca 50 m. ProtoZe vyrub zaséhne i do kvartérniho souvrstvi, jehoz spodni vrstvy
tvori nesouvislé zvodnélé térky a pisky, vyvstava nebezpedi vyront vody. Po dosa-
Zeni stejného staniceni, které ma dnesni ¢elba Stoly IB, byla doporuc¢ena soubézna
razba obou €asti a a b do dalSich ¢asti horninového masivu, kde geotechnické
vlastnosti jsou pro razbu téchto ¢asti pfiznivé. Pouze pfi prichodu pasmem tekto-
nického postizeni existuje moznost vzniku ur€itych nadvylomu v dusledku pro-
stoupeni plochami diskontinuity odluujici jednotlivé kompaktni bloky pevnych
jild. Vzhledem k dostateéné vzdalenosti obou tunelovych trub bude je mozno razit
nezavisle na sobé. Nejzapadnéjsi Useky ¢asti | a Il obou tunelovych trub (v mistech,
kam nezasahovaly prizkumné $toly) bude nutno razit od zapadnich provizornich
portald. Vzhledem ke snizujicimu se nadlozi bylo i zde doporuéeno zabezpeceni
vyrubud ochrannymi mikropilotovymi destniky.

Pri razbé téchto ¢asti bude tfeba monitorovat chovani jilového masivu a sledovat
deformace povrchu pro upfesnéni prognézy konecnych deformaci v dusledku
vyrazeni celého tunelového dila.

Po vyraZeni ¢asti a a b bude nasledovat razba ¢asti ¢ a d. Tyto ¢asti budou razeny
v jilech prakticky stejnych vlastnosti, jaké maji jily, v nichZ byly razeny ¢asti a a b (prd-
zkumné $toly). Razby téchto ¢asti by nemély Cinit zvlastni potize. Presto vzhledem
k charakteru jilGi v Gseku navazujicim na vyjezdovy portal (jily maji tuhou konzisten-
ci) bude zapotiebi jejich pocvy zabezpecovat kotvenim. Kotveni nebude nutné pro-
vadét soubézné s razbou, postaci je realizovat po vyrazeni cca 30 m. O kotveni pocvy
v dalSich geotechnickych celcich bude mozno rozhodnout az na zakladé vysledki
monitoringu, zejména konvergenéniho méFeni. Celby téchto &asti nebude nutno
béhem souvislé razby zabezpecovat, bude nutno je chranit pouze slabym nastfikem
po vyrazeni jednotlivych zabér( obdobné jako pfi razbé prizkumnych $tol. Zabezpe-
Covat Celby bude nutné pfi preruseni razby, tj. po doporucenych Usecich délky 30 m.
Razba ¢asti e - kalot tunelovych trub predstavuje nejobtiznéjsi faze provadéni tune-
lového dila, a to predevsim pro nejvétsi Sitky vyrubl pfi relativné malém vzepéti
a zhorseni geotechnickych vlastnosti ve vyssich ¢astech geologického profilu. Tyto
¢asti budou zejména v Usecich pfilehlych k provizornim portalim vyrazné zasaho-
vat do kvartérniho souvrstvi se véemi nepfiznivymi dlsledky, které v podstatné
mensi mife postihuji razbu ¢asti a a b. Bude proto nutno v téchto Usecich zabezpe-
Covat vyrub mikropilotovymi deStniky nejlépe dvouvrstvymi (tvofenymi Sikmymi
dovrchnimi mikropilotami s dlouhymi pfesahy). Zde bude rovnéz vyZzadovat ochra-
nu i ¢elba, nejlépe kotvenim a vrstvou stfikaného betonu. Destniky z mikropilot
bude vhodné provadét i pfi prichodu pasmem tektonického postizeni jako ochra-
nu proti vypadavani blok(i kompaktnich jilG odlucujicich se podél ploch diskonti-
nuity. Zahajeni razby ¢asti e bylo doporu¢eno po vyrazeni cca 30 m ¢asti ¢ a d.
Ponévadz razba kaloty bude probihat pomaleji nez razba Casti ¢ a d, jeji postup
bude preruSovan pouze prestdvkami vynucenymi provadénim mikropilot.

Casti f vyrubu tunelovych trub budou vyZadovat fadné zabezpegeni pocvy kotvenim
a silnou vrstvou stiikaného betonu vzhledem nebezpeci jejiho zvedani. Toto nebez-
pedi je akutni zejména v jilech v Useku pfi vyjezdovém portalu pro jejich tuhou kon-
zistenci. Kotvit poévu bude nutné i v ostatnich celcich vzhledem ke znacné sifce vyru-
bu a malému vzepéti - je mensi nez u kaloty. Kotveni bude tfeba provadét pfi kazdém
z&béru na rozdil od provéadéni ¢asti lll a IV, u nichZ bude mozné realizovat toto zabez-
peceni po vyrazeni delSich Usekd. Nutnost zabezpeceni dilSich ¢eleb vyplyne z rych-
losti razby téchto ¢asti a zajistovani pocev. Razbu ¢asti VI bude vhodné z technolo-
gickych divod zahajit po vyrazeni cca 60 m kaloty, z geotechnického hlediska by
bylo vhodné ji zapocit v co nejkrat§im odstupu po razbé a zabezpeceni kaloty.
Postup razby ¢lenénym vyrubem byl ovéfen modelovym méfenim, jez probéhlo na
Ustavu geotechniky Fakulty stavebni VUT Brno. MéFeni potvrdilo moznost uvede-
ného zpulsobu razby a zaroven stanovilo vhodny krok postupu razby na cca 1 m.
Priizkumna a monitorovaci ¢innost pfi razbé prizkumnych $tol i vlastni jejich
razba prokazaly moznost realizace projektovaného tunelového dila a zéroven sta-
novily podminky, za nichZ je mozno projektovy zamér uskutecnit. Vysledky pra-
zkumu mohou tedy slouZit pro névrh dimenzi tunelovych trub i pro navrh techno-
logického postupu jejich realizace.
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831 m long sections a and b in area of the tunnel Il are already excavated - these
are exploratory galleries llA and IIB. In area of the tunnel I, only the 365 m long
a section is excavated - IB gallery.

Based on results of the geotechnical exploration including the simultaneously pro-
ceeding monitoring, the following recommendations were issued for technologi-
cal procedures of construction of the tunnel structure :

In area of the tunnel I, it is first necessary to excavate the section designated as
b (non-realized gallery IA) in the same length as the existing IB gallery - 365 m.
With regards to low overburden in adjacent section of the exit portal, it will be
necessary to secure the excavation in the same way as excavation of the IB galle-
ry, using micropile umbrellas in length of app. 50 m. Because the cut penetrates
also into Quaternary strata, whose lower layers are formed by discontinuous wate-
red gravels and sands, there is a danger of water effluences. Upon reaching the
same chainage as current face of the IB gallery, it is recommended to excavate
simultaneously both sections a and b within other parts of the rock massif where
geotechnical conditions are favorable for excavation of these sections. Only by
passage through a zone of tectonic faulting there is a possibility of occurrence of
certain overbreaks as a result of penetrating areas of discontinuity that separate
individual compact blocks of clays. With regards to sufficient distance of both tun-
nel tubes, it will be possible to excavate them independently. The far-western parts
of sections | and Il of both tunnel tubes (places which the exploratory galleries did
not reach) will have to be excavated in direction from the western provisory por-
tals. Regarding the reducing overburden, it was also here recommended to secu-
re the excavation using protective micropile umbrellas.

During excavations of these sections, it will be necessary to monitor behavior of
the clay massif and observe deformations of surface in order to refine estimation
of the final deformations as a result of excavation of the entire tunnel structure.
Upon excavation of the a and b sections, excavation of sections ¢ and d will follow.
These sections will be excavated in clays of principally same attributes with the
clays that were encountered during excavation of sections a and b (exploratory
galleries). Excavations of these sections should not make any difficulty. Yet with
regards to the character of clays in section connecting to the exit portal (clays of
very tough consistency), floors will have to be secured with anchoring. It will not
have to be realized simultaneously with excavation, it will be sufficient upon exca-
vation of app. 30 m. Anchoring of floor in other geotechnical units will be determi-
ned only based on the results of monitoring, especially the convergence measure-
ment. Faces of these sections will not have to be secured during continuous exca-
vation, they will only be protected with thin spray upon excavation of individual
advances in the same way as during excavation of the exploratory galleries. Howe-
ver, faces will have to be secured when the excavation is interrupted, and thus in
recommended spacing of 30 m.

Excavation of the e sections - calottes of tunnel tubes represents the most com-
plicated phase of realization of the tunnel structure, and thus namely due to lar-
gest widths of excavation with relatively low cambering and deteriorated geo-
technical conditions in higher parts of the geological profile. These parts will,
especially in sections adjacent to provisory portals, markedly penetrate into Qua-
ternary strata with all unfavorable impacts that in significantly lower scale affect
also excavations of sections a and b. It will therefore be necessary to secure exca-
vation in these sections using micropile umbrellas, double-shell if possible (for-
med by upward-inclined micropiles with long overlapping). Also the face will
require a protection here, ideally using anchoring with a layer of shotcrete. Reali-
zation of micropile umbrellas will be also suitable during passage through zone of
tectonic faulting as a protection from out-falling blocks of compact clays that
become separated along the areas of discontinuity. Start of excavation of the
e sections is recommended upon excavation of about 30 m of sections ¢ and d.
Because excavation of the calotte will proceed slower than excavation of the sec-
tions ¢ and d, its progress will be interrupted only by pauses caused by realizati-
on of the micropiles.

Sections f of the tunnel tube’s excavation will require solid protection of the floor
by anchoring and a thick layer of shotcrete due to the danger of its lifting. This dan-
ger is imminent namely in sections near the exit portal in clays due to their rigid
consistency. Floor will have to be anchored in other units as well with regards to
large width of the excavation and small cambering — smaller than in calotte.
Anchoring will have to be realized in every advance unlike in realized section lll and
1V, where this protection might be realized upon excavated of larger sections. The
need for protection of partial faces will arise based on the speed of excavation of
these sections as well as protection of floors. Due to technological reasons, exca-
vation of sections VI can be started upon excavation of app. 60 of calotte, from the
geotechnical point of view it would be best to start it in smallest possible distance
from excavation and protection of calotte.

Procedure of excavation using the sequencing was verified by a model measure-
ment that was carried out by the Institute of Geotechnics by the Civil Engineering
Faculty of Technical University in Brno. The measurement confirmed the possibili-
ty of such method of construction and also set an appropriate step of excavation
progress of app. 1 m.

Exploratory and monitoring activity during excavation of the exploratory galleries
as well as their own excavation proved the possibility of realization of the desig-
ned tunnel structure and set conditions for the design intent to be accomplished.
Results of the exploration can thus serve for design of dimensions of the tunnel
tubes as well as for design of the technological procedure of their excavation.
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TUNEL V JIHLAVE
DOSAVADNI POZNATKY GEOTECHNICKEHO SLEDU A MONITORINGU

TUNNEL IN JIHLAVA
LESSONS FROM GEOTECHNICAL OBSERVATION AND MONITORING

ING. JAN STACH, ING. STANISLAV RECH, GEOTEST BRNO, a. s.

1. UVOD

Budovany tunel v Jihlavé je soucasti stavby Silnice 1/38 Jihlava, obchvat. Nava-
zuje na stavajici dalni¢ni privadéc - ctyfpruhovou komunikaci /38 od km 112 dal-
nice D1 pres Jihlavu a déle pokraCuje zapadnim okrajem intravildnu mésta ve
sméru na Znojmo - viz obr. 1. Aktualné budovany silniéni Usek zaéina na ulici
Jiraskova a usti na silnici 11/406 ve sméru na Pelhfimov. Hloubeny tunel v km
10,295 - 10,599 silni¢niho obchvatu se nachazi v misté protahlého hibetu u Hor-
niho Kosova, kde se kfizi s ulici Rantifovskou. V okoli tunelu se nachéazi zastavba
vicepodlaznich panelovych domu a individualni zastavba rodinnych domka. Sil-
nice prochazejici tunelem je navriena jako smérové rozdélend, kategorie
S 22,5/80. S ohledem na prognoézu dopravni zatéZze se v soucasnosti buduje
pouze prava polovina komunikace s do¢asnym obousmérnym provozem, a proto
je také stavéna jen konstrukce pravého tunelového tubusu. Leva polovina ma byt
dostavéna po naplnéni dopravni kapacity v pribéhu asi 15 - 20 let. Sméroveé lezi
tunel v mirném levostranném kruhovém oblouku, s rozmezim nivelety u vjezdo-
vého a vyjezdového portalu 522 - 529 m n. m. Celkova délka tunelu je 304 m.

2. GEOLOGICKE A HYDROGEOLOGICKE POMERY LOKALITY

Zajmova oblast je soucasti moldanubika, kde skalni podklad predstavuji krysta-
lické bridlice - pararuly obsahuijici biotit a cordierit. Tunel je budovan v horni-
nach s proménlivym stupném zvétravani, tj. v pararulach slabé navétralych az
zcela zvétralych a déle ve vyrazné vyvinutém piscitojilovitém eluviu rozloZené-
ho skalniho masivu. Pararuly jsou misty nepravidelné migmatitizované, jemné-
ho az stfedniho zrna a také rovnéz nepravidelné rozpukané. V zakladni mase
pararul se vyskytuji i polohy leukokratni dvojslidné Zuly.

Z hydrogeologického hlediska Ize v oblasti tunelu v zasadé vyclenit svrchni zvoder
vézanou na kvartérni pokryv a eluvialni zonu zvétravani a nize poloZenou rozkolisa-
nou zvoderi vazanou na puklinovy systém s proménlivym podilem pralinové poro-
zity. Hladina podzemni vody byla dle provedenych prizkumnych praci narazena
pobliz rozhrani pevné masivnéjsi pararuly a pararuly rozpukané, postizené zvétra-
vanim. Lze pfedpokladat proudéni podzemni vody po kompaktnéjsim skalnim pod-
lozi do mistnich erozivnich bazi. Uvodni etfeni prokazala vyskyt ustalené hladiny
podzemni vody u jizniho portalu asi v hloubce 1,9 - 3,2 m pod plivodnim terénem,
u severniho portélu v hloubce asi 7,4 - 8,8 m. Podzemni voda ma mirné napjaty cha-
rakter. Do prostoru pfi ulici Rantifovské je kladeno mistni rozvodi hrbetu kopce.

V rdmci geotechnického sledu jsou GEOtestem Brno, a. s., zjisténé poznatky
o geologickeé stavbé a inZenyrskogeologickych pomérech priibézné upfesiovany.

3. NAVRZENY KONSTRUKCNi SYSTEM

Vzhledem k inzenyrskogeologickym a hydrogeologickym pomértim v trase obchva-
tu, dopravnim pozadavkim a s ohledem na minimalizaci dopad( na okolni
zéstavbu je konstrukce tunelu feSena jako tunel hloubeny z oteviené stavebni
jamy. Z Grovné jejiho dna byly provedeny podélné podzemni stény se zaklenu-
tim plochou segmentovou klenbou. Nosna konstrukce tunelu v podstaté pred-
stavuje poloram s pficli ve tvaru ploché klenby a patami vetknutymi do horniny
na pozadovanou hloubku, kterd byla volena tak, aby bylo zamezeno vtokim
podzemni vody pod patou lamel podzemnich stén do prostoru tunelu. Namisto
plivodné navrzené technologie hloubeni podzemnich stén frézovanim byla pou-
Zita technologie za poufziti drapaku.

4. HLAVNi UCASTNICI PROJEKCNICH
A REALIZACNICH PRACI

Na projekénich a realizatnich pracich na zakryté €asti silnice 1/38 km 10,295 -
10,599 se podileli nasledujici hlavni G¢astnici:

Reditelstvi silnic a dalnic Praha, sprava Jihlava
Dopravoprojekt Brno, a. s.

Amberg Engineering Brno, a. s.

sdruzeni firem pod vedenim COLAS CZ, a. s.,
zévod Jih

7S Brno, a. s.

SSZ Praha, a. s.

Investor:

Generalni projektant obchvatu:
Projektant tunelu:

Vystavba tunelu:

Vy$$i zhotovitel tunelové ¢asti:
Zemni a vykopové prace:
Podzemni stény: Zakladani staveb, a. s., Praha
Zelezobetonova klenba: SMP Construction, a. s., Praha
Geotechnicky sled a monitoring: GEOtest Brno, a. s.

1. INTRODUCTION

Constructed tunnel in Jihlava is part of the structure "Road 1/38 Jihlava, bypass”. It
connects to the existing highway feeder - four-lane road 1/38 from the 112th km of D1
highway through Jihlava and further along western border of the city towards Znoj-
mo - see Fig. 1. The currently constructed road section begins in Jirdskova street and
joins the road Il/406 towards Pelhfimov. The cut-and-cover tunnel between km 10,295
and 10,599 of the road bypass is located in place of a stretched hill ridge near Horni
Kosov, where it crosses Rantifovska street. Close to the tunnel there are multi-storey
panel buildings as well as separate residential houses. The road passing through the
tunnel is designed as the dual-carriageway S 22,5/80 category. With regards to esti-
mated traffic loading, only right half of the road with temporary bi-directional traffic
is under construction, and therefore only framework of the right tunnel tube is con-
structed. Left half is to be constructed only when the traffic capacity is exhausted in
the course of about 15 to 20 years. As far as the alignment is concerned, the tunnel
makes a slight leftward circular curve, with elevations of the access and exit portals
ranging from 522 to 529 m above sea level. Total length of the tunnel reaches 304 m.

2. GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS
IN THE LOCALITY

The area of interest is part of the Moldanubian, where rock bedding is represented by
schists - paragneisses containing biotite and cordierite. The tunnel is constructed wit-
hin rocks with variable level of weathering, i.e. in low-weathered to entirely weathered
paragneisses, and further within strongly developed sandy-clayey eluvia of the disin-
tegrated rocky massif. Locally, the paragneisses are irregularly migmatized, finely to
middle grained and also irregularly fractured. The elemental mass of paragneisses also
contains layers of leucocratic para-mica granite.

As for the hydrogeological view of the tunnel area, it is possible to principally separa-
te upper watering bound to a quaternary cover, elluvial zone of weathering and a lower
located fluctuating watering bound to a fissure system with a variable rate of porosity.
According to realized exploratory works, the level of groundwater was encountered
near interface of the solid and harder paragneiss with the fractured paragneiss, suffe-
ring from weathering. Groundwater circulation along compact bedrock into local ero-
sive bases can be assumed. Initial probe proved the occurrence of stable groundwater
level in depth of app. 1,9 - 3,2 m below original terrain at the southern portal and app.
7,4 - 88 m at the northern portal. The groundwater is of slightly confined character.
Local water divide of the hill ridge takes place in area of Rantifovska street.

Within the frame of geotechnical observation, GEOtest Brno, a.s. constantly refines
the knowledge about geological structure and engineering-geological conditions.

3. DESIGNED CONSTRUCTION SYSTEM

With regards to engineering-geological and hydrogeological conditions in the
bypass route, traffic requirements and regarding the minimization of impacts of the
surrounding structures, construction of the tunnel is designed as a cut-and-cover
structure built in an open cut. Axial diaphragm walls were realized from its bottom,
with a flat segmented vault spanning the walls. Supporting structure of the tunnel
is technically represented by a semi-frame with cross beam (i.e. the flat vault) and
its bases cast into rock into required depth, which was so selected in order to pre-
vent groundwater inflows into the tunnel area below base of lamellas of the diap-
hragm walls. Instead of the previously proposed technology of digging trenches for
the diaphragm walls by a cutter, a technology with the use of a grab was used.

4. MAIN PARTICIPANTS IN THE DESIGNING
AND REALIZING WORKS

The following main participants were involved in designing and realizing works on
the covered in section of road /38 km 10,295 and 10,599 :

Investor: Reditelstvi silnic a dalnic Praha, Sprava Jihlava
General designer of bypass: Dopravoprojekt Brno a.s.

Tunnel design: Amberg Engineering Brno a.s.

Tunnel construction: Consortium led by COLAS CZ a.s., zavod Jih
Supervising realizer of tunnel section: ZS Brno, a.s.

Earthworks: SSZ Praha, a.s.

Diaphragm walls: ZAKLADANI STAVEB, a.s. Praha
Reinforced concrete vault: SMP CONSTRUCTION, a.s. Praha
Geotechnical observation and monitoring: ~ GEOtest Brno, a.s.
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5. GEOTECHNICKY SLED

Geotechnicky sled zakryté ¢asti silnice 1/38 zahajil GEOtest Brno, a. s., v mésici
listopadu roku 2002. V té dobé byla provadéna prvni etapa vystavby, tj. stavebni
jdma mezi obéma portaly o celkové délce 304 m, zasahujici do hloubek v rozmezi
4,2 a7z 9 m pod stavaijici terén. Prava strana stavebni jamy je budovéna v generel-
nim sklonu 5:1, misty i vétsim. Jeji stabilita byla zajisténa hfebikovanim, coZ bylo
zplisobeno vlivem zmén geologickych pomérh v eluvialni zéné pararul v misté
tektonickych poruch, kde pfi provédéni vykopu dochézelo k vyjizdéni horninovych
blokl. Sténa vykopu byla zajisténa proti erozi betonovym nastfikem. Déle byla
v této dobé jiz zahajena Uprava levé strany vykopu, ktery byl do vy$e 4 m nad jeho
dno proveden ve sklonu 1,5:1, byl opatfen bermou pro obsluznou komunikaci
a rovnéZ zajistén betonovym néastiikem. Umisténi tunelu ve vykopové jamé je
ziejmé ze schematického pfi¢ného fezu na obr. 2.

Geotechnicky sled navazoval na dfive provedené inZenyrskogeologické i geofyzi-
kalni prizkumy v trase tunelu. Spocival v upfesiuijici kvalitativni dokumentaci stavu
horninového masivu zejména pfi vystavbé podzemnich stén a pfi téZbé horninové-
ho materialu z tunelového tubusu a v upfesnéni dil¢ich hydrogeologickych prvku.
V rdmci geotechnického sledu byla uskute¢fiovéna soustavna dokumentace tekto-
nickych prvka, tj. méreni sméru a velikosti tklonG ploch nespoijitosti horninového
masivu. Tyto Udaje nebyly pfed zahajenim vystavby tunelové ¢asti znamé. Méreni
bylo provadéno na umélych vychozech stén levé strany provadéného vykopu, ve
vykopech pro vodici zidky podzemnich stén a stfedovy odvodfiovaci drén, dale
i pozdéji na vychozech pro zaloZeni kidel u obou portalt. Prvorada pozornost
tomuto méreni byla vénovana z diivodli okamZzitého zakryvani vychozli betonovym
nastiikem nebo stavebnimi konstrukcemi. Vedle puklinového systému byly zamé-
fovany plochy foliace jako hlavni preduréené plochy nestability. V délce tunelu je
primérny smér uklonu v rozmezi 85 - 125°, velikost uklonu 63 - 74°. Znamena to,
Ze trasa tunelu je velmi blizkd sméru foliace. Jejich strmy uklon, upadajici z pravé
strany zafezu do dna vykopu, byl vedle tektonickych poruch jednou z pfi€in nesta-
bility pravé (zajistované) stény stavebni jamy. Obdobné& tomu bylo i u hloubenych
vykopu pro ¢ast lamely podzemnich stén. Usek zakryté ¢asti silnice 1/38 je z vyse
uvedeného hlediska pomérné nepfiznivy.

V dobé provadéni jednotlivych lamel podzemnich stén v jizni ¢asti trasy tunelu byly
zjistény vyrazné pevnéjsi polohy hornin, nez bylo predpoklddano. Kromé velmi
pevnych pararul byly zastizeny i polohy svétlych Zul (granitoidd), a to jiz prakticky
v Urovni vodicich zidek na dné vykopové jamy. Z tohoto dlivodu byl proveden
doplrikovy prlizkum, ktery mél upfesnit pribéh a charakter pevnéjSich hornin
v misté podzemnich stén a pfipadné zvéZit dopad na jejich realizaci. Ze dna stred-
ni a jizni Casti stavebni jamy bylo provedeno 8 priizkumnych sond zasahujicich az
pod patu podzemnich stén. Zakladni fyzikaIni a mechanické vlastnosti zastizenych
hornin byly zjistovany na souboru padesati vzorkd vrtného jadra a vzorku balvani-
tych, vytéZenych z lamel podzemnich stén. Z fyzikalnich vlastnosti byly uréovany
hustota pevnych ¢astic, objemova hmotnost, nasakavost, porovitost, hutnost,
z pevnostnich charakteristik pak pevnost v prostém tlaku, a to pfevainé za stavu
pIné nasyceného vodou. Balvanité vzorky umoznily stanoveni pevnosti v prostém
tlaku kolmo i rovnobé&Zné s foliaci. Vysledky pevnostnich zkousek byly voditkem
pro klasifikaci horninového materialu podle CSN 73 1001 dle dosaZené hodnoty
pevnosti g,. Vedle eluvia rul, tj. rozlozeného horninového masivu charakteru zemi-
ny ti. R6, byly rozli§eny ruly zcela zvétralé tfidy R5 jako horniny s velmi nizkou pev-
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Obr. 1 Umisténi stavby
Fig. 1 Location of the construction

5. GEOTECHNICAL OBSERVATION

GEOtest Brno, a.s. started the geotechnical observation of the covered section of
the road /38 in November 2002. The first phase of the construction was being rea-
lized at that time, i.e. the open cut between both portals in total length of 304 m,
reaching in depths between 4,2 and 9 m below the existing terrain. Right side of
the open cut was constructed in a general gradient of 5:1, locally larger. Its stabili-
ty was secured by nailing, due to the impact of altered geological conditions in the
elluvial zone of paragneisses in place of tectonic faults, blocks of rock were sliding
out during realization of earthworks. Wall of the cut was safeguarded against ero-
sion by shotcrete. Moreover, adjustment of left side of the tunnel had also started.
It was realized in gradient of 1,5:1 up to 4 m above its bottom, equipped with
a berm for service road and also secured by shotcrete. For schematic cross secti-
on of location of the tunnel in the open cut see Fig. 2.

Geotechnical observation linked on the previously realized engineering-geological
as well as geophysical explorations of the tunnel route. It meant to refine qualita-
tive documentation of condition of the rock massif, especially during construction
of diaphragm walls and mining of rock material from the tunnel tube, and for spe-
cification of partial hydrogeological elements.

Within the frame of geotechnical observation, a constant documentation of tecto-
nic elements was elaborated, i.e. measurements of directions and magnitudes of
dipping of planes of discontinuity in the rocky massif. These data were not known
prior to the start of construction of the tunnel section. The measurement was rea-
lized at "artificial" outcrops on the left slope of the realized cut, inside guide tren-
ches for diaphragm walls, and central drainage trench, and later also at the foun-
dation base for wings of both portals. Major attention was devoted to this measu-
rement due to reasons of immediate covering of the points with shotcrete or engi-
neering frameworks. Beside the fissure system, also the areas of foliation were in
focus as the main estimated areas of instability. There is an average direction of the
slope of 85 - 125° and the dip of 63 - 74° in the tunnel. It means that the tunnel route
is very close to the direction of foliation. Their sharp gradient, falling from right
side to bottom of the cut, was beside the tectonic faults one of the causes for insta-
bility of right (secured) wall of the construction cut. There were similar conditions
in the trench for part of lamella of the diaphragm walls. From this viewpoint, cove-
red section of road /38 is relatively challenging.

Significantly tougher than expected layers of rocks were revealed in southern sec-
tion of the tunnel route during realization of the separate lamellas of diaphragm
walls. Beside very hard paragneisses, also layers of light granites (granitoids) were
encountered, and thus already in the level of the guiding trench at the bottom of
the construction cut. Due to this reason, a supporting exploration was carried out,
which was supposed to determine the type and character of harder rocks in places
of the diaphragm walls and eventually consider their impact on realization. Eight
exploratory probes were realized from the bottom of central and southern part of
the construction cut, reaching all the way below bases of the diaphragm walls.
Fundamental physical and mechanical attributes of the encountered rocks were
induced from a set of 50 samples from the boring core and bulk samples obtained
from lamellas of the diaphragm walls. The examined physical attributes included
density of solid particles, volume weight, saturation, porosity, consistency, from
strength attributes then unconfined compressive strength and that mostly under
the condition of full saturation with water. Bulk samples enabled determination of
unconfined compressive strength perpendicularly as well as in parallel with folia-
tion. Results of strength tests were clue for classification of rock material according
to CSN 7301001 based on acquired strength value g,. Beside gneiss eluvia, i.e.
disintegrated rock massif of soil type class R6, the gneisses encountered included
totally weathered class R5 as rocks with very low strength, strongly weathered
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Obr. 2 Pfi€ny fez tunelem
Fig. 2 Cross-section of the tunnel
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Obr. 3 Vystavba hloubeného tunelu
Fig. 3 Construction of a cut-and-cover tunnel

nosti, ruly silné zvétralé tfidy R4 (horniny s nizkou pevnosti) a dale ruly a granitoi-
dy navétralé tfidy R3 aZ R2 se stfedni aZ vysokou pevnosti v rozmezi g, = 34 a7 62
MPa. Lokalné byly v lamelach blize severniho portélu zastizeny i zdravé balvanité
kfemence, vazané pravdépodobné na zlomovou linii Staré Hory - Pistov vychodné
od trasy obchvatu. Vysledky dopliiujiciho prizkumu byly zpracovany v geologic-
kych profilech v misté podzemnich stén, s interpretaci zon prevazujiciho zatfidéni
horninového materiélu, podle kterych je usuzovano na rozpojitelnost a vrtatelnost
hornin. Rozli$eni v délce podzemnich stén bylo provedeno syntézou vysledkd
doplrikového priizkumu, archivnich sond a dokumentace provadénych lamel. Obé
linie podzemnich stén jsou charakteristické proménlivym hloubkovym dosahem
eluvia, prostupujicimi poruchami, stfidanim pevnosti rulového masivu i vlivem str-
mého Uklonu poloh rul s rdznymi stupni zvétravani omezenymi plochami foliace.
Vyznamné vystupy pevnych poloh rul doprovazenych granitoidy byly zjistény pfi
severnim portalu v km 10,325 a dale v km 10,490 trasy tunelu. Vysledky doplfiuji-
ciho prazkumu potvrdily v zasadé jen lokalné zvySenou pevnost horninového masi-
vu a jeho vy$si troven.

Relativni propustnost horninového materialu byla ovéfovana dodate¢né uskutec-
nénymi orientaénimi hydrodynamickymi zkouskami. Z jejich analyzy vyplyva, ze
prosttedi, ve kterém je realizovana stavba tunelu, je z pohledu propustnosti neho-
mogenni. Zasadni vliv na propustnost ma zifejmé charakter zvétravani. Pokud jsou
horniny znacné postizené procesy zvétravani (eluvia, poruchové zény), maji jen niz-
kou propustnost. V pfipadé, Ze jsou navétralé aZ zvétralé horniny rozpukané s niz-
kym podilem jilovité frakce, propustnost se zvySuje.

Vzhledem ke skute¢nostem zjisténym dopliikovym priizkumem byly proto pod-
zemni stény realizovany az do hloubek stanovenych projektem. V misté pevnych
poloh rul a granitoid( bylo pouZzito pfedvrtd, a to i s ohledem na omezeni vyjizdé-
ni horninovych blok( podél ploch foliace vlivem narazli drapaku za spoluplisobeni
vzdouvajici se podzemni vody za rubem podzemnich stén.

Sledem téZby horninového materialu z tunelového tubusu na Groven plané byly
v zésadé potvrzeny zavéry predchoziho hodnoceni. Obecné Ize uvést, Ze zhruba do
2/3 délky tunelu byla ¢astecné téZena eluvia a dale horniny velmi nizké az stredni
(misty i vysoké) pevnosti, ve zbyvajici 1/3 pfevazovaly eluvilni materialy. VV pribé-
hu téZeni bylo mozno misty dodatecné dokumentovat disledek nestability hornin
na plochéach foliace (pfipadné puklin a v poruchovych zénach), coz se projevilo
vyjizdénim horninovych blokl do vykopl hloubenych lamel. Nadspotieba betonu
v téchto mistech proto zasahovala aZ do svétlého prarezu tunelu. Po hrubém vyté-
Zeni profilu bylo nutno tento beton odstranit (CEVAMIT, odfrézovani) - viz obr. 4.
Jednim z dileZitych poznatkd pfi sledu téZby horninového materialu je i rychla ztra-
ta pevnosti slidnatych rul vlivem klimatickych zmén, vlhkosti, mrazu a mechanic-
kého poruseni vlivem pojizdéni plané. Na severni ¢ast tunelu jsou vazany i mistni
vyvéry podzemnich vod z puklinového systému rul ¢i granitoidd, dale i z poruse-
nych prostupujicich pegmatitovych vrstviéek centimetrové az decimetrové moc-
nosti. V disledku uvedenych €initell dochazelo mistné k znehodnocovani (rozbfi-
dani) hornin v plani. Negativni vliv prisak( podzemni vody byl nasledné odstranén
zfizenim vnitfnich obvodovych drénd s vyvedenim mimo konstrukei tunelu.

6. MONITORING CHOVANI TUNELOVE KONSTRUKCE

Tak jak je obvyklé u tunelovych staveb, i zde poZadoval projektant sledovani cho-
vani tunelové konstrukce, a to v Sesti profilech, umisténych do staniceni v km
10,308 (PF 1), km 10,338 (PF I1), km 10,398 (PF lil), km 10,458 (PF IV), km 10,513 (PFV)
akm 10,578 (PF VI). Rezimni sledovéni bylo provadéno jak v pribéhu budovani plo-
ché klenby (viz obr. 3), tak i v priibéhu jejiho pfesypavani zpétnym hutnénym zasy-
pem, které bylo doprovéazeno odtéZzovanim hornin z vlastniho tunelového profilu az
na Uroven plané budouci vozovky. Jak betonovani ploché klenby, tak i jeji presy-
pavani a tézba uvnitf tunelového dila probihaly z technologickych dvodu od jizni-
ho portalu smérem k severu, tj. proti staniceni dila.

V odvislosti od postupu praci tak bylo mozno nejprve posuzovat chovani vlastni plo-
ché Zelezobetonové klenby a jeji deformace pfi opétovném presypani (1. faze),
v dalsi (2. fazi) pak i celkové chovani tunelové roury pfi odtéZovani horniny z pro-

Obr. 4 Uprava podzemnich stén
Fig. 4 Adjustment of a surface of diaphragm walls

class R4 (rock with low strength) and also granitoids of weathered classes R3 and
R2 with medium to high strength ranging between g, = 34 to 62 MPa (local areas
in lamellas near the northern portal also experienced sound bulky quartzites, like-
ly bound to the fracturing line Staré Hory - Pistov eastward of the bypass route).
Results of the supporting exploration were elaborated in geological profiles in pla-
ces of the diaphragm walls, with interpretation of zones of the particularly predo-
minant classification of rock material, based on which the rock disjoining and
boring attributes are deduced. Differentiation in length of the diaphragm walls was
realized using a synthesis of results of the supporting exploration, archive probes
and documentation of the realized lamellas. Both axes of diaphragm walls are cha-
racterized by variable depth outreach of the eluvia, penetrating fractures, alternati-
on of strength of the gneiss massif and by impact of steep slopes of the gneiss lay-
ers in different phases of weathering with limited areas of foliation. Significant
rises of solid layers of gneisses and granitoids were discovered near the northern
portal at km 10,325 and also km 10,490 of tunnel route. Results of the supporting
exploration in principle confirmed only locally elevated strength of the rock massif
and its higher level.

Relative permeability of the rock material was verified by additionally realized pre-
liminary hydrodynamic tests. Their analysis suggests that environment, in which
construction of the tunnel proceeds, is non-homogeneous from the viewpoint of
permeability. The character of weathering obviously has a major impact on the per-
meability. In case the rocks have strongly suffered from the weathering processes
(eluvia, faulting zones), they only have a low permeability. In case the rocks are
slightly or medium weathered and fractured with low proportion of clay, the per-
meability rises. With regards to facts learned from the supporting exploration, the
diaphragm walls were realized within depths determined by the design. Pre-bores
were deployed in places of hard gneiss layers, also regarding the curbing of sliding
out rock blocks along the planes of foliation due to the impacts of the grab, and joint
impact of upheaving groundwater behind the back of the diaphragm walls.
Observation of the rock material hauled from tunnel tube to the surface level in
principle confirmed the results of the previous evaluation. It can be generally sta-
ted that eluvia and rocks of very low to medium (locally even high) strength were
excavated from app. 2/3 of the tunnel length, in the remaining 1/3 elluvial materi-
als prevailed. The process of mining locally enabled additional documentation of
the impact of rock instability at the areas of foliation (eventually fissures and frac-
turing zones), which proved by sliding out of rock blocks into the trenches for the
lamellas. Concrete filling the cavities in these places thus reached into the net pro-
file of the tunnel. Following rough excavation of the profile it was necessary to
remove this concrete (CEVAMIT, removal by milling) - see Fig. 4.

The sudden loss of strength of mica gneisses due to climatic changes, humidity,
frost and mechanical faulting due to surface movement was an important piece of
knowledge learned during observation of the excavation of the rock material.
There are also local springs of groundwater from the fissure system of gneisses
and granitoids, and from penetrating centimeters to decimeters thick faulted peg-
matite layers, bound to northern section of the tunnel. As a result of these factors,
degradation (slaking) of rocks at the surface occurred locally. Negative impacts
from groundwater leaks were consequently removed by establishing inner perip-
heral drainage with outlet outside the tunnel construction.

6. MONITORING OF BEHAVIOR OF THE TUNNEL FRAMEWORK

As is common for tunnel structures, also here the designer requested monitoring of
behavior of the tunnel framework, and thus at six profiles located at chainage km
10,308 (PF 1), km 10,338 (PF Il), km 10,398 (PF Ill), km 10,458 (PF IV), km 10,513 (PFV)
and km 10,578 (PF V). Constant monitoring was realized during the process of con-
struction of the flat vault (see Fig. 3) and during its backfilling with compacted filling,
which was accompanied by excavation of rock from the tunnel profile p to the sub-
base level of future carriageway. Due to technological reasons, concrete placement
of the flat vault, its covering and excavation inside the tunnel structure all procee-
ded from the southern portal towards the northern, i.e. counter the chainage.

Based on the progress of works it was thus only possible to evaluate behavior of
the flat vault of reinforced concrete and its deformations during the backfilling (1st
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Obr. 6 Graf deformaci konstrukce tunelu
Fig. 6 Diagram of a tunnel construction
deformation

storu tunelového profilu a jeho dokon¢ovani do defini-
tivni podoby. Zde bylo vzhledem k nerovnostem vnitt-
nich stén nutné jejich dodate¢né zarovnani do projekto-
vaného profilu ofrézovanim.

Osazeni mérnych bodu proto bylo nejdfive provadéno
ve vrcholu klenby a obou jejich prazich osazenych na
podélnych podzemnich sténach, v pribéhu odtéZova-
ni pak i v blizkosti pat podélnych podzemnich stén
(body byly umistovény asi 3,2 m pod horni Grovné
podzemnich stén, tj. na styku s plochou klenbou). Tak
jak postupovala vystavha, kompletace bodl v profi-
lech a méfeni postupovaly od profilu PF VI smérem
k PF I. MéFeni na plochych klenbach se proto ¢asové
nepravidelné prekryva s méfenim kompletniho tune-
lového profilu. Schéma umisténi mérnych bodl je
znéazornéno na obr. 7.

Vzhledem k tomu, Ze pro vytéZeni vnitinich prostorti
tunelu bylo prakticky po celé délce tunelu nutno doda-
te¢né srovnat vnitfni povrchy podzemnich stén ofré-
zovanim, dochézelo pfi téchto pracich k opétovnym destrukcim bodl umisténych
predevsim pfi patach podzemnich stén. Tyto body byly proto priibézné reinstalo-
vany, coz ovéem zpusobovalo na dotéenych mistech preruseni kontinuity méfeni,
predevsim ve vzdélenostech 4 -5,4-1a5- 1 (viz obr. 7).

S ohledem na typ tunelové konstrukce, pfi jejimZ dimenzovani byla brana do Gvahy
budouci (druhd) soubé&zné konstrukce tunelového tubusu, predpokladal projektant
minimalni deformace konstrukce tunelového profilu, pohybujici se fadové v dese-
tinach milimetrd az v milimetrech.

Z toho dlivodu byla GEOtestem Brno, a. s., povéfenym sledovanim prabéhu defor-
maci, zvolena metoda sledovani pomoci zafizeni DISTOMETER ISETH, jehoZ doda-
vatelem, je Svycarska firma KERN & CO. AG - viz obr. 5. Tento distometr ISETH (vyvi-
nuty v Ustavu pro stavbu silnic a stavby ve skalach Vysoké $koly technické v Cury-
chu) je mechanické presné zafizeni ke zjiStovani rozdilu vzdalenosti pomoci invaro-
vych dréatu. Pristroj spojuje zafizeni k nastavovani upinaci sily, nutné pro méfeni
invarovym dratem, se zafizenim k méfeni délek do jediného pfistroje. Napinaci sila
(8 kp) je kontrolovana pfesnou ocelovou pruzinou, jejiz velikost je méfena Ciselni-
kovym tchylkomérem. Jakmile je pfedepsané 8 kp stanovené napinaci sily dosaze-
no, lze odecitat na druhém ¢iselnikovém Gchylkoméru dosazené roztazeni (defor-
mace). Toto je samoziejmé srovnavano s kalibraénim méfenim pred - v pribéhu
a po ukonceni serie pfislusnych méreni, korigovanych na okolni teplotu. Konstruk-
ce tohoto pfistroje vyrobeného s vysokou presnosti, moznost odecitani délek pfi
presném nastaveni napinaci sily a poufZiti invarovych dratt (jejichZ soucinitel tepel-
né roztaznosti je 1.10%) zaru€uje presnost odectu délkovych zmén na 0,01 mm. Sku-
te¢na presnost méreni s prihlédnutim k cejchovacim chybam a zménam okolni tep-
loty je tak plus minus 0,02 - 0,03 mm. Tato presnost pfi pouZiti invarovych dratl tak
stavi uZivané zafizeni vysoce nad bézné pouzivané pdsmové extenzometry (srovna-
vacimi méfenimi provedenymi GEOtestem Brno, a. s., na nékterych lokalitach
vychazi, Ze mira presnosti distometrem ISETH je o jeden aZ dva rady vyssi, nez
u extenzometrickych zafizeni pouzivajicich pasma). Snad jedinou nevyhodou toho-
to zafizeni je, Ze pro kazdou méfici vzdalenost (pokud se lisi o vice neZ + 5 cm) je
nutno pfipravit jinou délku méficiho dratu. UZiti tohoto pfistroje s invarovymi draty
je tedy relativné drahé, na druhou stranu ovSem zarucuje vysokou presnost mére-
ni. Vzhledem k tomu, Ze v naSem pfipadé se jednalo o pravidelnou konstrukei tune-
lového dila, bylo mozno vyuZit zejména pfi mérenich na ploché klenbé pouze
1 délky drétu pro opakovand méfeni na vzdalenostech 1-2 a 1 - 3 a mezi body
2 - 3. Pro méfeni mezi body 4-5,4-3,4-2,5-3a5 - 2 v8ak bylo v nékterych pfi-
padech nutno pfipravovat separatni délky dratt, nebot pfedevsim pii opakovaném
ofrézovanim lice podzemnich stén (a tim i zmiflovaném preinstalovani nékterych
bod 4 resp. 5) dochazelo ke zménam pivodnich vzdalenosti vétsich nez + 5 cm (coz
je limit rozsahu ¢iselnikového Gchylkoméru méficiho zménu délky).

Obr. 5 Distometr Kern-Iseth

Fig. 5 Distometer Kern-Iseth

Obr. 7 Schéma konvergenéniho profilu
Fig. 7 Scheme of cross-section
of convergence measurement

phase), during the next one (2nd phase) also total
behavior of the tunnel tube during excavation of rock
from area of the tunnel profile and putting into final
shape. With regards to unevenness of inner walls it
was necessary to additionally treat them into the
designed profile by milling.

Therefore, measuring points were first installed at the
top of the vault and its both springing lines along axial
diaphragm walls, during the process of excavation
then also near bases of axial diaphragm walls (points
were located app. 3,2 m below top level of the diap-
hragm walls, i.e. in the place of contact with the flat
vault). Then, as the construction proceeded, completi-
on of points in the profiles and their measurements
proceeded from profile PF VI towards PF |. Measure-
ment at flat vaults thus in time coincides with measu-
rement of complete tunnel profile. For the layout of
measuring points see Fig. 7.

Due to the fact that in order to excavate inner areas of
the tunnel it was in principle necessary to additionally
treat inner surfaces of the diaphragm walls by milling along the entire tunnel
length, some points located mostly near bases of the diaphragm walls were repe-
atedly destroyed during these works. These points had to be constantly reinstalled,
but that already caused discontinuity of measurement at the given locations, espe-
cially in distances 4-5, 4-1 and 5-1 (see Fig. 7).

Considering the type of tunnel framework, during whose dimensioning a potenti-
al (second) parallel framework of the tunnel tube was contemplated, the designer
estimated minimal deformations of framework of the tunnel profile, ranging in
tenths of millimeters to millimeters.

Because of this, GEOtest Brno, a.s., being commissioned to monitor the process of
deformations, selected a method of monitoring using the device DISTOMETER
ISETH, supplied by the Swiss company KERN & Co. AG - see Fig. 5. This distome-
ter ISETH (developed in the Institute for construction of roads and structures in
rocks of the Technical University in Zurich) is an accurate mechanical device mea-
suring the difference of distances using invar wires. This unit combines the device
for setting of fixing force, necessary for measurement using invar wire, with devi-
ce for measurement of distances into a single device. Fixing force (8 kp) is control-
led by an accurate steel spring, whose size is then measured by a numeric mea-
surer of deviation. When the requisite 8 kp of preset fixing force is reached, acqu-
ired expansion (deformation) can be read from the second coefficient dial indica-
tor. This deformation is obviously confronted with the calibration measurement
before, during and after realization of the series of respective measurements,
adjusted to surrounding temperature. Assembling of the device, constructed with
high accuracy, the possibility of reading distances by accurate setting of the fixing
force and the use of invar wires (with coefficient of thermal expansion 10°) ensu-
res the reading accuracy of the distance differences of 0,01 mm. Actual measure-
ment accuracy with regards to calibration errors and changes in surrounding tem-
perature is about 0,02 - 0,03 mm. Such accuracy with the use of invar wires places
the device high above commonly used tape extensometers (comparable measu-
rements realized by GEOtest Brno, a.s. at several localities suggested that the rate
of accuracy of distometer ISETH is about by one or two orders higher than of the
extensometric tape using devices). Perhaps the only disadvantage of this device is
the fact that for every measuring distance (in case it differs more than + 5 cm) it is
necessary to prepare a different length of the measuring wire. Use of this device
with invar wires is thus relatively expensive, on the other hand it ensures high
accuracy of measurement. Considering the fact that in our case it was a symmetric
framework of a tunnel structure, it was possible to use, namely for measurements
at the flat vault, only one wire length for repeated measurements at distances 1-2,
1-3 and between points 2-3. For measurement between points 4-5, 4-3, 4-2, 5-3 and
5-2 it was, however, in some cases necessary to prepare separate wire lengths,
because especially repeated milling of faces of the diaphragm walls (and thus
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Tunel

Jednotlivé délky mérnych invarovych dratd jsou véetné speciélnich svérnych
upinacich koncovek uchovavany na kruhovych kotoucich (napt. rafky cyklistic-
kych kol).

Pfed zahajenim série méfeni je pfistroj upnut do cejchovaciho rému a je pro kalib-
raci a pro temperovani v(ci okolni teploté ponechan véetné pouzivanych kotoud
s mérnymi draty po dobu asi 1 hodiny. Ze zkuSenosti je tato doba dostate¢na pro
zahdjeni vlastnich méreni.

Mérné body, na které se zavésuje pfistroj, resp. jeho koncovka na opacné strané
meérné vzdalenosti, jsou vyrobeny z oceli a ocelového trnu (ROXOR O 12 mm).
Tyto trny jsou do konstrukce (obezdivky) osazovany do pfedvrtanych otvor
0 16 - 18 mm, hloubky 10 - 15 cm. Zatmeleni se provadi specialnim dvousloz-
kovym plastickym tmelem, pouZivanym pro kotveni v horninach (vyrobce
CARBOTECH Bohemia, s. . 0.). Vyhodou tohoto tmelu je, Ze jeho vytvrzeni pro-
biha béhem nékolika minut a Ze je dlouhodobé stabilni. PouZiti popsaného zpu-
sobu ukotveni méficich bodu se osvédCilo i pfi mérenich na jihlavské lokalité.
Jako pfiklad vysledk( uvadime na obr. 6 pribéh deformaci v méfeném profilu
PF VI (km 10,578), ktery je jak z hlediska kompletnosti, tak i délky méreni nej-
Uplngjsi. V grafu je na vodorovné ose ¢asovy pribéh méfeni, na svislé ose pak
jsou znazornény deformace mezi jednotlivymi mérnymi vzdalenostmi v hodno-
tach, jez vyjadfuji zmény oproti zakladnimu méfeni. Méfeni bodd, sledujicich
deformace ploché klenby, byla zahajena v ¢ervenci 2003. Priubéh deformaci
v klenbé az do doby vytéZeni pIného tunelového profilu a osazeni mérnych bodu
pfi patach podzemnich stén v mésici fijnu je nepatrny a pohybuje se v rozmezi
+0,05 aZ - 0,056 mm. V okamZiku instalace bodU pfi patach jiz byl v tomto Useku
tunel presypan hutnénym zasypem (na vysku asi do 2 m, u ostatnich profilt
proti sméru staniceni trasy tunelu se vyska zasypu meéni a dosahuje vysky az
5 m nad vrcholem klenby, respektive az 8 m nad zhlavi podzemnich stén). V dal-
§im prubéhu sledovani pfi odtéZeni horniny uvnitf tunelu a ¢astec¢né i rozbredlé
vrstvy v trovni plané dochéazelo do poloviny ledna roku 2004 k mirnému svira-
ni predevs§im pfi patdch podzemnich stén (v hodnotach do asi 3,5 mm). V dal-
§im prabéhu sledovani v8ak jsou jiz deformace prakticky neménné.

Méreni na dalSich profilech vykazuji pfiblizné obdobné vysledky. Velikosti defor-
maci na ploché klenbé jsou v zadsadé souhlasné s méfenimi na PF VI, méreni
provadéna pfi patach podzemnich dél vSak v nékterych pfipadech vykazuji vétsi
deformace (az cca 7 mm), signalizujici svirani pfi patach. Dle naseho nézoru to
Ize pfipisovat predevsim neplanovanému hlub$imu odtéZovani pfi patach, ke
kterému bylo nutno pfistupovat s ohledem na rozbfidani plané zavinéné zhor-
senymi hydrogeologickymi podminkami, které se projevily v pribéhu tézeni
tunelového tubusu. Nicméné, dosud monitorované deformace jak ploché klen-
by, tak i opérnych podzemnich stén jsou velice nizké a nebudou podle naseho
nazoru ovlivilovat vlastni stabilitu tunelového dila. Kromé toho monitorovaci
obdobi je prozatim relativné kratké ( max. 7, min. 2 mésice), a proto je zatim
obtizné prognozovat dalsi vyvoj deformaci.

7. ZAVER

Budovany tunel v Jihlavé na obchvatu silnice I/38 v km 10,295 - 10,599 je
vyznamnou liniovou stavbou kraje Vysocina, a i kdyZ predstavuje pouze jednu
polovinu z plivodné navrhovaného rozsahu, vyrazné zlepsi jak Zivotni prostredi,
tak i dopravni situaci Jihlavy vedenim komunikace mimo méstské centrum.
InZenyrskogeologické a geotechnické prace jsou prakticky v konecné fazi.
V budoucnosti vyznamné poslouZi pfi navrhovani levostranné projektované
¢asti tunelu, i kdyZ vzhledem ke sloZitosti sou¢asnych geologickych podminek
bude nutno provést nutna dodate¢na Setreni.

Monitorovani deformaci konstrukce na jednotlivych profilech ve stavajici ¢asti
tunelu (PF VI - PF I) bude probihat podle dosavadni dohody az do doby odevz-
déni dila do provozu. Vzhledem k tomu, Ze projektant poZaduje pokracovani
meéreni i v dalSich létech, véetné méreni pfi budovani sousediciho levostranné
poloZeného tunelu, bylo dohodnuto, Ze méfené body ozn. €. 4 a 5 osazené pfi
patach podzemnich stén budou v pribéhu vytvareni povrchové Upravy stén
prodlouzeny aZ na lic kone¢né Upravy dila tak, aby bylo mozno jednak pokraco-
vat v méfenich v dobé provozovani tunelového dila ve dnech jeho Udrzby, tak
i pfi pozdéjsi vystavbé budouciho paralelné projektovaného tunelu.

LITERATURA:

Jihlava - obchvat silnice 1/38 - podrobny inzenyrskogeologicky prizkum. GEO-ING
Jihlava s. r. 0., 1996

Jihlava - obchvat silnice 1/38 - doplriujici inZenyrskogeologicky prizkum. GEOSTAR
s. . 0. Brno, 1999

Jihlava - obchvat silnice 1/38 - hydrogeologicky priizkumu, GEOSTAR s. r. 0., Brno,
1999

Silnice 1/38 Jihlava - tunel, doplnéni monitorovacich vrtd pro stavbu tunelu véetné
pasportizace studny a vychoziho méfeni hladin podzemni vody, GEOSTAR s. . 0.,
Brno, 2002

Jihlava - obchvat, tunel - Priibézna zprava o dosavadnich poznatcich geotechnic-
kého sledu za obdobi listopad - prosinec 2002. GEOtest Brno, a. s., leden 2003
Jihlava - obchvat, tunel - Diléi zprava o geotechnickém dozoru a o vysledcich dopl-
fiujicich geologickych praci provedenych na stavbé Silnice 1/38 Jihlava, obchvat,
zaryta ¢ast v km 10,295 - 10,599, GEOtest Brno, a. s., duben 2003

Poznamka: Zakladni tdaje o stavbé a konstrukénim sytému tunelu poskytl Amberg Engineering Brno, a. s.

mentioned reinstallation of some points 4 and 5) caused changes in original distan-
ces larger than + 5 cm (which is the limiting range of dial indicator that measures
the difference of distances).

Individual lengths of measuring invar wires are kept on sheaves (such as bike whe-
els) including special clamp endings.

Before the series of measurements are started, the device is fixed into the calibrati-
on frame and for calibration it is left to adjust to the surrounding temperature along
with the used sheaves and measuring wires for about one hour. Experience and
measurements proved that such period is sufficient for the start of proper measure-
ments. Measuring points, on which the device, or rather its ending, is stringed up on
the opposite side of the measuring distance, are made of steel and steel bolt (ROXOR
0 12 mm). These bolts are installed into in advance bored 10-15 cm deep holes [ 16-
18 mm in the framework (lining). They are fixed with special double-component plas-
tic binder, used for anchoring in rock (manufactured by CARBOTECH Bohemia,
s.r.0.). It is the advantage of this binder that it hardens within several minutes and has
a long-term stability. Use of the described method of fixation of the measuring points
proved satisfactory also by measurements in the Jihlava locality.

As an example of results, we present Fig. 7 as a process of deformations in the mea-
sured profile PF VI (km 10,578), which is the most complete one both from the view-
point of completeness and length of measurement. Horizontal axis of the chart
shows time progress of measurement and the vertical axis then the deformations
between separate measuring distances in values that represent change in compari-
son with the original measurement. Measurement of points, which monitor defor-
mations of the flat vault, started in July 2003. The progress of deformations in the
vault until the time when full tunnel profile was mined and measuring points near
bases of the diaphragm walls were installed in October is insignificant, ranging bet-
ween + 0,05 and - 0,05 mm. At the time when the points at bases were installed, this
section of the tunnel was already covered with compacted filling (app. 2 m high, in
other profiles counter the tunnel route chainage height of the filling reaches up to 5
m above the top of the vault, respectively 8 m above the top of the diaphragm
walls). In the following process of monitoring during the excavation of rock inside
the tunnel and partially also water logged layers in the surface level, mild contracti-
on was taking place especially at the bases of diaphragm walls (with values up to
app. 3,5 mm) until the half of January 2004. Nevertheless, in the further process of
monitoring these deformations remain practically the same.

Measurements at other profiles bring approximately similar results. Magnitude of
deformations at the flat vault are in principle accordant with those measured at PF
VI, however, measurements realized at bases of the diaphragm walls in some
cases show larger deformations (up to app. 7 mm), which is signaling contraction
near the bases. According to our opinion this can be attributed namely to the unex-
pected deeper excavation near the bases, which had to be carried out with regards
to the slating of the surface due to deteriorated hydrogeological conditions that
arose during the process of excavation of the tunnel. In spite of that, so far moni-
tored deformations of both the flat vault and the supporting diaphragm walls are
very low and will not, according to our opinion, have an impact on the stability of
the tunnel structure. Moreover, the period of monitoring is yet relatively short
(max. 7. min. 2 months) a therefore it is still difficult to estimate further develop-
ment of the deformations.

7. CONCLUSION

The constructed tunnel in Jihlava on bypass of road /38 at km 10,295 and 10,599
is a significant linear structure of the Vysocina region and although it represents
only one half of the originally proposed dimension, it will remarkably improve the
environment as well as the traffic situation in Jihlava by conducting the road
around the city center.

Engineering-geological and geotechnical analyses are practically in their final
phase. In the future they will serve well by designing of the proposed left part of
the tunnel, although additional analyses will have to be elaborated due to the com-
plexity of existing geological conditions.

Monitoring of deformations of the framework in separate profiles in the existing
tunnel section (PF VI - PF ) will proceed according to the current contract until the
work is handed over for operation. With regards to the fact that the designer requ-
ests to continue with measurements also in the following years, including measu-
rements for construction of the adjacent left tunnel, it was agreed that measuring
points no. 4 and 5, installed near the bases of diaphragm walls will be during the
process of wall surface adjustments extended to the face of the final structure sur-
face so that it would be possible to continue with measurements in times of ope-
ration of the tunnel structure during its maintenance days as well as during future
construction of the parallel tunnel tube.
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POZNATKY Z GEOLOGICKEHO SLEDU A Z GEOTECHNICKEHO MONITORINGU RAZEB
SEKUNDARNICH KOLEKTORU V HISTORICKEM JADRU BRNA V ROCE 2003

LESSONS FROM GEOLOGICAL OBSERVATION AND GEOTECHNICAL MONITORING
OF THE EXCAVATIONS OF SECONDARY COLLECTORS IN THE HISTORICAL HEART
OF BRNO IN 2003
RNDr. JAROSLAV HANAK, RNDr. OTAKAR PAZDIREK, ING. STANISLAV RECH, GEOTEST BRNO, a. s.

1. UVOD

Vystavba sekundarnich kolektor(i v historickém jadru mésta Brna, zahajend na
zatatku roku 2003, predstavuje razbu a definitivni vystrojeni pfiblizné 1600 bm
podzemnich liniovych dél, kterd po svém dokonceni navazi na kolektory vybu-
dované v priibéhu 90. let minulého stoleti a rozsifi tak stavajici kolektorovou sit
v historickém jadru Brna, jejiz uhrnna délka bude pak Cinit pfiblizné 3400 bm.
Vlystavba je soucasti akce Stokova sit mésta Brna, zahrnujici kromé realizace
kolektor( téz rekonstrukce stok a stokovych siti v ir$i oblasti mésta Brna mimo
jeho historické jadro. Dodavatelem praci je sdruzeni, jehoz vedoucim je Subter-
ra, a. s., a Eleny Metrostav, a. s., spolu se ZS Brno, a. s., a Imos, a. s. Projekéné
je celé toto dilo zajistovano firmou AQUATIS, a. s., GEOtest Brno, a. s., provadi
geologicky sled razeb sekundarnich kolektor a méfeni konvergenénich profill
vcetné jejich nivelace.

Vystavba sekundarnich kolektor(i, probihajici od po¢atku roku 2003 v historic-
kém jadru mésta Brna, byla rozélenéna do péti nize uvedenych staveb (v zavor-
ce je vyznacena Uhrnna délka kolektorovych tras jednotlivych staveb):

7. stavba: Kolektor Koblizna - Postovska - Kozi (546 bm);

8. stavba: Kolektor Sukova (104 bm);

10. stavba: Kolektor Némésti Svobody - sever, vychod (280 bm);

11. stavba: Kolektor Némésti Svobody - zépad, Zémecnicka (236 bm);

18. stavba: Kolektor Zelny trh - Starobrnénska, Petrska (429 bm).

Trasy pfedmétnych kolektord jsou situovany pfiblizné v osach jmenovanych ulic
a v urcité vzdalenosti podél obvod( ndmésti Svobody a Zelného trhu. Pfehled-
néa situace jednotlivych kolektorovych tras je uvedena na obrazku 1.

2. STRUCNY TECHNICKY POPIS PROVADENYCH DEL

Vystavba kolektord - liniovych podzemnich dél probiha hornickym zptsobem,
¢imz jsou minimalizovany dopady na povrch tzemi. Projektovana hloubka baze
kolektorl jednotlivych razenych useki lezi prevazné mezi Sesti az sedmi metry
od povrchu terénu. Vyska nadlozi nad jednotlivymi dily se pohybuje mezi
dvéma az tfemi metry, v oblasti technickych komor klesé aZ na jeden metr. Vyska
vyrubu na hlavnich trasach je mezi 3,2 az 4,2 m a $irka 2,4 az 3,7 m. V oblasti kfi-
Zeni hlavnich kolektorovych tras jsou budovany technické komory, jejichZ svétla
Sirka je 4,8 m az 5,4 m, délka 9 m a vyska 4,8 m.

Kazdy postupovy krok razby je ihned zajistovan priméarnim osténim. Délka
postupového kroku se Fidi konkrétné zastizenymi geologickymi a geotechnicky-
mi poméry. V oblastech s pfiznivymi poméry je délka postupového kroku 0,8 m,
s jejich zhor$enim se snizuje az na 0,5 m. V bézném profilu v netlacivych zemi-
nach je jako primarni osténi osazovana pfihradova vyztuz, v mistech rozsifeni
pro kolektorové pfipojky vyztuz dulni. Vyztuze dopliiuje svafovana sit a stfikany
beton v tloustce minimalné 15 cm. VyztuZ je pokladana na patky nebo na rozna-
Seci pricné prahy dle zastizenych geotechnickych pomért. Sekundarni osténi je
provadéno ze stfikaného betonu vyztuzeného dvéma svarovanymi sitémi. Mini-
malni tloustka sekundarniho osténi véetné mezilehlé izolace je 20 cm. Schema-
ticky pficny fez razenym kolektorem je uveden na obrazku 2.

3. GEOLOGICKY SLED A MONITORING

Geologicky sled zahrnuje dokumentaci skute¢né zastizenych geologickych
a geotechnickych pomér( v pribéhu razeb. Je provaddén makroskopickym popi-
sem zemin zastizenych v jednotlivych ¢elbach doplnénym grafickym zakresem
gelby a ptipadné i jeji fotodokumentaci. Cetnost dokumentace ovliviiuji skuteé-
né zastizené geologické a geotechnické poméry. Pokud jsou pfiznivé, je doku-
mentace provadéna jedenkrat tydné, pfi jejich zhorSeni ¢etnost dokumentace
vzrista. Poznatky z dokumentace jsou pribézné zapisovany do stavebnich deni-
ki jednotlivych staveb, coz zahrnuje schematicky zakres konkrétni dokumento-
vané ¢elby doplnény struénym popisem zemin, které ji tvofi, a téZ zhodnocenim
zastizenych stabilitnich a hydrogeologickych pomér(. Jestlize dojde ke zhor$eni

1. INTRODUCTION

Construction of the secondary collectors in the historical heart of Brno, started in
the beginning of 2003, represents an excavation and final equipment of about 1600
Im of linear underground structures, that will after completion link to the collectors
constructed during last century nineties and thus expand the existing collector net-
work in the historical heart of Brno, whose total length will then reach approxi-
mately 3400 Im. This construction is a part of the campaign "Sewerage network in
Brno", beside the realization of collectors also including reconstruction of sewers
and sewerage network in the broader city area outside its historical heart. A con-
sortium led by Subterra, a.s., with participation of Metrostav, a.s. with ZS Brno, a.s.
and Imos, a.s., is the contractor. The design is provided by AQUATIS, a.s. GEOtest
Brno, a.s. carries out the geological observation of the excavation of secondary col-
lectors and measurements of convergence profiles, including their leveling.
Construction of the secondary collectors, proceeding in the historical heart of
Brno since the beginning of 2003, was divided into the five following structures
(in brackets see total length of collector routes of the separate structures) :

7. structure : collector Koblizna - Postovska - Kozi (546 Im)

8. structure : collector Sukova (104 Im)

10. structure : collector Namésti Svobody - north, east (280 Im)

11. structure : collector Namésti Svobody - west, Zamecnicka (236 Im)

18. structure : collector Zelny trh - Starobrnénskd, Petrska (429 Im)

Routes of these collectors are located more or less along axes of these streets and
in certain distance around the squares Némésti Svobody and Zelny trh. For com-
prehensive overview of the separate collector routes see fig. 1.

2. BRIEF TECHNICAL DESCRIPTION
OF THE REALIZED STRUCTURES

Construction of the collectors - linear underground structures proceeds using
a mining method, which minimizes the impacts on local surface. Designed depth
of the collector bottom ranges in separate mined sections mostly between six and
seven meters below surface. Height of the overburden above separate segments
ranges between two and three meters, in area of technical chambers is reduced
to one meter. The excavated cross-section in main routes is 3,2 to 4,2 m high and
2,4 to 3,7 m wide. Technical chambers are being constructed in places of main col-
lector route intersection, whose net width ranges between 4,8 and 5,4 m, length
reaches 9 m and height 4,8 m.

Along with the progress of excavation, each advance is immediately secured with
a primary lining. Length of the advance particularly depends on the encountered
geological and geotechnical conditions. In sections with more favorable conditions
the advance is 0,8 m long, with their deterioration it is reduced to even 0,5 m.
In the common profile of non-deforming soils, lattice girders serve as a primary
lining. In widened places for collector connections a mining reinforcement is
used. The reinforcement is supplemented with a welded net and at least 15 cm
thick shotcrete. It is underpinned at the base or at the lateral saddles based on the
encountered geotechnical conditions. Secondary lining consists of shotcrete, fur-
ther reinforced with two layers of welded mesh. There is a minimal thickness of
20 cm for the secondary lining including the intermediary waterproof membrane.
For schematic cross section of the excavated collector see fig. 2.

3. GEOLOGICAL OBSERVATION AND MONITORING

Geological observation includes the documentation of actually encountered geo-
logical and geotechnical conditions during the process of excavations. It is carried
out using macroscopic description of the soils encountered at separate faces, sup-
plemented with graphic layout of the face and possibly with its photo-documen-
tation. Frequency of the documentation depends on actually encountered geo-
logical and geotechnical conditions. If they are favorable, documentation is pre-
pared once a week. In case of their deterioration, frequency of the documentation
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téchto pomérd oproti pomérlim progndzovanym, je soucasti zapisu i doporuce-
ni technickych opatfeni k jejich eliminaci.

Monitoring zahrnuje konvergenéni méfeni na jednotlivych hlavnich razenych
trasach v profilech, jejichz situovani je uréeno v projektové dokumentaci (hlavni
a vedlejsi profily), pfipadné v mistech zhorSeni geologickych pomérd oproti
pomérlim prognézovanym (mimotadné profily). Ukolem monitoringu je ovéFit
spravnou funkci primarniho osténi v priibéhu razby. Podrobné je provadéni
monitoringu popsano v samostatném oddile tohoto pfispévku.

4. GEOLOGICKE POMERY

Kolektorové dila zastihuji ve svém razeném profilu prevéiné zeminy kvartérniho
souvrstvi tvofené v pripovrchovych ¢astech navazkami rizného charakteru,
jejichZ vznik je svazan s dlouhodobym a sloZitym stavebné historickym vyvojem
oblasti historického jadra Brna. Misty se vyskytuji i relikty zékladovych kon-
strukei asanovanych objektl. V podloZi navazek je vyvinuto polygenetické spra-
Sové souvrstvi, které méa charakter sprasi az sprasovych hlin na bazi s ptidnim
typem. V tomto souvrstvi se misty nachézeji staré sklepni prostory a stoky v riz-
ném stupni asanace zasahujici do profilu razenych dél. Je to zejména v prosto-
ru Zelného trhu, kde byly budovény i ve dvou Urovnich, a v jizni ¢asti namésti
Svobody. Na bézi kvartérniho souvrstvi jsou nespojité vyvinuty méalo mocné
polohy tvorené pisky se $térkem a pisCitymi Stérky s proménlivym obsahem
jemnozrnné pfimési. Tyto klastické sedimenty, pfip. spraSové souvrstvi v mis-
tech jejich absence nasedaji na povrch neogenniho souvrstvi tvofeného vapni-
tym jilem spodnobéadenského stafi. Povrch masivu neogenniho jilu je zvinény.
Hlavni kolektorové trasy jej zastihuji prevazné ve spodnich tfetinach svych raze-
nych profil(. Vyjimkou jsou oblasti severni ¢asti namésti Svobody, ulice Kobliz-

ELNY TRH - STAROBRNENSKA

18. STAVBA- KOLEKTOR Z

3, STAVBA- KOLEKTOR'_ |
KAPUCINSKE NAM. - KVETINARSKA

sekundarni kolektory ve vystavbé /provozované sekundarni kolektory o o
operating secondary collectors

secondary collectors under construction

Obr. 1 Pfehledna situace kolektorovych tras
Fig. 1 lllustrative overview of the collector routes

rises. Information from the documentation is being continuously recorded in the
building journals of separate structures, which also include schematic layout of
the given documented face, supplemented with a brief description of soils that it
comprises as well as an evaluation of encountered stability and hydrogeological
conditions. In case the actual conditions are worse than estimated, a recommen-
dation for technical measures leading to their elimination is part of the record. The
monitoring includes convergence measurements in separate main mined routes
in profiles whose location is determined by the design documentation (main and
secondary profiles), eventually also in places with worse geological conditions
than estimated (special profiles). It is the aim of monitoring to verify correct func-
tion of the primary lining during the process of excavation. The process of moni-
toring is further described in a separate section of this article.

5. GEOLOGICAL CONDITIONS

Collector structures encounter in their excavated profile mostly soils of quater-
nary strata, in the by-surface sections consisting of fills of various type, whose for-
mation is connected to the long-term and complicated engineering development
of the historical heart of Brno. Locally also the relicts of foundation frameworks of
reconstructed structures occur. Underlay of the fills consists of polygenetic loess
strata, which has a character of loess or loess loams based on the type of soil. Old
cellar structures and sewers in various stages of reconstruction occur in these
strata, interfering with cross profile of the mined works. It especially concerns the
area around Zelny trh, where these had been constructed even in two levels, and
southern part of Némésti Svobody. On the basis of quaternary strata, thin layers,
consisting of sands with gravel and sandy gravels with variable content of fine-
grained mixture, have discontinuously developed. These clastic sediments, even-

technické komory sekundarnich kolektort
technical chambers on secondary collectors
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na a zapadni pale Zelného trhu, kde neogenni masiv pfechézi do relativné iro-
ké depresni struktury vychodozéapadniho sméru. Povrch neogenniho masivu je
v uvedenych oblastech pod tGrovni baze razenych profil(i.

Hladina podzemni vody vytvafi souvislou zvodef pouze v oblasti vy$e zminéné
deprese (udolnice). Jeji vydatnost je relativné mala, ale jeji napjatost zptsobuje
prisaky, misty i vyrony z baze razenych dél. V oblastech mimo zminénou depre-
si je zvoden zastihovana pouze ojedinéle v nespojitém vyvoji projevujicim se
velmi slabymi vyrony nebo prlsaky na rozhrani neogén-kvartér. Mimo tyto
zvodné byly zastiZzeny i lokéalni zvodné antropogenniho plvodu vyvolané priisa-
ky nebo vyrony z vadnych vodovodnich radu, pfipojek nebo kanalizagnich téles.

5. GEOTECHNICKE POMERY

Progndzu geologickych a geotechnickych pomér( pro razené tseky jednotlivych
kolektorovych staveb zpracoval GEOtest Brno, a. s., v roce 2001. Byly pro ni vyu-
Zity vSechny dostupné poznatky a Udaje z celého prostoru historického jadra
Brna, doplnéné udaji z kopanych sond provadénych pro priizkum brnénského
podzemi a poznatky z geologického sledu dfive razenych kolektorovych tras.
Zhodnoceni geotechnickych pomérd pro razbu jednotlivych sekundarnich kolek-
torG bylo zaloZeno na zpracovani Ucelové geotechnické rajonizace - byly vy¢le-
nény Ctyfi geotechnické rajony:

GEOTECHNICKY RAJON A predstavoval Useky s predpokladem razby v pfizni-
vych geotechnickych pomérech. Bylo v nich pfedpokladano relativné stejnoro-
dé zeminné prostiedi s dobrou stabilitou ¢elby.

GEOTECHNICKY RAJON B byl vy&lenén pro Useky, v nich7 byly otekavany
mirné zhorené podminky pro razbu vyvolané vyskytem navéazek ve vétsi ¢asti
razeného profilu, pfipadné zastizenim ojedinélych podzemnich prostor v Grovni
trasy dila. V tomto rajonu bylo nutné oc¢ekavat zpomaleni postupu razicich praci
a podle konkrétniho zastizeného negativniho fenoménu i pouziti technickych
opatreni pro jeho eliminaci.

Primarni osténi

Primary lining

Sekundarni osténi
Secondary lining

Drén pro odvedeni vody béhem vystavby
Drain for conveying water during construction

Obr. 2 Schematicky pricny fez razenym kolektorem
Fig. 2 Schematic cross section through a mined collector

tually loess strata, in places of their absence lay of the surface of Neocene strata,
consisting of lower-Baden limey clays. Surface of the massif of Neocene clay is
undulated. Main collector routes encounter it mostly within lower thirds of their
excavated profiles. With the exception of sections in northern part of Nameésti
Svobody, Koblizna street and western half of Zelny trh, where the Neocene mas-
sif passes into relatively wide depressed structure of east-western direction. Sur-
face of the Neocene massif occurs in the given areas below the level of bottom of
the excavated profiles.

Level of groundwater forms a consistent ground-water body only in the area of
the aforementioned depression (valley). Its yield was relatively small, but the
water pressure causes leaks, locally even effluences from the bottom of excavat-
ed works. In areas outside this depression the watering occurs only exceptionally
and discontinuously in form of very weak effluences or leaks at the interface
Neocene-quaternary. Beside these ground-water bodies, also local ground-water
bodies of anthropogenic origin, caused by effluences or leaks from defective
water mains, were encountered.
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Obr. 3 Pomérné zastoupeni geotechnickych rajond v trasach kolektord
Fig. 3 Proportional representation of the geotechnical zones in the collector routes

5. GEOTECHNICAL CONDITIONS

Estimation of geological and geotechnical conditions for the excavated sections
of separate collector structures was elaborated by GEOtest Brno, a.s. in 2001. All
available knowledge and data from the entire area of the historical heart of Brno
had been used, supplemented with data from test pits realized for the exploration
of Brno underground as well as knowledge from geological observation of the
previously excavated collector routes.

Evaluation of geotechnical conditions for the excavation of separate secondary
collectors was based on elaboration of practical geotechnical segmentation - four
geotechnical segments were put forward:

GEOTECHNICAL SEGMENT A represented sections with estimated excavation in
favorable geotechnical conditions. A relatively homogeneous soil environment
with good stability of the face was expected.

GEOTECHNICAL SEGMENT B was meant for sections that expected slightly wors-
ened conditions for excavations, caused by the occurrence of fills in prevailing
part of the excavated profile, or eventually occurrence of isolated underground
rooms in the level of works. In this segment, it was necessary to expect slower
progress of the excavation works and, according to the particular encountered
negative phenomenon, to apply technical measures for its elimination.
GEOTECHNICAL SEGMENT C was characterized by sections with higher frequen-
cy and higher intensity of negative phenomena with impact on continuity of the
excavation progress when compared with the previous segment. This type of seg-
ment expected deteriorated conditions for the mining works, requiring special
technical measures for the excavation itself as well as support of the structure.
GEOTECHNICAL SEGMENT D included sections with highly deteriorated condi-
tion for excavation with high probability of an extraordinary event inclined to
overbreaks all the way to surface. This segment was considered for areas with
occurrence of groundwater (prior to the start of excavation works) in upper parts
of the excavated profile and its by-ceiling area. Due to the estimated low stability
of the excavation it was necessary to calculate with minimal length of advances,
respectively with sequential excavation. It was also necessary to continuously
secure the by-ceiling area, eventually even sides of the structure, and to install lat-
eral steel sills in each advance.

Schematic geotechnical cross sections were elaborated for separate collector
structures in their longitudinal axes. The cross sections formulated estimation of
geological and geotechnical conditions including the determination of geotechni-
cal segments. For estimated proportional representation of the geotechnical seg-
ments in separate collector routes see Fig. 3.
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Obr. 7 Priklad vyhodnoceni konvergenéniho a nivelaéniho méfeni v kolektoru
Koblizna

Fig. 7 Example of evaluation of the convergence and leveling measurement in
the Koblizné collector

GEOTECHNICKY RAJON C charakterizoval Useky s vy3si etnosti a vy$si inten-
zitou negativnich fenoménd ovliviiujicich plynulost raziciho postupu, uvede-
nych u pfedchoziho rajonu. Pro tento typ rajonu byly ocekavany zhorsené pod-
minky pro razici prace, vyZadujici specialni technicka opatieni jak pro razbu, tak
i vystrojeni dila. Na vétsi ¢asti Useku tohoto rajonu bylo nutné pocitat i se zajis-
tovanim pfistropi pro bezpeény postup razicich praci.

GEOTECHNICKY RAJON D zahrnul Gseky se silné zhorsenymi podminkami pro
razbu, kde byla vysokéa pravdépodobnost mimoradné udalosti s propagaci nad-
vylom( az na povrch Gzemi. Tento rajon byl uvazovan v oblastech s vyskytem
hladiny podzemni vody (pfed zahajenim razicich praci) v hornich ¢astech raze-
ného profilu nebo v jeho pfistropi. Pro pfedpokladanou snizenou stabilitu vyru-
bu bylo nutné uvazovat s minimalizaci délky postupového kroku, pfipadné s raz-
bou ¢lenénym profilem. TéZ bylo nezbytné pocitat s nutnosti kontinualné zajis-
tovat pfistropi, pfipadné i boky dila a v kazdém postupovém kroku osazovat
pficné ocelové prahy.

Pro jednotliva kolektorova dila byly zpracovany schematické geotechnické rezy
v jejich podélnych oséach. V fezech byla vyjadfena prognéza geologickych a hyd-
rogeologickych pomér véetné vymezeni geotechnickych rajonl. Prognéza
pomérného zastoupeni geotechnickych rajond v trasach jednotlivych kolektord
je uvedena na obr. 3.

6. GEOLOGICKE A GEOTECHNICKE POZNATKY
Z RAZEB KOLEKTORU V ROCE 2003

Kolektor Koblizna - Postovska - Kozi (546 bm, 7. stavba)
V roce 2003 byla vyrazeny hlavni trasy kolektort Koblizna a Postovska. U kolek-
toru Koblizna byla razba provedena zmensenym profilem (obr. 4), nebot v oblas-

Obr. 4 Kolektor Koblizna, razba zmensenym profilem
Fig. 4 Koblizna collector, excavated using reduced profile

Obr.5 Kolektor Koblizna, dobirka kaloty
Fig.5 Koblizna collector, construction of calotte

Obr.6 Méfeni konvergence v kolektoru Kozi
Fig.6 Convergence measurement in the Kozi collector



2 13. ROCNIK, &. 2/2004

Tunel

ti budouci kaloty prochazela stavajici uli¢ni stoka relativné velkych rozmérd. Po
vyraZeni celé trasy ve zmen8eném profilu byla vybudovéna nova kanalizace pod
pocvou Stoly, do které byla stavajici kanalizace pfevedena, a zahéajena dobirka
kaloty na projektovany profil (obr. 5). Razba v kolektoru Koblizn4 probihala pre-
vazné ve spraSovych zeminach se stalymi prisaky z poévy, coz vyzadovalo pec-
livé provadéni odvodiovacich drénd. Geotechnické poméry pro razbu byly na
znacné Casti razené trasy zhorSené, misty az silné zhorSené. Snizena stabilita
¢ela i stropu vyrubu vyZadovala jeho pribéiné zajistovani jehlovanim a pazni-
cemi Union. Kolektor Postovska zastihl ve svém razeném profilu sprasové zemi-
ny, ptdni typy a malo mocné piskové a $térkové uloZeniny a neogenni jil. Povrch
neogenniho jilu mél elevujici tendenci a pfiblizné od poloviny celkové délky
tohoto kolektoru tvofil celou plochu vyrubu. Geotechnické poméry byly v prvni
puli trasy kolektoru zhor$ené, zplisobené prisaky jak z poévy dila, tak i z roz-
hrani neogén-kvartér. Ve druhé pali useku, kde byla cela ¢elba tvofena neogen-
nim jilem, byly geotechnické poméry prevazné pfiznivé.

Kolektor Sukova (104 bm, 8. stavba)

Tento kolektor byl jiz v celé trase vyrazen. Geotechnické poméry zde byly pre-
vazné pfiznivé, ojedinéle mirné zhorsené, lokéalné az silné zhorsené. Profil vyru-
bu byl tvofen v hornich &astech spraSovymi zeminami, misty i navazkami, ve
spodnich ¢astech byly zastizeny piskové a $térkové uloZeniny. V pfirozené ulo-
zenych zeminach nebyla zastizena zvoden. Pouze ve stfedni €asti trasy, kde bylo
zastizeno zvodnéni vyvolané uniky z vadnych vodovodnich pfipojek, doslo
k vyraznému zhorseni geologickych pomérd. Usek bylo nutné vyzmaéhat &lené-
nym vyrubem.

Kolektor Namésti Svobody - sever, vychod (280 bm, 10. stavba)

V obdobi roku 2003 byla vyrazena hlavni trasa kolektoru Némésti Svobody -
sever. Razba probihala prevazné ve sprasovych zeminach a v celé délce trasy byl
staly prlsak z baze, misty i ze spodni tretiny ¢elby. V souladu s prognézou byly
geotechnické podminky pro razbu v celé trase silné zhor§ené. Silné snizené sta-
bilita vyrubu vyZzadovala kontinualni zajistovani ¢elby, stropu i bokl dila jehlo-
vanim.

Kolektor Namésti Svobody - zapad, Zamecnicka (236 bm, 11. stavba)

V trasach téchto kolektord, jejichZ razby na hlavnich usecich tras stale probiha-
ji, byly zastizeny spraSové zeminy a pldni typy prekryvajici malo mocné pisko-
vé a Stérkové uloZeniny nebo nasedajici pfimo na neogenni masiv. Povrch masi-
vu se nachazel ve spodni pUli aZ spodni tretiné celby, byl zvinény a bylo na néj
véazéno slabé zvodnéni. Stabilita vyrubu byla pfevainé snizena. Pro razbu pre-
vazovaly zhor§ené podminky. Mistné, v isecich navazujicich na kolektor Namés-
ti Svobody - sever, byly podminky silné zhor§ené, umocriované Uniky z vadnych
kanaliza¢nich a vodovodnich pfipojek

Kolektor Zelny trh - Starobrnénska, Petrska (429 bm, 18. stavba)

Razba tohoto kolektoru byla v roce 2003 na hlavnich trasach ukonéena. Lze kon-
statovat, Ze ze vSech vy$e struéné popisovanych tras zde byly geotechnické pod-
minky pro razbu relativné nejméné problematické s pfevahou pfiznivych fakto-
ri. Bylo to déno pfevahou sprasovych zemin ve vyrubu, ktery byl pfevazné sta-
bilni a suchy. Ur¢ité zhorSeni bylo zaznamenano pouze v oblastech, kde byly
zastihovany staré sklepni prostory nebo cihelna barokni stoka vyplnéna navaz-
kou. Dalsi komplikace se objevily ve stiedni ¢asti kolektoru Starobrnénska, kde
do razené trasy zasahla stara prizkumna dila (Stoly) vyplnéna popilkocementem
a téz dil¢i elevacni struktura neogenniho masivu se slabymi prasaky, coz si
vyzadalo osazovani pficnych ocelovych past v kazdém postupovém kroku.

7. KONVERGENCNI MERENI

Chovani osténi (resp. dodrzovani technologického postupu pfi vystavbhé
a vystrojeni) ve §tolach kolektoru je ovéfovano méfenimi konvergence na hlav-
nich a vedlejSich profilech v pfiéném sméru.

Hlavni profily v kolektoru jsou osazeny Sesti body - tfemi body fixovanymi na
obloukovou vyztuz a tfemi body osazenymi do betonu primérni obezdivky upro-
stfed nasledujiciho postupu razby mezi ramy pevné vyztuze. Sobé odpovidajici
body na vyztuzi a obezdivce jsou umistény ve stejné vysce. Body jsou osazeny
pfi vrcholu klenby profilu a symetricky v jeho svislych sténdch v mistech nej-
vétsiho ohybového momentu (tj. cca 80 - 90 cm nad Grovni poévy v odvislosti
od velikosti profilu dila).

Vedlejsi profily v kolektoru jsou osazeny obdobnym zplisobem, ale pouze tfemi
body na tuhou vyztuz. Méfeni konvergence je doplnéno méfenim metodou
velmi presné nivelace na spodnich bodech jednotlivych konvergenénich profild.
Méfeni je Casové rozlozeno tak, aby byl dokumentovan cely razici cyklus od
pocatku razby - od postaveni obloukové vyztuze a nastfik primarni obezdivky az
po uzavieni pocvy kolektoru. Vychozi (zakladni) méfeni na konkrétnim profilu je
provadéno vidy bezprostiedné po nastriku primarni obezdivky postupového
kroku (do ¢tyr hodin). Nasledujici méfeni se provadi po 24 hod a dalsi v inter-

6. GEOLOGICAL AND GEOTECHNICAL KNOWLEDGE
FROM COLLECTOR EXCAVATIONS IN 2003

Collector Koblizna - Postovska - Kozi (546 Im, 7. structure)

Main routes of the Kobliznd and Postovska collectors were excavated in 2003.
Reduced excavation profile was used in the KobliZna collector, as a relatively large
existing street sewer was passing through area of the future calotte. Following
excavation of the entire route in reduced profile, new sewer system was con-
structed below the gallery floor, into which there were the existing sewers divert-
ed, and then final excavation into the designed profile began (fig. 5). Excavation in
the KobliZna collector proceeded mainly within loess soils with permanent leaks
from the floor, which required consistent application of drainage. Geotechnical
condition for the excavation were worsened at significant part of the excavated
route, locally even strongly deteriorated. Lower stability of the face as well as top
of the excavation required its continuous support using forepoling and Union
sheet piles. The Postovska collector encountered in its excavated profile loess soils,
soil types and narrow sandy and gravel sediments and Neocene clay. Surface of
the Neocene clay had an elevating tendency and approximately from half of the
total length of this collector formed the entire area of the face. Geotechnical con-
dition in the first half were also worsened due to leaks both from the floor and the
interface Neocene-quaternary. Second half of the section, where the entire face
consisted of Neocene clay, experienced rather favorable geotechnical conditions.
Collector Sukova (104 Im, 8. structure)

This collector had already been excavated in its entire length. Geotechnical condi-
tions here were mostly favorable, exceptionally slightly worsened, locally even
strongly deteriorated. Profile of the excavation consisted of loess soils and locally
fills in the upper sections, and sandy and gravel sediments in the lower sections.
No water-bearing bodies were encountered in naturally sedimented soils. Only
middle part of the route experienced watering due to the leaks from defective
water mains, and therefore significant deterioration of the geological conditions
took place. It was necessary to overcome this section using sequential excavation.
Collector Namésti Svobody - north, east (280 Im, 10. structure)

Main route of the Némésti Svobody - north collector was excavated in 2003. The
excavation proceeded mainly in loess soils and in the entire length experienced
permanent leaks from the bottom, locally also from lower third of the face.
Geotechnical conditions for excavation were in the entire length strongly deterio-
rated as estimated. Severely reduced stability of the excavation required continu-
ous support of the face, crown as well as sides of the work by forepoling.
Collector Namésti Svobody - west, Zamecnicka (236 Im, 11. structure)

Routes of these collectors, whose excavation in main sections is still underway,
experienced loess soils and soil types covering thin sand and gravel sediments or
settling directly on the Neocene massif. Surface of the massif lied in lower half or
lower third of the face, it was undulated and a low saturation was bound to it. Sta-
bility of the excavation was mostly reduced. Worsened conditions for the excava-
tion prevailed. Locally in sections of connecting to the collector Namésti Svobody
- north, strongly deteriorated conditions were encountered, still multiplied by
leaks from defective sewer and water feeders.

Collector Zelny trh - Starobrnénska, Petrska (429 Im, 18. structure)

Excavation of this collector in the main routes was completed in 2003. It can be
stated that out of all the previously briefly described routes, this excavation expe-
rienced the relatively least problematic geotechnical conditions with predomi-
nantly favorable factors. It was given by the prevalence of loess soils in the cut,
which was mostly stable and dry. Some deterioration was only recorded in areas
where old cellar structures or Baroque brickwork sewer full of fill were encoun-
tered. Further complications appeared in central part of the Starobrnénska collec-
tor, where old exploratory works (galleries) filled with cinder-cement or a partial-
ly elevating Neocene massif with low leaks penetrated into the mined route, and
that required installation of lateral steel girdles in each advance.

7. CONVERGENCE MEASUREMENTS

Behavior of the lining (i.e. compliance with the technological procedure during
construction and support) in the collector galleries is being verified by conver-
gence measurements of main and secondary profiles in lateral direction.

Main profiles in the collector are equipped with six points - three points fixed to
the arch reinforcement and three points set into concrete of the primary lining in
the middle of the following excavation advance between frames of the solid rein-
forcement. Mutually correspondent points in the reinforcement and lining are
located in the same level. Points are installed at the top of the vault profile and
symmetrically in its vertical walls in places of the largest bending moment (i.e.
app. 80-90 cm above the level of floor based on size of the structure's profile).
Secondary profiles in the collectors are equipped in a similar way, but only using
three points in the solid reinforcement. Convergence measurement is supple-
mented with measurement using the method of very accurate leveling at lower
points of the separate convergence profiles.
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valech 24, 48, 72, a 96 hod. To predstavuje soubor celkem 6 méfeni v pribéhu
11 dni. V pfipadé zjisténi neustaleného stavu po ukonéeni tohoto cyklu jsou po
dohodé s objednatelem operativné realizovana dal$i kontrolni opakovana méreni.
Kromé vyznamné prevazujiciho méreni konvergence na vyse uvedenych typech
profilG ve Stolach kolektorl je méreni konvergence provadéno rovnéz v pribé-
hu hloubeni téZnich Sachet (zpravidla obdélnikového pldorysu). Méfici body
jsou zde osazovany na stfedy stran horizontalnich rami vyztuze. V priabéhu
hloubeni a vystavby technickych komor (technologicky velice naroénych) jsou
zde realizovany 2 vertikaIni profily sestévajici z pétice bodd umisténych v kalo-
tach, které jsou postupné doplnény parem bodii ve spodni ¢asti komory. Caso-
vy rezim téchto méfeni je shodny s reZimem méreni ve Stolach.

Soubézné s konvergenénimi méfenimi ve Stolach kolektort a v technickych komo-
rach je provadéno i vySkové zaméreni dvojic spodnich bodd metodou velmi pres-
né nivelace. Tato méreni uvnitf razenych dél jsou doplfiovana sledovanim chova-
ni povrchu terénu, rovnéz metodou velmi presné nivelace. Sledované body na
povrchu jsou osazeny v predstihu pred razbou v mistech konvergencnich profild
a na vybranych objektech v jejich blizkosti. Tato méfeni (zajistovana firmou INSET,
s. I. 0.) jsou provadéna jak v predstihu (dva aZ jeden mésic pfed prlichodem
celby), tak v pribéhu razby v ndvaznosti na méreni profilt v dile.

Pro realizovani méfeni konvergence byl GEOtestem Brno zvolen pasmovy
extenzometr (vyrobce SISGEO s. r. ., Itdlie). Tento pfistroj je vybaven 15 m dlou-
hym kalibrovanym ocelovym pasmem a mikrometrem o rozsahu 30 mm pro
odecet zmén délek s rozliSovaci schopnosti 0,01 mm. Zakladni nastaveni pasma
pfi zakladnich odectech je po 25 mm. Aby byly zmény vzdalenosti odecitany
vidy pfi stejné napinaci sile (80 N), jsou na pevné a pohyblivé ¢asti télesa pfi-
stroje vyznaceny dvé dvojice rysek, které musi pro spravny odecet koincidovat.
Vzhledem k tomu Ize skute¢nou presnost odeéitani relativnich zmén deformaci
stanovit na 0,1 mm, coZ je pro realizovand méreni dostacujici (rozliSovaci
schopnost zafizeni i pfesnost odectu jsou lepsi, neZ je pozadovano projektem).
Pfipadna osobni chyba méfeni je minimalizovéna (eliminovéana) tim, Ze méfeni
na jednotlivych profilech jsou realizovana vidy pouze jednim pracovnikem.
Namérené délkové zmény jsou pfi vyhodnocovani korigovany vici kalibragnim
mérfenim provadénym vidy pfed a po ukonéeni série méfeni. K tomu slouZi
kalibraéni ram, dodavany vyrobcem. PFi vypoctu délkovych zmén je mimoto
brana i korekce na aktudlni okolni teplotu prostiedi, ktera je méfena digitalnim
teplomérem. PoufZiti pfistroje je dokumentovano na obr. 6.

Méfeni metodou velmi presné nivelace na bodech umisténych pfi patach jsou
provadéna digitalnim nivelaénim pfistrojem Zeiss DiNi 12T s pouZitim invarovych
kédovanych lati délky 2 m a invarovych kodovanych paskd délky 0,5 m. Pfi pouzi-
ti tohoto pfistroje je standardni odchylka na 1 km nivelace 0,3 mm. Méfeni jsou
provadéna z vychozich bodi vytycovaci sité kolektord, jez byly vyskové kontrolo-
vany. Na zakladé dosud realizovanych méfeni Ize odvodit, Ze skute¢né odchylky
v jednotlivych poradech se pohybovaly v mezich od 0,00002 m do 0,0007 m.
Vysledky jak konvergenénich, tak i geodetickych méfeni jsou operativné sdélo-
vany zhotovitelim jednotlivych tsekd kolektorovych staveb formou zapist do
stavebnich deniki. Protokoly o vysledcich méfeni vcetné grafického vystupu

The measurement is so scheduled for the entire cycle to be documented from the
beginning of excavation - from construction of the arch reinforcement and spray-
ing of the primary lining to closing of the collector floor. Original (basic) measure-
ment in the particular profile is always carried out immediately upon shooting the
primary lining of the advance (within 4 hours). Further measurements then follow
with a time difference of 12 hrs, 24 hrs, 48 hrs, 72 hrs and 96 hrs (i.e. the whole set
comprises 6 measurements within the course of 11 days). In case unstable condi-
tions are revealed after completing these series of measurements, more repeated
controlling measurements are flexibly carried out in accord with the client.

Beside the significantly prevalent convergence measurement for the aforemen-
tioned types of profiles in collector galleries, the convergence measurement is
also carried out during the process of sinking of mining shafts (usually of rectan-
gular shape). Measuring points are installed in the middle of sides of horizontal
frames of the reinforcement. In the process of excavation and construction of
technical chambers (technologically very complex), two vertical profiles are real-
ized, each consisting of five points located in calottes, which are gradually sup-
ported by a pair of points in lower part of the chamber. The time schedule for
these measurements is the same with the ones in galleries.

Along with convergence measurements in collector galleries and technical cham-
bers, elevation measurements of pairs of lower points are realized using the method
of very accurate leveling. Such measurements inside the excavated works are sup-
ported by observation of the surface terrain behavior, also using the method of very
accurate leveling. Observed points at the surface are installed in advance before the
excavation in places of convergence profiles and in selected structures in their vicin-
ity. These measurements (provided by INSET, s.r.0.) are carried out both in advance
(two and one months before passage of the face) as well as during the process of
excavation in connection to measurement of profiles in the structure.

For realization of the convergence measurement, GEOtest Brno selected a tape
extensometer (manufactured by SISGEO, s.r.l., Iltaly). This machine is equipped with
a 15 m long calibrated steel tape and a micrometer with range of 30 mm for the
reading of length differences with a 0,01 mm resolution. There is a primary setting
of the tape of 25 mm by basic readings. In order for the length differences to be
always deducted by the same tensile force (80 kN), two pairs of adjustment lines are
marked on the solid and mobile parts of the machine body and they have to coin-
cide to get the correct reading. With regards to this fact, actual accuracy of reading
of the relative deformation differences can be determined as 0,7 mm, which is sat-
isfactory for the realized measurements (resolution of the machine as well as accu-
racy of the reading are still better than required by the design). Potential human
error in the measurement is minimized (eliminated) by the fact that measurements
within separate profiles are always realized by a single worker. Measured length dif-
ferences are during evaluation adjusted to the calibration measurements realized
always before and after completion of the series of measurements. This is enabled
by the calibration frame, supplied by the manufacturer. Calculation of the length dif-
ferences is moreover adjusted to actual ambient temperature, measured using
a digital thermometer. Use of the instrument is documented by Fig. 6.

Tabulka 1 Piehled poctu realizovanych konvergencnich profilti na jednotlivych stavbach

Table 1 Overview of the number of realized convergence profiles at separate structures

stavba: usek: pocet méfenych objektu osazenych bodu
(dle typu): celkem:

Structure: Section: number of measured structures installed points
(for type) total :
HP VP TS TK

7.stavba Koblizna - Postovska - Kozi 15 11 2 0 135

7.structure Koblizna - Postovska - Kozi

8.stavba Sukova 4 2 0 0 30

8.structure Sukova

10.stavba Nameésti Svobody - sever,vychod 6 9 2 2 85

10.structure Namésti Svobody - north, east

11.stavba Nameésti Svobody - zapad, Zamecnicka 5 8 2 2 76

11.structure Nameésti Svobody - west, Zamecnicka

18.stavba Zelny trh - Starobrnénska, Petrska 8 24 4 0 146

18.structure Zelny trh - Starobrnénska, Petrska

celkem: 38 54 10 4 472

total:

Vysvétlivky: HP - hlavni profil / main profile
Legend : VP - vedlejsi profil / secondary profile
TS - téZni Sachta / mining shaft
TK - technickd komora / technical chamber
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jsou pak objednateli priibézné predavany vidy nasledujici den po provedenych
méfenich. Tento zplGsob komunikace zajistuje, Ze stavba mlize operativné rea-
govat na zjisténé skutecnosti a v pfipadé nutnosti (deformaci vyssich nez pro-
jekt povoloval) je schopna pfistoupit k okamzitym eventualnim napravam jaké-
hokoliv druhu.

Rekapitulace konvergenénich méreni dosud realizovanych na jednotlivych stav-
bach je uvedena v tabulce €is. 1.

Z uvedeného prehledu jsou ziejmé znacny rozsah a intenzita provadénych praci
(celkem zatim bylo provedeno méfeni na vice nez 100 objektech, Ghrnem vice
nez 2900 odectlh mérenych délek). Je jasné, Ze pfi rezZimu soubézného a (témér)
nepretrzitého provozu na véech stavbach jsou kladeny znacné naroky i na koor-
dinaci méficich praci.

Priklad vyhodnoceni méfeni pribéhu deformaci profilu Stoly je uveden na obr.
7. Na uvedeném pfikladé je zndzornén priibéh deformaci na hlavnim profilu (t].
trojice bodl je osazena na pevné vyztuZi, analogicka trojice bodl je osazena
v obezdivce). Pribéh deformaci v profilu na pevné vyztuzi Ize pokladat za cha-
rakteristicky. Na obréazku jsou rovnéz znazornény priibéhy nivelaéniho méreni.
Mirny pokles celého télesa kolektoru v tvodni fazi méficiho cyklu lze rovnéz
pokladat za charakteristicky.

Pripustné hodnoty konvergenci jsou pro jednotlivé stavby (resp. Useky staveb
s pfihlédnutim ke konkrétnim predpoklddanym geotechnickym podminkéam)
stanoveny projektem, pro vétsinu pfipadl je maximalni povolena konvergence
(sevieni) ve sméru vodorovném stanovena na hodnotu 15 mm, ve sméru svis-
Iém na hodnotu 10 mm.

Na zékladé dosud provedenych méreni Ize konstatovat, Ze zjisténé hodnoty kon-
vergence v zadném pripadé neprekroCily meze stanovené projektem. Statisticky
prehled Cetnosti velikosti maximalnich hodnot namérenych konvergenci ve
sméru vodorovném a svislém, doplnény o obdobnym zptisobem vyhodnocena
nivelaéni méreni, je uveden v tabulce 2. Pro vét$i ndzornost jsou stavby rozdé-
leny do skupin budovanych stejnou technologii.

Z tabulky ¢is. 2 je ziejmé, Ze naprosta vétsina zjisténych deformaci nepiekrodila
velikost 8 mm. Podrobnéj$i vyhodnoceni a analyza téchto udajd s pfihlédnutim
k vySe uvedené rajonizaci staveb budou provedeny po ukonceni veskerych
méfeni.

ZAVER

Sekundarni kolektory v historickém jadru mésta Brna, jejichz vystavba byla zaha-
jena v roce 2003, predstavuji rozsahly a technicky velmi naroény komplex praci.
Pri jeho realizaci méa dulezité misto i geotechnicky sled a monitoring razeb jed-
notlivych kolektor(. Ziskané poznatky potvrzuji dobry soulad mezi prognézova-
nymi a skute¢né zastihovanymi geologickymi a geotechnickymi poméry v dosud
vyrazenych Usecich. Konvergenéni méfeni a méfeni metodou velmi presné nive-
lace poskytuji v pribéhu stavby vyznamné informace o chovani osténi a umoz-
Auji prabéiné posuzovat dodrzovani technologie a kvalitu provedenych praci.
V piipadé zjisténych vyssich hodnot jsou tato méfeni podkladem k operativni
Upravé technologie, pripadné prijeti vhodnych technologickych opatteni.

RNDr. Jaroslav Hanak, GEOtest Brno, a. s.
Smahova 112

659 01 Brno

tel. 548 125 336, mobil 724 036 592, fax 545217 979

Measurement using the method of very accurate leveling at points located at the
bases are realized using the digital leveling device Zeiss DiNi 12T with the use of
2 m long coded invar rods and 0,5 m long coded invar tapes. There is a standard
deviation of 0,3 mm per 1 km for the use of this device. Measurements are carried
out from original points of the marked network of collectors, which had been ver-
tically controlled. Based on the already realized measurements it can be assumed
that actual deviations in separate groups ranged between 0,00002 and 0,0007 m.
The results of both convergence and geodetic measurements are flexibly sulmit-
ted to realizers of the separate sections of collector structures by means of entries
into the building journals. Protocols on results of the measurements including
graphic output are then continuously handed over to the client always the fol-
lowing day after carrying out the measurements. Such method of communication
ensures that the construction can flexibly react to revealed facts and in case of
necessity (higher deformations that the design allowed) able to adopt immediate
remedial measures of any kind.

For the overview of convergence measurements so far realized at separate struc-
tures see Table 1.

The large extent and intensity of the realized works (altogether measurements at
more than 100 structures were realized with total more than 2900 readings or
measured lengths) are obvious from this overview. It is clear that the regime of
simultaneous and almost nonstop operation at all structures required high
demands on the coordination of measurement works.

For an example of evaluation of deformation measurement of a gallery profile see
Fig. 7. This example illustrates the course of deformations in the main profile
(three points are installed on the solid reinforcement, analogical three points are
installed in the lining). Course of deformations in profile on the solid reinforce-
ment is considered characteristic. Also courses of the leveling measurement can
be seen on the figure. Slight descent of the entire collector body in initial phase of
the measurement cycle can be considered characteristic as well.

Acceptable values of convergence for individual structures (respectively sections of
structures with regards to particular estimated geotechnical conditions), are deter-
mined by the design. In most cases there is a maximum allowed convergence (con-
striction) of 15 mm in the horizontal direction and 10 mm in the vertical direction.
Based on the so far realized measurements it can be stated that acquired values
of convergence never exceeded the design limits. For statistical overview of size
frequency of the maximum values of measured convergence in both horizontal
and vertical direction, supplemented with similarly evaluated leveling measure-
ments, see Table 2. For better illustration the structures are separated into groups
constructed using the same technology.

From table 2 it is obvious that vast majority of the revealed deformations did not
exceed the size of 8 mm. More detailed evaluation and analysis of these data, also
with regards to the aforementioned segmentation of structures, will be elaborat-
ed upon completion of all measurements.

CONCLUSION

Secondary collectors in the historical heart of Brno, whose construction started in
2003, represents an extensive and technically very challenging complex of works.
During its realization, there is an important role for geotechnical observation as
well as monitoring of excavation of the separate collectors. Acquired knowledge
so far confirms the satisfactory harmony between estimated and actually encoun-
tered geological and geotechnical conditions in the excavated sections. Conver-
gence measurements and measurements using the method of very accurate lev-
eling sulmit during the construction some important information about behavior
of the lining and thus enable to constantly assess compliance of technologies and
quality of the realized works. In case higher values are acquired, these measure-
ments then act as a basis for the flexible adjustment of technology, or alterna-
tively for adoption of suitable technological measures.

Tabulka 2 Prehled cetnosti velikosti maximalnich naméfenych hodnot
Table 2 Verview of size frequency of the maximum measured values
7. a 8. stavba 10. a 11. stavba 18. stavba
7. and 8. structure 10. and 11. structure 18. structure
[mm] horizont. vertikal. nivelace horizont. vertikal. nivelace horizont. vertikal.
horizon. vert. leveling horizon. vert. leveling horizon. vert.
0-2 33 26 4 22 23 4 31 30
2-4 12 18 30 13 12 22 7 8
4-6 4 3 6 6 2 5 2 0
6-8 1 2 8 2 8 8 8 2
8-10 2 0 1 0 0 2 0 0
10-12 0 0 1 1 0 1 1 0
12-15 0 0 0 0 0 0 0 0

Poznédmka: Na 18. stavbé nebylo aZ na vyjimky provddéno méfeni velmi pfesnou nivelaci.
Note : At the 18. structure with few exceptions, measurement was not realized using the very precise leveling.
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Trasa prazského metra IVC1
- fotoreportaz pred uvedenim do provozu a hlavni uéastnici vystavby

Stavba trasy metra IVC1 byla zahajena v roce 2000. Po celou dobu probihala
v terminech, které byly pfed zahajenim vystavby stanoveny. Technickymi
zvlas$tnostmi této trasy jsou unikatni prechod Vlitavy a prvni jednolodni stani-
ce na prazském metru - stanice Kobylisy.

Investorem stavby je Dopravni podnik hl. m. Prahy, a. s., inZenyrské ¢innosti
zajistoval InZzenyring dopravnich staveb, a. s., projekéni ¢innosti Metroprojekt
Praha, a. s.

Stavebni Cast realizoval Metrostav, a. s., se svymi subdodavateli - akciovymi
spoleénostmi Skanska CZ, Subterra, SMP Construction, Zakladani staveb
a dal3imi. Technologickou &ést zajistilo Sdruzeni CKD DIZ, a. s., a Skanska CZ,
a. s., dale pak akciové spole¢nosti AZD Olomouc, Zenittel Colsys, Siemens
Transportation Systems, Thyssen, a dalsi.

Geomonitoring stavby provadéla SG Geotechnika, a. s., a INSET, s. r. o.
Celkové néklady stavby dosahuji 8,7 mld. K¢.

Zahdjeni provozu s cestujicimi se pfipravuje na konec ¢ervna 2004. Timto
novym provoznim usekem o délce 3,9 km vzroste celkova délka sité metra na
54 km. Zaroven se v poloviné roku 2004 pfipravuje zahajeni vystavby dal$iho
prodlouZeni trasy C o0 4,6 km ze stanice Ladvi do Letran.

Pripravili: Ing. Josef Kutil, Ing. Petr Vozarik, Ing. Karel Matzner

Zakladni informace o stavbé

Stavebni délka IV. provozniho Useku trasy C - 1. ¢ast

Nadrazi HoleSovice (mimo) - Ladvi (vcetné) 3981Tm
(Do stavebni délky jsou zapocCitany stavebni Gpravy

ve stanici Nadrazi HoleSovice)

Maximalni spad 39,5 %o
Minimalni polomér smérového oblouku tratovych koleji 600 m
Minimalni polomér zakruZzovaciho oblouku tratovych koleji 1000 m
Vzdélenost stanic:

Nadrazi HoleSovice-Kobylisy 2749 m
Kobylisy - Ladvi 1140 m
Pocet stanic 2 stanice
Nézvy stanic:

1. Kobylisy razend, dva vestibuly, ostrovni nastupisté
2. Ladvi hloubena, jeden vestibul, ostrovni nastupisté
Hloubka stanic (rozdil Grovné terénu a nastupisté):

Kobylisy 31,50 m
Ladvi 7,35 m

The IVC1 Line of the Prague Metro - a picture report before
the inauguration, and principal parties to the project

The construction of the IVC 1 metro line started in 2000. The deadlines set out
before the construction commencement were kept throughout the construction
period. Technical achievements of this line are the unique method of passing
under the Vitava River and the first single-vault station within the Prague Metro
network, i.e. the Kobylisy station.

Dopravni podnik hl. m. Prahy, a. s., is the project owner; overall consultancy and
supervision was provided by InZenyring dopravnich staveb, a. s.; Metroprojekt
Praha, a.s., is the design consultant.

The general contractor for civil works was Metrostav, a. s., with its subcontrac-
tors - joint-stock companies Skanska CZ, Subterra, SMP Construction, Zaklada-
ni staveb, and others. The equipment was provided by CKD DIZ, a. s., and Skan-
ska CZ, a. s., Joint-Venture, together with joint-stock companies AZD Olomouc,
Zenittel Colsyl, Siemens Transportation Systems, Thyssen, and others.
Construction geomonitoring was conducted by SG Geotechnika, a. s., and
INSET, s. r. 0.

Overall construction cost amounts to CZK 8.7 billion.

Passenger services are being prepared for the end of June 2004. By adding this
new 3.9 km long operating section, the aggregated length of the subway net-
work will reach 54 km. At the same time, commencement of another extension
to the Line C at a length of 4.6 km, from the Ladvi station to Letriany, is being
prepared for mid-2004.

Prepared by: Ing. Josef Kutil, Ing. Petr Vozarik, Ing. Karel Matzner
Basic data on the construction

Structural length of the 4th operating section of the line C - 1st part
Holesovice Station (without) - Ladvi (including) 3981 m
(Construction work in the Holesovice Station is incorporated into the
structural length)

Maximum gradient 39.5 %

Minimum radius of running track direction curve 600 m Obr. 1 Vysouvany tunel v useku pod Vitavou .
Minimum radius of running track vertical curve 1000 m Fig. 1 Tunnel section launched under the Vitava River
EI’SIT'?[’CG, beg’t'/ete,” Stalyogs/:‘ 2749 Obr. 2 Monta? tlakovych uzavért na tratovych tunelech
oleSovice Station - Kobylisy m ; ; ; ;
Kobylisy - Ladvi 1740 m Fig. 2 Installation of pressure gates in running tunnels
Number of stations 2 stations Obr. 3 Definitivni provedeni dvoukolejného tunelu véetné technologie
Station names: ) ) . v usekuTrojska - stanice Kobylisy
1. Kobylisy mined station, two concourses, central-island platform Fig. 3 Finished double-rail tunnel including equipment
2. Ladvi cut-and-cover station, one concourse, central-island platform in the Trojska - Kobylisy station section
Station depths (difference between the ground level and platform level)
Kobylisy 31.50 m Obr, 4 Stanice Kobylisy pfed dokonéenim architektonickych tprav

Ladvi 7.35m Fig. 4 Kobylisy station before completion of surface finishes
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Obr. 5 Stanice Kobylisy pfi montazi technologie a vnitfnich Gpravach Obr. 8 Jednokolejné tunely pfed stanici Ladvi
Fig. 5 Kobylisy station in the phase of equipment installation and Fig. 8 Single-rail tunnels before the Ladvi station
interior finishing

Obr. 9 Hloubeny Usek s vyhybnou pfed stanici Ladvi
Obr. 6 Stanice Kobylisy - provadéni kone¢nych tprav Fig. 9 Cut-and-cover section with an exchange station before
v eskalatorovém tunelu the Ladvi station

Fig. 6 Kobylisy station - lator t I finishi
9 obylisy station - escajator tunnel Tinishing Obr. 10 Nastupiste stanice Ladvi pfi architektonické Gpravé

Obr. 7 Rozplet jednokolejnych tunelt za stanici Kobylisy Fig. 10 Ladvi station platform during interior finishing
Fig. 7 Single-rail tunnels transition to the Kobylisy station



PODILELI SE NA STAVBE TRASY IVC1 PRAZSKEHO METRA
PARTICIPANTS IN CONSTRUCTION OF THE PRAGUE METRO IVC1 LINE

NASKOK DIKY TRADICI

B )sree spcie by arter kA stave btk e, ¥ pode i
| 3 pRATERL, dOa | 23 ke G

W rabiahee stavly GooE e, DraRERE, IRIE Y SRE.,
Voo b S0 AFERE, VI FE 3 BiTARSRE

TAKING THE {EAD FROM TRADITION

B wearea tnstwe ity pa et Ik Che coRSEG IR A et
WEGEFFHREG ARG PHEF- GOV, bPme 3k aiekea d

W ofenbg CrAREERH LEGENT FO G, BB IRE BN, BPUE I,
CINE 3 B WA BT akaFenvett st oves

Subterra as, Bemopa fRRL

W T8 Prafas, ml:2u8 252
Fa: 24 AT

e mal inffEsuberm o,

www.sibterracz




PODILELI SE NA STAVBE TRASY IVC1 PRAZSKEHO METRA
PARTICIPANTS IN CONSTRUCTION OF THE PRAGUE METRO IVC1 LINE

NABIDKA PRACI PRO FODZEMNI STAVITELSTVI:

adbharmd kanzultase « geatachnica
geatachnicka zpaluprdsa pii prajeksi a wistavhd padzamnich stavah
stavebrd-gealoickd prizkumng prisa
geatachnickd vwpadty a numanskd madalawani
pragst mansgament geatechnizkysh stavah
fizani nZanyskysh rizik

labaratami zkaosky w akreditavana laba@taii
terénni zkausky a manitaring

inZanirska geaddzia

geatachnicky dazar

in&anyrska semalkigke

f Ei Y, RO IO R S R S S

SPECIALNI NABIDKA
TEGHNIGKYCH NOVIN EK:

QODBORME INFORMAGE,

STAVEBNI GEOLOGIE - GEOTECHNIKA, A.S.

kA0 lamemvy shenawaci my=lam :
O LA 2 500 kK N.El:.l LTA.(:.:E.

- imesgaboRms  Sdnrign S
::TIEm‘uE-:I.'r:rrl ; Eﬂ'ﬂa‘l}'du'.ﬂ_.. $=l.: 234 &5 111, foe: E34 65 112

F inlemsovy meam BARAE  daish e = mail: gealachrika@eatedhrika.cz

geabedhnidkiena manitanngy wel: werregeatechnika.cz




PODILELI SE NA STAVBE TRASY IVC1 PRAZSKEHO METRA
PARTICIPANTS IN CONSTRUCTION OF THE PRAGUE METRO IVC1 LINE

P

e
Hm;m;“ﬂ 41 Praha 6

20 222 185 111 &-mall: cu@emp.cz
14420 Z22 325 292 WWW.SMP.CZ

Vystavbu, rekonstrukci,
obnovu stanic a tras metra
provadi SKANSKA (7, as.,
Divize Technologie

Koordinace o Indengrskd Chnost, reallzace
adodavky technalogick s vpstroje tras
metra [Eerpad stanice, kabelove elektricke
& %ilowé rozvody, elekircinslalace,

vetrani a stankni vzdudwitechnika,
achranmy syetém metra)

kartakt:
skarskn [ as. Drs | erhincdagie,

s Al tarn 11 -Retr, Fuadarsag agmdst 1109l iy Frak: - Urtoa e SMN sm
Al + TE0 30 D0 452 | a0 230 aEE LY aqngil oot agsaaraeals



re

13 13. ROCNIK, &. 2/2004
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VYSTAVBA SEKUNDARNICH KOLEKTORU V HISTORICKEM JADRU MESTA BRNA
SPOLUFINANCOVANA ZE ZDROJU EVROPSKE UNIE

CONSTRUCTION OF SECONDARY COLLECTORS IN THE HISTORIC CENTRE
OF THE CITY OF BRNO - FINANCING ASSISTANCE BY THE EUROPEAN UNION
ING. FRANTISEK DVORAK, ING. BRETISLAV SEDLACEK, ING. VACLAV TORNER - AQUATIS, a. s.

1. UVOD

Cilem tohoto pfispévku je informovat o soutasném stavu vystavby systému
sekundarnich kolektor( v centralni oblasti mésta Brna a o vlivu zplsobu spolufi-
nancovani této akce ze zdrojt Evropské unie (dale EU) na projektovou pfipravu.
Ukladani distribu¢nich rozvodd vedeni technického vybaveni v historickém jadru
mésta Brna je feSeno v generelu sekundarnich kolektord, vypracovaném v letech
1990 - 1991 v a. s. AQUATIS Brno. Generel, tvorici systém rozdéleny na 20 tsek,
predpoklada jejich postupnou vystavbu a postupné predavani do provozu. Tyto
Useky jsou z hlediska stavebniho zdkona vedeny jako stavby.

Do poloviny roku 2001 byla dokongena vystavba I. etapy systému. V této etapé
byly dokonéeny a jsou ve spravé Technickych siti Brno, a. s., nasledujici tseky:

1. stavba - kolektor Josefska - Masarykova

2. stavba - kolektor Josefskd - Minoritska - Orli

3. stavba - kolektor Kapucinské ndmésti, Kvétinarska

4. stavba - kolektor Panska - Radnické

5. stavba - kolektor Janska

6. stavba - kolektor Janska - Malinovského ndmésti

Celkova délka uvedenych tsek je 1790 m, coz je asi 32 % délky celého systému.

Pfedmétem tohoto prispévku je Il. etapa vystavby kolektord. Tato etapa je spolufi-
nancovana ze zdroju Evropské unie prostrednictvim fondu ISPA, a to v ramci Sirsi-
ho projektu nazvaného Stokova sit mésta Brna, vedeného pod ¢iselnym oznacenim
ISPA ¢. 2000/CZ/16/P/PE/002. Tento projekt sestava ze tii samostatnych ¢asti:
Kanalizace LiSen, Rekonstrukce hlavnich uliénich stok, Kolektory v historickém
centru.

Sekundarni kolektory Il. etapy vystavby jsou rozdéleny na pét staveb:

7. stavba - Kolektor Koblizn4 - Postovska - Kozi délka 542 m
8. stavba - Kolektor Sukova délka 120 m
10. stavba - Kolektor ndm. Svobody - sever, vychod délka 274 m
11. stavba - Kolektor nam. Svobody - zapad, Zamecnicka délka 251 m
18. stavba - Kolektor Zelny trh, Starobrnénska délka 464 m

Celkem je tedy ve vystavbé dalsich 1651 m. Po dokonceni bude v provozu celkem
58 % celého systému sekundarnich kolektord.

Legenda:
Legend:
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Build-up area
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Roads
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Railway
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Obr. 1 Sekundarni kolektory v historickém centu mésta Brné - situace
Fig. 1 Secondary collectors in the historic centre of the City of Brno - Layout

1. INTRODUCTION

The goal of this contribution is to inform the reader about the secondary collectors
currently being erected in the central part of the city of Brno and the influence the
financial contribution provided by the European Union (further only EU) had on
preparation of the design work therefore.

Installation of the distribution network for technical supplies in the historic centre
of the city of Brno is shown on the general arrangement drawing of the secondary
collectors produced by AQUATIS, a. s., in the period 1990 to 1991. The arrange-
ment shows 20 sections, which are to be gradually erected and brought into oper-
ation. These sections are to be considered, according to the Building Law, as civil
engineering structures.

The Phase "I" of the system's development was concluded in the middle of the year
2001. The sections completed and transferred to the Technical Networks of Brno,
during this period, are as follows:

1. Structure - Collector Josefska - Masarykova

2. Structure - Collector Josefska - Minoritska - Orli

3. Structure - Collector Kapucinske namesti - Kvetinarska

4. Structure - Collector Panska - Radnicka

5. Structure - Collector Janska

6. Structure - Collector Janska - Malinovskeho namesti

The total length of the above mentioned collectors is 1 790 m, which represents
approximately 32 % of the system.

The subject of this contribution relates to the Construction of Collectors - Phase I.
This Phase is co-funded by the EU via the ISPA Fund. This is done under the auspices
of a project called "Sewer Network of the City of Brno" - registration number ISPA No.
2000/CZ/16/P/PE/002. This Project consists of the following 3 independent parts:
Lisen's sewerage, Reconstruction of the main street sewers, Collectors in the his-
toric centre.

The secondary collectors of the 2nd phase of the construction are divided into
5 structures as follows:

7. Structure - Collector Koblizna - Postovska - Kozi Length 542 m
8. Structure - Collector Sukova Length 120 m
10. Structure - Collector sq. Svobody - North, East Length 274 m
11. Structure - Collector Sq. Svobody -West, Zamecnicka Length 251 m
18. Structure - Collector Zelny market, Starobrnenska Length 464 m

Thus another 1651 m of collectors are currently under construction. After the com-
pletion, 58 % of the system of secondary collectors will be operational.




2 13. ROCNIK, &. 2/2004

Tunel

2. VLIV SPOLUFINANCOVANI Z FONDU ISPA NA PRIPRAVU

Fond ISPA (Instrument for Structural Policies for Pre-Accession - nastroj struktu-
ralni politiky v pfedvstupnim obdobi) byl zfizen Evropskou unii v roce 2000 jako
specialni podplrny program pfipraveny Evropskou komisi k podpofe uchazec-
skych statl pfi pripravé jejich vstupu do EU a k rozsifeni jejich znalosti politiky EU
tak, aby mohly ihned po vstupu vyuzivat Fond soudrznosti. Jeho predchiidcem byl
program LSIF Phare (the Large-Scale Infrastructure Facility - Program velkych infra-
strukturélnich investic), ktery fungoval od roku 1998 a v jehoZ ramci byly pro CR do
roku 2000 zajistény financni prispévky v celkové vysi 275 mil.€. Konkrétné ve mésté
Brné byl prostrednictvim tohoto programu financovan ¢astkou 14,2 mil.€ projekt
CZ 99.10 Brno - rekonstrukce verejné kanalizacni sité, ktery Fesil zlepSeni staveb-
nétechnickych a kapacitnich probléma ve tfech Usecich na trase kmenové stoky C.
0 tomto projektu je blize pojednano v TUNELU v &isle 01/2003.

Predvstupni fond ISPA je uréen pro sektor dopravy a Zivotniho prostiedi ve vSech
deseti kandidatskych zemich. V oblasti Zivotniho prostiedi poskytuje prostfedky na
projekty urené k naplnéni podminek evropské legislativy, pfedevsim v oblasti
ochrany vod, nakladani s odpady a ochrany ovzdusi. Projekty predkladaji Zadatelé
z vefejného sektoru, pficemz celkové naklady na realizaci projektu nesmi byt nizsi
nez 5 miliond €. Vybér konkrétniho projektu a navrzeni vyse prispévku provadi pra-
covni skupina ISPA - Zivotni prostfedi, nasledné koordinaéni vybor ISPA a potvrzu-
je fidici vybor ISPA, ktery je sloZeny ze zastupct ¢lenskych zemi Evropské unie.
Mésto Brno zpracovalo svoji Zadost za konzultatni podpory danské firmy Carl Bro
International v éervenci 2000. Zadost v§ak byla z Bruselu vracena k dopracovani pro
nedostatky ve finan¢ni a ekonomické ¢asti. Po jejim doplnéni ve spolupréaci s dalsim
konzultantem - némeckou firmou BCT Technology Enterprises - byla znovu podana
v zafi téhoz roku. Tentokréat byla Zadost schvélena a nasledné bylo 7. 2. 2001 pode-
psano prislusné finanéni memorandum se zadvaznym terminem ukonéeni financo-
vani do 31. 12. 2005. Jako zaklad smluvnich vztahii byl stanoven standard FIDIC -
nova Cervena kniha, tj. smlouva na stavebni prace, jejichz projektovou pfipravu
zajistuje objednatel. Celkové naklady byly fixovany ¢astkou 39,27 mil. €, z toho pfis-
pévek z fondu ISPA 17,84 mil. €, tj. zhruba ve vysi 45 %.

V priibéhu roku 2001 bylo nutné splnit dalsi podminky finanéniho memoranda, tj.
zpracovani tendrové dokumentace (dale TD), provedeni vybérového fizeni a pod-
pis smlouvy s vybranym dodavatelem stavby.

Magistrat statutarniho mésta Brna zadal v lednu 2001 pfipravu tendrové doku-
mentace u firmy Aquatis, a. s., Brno, jejimi subdodavateli byly dal$i brnénské pro-
jekéni kancelare DUIS, JV Projekt a Maloch. Vzhledem k nutnosti pomérné detail-
niho zachyceni veskerych technickych hledisek pro zpracovani TD podle standar-
du éerveny FIDIC, bylo nutné nejprve rozpracovat a projednat velké mnozstvi pro-
vadécich projektt (pro 137 stavebnich objektl a provoznich soubor(), na jejichz
podkladé bylo mozné spolehlivé stanovit predepsané podrobné specifikace
a vyméry. V zafi 2001 byl pfedan istopis TD Implementacni agentufe CRR, ktera
jej po kontrole postoupila Delegaci Evropské komise ke schvaleni. Schvalovaci
procedura, ktera trvala 10 mésict, byla zavrSena v ¢ervenci 2002 schvalenim TD.
Vzhledem k velikosti investice byla TD zna¢né objemna, zahrnovala na 1700 stran
textovych dokumentl a 600 vykrest - situaci, podélnych a pfiénych profild,
podrobnych vykrest objektli a detail(i. Po schvaleni byla zpracovana a vydana ve
stejném rozsahu rovnéz ¢eska verze TD pro usnadnéni kontaktl s tuzemskymi
partnery. Rovnéz komplex provadécich projektl pouZitych jako vstupni podklad
pro TD predstavoval znaény objem dokumentace. Zahrnoval dal$ich 1200 doku-
mentu - vykresU, technickych zprav a specifikaci, které bylo nutno pfipravit témér
soubézné s pracemi na TD. To vyZadovalo od vSech zt¢astnénych projekénich
kancelati mimoradné odborné a personalni nasazeni.

V nasledném vybérovém fizeni byl vybran zhotovitel, kterym se stalo konsorcium
tuzemskych stavebnich firem pod vedenim a.s. Subterra (+ ZS Brno, a. s., Metro-
stav a. s., IMOS a. s.), s nimZ byla podepsana smlouva v prosinci 2002 s terminem
dokonceni vystavby 11/2005.

2. INFLUENCE OF THE ISPA CO-FUNDING
ON THE PLANNING WORK

The ISPA Fund (Instrument for Structural Policies for Pre-Accession) was estab-
lished by the European Union in the year 2000. The purpose of this special assis-
tance programme established by the European Commission is to help the candi-
date states with their preparation for entry into the EU and to increase their knowl-
edge of the EU policies. This is in order that they may be able to take advantage of
the Cohesion Fund immediately after becoming the EU members.

The programme - LSIF Phare (The Large-Scale Infrastructure Facility) was in oper-
ation since the year 1998 and via this programme the Czech Republic was allocat-
ed, since the year 2000, with a contribution of 275 mill. EUR. 14,2 mill. EUR from it
was used for example for the Project CZ 99.10 for the city of Brno titled - "Brno -
Reconstruction of the Public Sewerage System" of which the objective was to
improve conditions related to the structural and capacity-related problems of three
sections in the main sewer route labelled as the route "C". This project was
described, in some detail, in the TUNNEL magazine -number 01/2003.

The Pre-Accession ISPA Fund targets the transportation and environmental issues of
ten candidate states. Its environmental part offers assistance with projects of which
goal is to fulfil conditions as stipulated by the European Legislature for Water Con-
servation, Waste Treatment and Air Pollution Control. The projects have to be sub-
mitted by applicants from Government Organisations and their total value should
not be less than 5mill. EUR. The Working Group of the ISPA - Environmental Affairs
and the Coordination Commission of ISPA is responsible for the projects' selection
and a proposal concerning the size of contribution that should be allocated to each
of them. The proposal is then submitted for approval by the ISPA Governing Bodly,
which is formed by representatives of member states of the European Union.

The Submission of the city of Brno was prepared with the assistance of a Danish
consulting company Carl Bro International in July 2000. However, the Brussels'
office of the EU reported that the Submission was lacking in its Financial and Eco-
nomical Sections and sent it back to Brno for corrections. The document was sub-
sequently corrected with a help of a German consulting company BCT Technology
Enterprises and resubmitted to the EU in September of the same year. This time
the document was approved and the relevant Financial Memorandum signed on
7. 2. 2001. The Memorandum specified the non-negotiable completion date as 31.
12. 2005. FIDIC, the new red book, i.e. "Agreement concerning civil engineering
works of which design is prepared by the Employer”, was to be used as the base
on which all contractual agreements should be founded. The specified fixed total
expenditure of the project was 39,27 mill. EUR. The EU contribution accounted for
17,84 mill. EUR, which is approximately 45% of the total cost.

Certain additional conditions stipulated by the Financial Memorandum had to be
complied with during the year 2001. These were as follows: preparation of tender
documentation (further only TD), contract award and signing thereof with the pre-
ferred civil engineering contractor. The City Council of Brno requested Aquatis
a.s Brno to prepare the tender documentation. It was necessary to enroll assistance
of the following subcontractors: DUIS, JV Projekt and Maloch, all of them Brno-based
design offices. In order to achieve the required objectives, a large number of con-
struction projects (for 137 structures and technological units) on which bases the
individual specifications and measurements could have been safely evaluated, had
to be developed and considered. The final version of the Tender was then submitted
for checking by the Implementation Agency CRR in September 2001, which passed
it on, after completing their part, to the Delegation of the European Committee for
approval. This was done in July 2002. Approval of the Submission took 10 months.

Due to the large extent of the work to be carried out, the Tender Documentation
contained 1700 pages of text and 600 drawings - general arrangements, longitudi-
nal and cross sections, detail drawings and details. In order to assist the Czech part-
ners with evaluation of this tender, the document was, after the approval, issued in
the same extent also in Czech language.

Obr. 2 Razba snizeného profilu
Fig. 2 Excavation of the reduced cross section

Obr. 3 Dokonéovani razeného profilu v ulici Koblizné
Fig. 3 Finishing of the mined profile in Koblizna Street
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Dlouh4 doba pfipravy, zplisobené prerusenim praci béhem zpracovéni TD a zdlou-
havym procesem jejiho schvalovani, se negativné projevila na ¢asovém pribéhu
vlastni vystavby, protoZe termin ukonceni stanoveny ve finanénim memorandu jiz
nebylo mozné posunout. Lhita vystavby se tak zkratila z pfedpokladanych cca 46
mésicl na 33 mésicd, coz si vyZaduje mimoradné naroky na ¢asovou i prostoro-
vou koordinaci a optimalizaci vSech stavebnich postupu.

3. VEDENI TECHNICKEHO VYBAVENI

Vyéet vSech vedeni technického vybaveni, které je mozno do kolektor( ukladat, je
pomérné obséhly. Jsou to jednak trubni vedeni - vodovod, plynovod, parovod,
resp. horkovod, kanalizace, potrubni posta a potrubi domovniho odpadu, jednak
vedeni kabelova - kabely silnoproudé pro velmi vysoké, vysoké, nizké i malé napé-
ti, kabely slaboproudé a svételné. Zvlastni skupinu tvofi vedeni vlastniho vybave-
ni - kabely pro osvétleni, napéjeni ventilatord, servopohont, kabely ovladaci a sig-
naliza¢ni, odvodiiovaci potrubi, potrubi separatniho vétrani.

Zatimco pro kabelova vedeni nejsou pfijimana prakticky Zadna omezeni s vyjim-
kou nejvyssiho napéti, v urcitém prostoru pfijatém, coZ souvisi s napétovou sou-
stavou konkrétni rozvodné sité a jejiho zadsobovani, jsou na osazovani nékterych
trubnich vedeni do kolektord v rGznych mistech rozdilné nazory.

Uvahy o vedeni potrubi domovniho odpadu byly (prozatim) ukongeny ve viech
méstech, ve kterych stavba kolektorli probiha, negativné. Podobné tomu je
i u potrubni posty, kterou je mozno osadit do primarnich kolektor(i v Praze i Brné,
bude-li takova poptavka.

S ohledem na rozsiteni centralniho vedeni tepla v historickém centru Brna
(a nejen v ném), je v prvni etapé vystavby instalovan parovod a je v provozu,
v dalSich etapach je pocitano s instalaci horkovodu.

Velmi zavazné rozhodnuti plati o ukladani plynovodu do kolektord, at nizkotlakych,
¢i stfedotlakych. V sekundarnich kolektorech v Brné plynovod osazovan neni a neni
s nim do budoucna ani pocitano. Tato skute¢nost vyvolava nékteré otazky, které je
obtizné zodpovédét. Plynovody, uloZené v zemi prakticky ve vSech ulicich soubézné
s kolektory, jsou zpravidla relativné nové a potrubi ma predpokladanou dlouhou
Zivotnost. Pfesto je jejich Zivotnost kratsi, nezZ je predpokladané Zivotnost kolektord.
Pritom je nezbytné kolektory pfi soubéhu s plynovody v zemi dobie zabezpetit proti
ucinkGim plynu, ktery muze pfi poruse plynovodu do podzemnich prostor vniknout
(signalizace vyskytu plynu odstupriovana podle stupné koncentrace plynu, vybave-
ni zafizenim v nevybusném provedeni a dals$i). Jakakoliv oprava ¢i vyména plyno-
vodu, uloZeného v zemi, znamena rozkopani povrchu. Zda se, Ze vyrazeni plynovo-
di z kolektoru mé jiné nez technické pficiny.

Po dlouha Iéta diskutovanym problémem je moznost spole¢ného feseni kolektoro-
vé soustavy a systému kanalizace. Domnivdme se, Ze tato otazka je v systému
sekundarnich kolektor(i v historickém jadru Brna vyfeSena velmi dobre. Prispéla
k tomu bezpochyby vyskova konfigurace zajmové oblasti a do zna¢né miry havarij-
ni stav prevazné ¢asti stok, ale predevsim pristup spravce kanalizace a odborna eru-
dice zpracovatele projektd, pocinaje generelem. Podle soucasného i vyhledového
stavu je v prevazné vétsiné kolektorovych stol systému kolektord v historickém cent-
ru Brna soucasti kolektor(i i kanalizace. Obetonované kanalizaéni potrubi je umisté-
né v podlaze a pfi feSeni jednotlivych vétvi kolektoru jsou feSeny veskeré domovni
pfipojky. Podrobnosti jsou v odstavci o feSeni napojeni jednotlivych objekta.

4. RESENI NAPLNE KOLEKTORU

Prednostnim problémem feseni kolektorovych systém i jednotlivych tsekd v his-
torické zastavbé velkych mést by nemélo byt feseni geotechnickych problém, at

Obr. 4 Ukladani kanalizace prdméru 1000 mm pod podlahu kolektoru
Fig. 4 Laying of the 1000mm sewer under the collector's floor

The set of construction documents used for compilation of the Tender consisted of
additional 1200 documents - drawings, technical reports and specifications that
had to be prepared in parallel with the Tender. Due to exceptional professional
qualities and dedication of all participants the task was completed as required.
The Tender was awarded to the Consortium formed by Czech civil engineering
companies under the leadership of Subterra, a. s.,(+ ZS Brno, a. s., and Metrostav,
a. s.). The Contract was signed in December 2002.

A long period of time spent on preparation of the document, interrupted compi-
lation thereof and lengthy time needed for its approval, resulted in a negative
impact on the construction works-schedule since the completion date specified by
the Financial Memorandum was fixed and could not be postponed. The con-
struction work was thus shortened from the expected 46 months to only 33
months period, which is putting an enormous pressure on the works coordination
and all construction activities.

3. INSTALLATION OF MECH/ELECTRICAL EQUIPMENT

A list of equipment that may be installed within collectors is rather large. It includes
not only various pipelines - pipes for cold water, warm water and steam heating
system, sewerage, postal piping and domestic waste but also cables - heavy cur-
rent cables for very high, high and low voltage, low current and cables for lighting.
A special group of cables is formed by cables serving the collectors' own require-
ments -cables for lighting, ventilators, driving units, controls and alarms. Included
in the category are also pipes for dewatering and air exhaust.

Whilst fitting of cables within collectors is not subject, practically, to any restric-
tions, with the exception of cables for very high voltage related to a particular dis-
tribution network and its supply, views on fitting of certain types of pipeline are
by no means uniform.

Installation of domestic sewerage piping into the collectors was disapproved (in
the meantime) for all cities where the collectors are currently being constructed.
The same is applicable to the postal piping. These, however, could be installed in
primary collectors in Prague and Brno, should it be required.

As far as the installation of heating-pipeline in the historic centre of the city of Brno
is concerned (and not only here), the Phase | of the works included installation of
the steam pipelines (which are operational) and the further phases will incorporate
the installation of a hot water system.

Fitting of gas piping into collectors is subject to strict regulations, whether it is for
low or medium pressure of gas. The Brno's secondary collectors do not include
gas pipelines and neither there are plans for their inclusion in future. This, howev-
er, poses a problem, which is not so easy to resolve. Although the gas pipelines are
laid practically in all streets parallel with the collectors and are relatively new, their
expected service life is shorter then that of the collectors themselves. However, it
is required that the collectors are protected against ingress of gas from these
pipelines should they be damaged (sensor system sounding alarm in dependence
on the gas concentration, installation of equipment suitable for explosive condi-
tions, etc.). This, combined with the fact that practically all types of repairs of these
pipelines would require digging up the streets and creation of a lot of inconve-
niences, suggests that the decision to exclude them from the collectors was based
on other than just engineering considerations.

Common solution to the collector and sewerage systems was contemplated and
extensively discussed over a period of many years. It is believed that this subject
had been handled well as far as the secondary collectors system in the historic cen-
tre of Brno is concerned. This was due to the RL configuration of the interest zone,
dilapidated state of a large part of the sewers, approach of the Network Supervisor
and the professional erudition of the project designer. In accordance with the cur-
rent and future outlook, the dominant part of the collectors in the historic centre of
the city of Brno will contain sewerage system as well. Sewerage pipes are placed
into the floor of the collectors and concreted in. For further details see the article
describing connections to individual structures.

4. THE COLLECTORS FURNISHING

Collectors constructed in historic parts of large cities should not handle problems of
the geotechnical nature, whether it concerns mining activities or protection of exist-
ing structures and parallel utilities. The collectors' main purpose is to bring water,
energy and supply of information data to the concerned structures and also to take
away wastewater in the required volumes whilst causing the minimum possible dis-
ruption to the environment whether it be during the construction work or the sys-
tem's operation. This could only be achieved through a close cooperation with Net-
work Supervisors and their Owners. These institutions thus should, first of all, be
interested in this relationship and have the necessary understanding of the current
and future requirements of their resorts and the technical development thereof.
Cooperation between these bodies and the designers is unfortunately seldom that
good. Designers thus concentrate mainly on technical aspects of the construction
work and the collectors' furnishing becomes subject, more or less, to a profession-
al estimate only. This results in an increase in the capital investment whilst the prac-
tical utilisation of the structures diminishes. Just as is the case in other fields of engi-
neering, a capacity of a system is determined by the largest possible amount of net-
work that may be transferred through its narrowest profile, so it is true even here.
Areas outside these narrow spaces can hardly be utilised economically. This, unfor-
tunately is the case with collectors designed for the maximum amount of lines
which eventually cannot be transferred through various crossings and bends, i.e.
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uZ jde o navrh razby (jedna se pievazné o stavby provadéné hornickym zplisobem),
¢i bezchybné zajisténi stavajici okolni zastavby véetné soubéznych vedeni technic-
kého vybaveni. Hlavnim téelem kolektor( je pfivést vodu, energie a informace do
objektd a odvést odpadni vody z objekti v pozadované kapacité pfi zachovani udr-
zitelného Zivotniho prostredi pfi stavbé i provozu. K tomu je nezbytné Uzce spolu-
pracovat s pfislusnymi spravci ¢i majiteli vedeni. Tyto instituce musi mit pfedevsim
zajem na spolupraci. Musi mit dostatecny prehled nejen o souéasnych, ale i per-
spektivnich potfebach svého resortu a sméru technické rozvoje. Jak mohou potvr-
dit projektanti kolektord, nesetkavaji se vidy se vstficnosti pfi pozadované spolu-
praci. V takovém pfipadé se projektanti vénuji pfedevsim otazkam realizace a napln
kolektor( je stanovena viceméné odbornym odhadem. To je pak pfi¢inou zvySujici
se investi¢ni narocnosti staveb pfi sniZujici se praktické vyuZitelnosti. Tak jako
v jinych pfipadech i zde plati, Ze pfenosova kapacita systému je dana moznostmi
prevést urcité mnozstvi siti nejuzsim profilem a prostory mimo tato tzka mista jsou
drahym balastem, prakticky nevyuzitelnym. To je v8ak Udél névrhd, kdy jednotlivé
vétve kolektorl jsou dimenzovany na uréité maximalni mnozstvi ukladanych vede-
ni, kterd vSak ve svém souhrnu neni moZno vSechna prevést mistem kizeni
a odbocovani, tj. technickymi komorami. Technické komory, které by umoziiovaly
kiizeni a odbogovani variabilné ve vSech smérech, by byly tak velké, Ze by neu-
mérné prodrazily stavbu a v kone¢ném stadiu by byly poloprazdné.

5. ZASADY VEDENI SiTi V SEKUNDARNICH _
KOLEKTORECH V HISTORICKEM CENTRU MESTA BRNA

Pro podzemni liniovou stavbu, nesouci oznacéeni kolektor, musi byt spinény dvé
zékladni podminky. Musi byt urena nejméné pro dvé rizné inzenyrské sité
a v prevazné délce musi byt zajistén pohyb obsluhy vytvofenim priichodu v hori-
zontalnich ¢astech o Sifce nejméné 0,75 m a vySce 2,1 m. Z hlediska provozovate-
le kolektort je vyhodné zachovavat moznost volného prichodu i prijezdu hlavni-
mi trasami.

Sekundarni kolektory, které zpravidla sleduji ulicni sit, maji ve své trase jednak
odboceni pro napojeni jednotlivych pozemnich objektd, tzv. domovni pfipojky,
jednak v misté kfizovatek ulic prostor pro odboceni, pfipadné kfizeni jednotlivych
vedeni pfi zachovani uvedenych zékladnich podminek - tzv. technické komory. Je
nutno se zminit i o tzv. odbockach, které umoziuji pokracovat ve vystavhé systé-
mu bez rusivého zasahovani do UsekU jiz provozovanych.

V pojednavaném systému kolektorl v centru Brna se v trase kolektoru ustélilo
umisténi vodovodu pfi podlaze, v horni ¢asti profilu jsou teplovody. Napli dopl-
nuji kabelové rozvody v kolektoru po obou jeho strandch a kanalizacni potrubi.
Kanalizaéni kruhové potrubi 00 400 - [0 1200 mm je uklddéno do podlahy, je vidy
obetonovano a revizni Sachty v podlaze jsou uzavieny vodotésnymi poklopy.
Domovni kanaliza¢ni pfipojky a destové vpusti jsou pfivadény do spadist, jejichz
vyska je dana rozdilem Grovné domovni pripojky a stoky v podlaze. | tento prostor
je oddélen od vnitfku kolektoru vodotésnym uzavérem, odvétrani je kanalizaénimi
Sachtami umisténymi mimo kolektor a domovnimi pfipojkami. Odvodnéni podla-
hy kolektoru je gravita¢ni pres vodni uzavér se zpétnou klapkou.

Umisténi kanalizacniho potrubi véetné pripojek volné do kolektoru bylo zpocatku
diskutovano, ale toto reseni nebylo pfijato.

Odbocovani vedeni do objektu je zasadné feseno tak, Ze prichod je veden z pro-
storu vytvoreného zvy$enim Stoly kolektoru. Vlastni domovni pfipojka mé podla-
hu nad Urovni kolektoru. Pristup do takové pfipojky (muZe byt jednostranna Ci
oboustranna) je z priichozi chodby po Zebfiku a priibézna trasa siti je bez zmény
nivelety. Podstatnou prednosti takového vedeni je skute¢nost, Ze domovni pfipoj-
ky jsou prevazné v Grovni suterént a prevedeni siti z pfipojky do objektu je pfimo
chrénickami, vrtanymi z ela pfipojky do suterénu. Je to jakasi odména za to, Ze
zaroven s vystavbou kolektor(i je feSena i rekonstrukce zastaralé a poruchové
kanalizacni sité, ktera je prevazné umisténa vyse, nez je nyni nova v podlaze kolek-
tord. Je vyuzita prednost historické ¢asti mésta Brna, spocivajici ve vhodnych spa-
dovych pomérech daného tzemi. Uroveri domovnich pipojek zpravidla je mimo
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Obr. 5 Mésto Brno - ISPA projekt 200/CZ/16/P/PE/002, pfehledna situace
Fig. 5 City of Brno - ISPA Project 200/CZ/16/P/PE/002, General Arrangement

through technical chambers. A chamber that could handle variable amounts of line
crossings in all directions would have to be large indeed and the cost of its con-
struction would substantially increase the cost of the whole project. Such a cham-
ber would at the end be half empty and under-utilised anyway.

5. PRINCIPLES GOVERNING INSTALLATION OF NETWORK
IN SECONDARY COLLECTORS IN THE HISTORIC CENTRE
OF THE CITY OF BRNO

Construction of a linear structure called collector is governed by two basic princi-
ples. It must house at least two engineering networks and for the most of its length
it must allow for movement of service personnel by creating a passage in its hori-
zontal sections of which dimensions would not be smaller than 0,75 m wide and
2,1 m high. Free passage through the main route, serving the personnel and trans-
port vehicles, is considered to be an advantage. Secondary collectors which nor-
mally follow street network, feature turn offs for connections to individual surface
structures, so called house connections, and chambers that allow, at street cross-
ings, crossing and bending of individual lines whilst respecting the pre-set condi-
tions - so called technical chambers. There are also so called turn offs that allow
continuation of the system's construction without disrupting function of sections
that are already operational.

It became a matter of routine with the construction work carried out in the historic
part of the city of Brno that water conduits would be placed in the floors and the heat-
ing distribution pipelines at the top sections of the collector profiles. Cables being fit-
ted along both sides of the collector and sewer piping complemented the furnishing.
The sewer-piping, O 400 to O 1200 mm, that is installed in the floor is always con-
creted in. Manholes in the floor are fitted with watertight covers. The household
sewer connections and the storm-water inlets are brought to the aprons of which
height is determined by the difference between the level of domestic connection and
a level of the sewer in the floor. This area is also sealed off from the collector's inte-
rior by a watertight cover. Its ventilation is done via sewer shafts placed apart the col-
lectors' and household's connections. Gravity drainage takes water from collectors
via a water lock arrangement fitted with a non-return valve. Housing of the sewer pip-
ing, fitted with joints, freely inside the collectors was originally considered to be an
advantage but was discarded at a later stage. Branching of the network into the struc-
tures was via a passage taken from the space created by rising of the collectors' adlits.
The floor of the domestic connections is above the collector's level. Access into the
connection (which may be one or two sided) is through the pass-through gallery via
a ladder, and the elevation of the network routing remains unchanged. The main
advantage of this system lies in the fact that domestic connections are mostly at the
basement levels and the lines may be transferred into the structures via casing pipes
frilled from the front of the connection into the basement directly. It is a way of being
rewarded for doing the reconstruction of the old and defective sewer network, which
is mostly placed higher than is the newly installed one - in the floor of the collectors.
The design took advantage of sloping ground in the historic part of Brno. Elevation
of the domestic connections is mostly out of the reach of the existing street network
with the exception of the sewer connections. These are led into aprons built togeth-
er with the collectors or those that were refurbished.

Branching and crossing of the lines takes place in technical chambers. In the case
of the one sided branching (T shaped chambers), the lines are raised up in order
to allow for the necessary walk-through passage. In the case of the two sided
branching (crossing), the lines are raised on both sides. Cables branching from one
side of the collector into the branch on the other side are mounted on supporting
structures and at the ceiling. The cables are accessible by means of service plat-
forms. Pipes are raised to the level of the platforms in order to create the neces-
sary walk-through passage.

The advantage of the system is that the maintenance personnel can access the
network even with transport vehicles should it be necessary. The system does
away with various platforms, normally required for branching off the lines to the
opposite sides of the domestic connections or in technical chambers. The free
access to the network along the whole route is, without any doubt, the advantage
of the accepted design.

6. PHASE II. - LINING

Principles that are governing static calculations and behaviour of ground structures
are described in detail in the article [1]. Correctness of the accepted design was con-
firmed by the results of the convergence measurements made during the erection
and by uncompromising loading tests carried out thereafter. For this reason, the
same principles could have been adopted, with some modifications, even to the sec-
ond stage of the development. The first stage, as described in the article [2], con-
cerned mainly mining work carried out in a layer above the ground water table,
mostly in the cohesive backfills, loess loam and cohesive clayey soils. Non-cohesive
sands and gravels are the remnants of peoples' activities - backfills in excavations for
engineering networks or backfills for civil engineering works. Concrete for water-
works was used for erection of the structures but these were without waterproofing.
Environment of the second phase was more complicated than that of the first one
- the major part (with the exception of the collectors at Zelny trh) encroaches, to
the greater or lesser extent, into the lime-clays area, so called Brno's tegl, and
ground water of which fluctuating levels reach, in some instances, above the col-
lectors. Even though the mining activity takes place mainly in the cohesive soils,
mining under the changing conditions becomes naturally more complicated. Nev-
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dosah stévajicich siti v ulici z vyjimkou ptipojek kanalizacnich, které jsou v§ak sva-
dény do spadist, budovanych v ramci kolektoru nebo obnovovany.

Odbocovani a kfizovéani uloZenych siti je feSeno v technickych komorach. PFi
odbocovani jednostranném (komory tvaru T) jsou sité na strané odboceni zved-
nuty tak, aby pod nimi vznikl prachozi profil. Pfi odbo€ovéni na obé strany (kfize-
ni) jsou priibézné sité zvednuty na obou stranach, kabely, odbocujici z jedné stra-
ny kolektoru do odbocky na strané druhé, jsou vedeny po pomocné konstrukci
a klenbé, kde jsou pfistupné z obsluzné plosiny. Potrubi jsou zvedana do Grovné
ploSiny k vytvoreni prichodu.

Prednosti uvedeného zpisobu vedeni siti je moznost pohybu obsluhy i s pfipad-
nym dopravnim mechanismem bez prekonavani prekazek. Odpadaji tim r(izné plo-
Siny po trase, nutné pro prevedeni siti na opacnou stranu kolektoru pfi odbocova-
ni do domovnich pfipojek & v technickych komoréach. Dobra pfistupnost k vedenim
po celé trase i do odbocek a pfipojek je bezesporu prednosti pfijatého feseni.

6. OSTENI II. ETAPY VYSTAVBY

Zéasady statického vypoctu a chovani pozemnich konstrukci jsou podrobné popsa-
ny v ¢lanku [1]. Vysledky, ziskané konvergenénim méfenim pfi stavbé a prisnymi
zatéZovacimi zkouskami po dokonéeni, prokazaly spravnost pfijatého feseni. Byly
proto aplikovany po pfizptsobeni se vlivu nékterych odli$nosti daného prostredi
i pro vystavbu Il. etapy. Prvni etapa vystavby, popsana v [2], byla prakticky cela
razena nad hladinou podzemni vody v prevazné soudrznych navazkach, spraso-
vych hlinach a jilovitych soudrZznych hlinach. Nesoudrzné pisky i Stérky byly
spise pozUstatkem cinnosti ¢lovéka - zasypy vykopl pro inZ. sité nebo stavebni
zéasypy. Konstrukce byly provadény z vodostavebniho betonu a nebyly izolovany.
V druhé etapé je prostredi sloZitéjsi - pfevazna ¢ast (s vyjimkou kolektoru na Zel-
ném trhu) zasahuje vice ¢i méné do vapnitych jild, tzv. brnénskych téglt a do pod-
zemni vody, jejiz proménna hladina je v nékterych mistech az nad kolektorem.
| kdyZ pfevaina ¢ast prostiedi, ve kterém razby probihaji, je tvofena soudrznymi
Zakladni metodou vystavby zustava véak NRTM, jdouci ruku v ruce s observaéni
metodou sledovani praci.

Na zakladé zkuSenosti z |. etapy vystavby doslo v navrhu k nékterym konstrukénim
zménam. Je to predevsim zjednodu$eni pfiéného fezu kolektord i komor. Zatimco
kolektory i komory byly z po¢atku v klenbé i v opéfi obloukové, nové feseni pfijalo
diska maximalniho vyuZiti prGfezu. Po vyhodnoceni zatéZovacich zkousek techn.
komor byla pfi jejich razbé zvétSena velikost zabéru a tim i vzdalenost vyztuznych
ramu primarniho osténi z 0,5 m na 0,75 m. Zabeér pfi razbé kolektoru je 0,8 - 1,0 m.
Pro zajisténi primarniho osténi z(istava tak jako v |. etapé stiikany beton, svarova-
né sité a nové v prevainé mife pouzivané piihradové svarované nosniky z beto-
narské vyztuze ANKRA a ASTA. Tyto konstrukce vystfidaly plvodné pouzivanou
dulni vyztuz s poddajnymi spoji z profili K 21 a K 24. Vyhodou tohoto feseni je
uspora oceli, vétsi variabilita prarezt podle zatizeni a v neposlednim misté i moz-
nost lepsiho prostiikani konstrukce bez nebezpedi vzniku dutin v osténi.
Sekundarni osténi kolektord, provadéné zpravidla se znaénym &asovym odstu-
pem, je opét ze stfikaného betonu, kombinovaného se svafovanymi sitémi pfi
obou povrsich.

QOchrana dila proti spodni vodeé je feSena tésnénim s krystalizacnimi ucinky, vytvare-
nim vrstvy mezi primarnim a sekundarnim osténim. Stény a klenba jsou opatfeny
vrstvou ze smési MONOCRETE MONOMIX XP TH s pfisadou XYPEX ADMIX C 1000
o0 tl. nejméné 15 mm, nanasenou suchym nasttikem. Podkladni beton a spodni ¢ast
svislého osténi jsou opatfeny natérem XYPEX CONCENTRATE, ktery je uZivan téZ ve
vSech pracovnich sparéach, vzniklych pferusenim betonéze. V jednotlivych tsecich je
izolace provadéna do vysky presahujici o 1,0 m zjisténou hladinu podzemni vody.
Vysledkem navrZenych opatteni neni vodotésna konstrukce, ale ziskani konstrukce
vodonepropustné, kde pronikajici vodni pary jsou odparovany do okolniho prostoru
a odvadény vétracim systémem do ovzdusi. Misto pfipadného pronikani vody je
snadno zjistitelné i opravitelné. Podle informaci z literatury, napf. [4], pfi daném pre-
tlaku spodni vody by pro zajisténi vodonepropustnosti stacilo osténi v navrhované
tloustce (35 cm u kolektord, 50 cm u techn. komor) za pfedpokladu dodrZeni prede-
psané intenzity vétrani. Navrzend izolacni vrstva mezi primarni a sekundarni obe-
zdivkou je zarukou omezeni mnozstvi vodnich par odpafovanych z osténi na mini-
mum. Zaroven zabezpeci regeneraci pfi vzniku trhlinek v osténi.

7. ZAJISTENI OKOLNi ZASTAVBY

Zakladova spara kolektor( je priblizné jednotna v celé délce a pohybuje se okolo
7,0 m pod Grovni povrchu. Ani pozemni zastavba neni pfili§ hluboko zalozena,
z tehoz vyplyva nezbytnost zabezpedit okolni objekty proti indukovanym aéinkGim
razby. Z geotechnickych vlastnosti zemin byl stanoven rozsah ovlivnéni objekt(.
PFi rozhodovani o rozsahu zajisténi bylo pfihlizeno i k historické hodnoté objektd
a jejich stavebnimu stavu.

Hlavnimi prvky indukovanych uéinkd jsou poklesy vyvolané razbou stol a Gcinek
zmén hladiny podzemni vody. Seismické vlivy a vlivy z poddolovani v daném pro-
storu nepfichazeji v Gvahu.

Pro zabranéni poklest okolnich staveb vlivem razby slouzi clona ze sloupd trys-
kové injektaze, umisténa mezi pozemni a kolektorové objekty. Myslenka podchy-
tit zaklady celnich stén objektl byla opusténa, nebot rozdilné ulozeni jednotlivych
stén objektd by mohlo dlouhodobé vést k jejich porucham. Primér a vzdalenosti
jednotlivych sloupt, vytvofenych tryskovou injektazi, jsou voleny tak, aby clona

ertheless, the NATM is still the fundamental excavation method, which goes hand
in hand with the observation method of the construction works.

On the basis of experiences gathered from the first phase of the works, certain con-
struction methods were modified. It concerned, first of all, simplification of cross-
section arrangements of the collectors and chambers. Whilst the roof and side-
walls of the collectors and chambers were originally curved, the roof in the new
proposal was circular and sidewalls were straight. Straight sidewalls are better
also in view of the maximum utilisation of the cross section. As the result of eval-
uation of the loading tests carried out on the technical chambers, the round length
was increased from 0,5m to 0,75m and with it also the spacing of support frames
used for primary lining. The round length in case of the collectors is 0,8m - 1,0m.
The primary lining consists, just as in the Phase 1, of shotcrete, welded mesh and
mostly lattice girders welded together from reinforcing rods ANKRA and ASTA.
These structures have replaced the originally used colliery yielding supports, fab-
ricated from the K21 and K24 profiles. Advantage of this system is in the saving of
steel, greater assortment of sections in dependence on the loading and easier shot-
creting through the arrangement and thus a smaller possibility for creation of cav-
ities in the lining.

The secondary lining, normally erected at some later stage, consists also of sprayed
concrete, which is combined with fitting of welded mesh to the both surfaces.

The works are protected against ground water by a waterproofing layer of a crys-
tallising material placed between the primary and secondary lining. The walls and
ceiling are furnished with a layer of MONOCRETE MONOMIX XP TH mixture with
additive of XYPEX ADMIX C 1000 having the minimum thickness of 15mm sprayed
using the dry process. The base concrete and the bottom part of the vertical walls
are painted by XYPEX CONCRETE paint, which is also applied to all construction
joints caused by discontinuation of concreting work. The waterproofing system in
some sections stretches by 1,0 m above the ground water table. The purpose of
the proposed measures is not to construct a watertight structure but a structure
that is impervious for water, and from which the penetrating water vapour can be
exhausted to the atmosphere. Water seepages are easy to detect and easy to
repair. Thickness of the proposed lining (35cm thick for collectors and 50cm thick
for technical chambers), for the given overpressure of the ground water, would sat-
isfy, according to the literature, e.g. [4], the requirements concerning impervious-
ness, provided that the specified intensity of ventilation is complied with. The
waterproofing layer between the primary and secondary lining guarantees a sub-
stantial reduction of the water vapour evaporating from the lining. This layer also
ensures regeneration of cracks in the lining, should any occur.

7. PROTECTION OF THE SURROUNDING BUILDINGS

The collectors' foundation base is practically a uniform, running along the whole
length of the structure in depth of approximately 7,0m below the surface. The sur-
face buildings in that area were built also with rather shallow foundations. It thus
became necessary to arrange for the buildings to be protected against negative
effects of the proposed tunnelling work. The extent of the buildings' protection was
determined by evaluation of the geotechnical properties of soils found in the area,
historic value and structural soundness of the buildings. Main forces acting on the
buildings are due to the induced settlements and changes of the ground water
table level. Impacts due to seismic activities generated by mining works did not
have to be included in the evaluation.

Settlement of the buildings was prevented by the installation of a curtain of jet-grout-
ed columns provided between the collectors and these buildings. The originally pro-
posed underpinning of the foundations of front walls of the structures was abandoned
since the differences in the foundation conditions of individual walls would only lead
to damage. The jet-grouted columns are arranged in such a way as not to create a con-
tinuous wall. Thus the ground water may pass through the curtain although some fluc-
tuation in its level, due to this barrier, cannot be ruled out entirely. The total length of
structures to be so protected is 340m, which is 21 % of the total route of the Phase Il.

8. PROBLEMS ENCOUNTERED DURING ERECTION

It was known right from the beginning that the geology of the Phase Il area would
be more complicated than that of the Phase I. However, the source of the biggest
problem to overcome was due to the inaccurate data concerning the position of the
main sewerage at the Svoboda Square and Koblizna Street. This sewer was built
in the first quarter of the 20th century. Its dimensions are 900/1450mm and
700/1050mm. The sewer was included in the Project in accordance with the draw-
ing documentation available at the time. Furthermore, there was no reason to dis-
trust claims made by the Sewer Supervisor. Verification of the drawings, especial-
ly after the subsequent modification to the civil structures (removal of the inspec-
tion shaft), was very difficult indeed. It was discovered only during the tunnelling
that the sewer crossed the collector's path at a number of its sections. These prob-
lems had to be handled, so to speak, on the march.

Two different approaches were considered. The first approach was based on expe-
riences gathered from the tunnelling in the Masarykova Street (Phase 1.), see [1],
where the existing egg-shaped sewer 500/750mm was installed in the cross-sec-
tion dug out in the full profile whilst the sewer was operational.

The second approach, which was, due to the size of the sewer and its eccentric
position, accepted, was the sequential excavation method under Koblizna Street.
The excavation there could have been completed only after the sewer was relayed
into the newly laid pipe in the base of the collector. The similar procedure had to



re

s 13. ROCNIK, &. 2/2004

Obr. 6 Kolektorova ptipojka - pficny fez
Fig. 6 Collector's connection - Cross section

Legenda / Legend:

Vodovod / Water supply

Centralni zdsobovani teplem / Centrally provided heating supply
Kabely silové a slaboproudé / Power and light current cables
Kanaliza¢ni stoka / Sewerage canal

Pfipojky inZzenyrskych siti / Connection to engineering network
Domovni pfipojka kanalizace / Domestic sewer connection
Kanaliza¢ni spadisté / Sewer apron
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Obr. 8 Rez osténim kolektoru
Fig. 8 Lining of collector - cross-section

Legenda / Legend:

1 Primarni osténi (stfikany beton) / Primary lining (shotcrete)

2 Sekundarni osténi (stfikany beton) / Secondary lining (shotcrete)
3 Prihradové vyztuZ / Lattice girder

4 Hydroizolace / Waterproofing

5 Vyztuina ocelova sit / Reinforcement by means of steel mesh

nevytvarela souvislou sténu. Tak je zachovana moznost pohybu podzemni vody,
i kdyz urgité ovlivnéni kolisani hladiny touto clonou nelze vylougit. Toto ovlivnéni
je véak podstatné mensi, nez by bylo v pfipadé souvislé stény. Celkova délka zajis-
téni objektd ¢ini 340 m, coZ je 21 % délky trasy II. etapy.

8. PROBLEMY PRI PROVADENI

Pred zahajenim realizace Il. etapy vystavby bylo zndmo, Ze geologické poméry
strany. Byla to predevsim nepresnost tidajli o poloze stavajici kmenové stoky na
nameésti Svobody a v Koblizné ulici. Tato stoka o velikosti 900/1450, resp. 700/1050
mm, postavena v prvni Ctvrting 20. stoleti, byla zanesena do projektu podle
dostupnych vykresovych udajd, jejichZ ovéreni pro nasledné stavebni Gpravy (zru-
Seni reviznich Sachet) bylo obtizné, pficemz nebyl divod Gdajum spravce kanali-
zace neveéfit. Teprve pfi razbé se ukazovalo, Ze trasa kolektoru je v mnoha Usecich
se stavajici stokou v kolizi a bylo nutno za pochodu situaci postupné resit.

Byly uvazovany dva rdzné postupy. Prvni vychazel ze zkuSenosti z razby kolektoru
v Masarykové ulici (1. stavba) - viz [1], kdy stavajici vejcita kanalizace 500/750 mm
byla v prifezu razeném v plném profilu, pficemz stoka byla po celou dobu razby pIné
funkéni. Druhd moznost, kterd byla vzhledem k velikosti a excentrickému uloZeni
stoky prijata, byla ¢lenéna razba kolektoru v Koblizné. Teprve po prevedeni stoky do
nové uloZzeného potrubi v podlaze kolektoru bylo mozné razbu dokongit. Obdobné
bylo nutno zménit postup pfi razbé nékterych komor a pfilehlych kolektori na nam.
Svobody. Stavajici stoka prochazela i v misté hlavni tézni Sachty na nam. Svobody.
Negativni dopad na postup vystavby mélo i stafi vodovodniho litinového potrubi,
které nékolikrat na rGznych mistech prasklo. To zpUsobilo potize nejen v zasobo-
vani okolnich objektti vodou, ale predevsim pfi razbé.

9. ZAVER

Préace na vystavbé kolektoru byly zahajeny v Gnoru 2003. PoZadavek Magistratu
mésta Brna, aby realizace jednotlivych staveb méla co nejmensi dopad na Zivot v
ulicich mésta, je zhotoviteli dila respektovan. V historickém stfedu mésta doché-
zi k minimalizaci vykopovych praci, vyraznému snizeni hluénosti, prasnosti atd.
Zkraceni Ihtty vystavby z pfedpokladanych 46 mésicti na 35 mésict plsobi proti-
chldné - na pfipravu a postup vystavby a koordinaci projekénich a stavebnich
praci klade znatné vysoké néroky, pro Zivot mésta je vSak vyraznym pfinosem.

Z dosavadniho priibéhu praci se da reéalné predpokladat, ze spoleénym Usilim
vSech Ucastniku vystavby bude termin dokonceni stavby listopad 2005 dodrzen.

4150

Obr. 7 Vzorovy pfiény fez kolektorem
Fig. 7 Collector typical cross-section

Legenda / Legend:

1 Primérni osténi (stfikany beton H V4-B25 s pfihradovou ocelovou vyztuZi a ocelovou siti)
Primary lining (shotcrete H V4-B25 with lattice girders reinforcement and steel mesh)

2 Sekundarni osténi vyztuzené ocelovou siti
Secondary lining (shotcrete H V4-B25 with steel mesh)

3 Zelezobeton H V4- B25 / Reinforced concrete H V4-B25

4 Beton prosty B15 / Plain concrete B 15

5 Vodotésna izolace / Waterproofing

6 Drén DN80 (odvodnéni b&hem vystavby) / Drainage DN 80 (dewatering during erection)
7 Odvodiovaci Zlabek / Drainage groove

8 Kabelovy kanalek / Cable duct

9 Stoka / Sewer

10 Chrénicka pro ¢&isténi kanalizace / The sewer cleaning pipe

be accepted for excavation of some chambers and adjacent collectors at the Svo-
boda Square. The existing sewer crossed even the main mining shafts at the
Svoboda Square.

The construction works were further negatively influenced by the existing old cast
iron water supply system, which cracked at a number of places and caused prob-
lems not only with the supply of water to the relevant buildings but also in the
excavation operations.

9. CONCLUSION

Construction of the collectors commenced in February 2003. The Contractor has
done all in his power to comply with the Brno Magistrate's request that the erec-
tion of individual sections of the Project should impact on the normal activities in
the concerned streets as little as possible. The historic part of the city was thus
affected minimally by open trenching, construction noise, dust, etc. Shortening of
the erection period from 46 to 33 months complicates the preparation, erection,
coordination of the design and construction works. However, the city welcomes it.
On the basis of the progress achieved so far and the remarkable attitude of all par-
ticipants, it is possible to say that the Works Completion Date set for December
2005, will be complied with.
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kolektor( v historickém jadru mésta Brna po 5 letech
TUNNEL 03/ 1997: Ing. Bretislav Sedlacek, Aquatis, a.s. - Construction of sec-
ondary collectors in the historic city of Brno after 5 years.

[3] TUNEL 01/2003: Ing. Otakar Fabian, TUBES, spol. s 1. 0., Ing. Alexandra Hrad-
ska a Ing. Jan Sehnal, AQUATIS, a. s. - Rekonstrukce kmenové stoky v Brné
financované z fondu PHARE
TUNNEL 017/ 2003: Ing. Otakar Fabian, TUBES, s.r.o., Ing. Alexandra Hradska
and Ing. Jan Sehnal, AQUATIS, a.s. - Reconstruktion of Main Sewerage Route
of the City of Brno - included in project PHARE

[4] Sbhornik pfispévki z konference Beton v podzemnich a zékladovych konstruk-
cich - Ceska betonatska spoletnost CSSI, Praha, (inor 2004
"Concrete for underground and foundation structures" Conference Proceed-
ings - Ceska betonéfska spolecnost CSSI, Praha, February 2004.
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NUMERICKE POSOUZENI TUNELOVYCH STAVEB V KRASOVYCH HORNINACH

NUMERICAL ANALYSIS FOR TUNNELS IN KARSTIFIED ROCK
DIPL.-ING. BRUNO MATTLE, DIPL.-ING. DR. TECHN. MAX JOHN, ING. ANDREAS SPIEGL

V jiznim useku vysokorychlostni trati Norimberg - Ingolstadt byly zastizeny zkra-
sovélé vrstvy "bilé jury”. Pfitom byly zjistény krasové jevy v nejriznéjsich for-
mach. Vyskytuji se zde krasové dutiny, pukliny nebo podzemni prostory, které
jsou zcela nebo ¢astecné vyplnéné nebo jsou bez vyplné. Krasové jevy ovliviiu-
ji vzhledem ke svym rozmériim a vzdalenosti od tunelu okam?Zitou stabilitu vyru-
bu i dlouhodobou bezpe¢nost tunelu, a tim i dimenzovani definitivniho osténi.
Krasové jevy ovliviiujici definitivni osténi nejsou vzhledem ke svym rozmérim
a rozsahu zjistitelné nepfimymi metodami z povrchu. Pfimy prizkum provadé-
ny z povrchu je vylouéen z diivodl ekonomickych i provozné-technickych. Pra-
zkum rozhodujicich krasovych jevl v oblasti ovlivnéné razbou musi proto pro-
bihat z razeného tunelu.
V rdmci vystavby se v souvislosti se stabilitou tunelu objevuji nasledujici otaz-
ky, které je nutno Fesit:

+ Jaké krasové jevy maiji vliv na stabilitu tunelové roury?

+ Jak se méni zatizeni pUsobici na definitivni osténi vlivem krasovych jev(i?

+ Do jaké miry podminuji zmény Gloznych pomeéri dodateéna opatieni?
Pfimymi a nepfimymi metodami prizkumu byly v blizkosti tunelu zji§tény kra-
sové jevy ovliviiujici jeho stabilitu. Anomalie prokazané nepfimymi metodami
byly ovéfovany pfimym prizkumem a zjistovany jejich geotechnické vlastnosti.

1. VLIV KRASOVYCH JEVU NA STABILITU TUNELOVE ROURY

1.1 Stabilita krasovych podzemnich prostor
Z literatury a na zakladé zkuSenosti ziskanych pfi razbé tuneld v krasovych oblas-
tech je znamo, Ze krasové podzemni prostory jsou stabilni a se zdsadnim nar(s-
tem zkrasovéni lze pocitat pouze z hlediska geologického ¢asu. Stabilita samot-
nych podzemnich prostor a jejich ptipadné zvétSovani nejsou dale zkoumany.
1.2 Koncentrace napéti mezi krasovym podzemnim prostorem

a tunelovou rourou
P¥i razbé tunelu v blizkosti stavajiciho podzemniho krasového prostoru dochazi
v horninovém masivu ke koncentraci napéti. Pro stanoveni vy$etfované oblasti
je tfeba pocetné posoudit stabilitu zbyvajiciho horninového pilite.
1.3 Horninovy tlak na definitivni osténi
U tunelt dochazi k tomu, Ze se primarni osténi v pribéhu ¢asu rozpada a zati-
zeni horninovym tlakem prebira definitivni osténi. Krasové dutiny v blizkosti
tunelové roury zplsobuji zménu pribéhu napéti, ktera vede k nerovnomérnému
plsobeni na definitivni osténi. Proto je kazdy krasovy jev, ktery ma zasadni vliv
na napjatost v okoli tunelové roury, tfeba podrobit samostatnému zkoumani.

2. VYPOCTY PRO STANOVENI OVLIVNENE OBLASTI

2.1 Parametry

Nejvétsi vliv na stabilitu tunelové roury maji oteviené krasové jevy. Proto jsou pro-
vadény numerické vypocty, které urcuji rozsah oblasti témito jevy ovlivnéné. Je
vhodné je provadét formou parametrickych studii, ve kterych jsou variovany jed-
nak mechanické parametry horninového masivu, jednak geometrické parametry
podzemnich prostor (tvar, poloha a velikost). Tvar dutiny je odvozen z geologické
dokumentace razby tunelu a dokumentace morfologie krasové oblasti. V pfipadé
vysokorychlostni trati Norimberk - Ingolstadt jsou popsany vysledky pro mirné az
silné zvétralé vapence, kterym jsou pfifazeny hodnoty usporadané v tabulce 1.

Tab. 1 Vypocéetni hodnoty (Properties for analysis)

Modul pfi pfitizeni 250 - 500 C
Modul pfi opétovném pritizeni 400 - 800 MN/m?
Modul pfi odlehéeni 600 - 1200 MN/m?

Poissonovo ¢islo 0,35

Uhel vnittniho tieni 30 - 35°
Soudrznost 0,15 - 0,30 MN/m?
Koeficient boéniho tlaku 04-08
Objemova hmotnost 24 kN/m?

Cilem vypoctu je definice minimalni velikosti podzemniho prostoru, ktery musi
byt prizkumem zjistén, v zavislosti na vzdalenosti od tunelu. Parametricka stu-
die je provedena pro charakteristické parametry horninového masivu a nena-
hrazuje prukaz stability definitivniho osténi tunelu.

2.2 Vypocetni postupy

Matematické modelovani je provadéno metodou konec¢nych prvkil za pouZiti
nelinearnich materialovych zakonu.

The southern section of the high-speed railway line Nuremberg - Ingolstadt
encountered karstified layers of "the White Jurassic" formation. Various forms
of karstic phenomena were identified, i.e. karst cavities, karst crevices or
underground caverns, which are completely or partially filled or without a fill.
Because of to their dimensions and distance from the tunnel, the karstic pheno-
mena affect both the instantaneous stability of the excavation and long-term
safety of the tunnel, therefore they also affect the structural design of the final
lining. Due to their dimensions and extent, the karstic phenomena affecting the
final lining are not detectable by indirect methods from the ground level.
A direct survey performed from the ground level is impossible for economic and
operational-technical reasons. Therefore, the survey of major karstic phenome-
na within the area affected by excavation must be carried out from the inside of
the excavated tunnel space.
The following stability issues emerged in the framework of the construction
work, which must be solved:

+ Which of the karstic phenomena do affect the tunnel stability?

+ How does the load acting on the final liner change due

to the karstic phenomena?
+ Up to what extent do changes in bedding conditions result
in additional measures?

The survey, using direct and indirect methods, detected karstic phenomena in
a vicinity to the tunnel affecting its stability. The direct survey proved anomali-
es. Using Indirect survey methods the anomalies were verified and their geo-
technical properties were determined.

1. IMPACT OF KARSTIC PHENOMENA
ON TUNNEL TUBE STABILITY

1.1 Stability of karstic underground spaces

It is well known from literature and from experience obtained during excavati-
on work in karstic regions that karstic underground spaces are stable, and a sig-
nificant increase in the karstification extent can be considered in terms of geo-
logical time only. For that reason the stability of those underground spaces and
their extension, if any, is not further examined.

1.2 Stress concentration between a karstic underground space

and a tunnel tube
Stress concentration occurs in a rock mass during a tunnel excavation in a vici-
nity to a karstic cavity. It is necessary for the identification of the zone to be
examined that the stability of the rock pillar remaining between the tunnel and
the cavity is assessed by a structural analysis.

1.3 Rock pressure on the final liner

It is typical for tunnels that primary liners deteriorate with time, and final liners
take the rock pressure then. Karst cavities in a vicinity to a tunnel tube induce
a change in the stress distribution, which results in uneven loading on the final
lining. This is why any karstic phenomenon having significant influence on the
state of stress in a vicinity of the tunnel tube must be examined separately.

2. CALCULATIONS FOR DETERMINATION
OF THE INFLUENCED ZONE

2.1 Parameters

Carst caverns with no filling influence the stability of the tunnel tube most of all.
For that reason numerical calculations are conducted that determine the extent
of the zone influenced by these phenomena. Proper method for the calculations
are parametric studies, where variations of both mechanical parameters of the
rock mass and geometrical parameters of the underground caverns (their geo-
metry, position and size) are taken into consideration. The cavity geometry is
obtained from geological documentation obtained during the tunnel excavation
and documentation on the given karstic region morphology. The results of the
parametric study are described for moderately to heavily weathered limestones
as an example. The properties attributed to the limestones are shown in Table 1.

Table 1 Properties for analysis
Modulus (loading)

Modulus (reloading)

Modulus (unloading)

250 - 500 MN/m?
400 - 800 MN/m?
600 - 1200 MN/m?

Poisson's ratio 0.35

Internal friction angle 30 - 35°

Cohesion 0.15 - 0.30 MN/m?
Horizontal ground pressure coefficient 04-08

Specific weight 24 kN/m?
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Pro modelovani je nejprve stanoven stav primarni napjatosti z vlastni vahy hor-
ninového masivu. Nasledné je modelovan stéavajici tvar krasového podzemniho
prostoru, pfiéemzZ jsou ze systému odstranény odpovidajici elementy. Tak je
pred vlastnim vyrubem tunelu zjistén stav napjatosti oslabeného masivu. V dal-
sich krocich je modelovana razba tunelu, vestavéni definitivniho osténi a rozpad
primarniho osténi.

Z toho vyplyvaji nasledujici kroky vypoctu:

« stav primdrni napjatosti,
vytvoreni krasového podzemniho prostoru,
odlehéeni (zohlednéni 3D efektu na celbé),
razba tunelu a osazeni primarniho osténi,
vestavéni definitivniho osténi ve stavu bez napéti,
rozpad primarniho osténi.

2.3 Vypocetni model

Priény Fez tunelu na vysokorychlostni trati Norimberk - Ingolstadt ma Sifku cca
14,5 m a vysku cca 11,5 m. Tloustka stfikaného betonu primarniho osténi je pru-
mérné 25 cm a tloustka definitivniho osténi 35 cm. ProtozZe Ize na zékladé geo-
logické dokumentace predpokladat, ze nékteré krasové jevy dosahuji v podél-
ném sméru znacnych rozmérd, jsou vypocty provadény jako dvourozmérné
modely kontinua, tj. krasové dutiny jsou modelovany jako “nekonec¢né dlouhé".
Tento predpoklad leZi na strané bezpe€nosti. Ve vypo€tech jsou tvary podzem-
nich krasovych prostor zjednodu$eny. Prostory jsou modelovany v proménné
poloze, rizné velikosti i vzdalenosti od tunelu.

Tab. 2 Geometrické vztahy

Velikost dutiny 25m/5m 5m/10 m >10m
Poloha dutiny dole na boku v nadlozi
Vzdalenost dutiny 25m 5m 10m
Prevazujici rozmér vertikalni horizontalni -

2.4 ZatiZeni horninového pilife

ProtoZe je hornina v tunelovém stavitelstvi povazovéna za nosny element, je pfi
posuzovani stability zadsadnim faktorem Gnosnost horninového pilife. Pro pra-
kaz stability nejsou rozhodujici lokalni $picky napéti, nybrz celkové inosnost
pilite. Na vodorovném fezu pilifem je proto stanoven stfedni faktor zatizeni
(strenght factor). Ten je urcen jako pomér mezi meznim napétim, které je pilif
schopen za predpokladu Mohr-Coulombova kritéria poruseni pfenést a stavaji-
cim napétim. Za dostate¢ny je povaZovan soucinitel bezpecnosti 1,4.

2.5 Zatizeni horninové desky

Pokud lezi krasové dutina pod tunelovou rourou, je zatéZovana zbyvajici horni-
novéa deska mezi tunelem a podzemnim prostorem svou vlastni vahou, vestav-
bami a Zelezni¢nim provozem. Pfi velmi malé tloustce desky muze dojit k poru-
Seni smykem nebo k selhani v tahu za ohybu. Pro riizné vzdalenosti dutin od
tunelu byly analogicky odvozeny faktory zatizeni. Jako kritérium byl stanoven,
stejné jako v pripadé horninového pilife, koeficient bezpecnosti 1,4.

2.6 Zatizeni definitivniho osténi

PFi selhani primarniho osténi dochazi k prenosu jeho zatiZeni na horninovy
masiv a definitivni osténi. Vyskyt krasovych jevi je pfi¢inou nesymetrickych
zatéZzovacich obrazcli a proménlivych pomérd ulozeni. Pro posouzeni vlivu kra-
sovych dutin na dimenzovani definitivniho osténi jsou vypoCty bez krasovych
dutin porovnavany s vypocty, ve kterych je vliv podzemnich prostor zohlednén.
Z tohoto porovnani je odvozena zména zatizeni definitivniho osténi. Za rele-
vantni jsou povazovany podzemni prostory, jejichZ vliv zplisobuje takovy pfi-
rlistek maximalnich okrajovych napéti, ktery v porovnéni se situaci bez kraso-
vych dutin zvySuje jejich hodnoty o vice nez 10 % pfipustného napéti. Jako pfi-
pustné napéti je stanovena vypocetni hodnota pevnosti betonu v tlaku pro
beton B35 ve vysi 3, = 23/2,1 = 10,95 MPa.

2.7 Deformace definitivniho osténi
Preskupeni napéti aktivované vlivem rozpadu primarniho osténi zplsobuje
obvykle velmi malé deformace, takZe toto kritérium neni rozhodujici.

2.8 Vysledky

Vyhodnocenim uvedenych kritérii - zatizeni horninového pilite, zatizeni horni-
nové desky, zatizeni definitivniho osténi a deformace definitivniho osténi - je
definovéna rozhodujici velikost podzemni dutiny v zavislosti na vzdalenosti od
tunelové roury. Tim jsou definovany pozadavky na rozsah prizkumu. Od vzda-
lenosti 10 m od okraje podzemniho prostoru jsou napfiklad za podstatné pova-
Zovany prostory s maximalnim rozmérem vétsim nez 10 m.

The aim of the calculations is to define a minimum size of an underground
cavern that must be detected by the survey, depending on its distance from the
tunnel. The parameter study is carried out for characteristic parameters of the
rock mass. It does not replace a proof of the final tunnel lining stability.

2.2 Calculation methods

Mathematical modelling is carried out by the Finite Element Method, using non-
linear material laws.

For the modelling purpose, the primary stress state is determined from the dead
weight of the rock mass. Subsequently, the existing geometry of the karstic
underground space is modelled, while corresponding elements are removed
from the system. This is the way the stress state of the weakened massif is
determined properly before the tunnel excavation. The other steps consist of
modelling the tunnel excavation, installation of the final liner, and disintegrati-
on of the primary liner.

The following computation steps follow from the above-mentioned concept:
* primary stress state
« creation of the karstic underground space
« stress release (consideration of the 3D effect at the face)
« tunnel excavation and installation of primary lining
« installation of final lining in the stress-free state
« disintegration of primary lining

2.3 Calculation model

The cross-section of the tunnels on the Nuremberg - Ingolstadt railway line is
about 14.5 m wide and about 11.5 m high. The shotcrete primary liner is 25 cm
thick on average, and the final liner is 35 cm thick. As it is possible to assume,
on the basis of the geological documentation, that some karstic phenomena
assume considerable dimensions in the longitudinal direction, the calculations
are carried out using two-dimensional continuum models (the karstic cavities
are modelled as "infinitely long"). This is a conservative assumption. The geo-
metry of the underground caverns is geometrically simplified for the calculati-
ons. They are modelled assuming variable positions, various sizes and distan-
ces from the tunnel.

Table 2 Assumed dimensions

Cavity dimensions 25m/5m 5m/10m >10m

Cavity position at the bottom  on the side above the crown
Cavity distance 25m 5m 10 m
Orientation Vertical Horizontal -

2.4 Rock pillar loading

As rock is considered as a load-bearing element in the field of tunnel construc-
tion, the rock pillar bearing capacity is the basic factor for the stability assess-
ment. It is the overall bearing capacity, not local stress peaks, that is deciding
for the proof of stability. For that reason a mean strength factor is determined
on the horizontal section through the pillar. This factor is determined as a ratio
of the limiting stress that the pillar is capable of carrying (on the assumption
that Mohr-Coulomb fracture criteria applies) to the existing stress. The safety
coefficient of 1.4 is considered sufficient.

2.5 Rock slab loading

If the karst cavity is found under the tunnel tube, the rock slab remaining bet-
ween the tunnel and the underground cavity is loaded by its own weight, by
built-in structures and railway traffic. If the slab thickness is very small, a shear
failure or flexural tensile failure can occur. Loading factors were derived analo-
gically for various distances of cavities from the tunnel. The safety coefficient of
1.4 was determined as the criterion, the same as in the case of the rock pillar.

2.6 Final liner loading

Once the primary liner has failed, the load on this liner is transferred to the rock
mass and the final liner. The karstic phenomena occurring along the tunnel
induce asymmetric loading patterns and variable bedding conditions. For the
purpose of assessing the influence of karst cavities on the strength design of the
final liner, the calculations neglecting the karst cavities are compared to calcu-
lations taking the influence of underground spaces into consideration. The
change in the stress is deduced from this comparison. Those underground spa-
ces are considered as relevant whose influence induces such an increment to
the maximum boundary stresses which increases their values by more than
10% of the allowable stress compared with the karst-cavity-free situation. The
design value of C35 concrete compressive strength d,,, = 23/2,1 = 10,95 MPa is
determined as the allowable stress.
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3. VYPOCTY PRO DIMENZOVANI DEFINITIVNIHO OSTENi

3.1 Postup

Dimenzovani definitivniho osténi v oblasti ovlivnéné krasovymi jevy vyzaduje
doplnéni obvykle pouzivanych vypocetnich postupl zvlastnim posouzenim. Pro
kazdy zastizeny nebo prizkumem objeveny podzemni prostor, ktery podle dfive
popsanych posouzeni ovliviiuje stabilitu tunelové roury, jsou provadéna zvlast-
ni posouzeni a pfipadné stanovena zvlastni opatieni.

Pfitom muzeme rozliSovat mezi aktivnimi a pasivnimi opatfenimi. Aktivni opat-
feni zamezuji v porovnani s béznym stavem (bez dutin) zvy$enému naméhani
definitivniho osténi horninovym tlakem. K aktivnim opatfenim patfi vypliiovani
a zainjektovani podzemnich prostor. PFi pouZiti pasivnich opatfeni mizeme
predpokladat, Ze Zadné zvlastni posuzovani definitivniho osténi neni potfeba.
Pasivni opatfeni pfebiraji zvy$ena zatizeni. Patfi k nim zesileni definitivniho osté-
ni (tloustka, vyztuz), zména geometrie definitivniho osténi nebo spodni klenby,
spojeni blokl definitivniho osténi a jina konstrukéni opatfeni.

Tato opatieni musi odpovidat stavu techniky a ekonomickym hledisktim. Musi zaru-
¢it dlouhodobou stabilitu a bezpeénost tunelu. Vlastni vypocty definitivniho osténi
musi byt provadény se zohlednénim skute¢nych okrajovych podminek. Jsou
zohlednény vyplné podzemnich prostor a jejich materialné-technické vlastnosti.

3.2 Priklad 1 - Velka krasova dutina stranou od tunelové roury

Jako pfiklad uvadime staticky vypocet velké krasové dutiny zastizené na tunelu
Irlahill na vysokorychlostni trati Norimberg - Ingolstadt. Jedné se o asi 50 m
hlubokou krasovou propast o priméru cca 5 m, jejiz horni hrana lezi na Grovni
vrcholu tunelové klenby. V oblasti hornich 15 m je podzemni prostor diskovité
roz§ifen a dosahuje délky 15 m.

Vzhledem k bezprostiedni blizkosti tunelu a podzemniho prostoru hrozi nebez-
peci, Ze pfi aktivaci definitivniho osténi dojde ke kolapsu horninového pilife. Tim
by doslo k jednostrannému odstranéni opory definitivniho osténi a nasledné ke
zvy$enému zatizeni a deformaci osténi.

K dosazeni dostatecné tnosnosti okolniho horninového masivu bylo plivodné
planovéno vyplnéni dutin v blizkosti tunelu. K tomu potfebna opatfeni jsou
velmi nakladnd, nebot vyZzaduji vestavét do prostoru tvaru propasti ztracené
bednéni. Alternativné se naskytala moznost zesilit odpovidajicim zplsobem
definitivni osténi tak, aby bylo schopno prenést asymetricka zatizeni vlivem jed-
nostranného podepreni. To by vyZzadovalo pfeprofilovéani. Proto bylo provedeno
statické posouzeni celého systému hornina - osténi, aby bylo mozno zjistit, zda
horninovy pilif poskytuje dostateénou podporu definitivnimu osténi a od dalSich
opatreni bylo mozno upustit.

VYPOCETNi MODEL

Pro pocetni posouzeni byl pouZit trojrozmérny model metody konecnych prvka.
Hornina byla modelovana prostfednictvim trojrozmérnych prvkd kontinua
s Mohr-Coulombovym materidlovym modelem.

Obr. 1 Modelové zobrazeni realného a idealizovaného
tvaru podzemniho prostoru
Fig. 1 Developing the analysis model from real cavity to idealized geometry

Iunel
2.7 Final liner deformation

The stress redistribution activated by the disintegration of the primary liner usu-
ally causes very small deformation; therefore this criterion is insignificant.

2.8 Results

The deciding size of an underground cavity versus the distance from the tunnel
tube is defined by assessing the above-mentioned criteria (rock pillar stress,
rock slab stress, final liner stress, final liner deformation). This is how the requ-
irements for the survey extent are defined. For the distances exceeding 10 m
from the underground cavern, for instance, cavities whose maximum dimensi-
on exceeds 10 m are considered significant.

3. CALCULATIONS FOR THE FINAL LINER DESIGN

3.1 Procedure

Designing a final liner to be built in a region affected by karstic phenomena requ-
ires additional considerations compared to the usually applied calculation pro-
cedures. Special assessments are performed and, if needed, special measures
are determined for each underground cavity detected by the survey if, according
to the above-mentioned assessments, the cavity affects the tunnel tube stability.
In doing so, we can distinguish between active and passive measures. The acti-
ve measures prevent increased stressing (compared to the stressing under
common conditions, i.e. in a state without cavities) of the final lining by the rock
pressure. The active measures consist of filling the underground spaces with
rock or grout. In the case of application of the passive measures, we can expect
that no special assessment of the final liner is necessary. The passive measures
(increasing the bearing capacity of the liner, i.e. its thickness or reinforcement,
changing the final lining or invert geometry, connecting the final lining blocks,
and other structural measures) receive the increased loads.

The above measures must match up to the available equipment and economic
aspects. They must guarantee long-term stability and safety of the tunnel. The
tunnel lining calculations must be carried out taking actual boundary conditions
into consideration. The fills of the underground spaces and their material and
technical properties are taken into consideration.

3.2 Example - An extensive karst cavity beside the tunnel tube

Our example presents a structural analysis of an extensive karst cavity encoun-
tered at the Irlahiill tunel found on the Nuremberg - Ingolstadt railway line. The
cavity is an about 50 m deep karst abyss, about 5 m in diameter. Its upper edge
is at the level of the tunnel vault crown. In the region of upper 15 m, the underg-
round space is widened in a disc-like manner, reaching a width of 15 m.
Because of the close proximity of the tunnel to the underground space, there is
a threat that the rock pillar will collapse when the final liner is activated. This
would result in a one-sided removal of the final liner support, followed by inc-
reased loading and deformation of the liner.

To reach sufficient bearing capacity of the surrounding rock mass, there was ori-
ginally a plan to fill the cavities in the vicinity of the tunnel. The measures requi-
red for this solution are very expensive because a built-in sacrificial shutter follo-
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Obr. 2 Variovani geometrie na pfikladu vertikaIni dutiny
Fig. 2 Example for the geometrical variation of a "vertical" cavern
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Primarni a sekundarni osténi bylo do vypoctu zavedeno zakfivenymi skofepino-
vymi elementy o tuhosti E =7 000 MN/m? pro primarni osténi a E= 30 000 MN/m?
pro sekundarni osténi. Vstup do podzemniho prostoru byl béhem razby zaplom-
bovén az 100 cm silnou vrstvou stfikaného betonu, coz bylo pfi vypoctu zohled-
néno aktivaci pfislusnych elementd.

Pro dosaZzeni redlného stavu napjatosti byla ve vypoctu po aktivaci primarni
napjatosti nejprve vytvorena krasova dutina a nasledné simulovan vyrub tune-
lu. V pfislusnych Usecich byla vyraZena kalota a vestavény elementy osténi ze
stfikaného betonu. V dal$ich krocich byl sledovan postupné vyrub jadra a poévy
se zajisténim stiikanym betonem v pfislusnych tsecich. V poslednim kroku bylo
ve stavu bez napjatosti aktivovano definitivni osténi a odstranény elementy pri-
marniho osténi (selhani primarniho osténi). Pro ovéfeni pouzitych parametrd
horninového masivu byly hodnoty vypoétenych deformaci porovnany s hodno-
tami deformaci namérenymi béhem razby.

VYSLEDKY

V oblasti krasové dutiny dochazi pfed razbou tunelu k velkému prostorovému
preskupeni napéti. Oblasti horninového masivu lezici v blizkosti dutiny jsou
podstatné vice zatéZzovany. PFi razbé tunelu jsou v oblasti sousedici s dutinou
prokazéna zvySena zatizeni primarniho osténi ze stfikaného betonu. To se také
odrazi v namahani definitivniho osténi.

Pro razbu kaloty byly zji§tény pretizené zony, vétSinou v horninovém pilifi mezi
tunelem a dutinou. Pro posouzeni stability horninového pilife doslo v dal$im
vypoctu k redukci pevnosti horninového masivu na 60 % plvodni hodnoty. Tim
doslo podle ocekavani k dalsimu rozsifeni pretizenych zon. Protoze i pfi téchto
vypoctech bylo dosaZeno konvergence vysledkl, Ize horninovy pilif nadale
povazovat za nosny element. Na zakladé vysledki vypoctd bylo mozno upustit
od nakladnych sanaci podzemnich prostor. Zatizeni definitivniho osténi, ke kte-
rym dochazi po selhani primarniho osténi, mohou byt pfenesena pivodné pla-
novanou tloustkou definitivniho osténi.

Obr. 3 Zatizeni horninového pilife
Fig. 3 Strength Factor in the rock pillar

wing the geometry of the cavity would be necessary. Alternatively, there was an
option to strengthen the final lining properly so that it could carry the asymmetric
loading resulting from the one-side support mode. This solution would require
reprofiling. For the above reason a structural analysis of the entire rock-liner sys-
tem was carried out with the aim of determining whether the rock pillar provided
sufficient support of the final liner, thus other measures were unnecessary.

CALCULATION MODEL

A three-dimensional finite element model was used for the mathematical
assessment. The rock was modelled using three-dimensional continuum ele-
ments with the Mohr-Coulomb material model.

The primary and secondary liners were introduced into the calculation using
curved shell elements with the stiffness E = 7 000 MN/m? for the primary liner
and E = 30,000 MN/m? for the secondary liner. The entrance to the underground
space was sealed up in the course of the excavation by an up to 100 cm thick
layer of shotcrete. This measure was allowed for in the calculation by activation
of relevant elements.

To achieve a realistic state of stress, the karst cavity was created first in the calcula-
tion, after activation of the primary stress. The simulation of the tunnel excavation
followed. The top heading was excavated in the respective sections, and elements
of the shotcrete lining applied. The other steps consisted of bench and invert exca-
vation with application of shotcrete in the relevant sections. In the last phase, the
final liner was activated in a stress-free state and the primary lining elements were
removed (the failure of the primary liner). For the purpose of verification of the app-
lied rock mass parameters, the values of the calculated deformations were compa-
red with the values of deformations measured in the course of the excavation.

RESULTS

Major stress redistribution occurs in the region of the karst cavity before the tun-
nel excavation. The rock mass regions found in the vicinity of the cavity are
stressed significantly more. Increased stresses in the shotcrete primary lining
have been proven in the area neighbouring with the cavity in the course of the
tunnel excavation. This fact is also reflected in the final liner.

Overstressed zones were determined for the top heading excavation, mostly in
the rock pillar between the tunnel and the cavity. To assess the stability of the
rock pillar, the rock mass strength was reduced to 60% of the original value for
the following calculation. As expected, this act resulted in further expansion of
the overstressed zones. As convergence of the results was achieved even in
those calculations, the rock pillar can be still considered as a load-bearing ele-
ment. Based on the calculation results, the expensive rehabilitation of the
underground spaces could be excluded. The loads on the final liner resulting
from the failure of the primary liner can be carried by the originally designed
thickness of the final liner.

Obr. 4 Deformace tunelového osténi a priibéh ohybovych momentd
v pfipadé dutiny v oblasti boku tunelu

Fig. 4 Deformations of the tunnel lining and distribution
of bending moments resulting from a cavern beside the tunel
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3.3 Priklad 2 - podzemni dutina v nadloZi tunelu

U dutin situovanych nad vrcholem tunelu je vedle zmény stavu napjatosti navic
zohlednéno mozné oddélovani bloki horniny. V zavislosti na mozné vysce padu
a velikosti bloku uvolnéné horniny plynou zna€né zatizeni definitivniho osténi.
Pro utlumeni u€inkl zatiZeni je za osténi ze stfikaného betonu zafoukana vrstva
pisku. Odhad velikosti G¢inkd na definitivni osténi je proveden na zakladé ener-
getického posouzeni problematiky narazu. Pfitom je zohlednén roznos zatizeni
vrstvou pisku a primarnim osténim ze stfikaného betonu. Vrstva pisku je ve
vypoCtu uvazovana jako pruZinovy element.

Jsou pfijaty nasledujici pfedpoklady:

+ Naraz probiha pIné plasticky, nedochéazi ke zpétnému odrazu
od vrstvy pisku.

Vrstva pisku je ve vypoctu zohlednéna jako elastické uloZeni:

z modulu pruznosti a tloustky vrstvy pisku je stanovena elasticka tuhost
pruZiny; pfi nejvétsim stlaceni pruziny dochazi k nejvétsim aéinkim

na definitivni osténi.

Rozdéleni zatizeni mezi vrstvu pisku a stfikaného betonu: nejvétsi stlaceni
vzniké bezprostfedné na kontaktni plose horninového bloku a vrstvy pisku,
¢imz je zatizeni rozneseno; ve vrstvé pisku dochazi k roznaseni zatizeni
pod thlem ¢, ve stfikaném betonu pod Ghlem 45°.

3.3 Example 2 - a karst cavity above the tunnel crown

For cavities situated above the tunnel crown, apart from the change in the stress
state, a possibility of separation of rock blocks is taken into consideration. Sig-
nificant loads on the final liner can occur in case these blocks drop on the final
lining, depending on the possible drop height and size of the respective rock
block. A layer of sand is blown behind the final liner to damp the impact of this
loading. The estimation of the impact on the final liner is carried out on the basis
of the energy assessment of the impact issue. This assessment allows for distri-
bution of the load provided by the sand layer and the shotcrete primary liner.
The sand layer is considered in the calculation as a spring element. The follo-
wing assumptions are adopted:

+ The impact course is fully plastic, no rebound from the sand layer occurs

+ The sand layer is considered in the calculation as elastic bedding:
the elastic spring constant is determined from the modulus of elasticity
and thickness of the sand layer; the biggest impact on the final liner occurs
at the biggest depression of the spring.

Load distribution between the sand layer and shotcrete layer: the biggest
depression originates immediately on the rock block and sand layer contact
plane; the load is distributed in the sand layer at an angle ¢,

in the shotcrete layer at a 45°angle.
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Obr. 5 Deformace tunelového osténi a priibéh ohybovych momentd v pfipadé dutiny v oblasti boku tunelu
Fig. 5 Deformations of the tunel lining and distribution of bending moments resulting from a cavern beside the tunel
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Obr. 6 Dutiny relevantni z hlediska stability tunelu
Fig. 6 Cavities relevant for the tunel stability

Obr. 7 Krasovy podzemni prostor stranou od tunelové roury
(zobrazeni bez sousednich elementd horniny)

Fig. 7 Karst-cavity beside the tunel

(displayed without surrounding rock elements)
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Plati nésledujici fyzikalni vztahy:

Energeticka bilance pIné plastického razu
B =mph

-]
E-%-m.w

F o= F, =

yu Tl s bPEG WS
[~ [+ [
kde:
my=yFmpa'd

cm :— a(tuhost pruZiny)
1
Maximalni sila v pruziné:
Fmea

Tlak na povrch vrstvy pisku:
_-\: ]

Fa 2l
Tlak na definitivr;irosténi:

P = (el g+ ang)"

Tloustka vrstvy pisku je navrZena tak, aby byla schopna prevzit u¢inky zatizeni
na definitivni osténi. Na obrazku 8 jsou zndzornény ucinky zatizeni definitivniho
osténi jako funkce vysky padu a tloustky vrstvy pisku.

4. ZAVER

Vlystavba tunell v krasovych horninach vyzaduje vedle specialnich opatieni pfi
razbé tunelu vypocty posouzeni stability definitivniho osténi. Po razbé je okoli
tunelu prozkouméno do takové vzdalenosti, do které maji krasové jevy na stabi-
litu tunelové roury vliv. Pro stanoveni rozsahu prizkumu je vhodné pouZzit
numerické modelovani, protoze vystihuje geometrické tvary a geomechanické
pomeéry. Pro posouzeni je doporu¢eno pouZivat konzervativni pfedpoklady, aby
rozsah pruzkumu byl dostatecné Siroky.

Pro jednotlivé krasové jevy, které maji vliv na stabilitu a provozuschopnost tune-
lu, jsou nutné detailni vypocty zohledriujici trojrozmérné chovani horninového
prostiedi. To umozriuje realisticky vystihnou jak horninovy tlak na definitivni
osténi, tak ulozné poméry. Tim jsou spinény nezbytné pfedpoklady pro dimen-
zovani definitivniho osténi v oblastech postizenych krasovymi jevy.

Text byl preloZen z némeckého originalu ¢lanku uvedeného v ¢asopise Felsbau
1/2003 s laskavym svolenim Velag Gliickauf GmbH. Preklad do &estiny Libor Mafik.

LITERATURA:

(1) Pottler R., Schneider V., Rehfeld E., Quick H.
Grundkonzept zur Lésung der Karst- und Erdfallproblematik
fiir den Bau von Verkehrswegen
Felsbau 20 (2002) Nr. 3, strana 10 - 21

(2) Neubaustrecke Niirnberg Ingolstadt; Tunnel Irlahill
Bergmannische Bauweise Bau-km 59+650 bis 66+800
Odvozeni parametru horniny
Nezverejnéno

(3) Koénnings H.D., John M., Péttler R., 1987
Auslegung der Tunnel-Innenschalen im Stidabschnitt
der Neubaustrecke Hannover-Wiirzburg.

Beton- und Stahlbetonbau 12, strana 320-324

REFERENCES:

(1) Péttler R., Schneider V., Rehfeld E., Quick H.
Grundkonzept zur Lésung der Karst- und Erdfallproblematik
fiir den Bau von Verkehrswegen
Felsbau 20 (2002) Nr. 3, page 10 - 21

(2) Neubaustrecke Niirnberg Ingolstadt; Tunnel Irlahdill
Bergménnische Bauweise Bau-km 59+650 bis 66+800
Determination of rock parameters
Unpublished

(3) Kbnnings H.D., John M., Péttler R., 1987
Auslegung der Tunnel-Innenschalen im Siidabschnitt
der Neubaustrecke Hannover-Wiirzburg.

Beton- und Stahlbetonbau 12, page 320-324

The following physical relationships apply:

The energy balance of a fully plastic impact

B =mik
j':-i-m'gg
E -F:_"\-
e E 'W{:."q.'l':-i:':'
[ [+ [ =
Where:

mp= ¥ = ped

cm f_'.,-* (spring constant)
]

Maximum spring force:

Fméa

Pressure on the sand layer surface:

P [ = §
- EL
Pressure on the final liner:
ar

= [ #0 Ang, +0,.ng)"

The thickness of the sand layer is designed with respect to the task of the layer to
receive the impacts of the load on the final liner. The impacts of the load on the final
liner as a function of the fall height and the sand layer thickness are shown in Fig. 8.

4. CONCLUSION

Any tunnel construction passing through karstic rock requires, apart from spe-
cial measures during the tunnel excavation, calculations for assessment of the
final liner stability. Once the tunnel excavation has been completed, the rock
mass around the tunnel is surveyed up to a distance up to which the karstic phe-
nomena affect the tunnel stability. It is advisable for the determination of the
survey scope to apply the numerical modelling as it gives a true picture of geo-
metry and geomechanical conditions. It is recommendable for the assessment
to use conservative assumptions, so that the survey scope is sufficiently wide.
Detailed calculations allowing for the three-dimensional behaviour of the rock
environment are necessary for particular karstic phenomena affecting the tun-
nel stability and operability. This allows giving a true picture of both the rock
pressure on the final liner and the bedding conditions. Thus the prerequisites
for designing the final liner in areas affected by karstic phenomena are met.
The text is a translation of a German original of the paper published in the
magazine Felsbau1/2003, carried out with a kind approval by Velag Gliickauf
GmbH. Czech translation by Libor Marik.
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Obr. 8 Uginky padajicich horninovych bloki na definitivni osténi
Fig. 8 Impact on the ihned lining due to falling blocks
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) vZVYOQENi ODOLNOSTI BETONQVYCI—! KONSTRUKCI TU’NELU -
PROTI UCINKUM TEPLOT DOSAHOVANYCH PRI KATASTROFICKYCH POZARECH

INCREASING RESISTANCE OF CONCRETE TUNNEL STRUCTURES AGAINST
TEMPERATURES ACHIEVED IN CATASTROPHIC CONFLAGRATIONS

ING. JIRI SMOLIK, SEKRETAR SEKCE TUNELY CESKE SILNICNI SPOLECNOSTI
SECRETARY OF THE TUNNELS SECTION OF THE CZECH ROAD ASSOCIATION

uvob

Katastrofické pozary v alpskych tunelech roku 1999 vyznamné ovlivnily a jesté
stéle ovliviiuji rozhodovani o zajisténi bezpe€nosti v tunelovych tsecich doprav-
nich komunikaci. DileZitou soudasti pfijimanych opatfeni ke zvySeni bezpeé-
nosti provozu v tunelech je zvySovani pozarni odolnosti jak technologickych
systému Fizeni a provozovani tuneld, tak i zvy$ovani pozarni odolnosti jejich sta-
vebnich konstrukei.

Rozhodujici poZadavky a souvislosti feSeni poZarni odolnosti

betonovych konstrukei dopravnich tunel

Zminéné katastrofické pozary zpUsobily, kromé dal$ich skod, také devastaci beto-
novych konstrukei obezdivek v rozsahu stovek metri. Tato skutenost si vynutila
nahlé uzavreni dopravni cesty vedouci tunely s pfesuny velkého objemus silni¢ni
dopravy na nepfipravené nahradni komunikace. Jiz sama kapacitni nedostate¢-
nost ndhradnich pozemnich komunikaci byla pfi¢inou vzniku rozsahlych ekono-
mickych ztrat. Nedostate¢nost nahradnich komunikaci ovSem pfinasela dale,
zejména na dopravnich trasach nahrazujicich préjezd tunelem Gotthard ve Svy-
carsku, také vyznamné zvySeni mnoiZstvi zavaznych dopravnich nehod, a tim
vznik dalSich ekonomickych ztrat.

Diskuse o vSech opatrenich ke zvy$eni bezpecnosti po katastrofickych poZarech
pfinesla také nové provéfovani pozadavki kladenych na bezpeénost pracovisté
hasi¢skych jednotek na misté zasahu pfi likvidaci pozaru v dopravnim tunelu.
Logickym poZadavkem hasicl je co nejmensi ohroZovani zasahuijicich hasi¢skych
jednotek vystielovanymi ¢astmi betonovych konstrukci obezdivek, coz zpusobu-
je pretlak vodni pary.

Konstrukce obezdivek dopravnich tuneld, které jsou vybudovany nékolik desitek
metr(i pod drovni hladiny vody, musi byt ochranény proti jakékoliv devastaci.
Disledkem devastace konstrukce obezdivky tunelu by pfi tomto umisténi
dopravniho tunelu byla devastace celého dopravniho dila.

Dosavadni feSeni poZarni odolnosti betonovych konstrukci obezdivek doprav-
nich tunelt

U rozhodujiciho poctu doposud vybudovanych tunell se pfiprava jejich realizace
naroky na zvyseni zakladni pozarni odolnosti betonli osténi samostatné nezabyvala.
Pouze u dopravnich tuneld, pro které je vzhledem k jejich umisténi pod hladinou
vody riziko devastace konstrukce v dusledku vnitfniho katastrofického pozaru
rizikem znic¢eni dopravni cesty, je ziizovana protipozarni ochrana obezdivky tune-
lu obkladem jejiho vnitfniho povrchu. Jednim z pouZitych feSeni z posledniho
obdobi je vnitfni obloZeni déalni¢niho tunelu Westerschelde v Nizozemsku. Stény
a strop panelovych obezdivek dvou tunelli byly nad trovni vozovky obloZeny ple-
chem z nerezové oceli krytym 4,5 cm vrstvou stfikané malty. Tato konstrukce pfi
délce obou tunelli 6,5 km predstavovala u uvedeného tunelu Upravu povrchu
o celkové plose 240 tis. m* Tunel by uveden do provozu v bfeznu roku 2003.

Dosavadni stav pozarni odolnosti betonovych konstrukei

dopravnich tunel v CR

Bezpecnost v tunelech na pozemnich komunikacich CR je jednou ze soucasti &in-
nosti sekce Tunely CSS. Jiz v roce 1988 byly do Cinnosti sekce pfizvéani minister-
stvem vnitra jmenovani zastupci Hasiéského zachranného sboru a Policie CR. Jed-
nou ze soucasti ¢innosti sekce je také organizovani studijnich cest k poznavani duile-
Zitych technickych feSeni evropskych dopravnich tuneld. V roce 2000 byla napfiklad

INTRODUCTION

Catastrophic conflagrations in Alpine tunnels in 1999 affected significantly and are
still affecting the decision-making process regarding safety in road sections passing
through tunnels. A significant part of the measures adopted with the aim of improv-
ing the safety of tunnel operation is increasing the fire safety of both tunnel man-
agement and operation systems, and increasing the fire safety of tunnel structures.

Deciding requirements for, and contexts of, solution to fire safety

of traffic tunnel concrete structures

The above-mentioned catastrophic conflagrations caused, apart from other dam-
age, destruction of concrete liners in ranges reaching hundreds of meters. This fact
forced immediate closures of the roads passing through the tunnels, associated
with transfers of large traffic volumes to unprepared alternate routes. The insuffi-
ciency of the alternate routes' capacity itself caused serious economic losses. The
lack of alternate routes, namely along traffic routes replacing the passage through
the Gotthard tunnel in Switzerland, also caused significant increase in the number
of serious traffic accidents, thus other economic losses.

The discussion on all measures intended to improve the safety after the cata-
strophic conflagrations also brought new examination of requirements for safety
at workplaces of fire brigades at the intervention location while suppressing a fire
inside a traffic tunnel. It is logical that fire fighters require that the threat faced by
intervening fire brigades due to parts of concrete lining structures shot out by over-
pressure of vapour be as low as possible.

The lining of traffic tunnels built several tens of meters under the groundwater
table must be protected against any damage. Damage to a tunnel lining structure,
in the case of a similarly located tunnel, would result in destruction of the entire
traffic works.

Previous method of ensuring fire safety of concrete lining

of traffic tunnels

For most of hitherto built tunnels the requirements for improvement of basic
fire safety of concrete liners have not been solved separately.

Fire protection of the tunnel lining by cladding its internal surface is provided
only for traffic tunnels for which the risk of destruction of the structure in case
of conflagration due to their position under the water table would mean a risk
of shutting down the traffic route. One of recently applied solutions is the inter-
nal cladding of the Westerschelde highway tunnel in the Netherlands. Walls and
roof decks of panel liners of the two tunnel tubes were clad with stainless steel
sheets covered with 4.5cm thick layer of sprayed mortar. The area of this
cladding structure, at the length of the two tunnels of 6.5 km, achieved 240 thou-
sand m?. The tunnel was opened to traffic in March 2003.

Current state of fire resistance of concrete structures

of traffic tunnels in the CR

Safety in road tunnels in the CR is one of the parts of the CSS (Czech Road Asso-
ciation) Tunnel section's work. As early as 1988, the representatives of the Fire Res-
cue Service and The Police of the CR, were nominated by the Ministry of the Inte-

Cross-section of tunnel tubes

THE WESTERSCHELDE TUNNEL: AN ENGINEERING TOUR DE FORCE! = FITTING OUT= 27

Obr. 1 PFi€né fezy tunelu Westerschelde
Fig. 1 Westerschelde tunnel - cross sections



% 13. ROCNIK, &. 2/2004

Tunel

organizovana cesta na vystavbu tunelu Westerschelde, v letech 1999 a 2003 na
obdobné technické feseni ¢tvrtého délniéniho tunelu pod Labem v Hamburku.
Clenové sekce rovné? spolupracuji na vytvareni legislativnich podminek pro
vystavbu a provozovani tuneld na pozemnich komunikacich CR.

V rdmci této €innosti byla v roce 2003 do revize Technickych podminek MD &. 98
zaglenéna mezinarodng uznéavana kfivka nérlstu teplot uvnitf tunelu pfi poZaru
nakladniho vozu v tunelu. Udaje vyplyvajici z nize uvedené kfivky tvofi zaklad kon-
cepce bezpe€nostnich opatfeni jak odkazovanych TP MD &. 98, tak i koncepce stej-
nych opatteni u probihajici revize CSN 737507 Projektovani tunel(i na pozemnich
komunikacich CR. 5

V rémci integrovaného zachranného systému CR jsou rozmistovany jednotky
Hasi¢ského zachranného shoru na Gzemi CR na zékladé vyhodnoceni rizik uzemi,
jeho zastavby a umisténych technologii. U tunelovych ¢asti pozemnich komuni-
kaci je rozmistovani organizovéano tak, aby byla zajisténa €innost jednotek na
misté pfi pozaru v tunelu v intervalu 7 - 10 min.

Vsechny doposud vybudované betonové konstrukce obezdivek tunell na
pozemnich komunikacich nemaji schopnost odolavat vy$e uvedenému tepelné-
mu zatiZeni bez destrukce.

Udaje vyse uvedené krivky proto vyvolaly nové diskuse o zvy$eni ochrany beto-
novych konstrukei tuneld s cilem zabrénit jejich devastaci a omezit vystielovani
nebezpe&nych tlomkd. Také na tzemi CR je nezbytné prihlizet k riziku ekonomic-
kych ztrat vzniklych v dusledku uzavieni kteréhokoli z doposud zprovoznénych
deviti tunelovych Usekd na pozemnich komunikacich a riziku ztrat a $kod vznik-
lych z pfevedeni dopravy na nahradni trasy. Soucasné dopravni vyuziti vSech
tunelovych UsekU je vykazovano na drovni neklesajici pod 20 tis. vozidel/24 hod.

Navrh feSeni zvySeni pozarni odolnosti betonovych konstrukei

obezdivek dopravnich tunelii na uzemi CR

Vzhledem k tomu, Ze katastroficky pozar mize vzniknout v dopravnim tunelu
nejen kdykoli ale také na kterékoliv misté tunelu, musi byt opatieni ke zlep$eni
pozarni odolnosti betonové konstrukce obezdivky tunelu navrhovana vidy pro
cely rozsah této konstrukce. Doposud pouZivané bud celoplo$né /Westerschel-
de/, nebo ¢astecné /Ctvrty tunel pod Labem v Hamburku/ protipoZarni obklady
vnitfnich ploch tuneld jsou znacné nékladné. .

V bieznu roku 2002 vydala v Rakousku spolecnost Osterreichische Vereinigung flir
Beton und Bautechnik smérnice Richtlinie Faserbeton. Pokyny smérnice pro pridava-
ni polypropylenovych vldken k zabezpeceni zvySené pozéarni odolnosti betonovych
konstrukei také v dopravnich tunelech jsou jiz v Rakousku pouZivany na prvnich stav-
bach dopravnich tunelt. Jak je potvrzeno statnimi zkugebnami v Rakousku, dochazi
pridanim polypropylenovych viéken k pfiznivé zméné chovani betonové konstrukce
pfi jejim zatiZeni teplem. ZatiZeni betonovych konstrukci tepelnym namahanim odpo-
vidajicim kfivce uvedené v TP ¢. 98 MD CR vede, pfi pridani 1 kg vlaken/m?’, k omeze-
ni odpryskavani betonoveé konstrukce do hl. pouze prvnich 5 cm od vnitfniho povrchu.
V rémci prvniho mezinarodniho sympozia Safe and Reliable Tunnels, které pro-
béhlo v Praze ve dnech 4. - 6. 2. 2004, diskutoval autor ¢lanku pouZiti v Rakousku
zavadénych opateni ke zvyseni pozarni odolnosti betonovych konstrukei tunel
také s predsedou dosavadni komise C5 PIARC/AIPCR. V diskusi byla potvrzena
naléhavost potifebného zvyseni pozarni odolnosti predmétnych konstrukei. Mezi-
narodni silniéni spole¢nost, stejné jako fada jejich ¢lenskych zemi /SRN, Sloven-
sko, Francie/, Ceké na potvrzeni zkouskami naznacenych moznosti v pravé probi-
hajici realizaci betonazi obezdivek silni¢nich a Zelezni¢nich tunell v Rakousku.

ZAVER

Na Gzemi CR byly v zavéru lofiského roku zahajeny razby tuneli Panenska na
délnici D8 a Valik na dalnici D5. Betonaz téchto tunelt bude pravdépodobné
zahajovana ve druhé poloviné leto$niho roku a v roce 2005. | pres to, Ze jsou
Casové moZnosti pro nezbytné provedeni vSech zkouSek potfebnych k pouZiva-
ni polypropylenovych vlaken pro uvedeny ucel v CR do terminu zahajeni uve-
dené betonaze velmi omezené, bylo by presto vhodné tyto zkousky co nejrych-
leji zahdjit. Jiz témérF desetileté zkoumani této moznosti zlepSeni pozérni odol-
nosti betonovych konstrukci tunelt v nerGiznéjsich zemich /Anglie, Norsko/

a jeho soucasné zavadéni v sousednim Rakousku jsou dostateénym diivodem
pro ovéFeni této moznosti pro stejny Géel na tzemi CR.
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Obr. 2 Casovy pribéh teplot p¥i pozaru nakladniho vozidla
Fig. 2 Heat buildup at a lorry fire

rior, invited to participate in the work of this section. One of the parts of the sec-
tion's activities is also organising study tours for learning significant technical solu-
tions of traffic tunnels in Europe. In 2000, for instance, a tour to the Westerschelde
construction site was organised, similar technical solution was studied on the high-
way tunnel under the Elbe in Hamburg in 1999 and 2003.

Members of the section also participate in the elaboration of legislative conditions
for construction and operation of road tunnels in the CR.

In the framework of this activity, an internationally recognised curve of heat buildup
in a tunnel during a lorry fire in a tunnel was incorporated into a revision of the
Technical Specifications TP No.98, issued by the Ministry of Transport. Data fol-
lowing from the curve shown below form the basis of the conception of safety
measures, both those referred to in the above-mentioned TP MD No.98 and those
contained in the CSN 73 7507 Design of Tunnels on Roads in the CR, being cur-
rently reviewed.

Fire fighting units are located within the area of the CR in the framework of the inte-
grated rescue system on the basis of an assessment of risks to the given area, its
development and installed technologies. Regarding tunnelled portions of the
roads, the process of location organised in a manner ensuring an action of the
units at the spot of the fire in the tunnel within an interval of 7 - 10 min.

Not all of the till now built road tunnel liners are capable of resisting the above-
mentioned heat loading without destruction.

The above-mentioned curves therefore raised new discussions on improvement of
protection of concrete tunnel structures, with the aim of preventing their destruc-
tion and reducing the dangerous phenomenon of shooting out concrete frag-
ments. It is necessary, for the area of the CR too, to take into consideration the risk
of economic losses due to a closure of any of the nine currently operating road tun-
nels, and the risk of losses and damage due to the diversion of the traffic to alter-
nate routes. Current reports show the traffic exploitation of all tunnelled sections
at a level not falling below 20 thousand vehicles per 24 hours.

Proposal on the solution of improvement

of fire safety of concrete structures of traffic tunnels in the CR

Because of the fact that a catastrophic conflagration can occur in a traffic tunnel
not only any time, but also at any place of the tunnel, the measures designed to
improve the fire resistance of the concrete tunnel liner must cover the entire tun-
nel length. The fire protection cladding of internal surfaces in tunnels used till
now, i.e. either the full-surface covering system (the Westerschelde), or the partial
covering (the fourth tunnel under the Elbe in Hamburg), are extremely expensive.
In Austria, the Osterreichische Vereinigung fiir Beton und Bautechnik issued the
directives Richtlinie Faserbeton in March 2002. Specifications for addition of
polypropylene fibres (to improve the fire safety of concrete structures in traffic
tunnels too) are being used in Austria on the first traffic tunnels. As confirmed
by state testing laboratories in Austria, the addition of polypropylene fibres
results in a favourable change in the behaviour of a concrete structure when
loaded by heat. The addition of 1 kg of the fibres per n?’ of concrete reduces the
concrete bursting depth to initial 5 cm or less from the internal surface in the
case of loading of concrete structures by the heat stress corresponding to the
curve contained in the TP No.98 MD CR.

Using the opportunity of the first international symposium the Safe and Reliable
Tunnels, which was held in Prague from 4 to 6 Feb. 2004, the author of this paper
discussed the application of the measures introduced in Austria with the aim of
improving the fire resistance of concrete tunnel structures with the chairman of the
hitherto committee C5 PIARC/AIPCR The discussion confirmed the urgency for
a solution to the improvement of safety of the structures in question. The Interna-
tional Road Association, as well as a number of its member nations (the FRG, Slo-
vakia, France) expect that the possibilities outlined by the testing will be confirmed
on road and railway tunnel concrete liners in Austria, being under construction.

CONCLUSION

Excavation of two tunnels started in the CR at the end of the past year, i.e. the
Panenska and the Valik tunnel on the D8 and D5 motorway respectively. Casting
of the tunnels is likely to start in the second half of this year and in 2005. Despite
the fact that the time available for the necessary execution of all testing required
for the application of the polypropylene fibres to the given purpose in the CR by
the term of commencement of the above-mentioned casting is very limited, it
would be advisable to start the testing. The research into this method of improv-
ing fire safety of concrete tunnel structures which has been carried out in vari-
ous countries (England, Norway) for nearly a decade, and the current applica-
tion of the system in neighbouring Austria are sufficient reasons for us to test
this solution for the same purpose in the Czech Republic.
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HISTORIA A SUCASNOST STRECNIANSKYCH TUNELOV

STRECNO TUNNELS
ING. IVETA SNAUKOVA, KATEDRA GEOTECHNIKY ZILINSKA UNIVERZITA V ZILINE

1. UvVOD

Stregnianske tunely st vybudované na trati & 180 Zilina - Kosice. Je to jedna
z trati na Slovensku v smere vychod - zapad, ¢ast byvalej KoSicko-bohumin-
skej 7eleznice, dnes |. hlavny tah Cadca - Zilina - Kosice - Cierna nad Tisou. Na
tejto 242 km dlhej trati sa nachadza 6 dvojkolajnych a 2 jednokolajné tunely.
Dvojkolajna trat zo Ziliny smerom na Kosice sa za zastavkou Stre¢no rozdelu-
je na dva jednokolajné useky. Po ich prechode cez stre¢nianske mosty ponad
Vah vzapati usti do dvoch samostatnych tunelov. Za tymito tunelmi sa trat
opét spaja na dvojkolajnt a nasledne vchadza do dvojkolajného tunela. Trat je
elektrifikovana a cez tunely jazdia elektrické rusne. Nad tunelmi vedie $tatna
cesta ¢.18/ E50.

K rozsiahlejsej rekonstrukcii stre&nianskych tunelov v roku 2001 prikrogili ZSR
z vlastnych zdrojov. Vzhfadom na finanént naroénost danych oprav nemohli
byt odstranené na tuneloch vsetky zavady. Prace v tuneloch vykonali predov-
etkym kosické Zelezni¢né stavby, Zilinska ELZA a Geomonta Harmanec v spo-
lupréaci so Spravou Zelezniénych trati a stavieb Zilina.

Evidencné cislo

Tratovy usek Nazov tunela

Track Section Tunnel Name Evidence Number
2601 Strecno | 411
Kosice - Strecno Strecno Il 412
Strecno Il 413
546,0

2. GEOLOGICKE POMERY

Stre¢nianske tunely sa nachadzaju v jadrovom pohori Malych Karpét v krivan-
skej Casti. Tato oblast je tvorena prevazne granitoidmi: biotitickymi a dvojslu-
dovymi Zulami, autometamorfovanymi granodioritmi a kremencami. V tesne;j
blizkosti tunelov tecie rieka Vah, ktora sa tu zarezava do pevnych a odolnych
granitoidnych hornin a vytvéra prirodny vytvor -Domasinsky meander. V dolo-
mitoch pri nedalekej Nezbudskej Lucke st impregnacie asfaltu, ktory sa tu do
roku 1935 aj tazil.

3. TUNEL STRECNO |1l

Jeden z prvych tunelov, ktory bol na tejto trati vybudovany pocéas vystavby
Kosicko - bohuminskej Zeleznice v roku 1871 je tunel Strecniansky Ill. v iseku
Zilina - Poprad. Razilo sa raktskou modifikovanou tunelovacou metédou
v naru$enej Zule. Pevna, masivna Zula sa nachadza len v strednom Useku tune-
la. V tejto oblasti je taktiez ¢ast tunelovej rury v dizke 6,3 m ponechana bez
obmurovky. Pri vystavbe bol pouZity prevazne typ tunelového ostenia madar-
sky 600/526 (319,6 m), ktory je prestriedany s madarskym typom 560/526.
Oblasti obidvoch portalov st vybudované typom tunelového ostenia Z.N. Vo
vjazdovom portali st hradidlové otvory proti povodfiovej vine z Vahu. Izolaciu
proti vode v rube klenby tvorili cca 50 m od obidvoch portalov asfaltové dosky
a zvySok klenby bol na lici izolovany $karovanim s primesou TRICOSALU.
Odvodnenie tunela bolo v podstate nevyriesené. Odvodriovaci kanal bol
nevymurovany, len z kopékov na sucho a zacinal priblizne 150 m od vjazdové-
ho portalu. Slabou strankou tunela bolo nizke osadenie v teréne vodéi rieke
Véah. Niekolkokrat sa stalo, Ze tunel bol pri vy$sej hladine Vahu zatopeny.
V tomto obdobi eSte kriZovala cesta trat Uroviiovym prejazdom so zavorami.
Pri stavbe druhej kolaje v roku 1937 sa tunel predizil z pdvodnych 542 m na
stcasnych 546 m, ¢im sa zrusilo krizovanie cesty s tratou pred portalom tune-
la a cesta sa prelozila nad tunel.

V roku 1945 nemecka armada tunel zna¢ne poskodila. Oba portély sa zosunu-
li a poskodili hlavnu cestu prechadzajticu ponad tunel. Pri obnove tunela bolo
nutné vybudovat obidva portaly a obnovit vSetkych 63 tunelovych pésov.

1. INTRODUCTION

The Stre¢no tunnels were built on the rail line from Zilina to Kosice. This is one
of the Slovakian lines heading from east to west, being part of the former
Kosice-Bohumin line, today the main Cadca - Zilina - Kosice - Cierna nad Tisou
line. There are 6 double-track and 2 single-track tunnels on this 242km-long
line. The double-track line from Zilina toward Kosice splits into 2 single-track
sections. After passing the Strecno bridges across the Véah River, the tracks
enter two separate tunnels. The tracks rejoin after the tunnels, and enter (as
a double-track line) a double-track tunnel. The rail line is electrified, with elec-
trical trains running through the tunnels. The arterial road No.18/E50 leads
above the tunnels.

A substantial refurbishment operation, funded by ZSR (Slovakian Railways)
from its own sources, started in 2001. Due to the high cost of the repairs, it was
impossible to remove all the tunnel defects. The work in the tunnels was carried
out mainly by Kosice-based Zelezniéni Stavby, Zilina-based ELZA and Geomon-
ta Harmanec, together with Sprava Zelezni¢nich Trati a Stavieb Zilina (Adminis-
tration of rail tracks and buildings).

DI'Zka v m Rok vystavby Druh

Length in m Construction period Type

318,0 1937-1939 double-track

593,0 1937-1939 single-track

542,0 1871 single-track

1937-1939 predizeny
pri zdvojkolajneni trate
extended with
the doubling of the track

2. GEOLOGY

The Strecno tunnels are found in the the Malé Karpaty core mountain range (the
Little Carpathians), in the area of Krivari Mountain. This area mainly consists of
granitoids, i.e. biotite granite and binary granite, autometamorphosed granodi-
orites and quartzites. The Vah River, flowing in close proximity to the tunnels,
has cut into the hard and sound granitoid rock massif, forming a natural monu-
ment, the Domasin Meander. The dolomites found nearby, at Nezbudska Lucka,
contain asphalt impregnations (asphalt was extracted there until 1935).

3. STRECNO Il TUNNEL

One of the first tunnels built on this rail line is the Stre¢no Il tunnel. It was built
within the Zilina - Poprad section during the construction of the Kosice - Bohumin
line in 1871. It was headed through fractured granite, using the Modified Austrian
Tunnelling Method. Competent, massive granite is found within the central part of
the tunnel. This part also contains a 6.3m-long section left without any lining.
Application of the 600/526 Hungarian type of lining prevailed during the construc-
tion (319.6m), alternating with the 560/526 Hungarian type. The areas of both por-
tals were built using the Z.N. tunnel lining type. Installation of stop logs is possible
at the entrance portal to allow protection of the tunnel against a flood wave from
the Vah River. The waterproofing system within a length of about 50m from both
the portals consisted of asphalt plates on the exterior surface of the vault, the
remaining part of the vault was pointed from the interior of the tunnel using an
addition of TRICOSAL to the jointing material. The tunnel drainage was essential-
ly unresolved. The drainage channel was not lined by brickwork. Chunk stone
masonry without mortar, used for the channel lining, started roughly 150m from
the entrance portal. A weak point of the tunnel was its low level in relation to the
Vah River. It has happened several times that the tunnel was flooded when the Vah
surface rose. At that time a level road crossing with barriers was operated. During
the second track construction in 1937, the tunnel was extended from original
542m to the current length of 546m. The crossing of the road and railway before
the tunnel portal was cancelled, and the road was relocated over the tunnel.

In 1945, the German army damaged the tunnel considerably. Both portals col-



s 13. ROCNIK, &. 2/2004

Tunel

Prvé rekonstrukcia po vojne sa vykonala v roku 1987. Vzhlfadom k tomu, Ze
vyluka na trati trvala len 5 dni, bola urobena obnova kolaji a problémy spdso-
bené vodou sa podarilo odstranit len ¢iastocne a tak voda do tunela presako-
vala nadalej.

Dalsej rekonstrukcie sa tunel dogkal v rokoch 2000-2001. V tuneli dlhodobo
pretrvavali problémy s vySkou nivelety kolaje, vy$kou troleje a odvodnenim
tunela. Vacsia cast kamennej obmurovky mala vypadané Skary, deformécie
ostenia boli pozorované len v dvoch pasoch. Situaciu v tuneli komplikovali aj
kablové rozvody ulozené v $trkovom 167ku. Styri 3 kV zosiliovacie kable
a jeden 6 kV kabel sa museli najprv ulozit do Zlabov umiestnenych na konzo-
lach v obmurovke vo vyske cca 2,5 m nad temenom kolajnice. Az po tychto
Upravach sa mohlo pristupit k vlastnym rekonstrukénym pracam.

Podkladom pre vypracovanie projektovej dokumentacie bol evidenény list
tunela, zapisy z prehliadok tunela v rokoch 1982, 1988, 1992, zapis z mimo-
riadnej prehliadky konanej v roku 1996, zaznamy z prehliadky tunela panto-
grafom, geodetické zameranie terénu nad vjazdovym portadlom z roku 1997.
InZiniersko-geologicky ani hibkovy stavebny prieskum nebol vykonany, preto-
ze naklady na prieskumné prace boli neimerne vysoké oproti vlastnym sta-
vebnym néakladom.

Cielom rekonstrukcie tunela bolo:
* oprava vypadanych $kar,
« zriadenie zvodnic,
+ oprava vypadaného a zvetraného beténu,
+ vypliiova a tesniaca injektaz.

Najvagsi rozsah prac pripadlo na $karovanie. Skarovanie sa neobmedzilo len
na tunelov raru, ale bolo treba opravit aj Skarovanie ¢elného muru vjazdové-
ho portalu a jeho kridla. V miestach, kde boli v osteni pozorované pukliny,
sa pouzila vypliiova injektaZz z dovodu zabezpedéenia statického spolupdsobe-
nia ostenia s horninovym masivom. Na utesnenie puklin na styku obmurovky
a horniny sa pouZila tesniaca injektaz. Ako injektazny material sa pouzila che-
micka a ilovocementové suspenzia.

PretoZe zavodnenie tunela bolo znaéné, obnovila sa nielen funkcia starych
zvodnic ich predistenim, ale taktieZ sa vybudovali v najzavodnenejSich Use-
koch zvodnice nové. Pre zvySenie U¢innosti zvodnic sa navitali 4 - 5 m odvod-
fovacie vrty dizky 4 - 5 m. Bol preéisteny pozdizny odvodiovaci #lab, ktory uz
vobec neplnil svoju funkciu a novovybudované zvodnice sa zaustili priamo
dori. Ustie u? jestvujucich zvodnic je asi 30 cm nad stgasnou Groviiou kolajo-
vého l6zka. Pri Cisteni jednej zo zvodnic sa narazilo na lokalne loZisko asfaltu
pricom asfalt zo zvodnice vytiekol.

Tie pasy, ktoré vykazovali deformaciu, sa zabezpecili zakotvenim klenby. Pou-
Zili sa trubkové ocelové kotvy dlzky 3 m na konci opatrené kuZelovitym klinom.
Pre lep$i ucinok sa kotvy stabilizovali cementovou maltou.

Prvy zachranny vyklenok zo strany vru- A HAE
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lapsed, and the main road running above the tunnel was damaged. It was nec-
essary to erect both portals and restore all 63 tunnel "rings" (i.e. about 10m long
tunnel tube sections).

The first reconstruction after the war was carried out in 1987. As the line was
closed to traffic for 5 days only, the track was renewed, although the problems
caused by water were removed partially only. The water seepage into the tun-
nel continued.

The other reconstruction of the tunnel took place in 2000-2001. Long-lasting
problems about the vertical alignment of the track, height of the trolley line, and
the tunnel drainage remained. Major part of the masonry lining pointing was
missing. Deformations of the lining were observed within two rings. The situa-
tion in the tunnel was also complicated by cable lines embedded in the gravel
ballast. Four 3kV power cables and one 6kV cable had to be placed in troughs,
installed on brackets fixed about 2.5m above the top of rail to the tunnel lining.
Only when these operations had been finished was the commencement of the
reconstruction work proper possible.

The following documents were used as a basis for elaboration of the design: the
tunnel registration sheet, tunnel inspection reports from 1982, 1988, 1992, the
report on an irregular inspection carried out in 1996, the pantographic tunnel
inspection report, results of a survey of the terrain above the entrance portal
from 1997. Neither engineering-geological survey nor in-depth structural survey
was performed because the cost of the surveys being inadequately high com-
pared to the construction cost proper.

The objective of the tunnel reconstruction was:
- to repair the pointing,
« to build cross drains,
« to repair the concrete damaged by spalling and weathering
« to carry out back-grouting and sealing grouting.

The pointing claimed the largest portion of the work volume. It was not restrict-
ed to the tunnel tube only. The pointing of the front wall of the entrance portal
and its wings had also to be repaired. Back grouting was carried out at locations
where cracks in the lining were observed, so that the structural interaction
between the lining and the rock mass were secured. The sealing grouting was
applied to cracks at the lining and rock interface, using chemical and clay-
cement suspension.

Because of the significant volume of water inflows into the tunnel, new cross drains
were built in the most affected sections, in addition to rehabilitation of the existing
cross drains by clearing them. To increase the efficiency of the cross drains,
drainage boreholes were drilled to the rock mass up to a depth of 4 - 5 m. The lon-
gitudinal drainage duct, failing to perform its function, was cleared, and the newly
built cross drains were connected to this duct. The mouths of existing cross drains
are about 30cm above the current level of the ballast. A local deposit of asphalt was
encountered during the drilling for one of the cross drains; the asphalt flowed out.

The rings exhibiting deformations were supported by anchors installed to the vault,
using 3m long steel pipes, provided by
a conical wedge at the end. To improve the
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vzdialeny az 80 m, ¢o nevyhovovalo :'u,érmiu' ERTT) 1 Bt oo SRl . ilised in boreholes by cement mortar.

poziadavkdam ON 73 6301. Podla tejto -y LY L The first safety recess was at a distance of
normy musia byt zachranné vyklenky ot i 1 I-'iusae- St S o .-'" Fyiia g about 80m from the Vrutky portal. The dis-
rozmiestnené v maximalnej vzdialenos- ! : il Vo ! i tance did not meet the requirements of the
ti 256 m. V rdmci rekonstrukcie bol vybu- ON 73 6301 standard. According to this stan-
dovany novy bezpecnostny vyklenok dard, the safety recesses must be built at
svetlych rozmerov sirka 2000 mm, a maximum spacing of 25m. A new safety
vySka 2000 mm, hlbka 750 mm. Je umie- y recess was built at a distance of 40m from

stneny 40 m od vjazdového portéalu.

Pri rekonStrukcii sa zniZila niveleta kolaje .
cca 0 30 cm a upravila sa vysky troleje. :

Aj napriek takto urobenej rekonstrukcii
tunela Stre¢no Il je jeho technicky stav
nadalej najhorsi zo vSetkych stre¢nian-
skych tunelov a hodnoteny ¢&islom 3 na
trojstupfiovej stupnici hodnotenia. So

the entrance portal (net dimensions: 2000mm
wide, 2000mm high, 750mm deep).

The vertical alignment of the track was low-
ren ered approximately by 30cm, and the height
of the trolley line was changed during the
reconstruction.

Despite the reconstruction to the Strecno
Ill tunnel carried out in the above-men-
tioned manner, its structural condition

zretelom na pridelené financie rekonst-
rukcia neodstranila v8etky zavady. | ked
bola zniZzend niveleta kolaje, tunel
zostava nadalej neprejazdny pre prie-
chodny prierez 1-SME. Vzhladom na to,
Ze pri vystavbe tunela sa pouzili tri typy
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Obr. 1 Celkové situécia
Fig. 1 General overview

remains the worst of all Strecno tunnels
(rated 3 on a three-degree evaluation
scale). Because of the allotted funds, the
reconstruction failed to remove all defects.
In spite of lowering the vertical alignment
of the track, the tunnel is still impassable
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tunelovych osteni a vySkovy rozdiel medzi jednotlivymi typmi je az 400 mm,
tunel je naméahany nepriaznivymi dynamickymi u¢inkami, ktoré vznikaju pri
prechode vlakov. Presakovanie vody do tunela sa podarilo odstranit len ¢ias-
to¢ne. Nepriaznivy je taktieZ stav pasov v blizkosti stre¢nianského vyjazdové-
ho portélu, ktoré sa v klenbe intenzivne plosne zamokruju (kvapka déazd). Tato
z&vada sa eSte viac zvyrazfiuje v zimnom obdobi, kedy z ostenia visia mohut-
né cenculle. V tomto Useku je tiez znaéne poskodené Skarovanie kameniva
a samotné kamenivo vykazuje rozsiahlu degradéciu. V tuneli sa nachadza
v stiéasnosti 11 ochrannych vyklenkov, z toho len v $tyroch pasoch su vo vza-
jomnej vzdialenosti 25 m, ¢o je v stlade s normou.

4. TUNEL STRECNO L.

Po rozhodnuti z roku 1937 zdvojkolajnit Usek zo Ziliny smerom na Kosice sa
stbezne s tunelom lll. zacal budovat tunel Stre¢niansky Il. Je situovany 20 az
80 m vedla tunela lll. a staval sa ako jednokolajny. Stavbu realizovala firma
Miiller&Kapsa. Zelezniéné kolaje dodala firma Vitkovické Zeleziarne a oceliar-
ne v Moravskej Ostrave. Tunel bol razeny raktskou tunelovacou metodou.
Vyska nadlozia je 180 m, svetly tunelovy prierez 5,5/5,7 m je jednotny po celej
dizke tunela, klesanie v priamke ma 4,7 % v celej dizke tunela (593 m).

Ustupujicou nemeckou armadou bol tunel poskodeny len na troch miestach.
Zosunuli sa oba portaly, ¢im bola poskodena cesta veddca ponad tunel. Vo
vnutri tunela ostali zasypané rusne, ale samotny tunel zostal bez vacSieho
poskodenia. V ovela va¢Som rozsahu bol poSkodeny most nadvéazujuci na
tunel a tak sa obnova poskodenych objektov vykonala za vylicenia prevadzky
stcasne.

V roku 1987 sa v tuneli obnovila kolaj a kolajové 16Zko.
V roku 2001 bola v tuneli opravena a vymenena kolaj a znizena jej niveleta.

Sucasny technicky stav tunela je taktiez hodnoteny ¢islom 3, ale pri porovna-
ni so Stre¢nom lII. je jeho technicky stav lepsi. Tak isto nevyhovuje priechod-
nému prierezu 1-SME, no napriek tomu, Ze do tunela zatekd, nevykazuje také
velké zamokrenie. V nedavnej minulosti bolo sice presakovanie vody do tune-
la vacsie, o sa ale podarilo upravit spravnym odvodnenim $tatnej cesty ¢.18/
E50, ktora vedie nad tunelom. Odvodnenie cesty je rieSené pomocou rigolu
v sklone 10 %. V mieste, kde dochadza k stekaniu vody z prifahlého svahu bol
rigol prepadnuty, ¢o sa odstranilo zhotovenim sklzu z kamena do vrstvy beté-
nu a jeho zaustenim do rigolu pomocou vyvaru.

5. TUNEL STRECNO I.

Dvojkolajny tunel Stre¢niansky |. realizovala firma Miller& Kapsa rakuskou
tunelovacou metoédou v rokoch 1938 - 1939. Vystavbu tunela vyvolalo to, Ze
nasyp pre dvojkolajnu trat nebolo mozné postavit na Gzkom priestore starej
terasy veducej popri Vahu. Trasa tunela je vedend v obliku s polomerom
R 452 a svetly tunelovy prierez je 9.0/6,6 m. V désledku tlakovych prejavov
horninového prostredia vagsinu tunelovych pésov tvorili pasy tlakové. Dizka
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Obr. 2 Nevyhovujuci priechodny prierez vjazdového a vyjazdového portélu
Fig. 2 Insufficient clearance profile of the entrance and exit portals

for the clearance profile 1-SME. Due to the fact that three tunnel lining types were
used during the construction, with differences in the height of the particular
types reaching 400mm, the tunnel is exposed to adverse effects of dynamic load-
ing during train passage. The leaks were removed partially only. The condition
of the rings in the vicinity of the Stre¢no exit portal, where areas of intensive
water dripping from the vault occur, is also unfavourable. This defect becomes
even worse in winter seasons when mighty icicles hang from the lining. This sec-
tion also exhibits significant damage to the stone masonry pointing, and the
masonry itself suffers from large-scale deterioration. There are 11 safety recess-
es in the tunnel; out of that number, the spacing of 25m required by the standard
is maintained in four rings only.

4. STRECNO Il TUNNEL

The construction of the Strecno Il tunnel started in parallel with the Stre¢no Il tun-
nel, when the decision had been made in 1937 to double the track section from
Zilina toward Kosice. This single-track tunnel is situated at a distance of 20-
80m from the tunnel lll. The Miiller-Kapsa company was the contractor for this
project. Rails were supplied by the Moravska Ostrava-based company Vitkovické
Zeleziarne a Oceliarne (Vitkovice iron-works and steel-works). The tunnel was
mined using the Austrian Tunnelling Method. The overburden depth amounts to
180m, the net tunnel cross-section dimensions are uniform (5.5/5.7m), as well as
the tunnel gradient (4.7% along a length of 593m).

The retreating German army damaged the tunnel at three places only. Both por-
tals collapsed, causing also damage to the road over the tunnel. Trains
remained confined inside the tunnel, but the tunnel structure suffered no seri-
ous damage. The scope of the damage to the bridge connected to the tunnel
was much worse. The repair of the damaged structures was therefore carried
out simultaneously, with the traffic closed.

In 1987, the trackwork and ballast were renewed.
In 2001, repair and replacement of the trackwork was carried out, and the verti-
cal alignment of the track lowered.

Current technical condition of the tunnel is also evaluated as degree 3, but it is
better in comparison with the Strecno Il tunnel. Nor does this tunnel meet
requirements for the 1-SME clearance profile, but the leaks into the tunnel are
not so serious. It is true that the leakage into the tunnel had been worse in
recent times, but the condition was improved successfully by properly draining
the arterial road No.18/E50 passing over the tunnel. The road drainage is solved
by means of a ditch at a gradient of 10%. The ditch was damaged by sinking at
a location where water flows from the adjacent slope. This defect was removed
by building a chute lined with stone placed in a concrete layer, and a stilling
pool built at its connection to the ditch.

5. STRECNO | TUNNEL

The Strecno | double-track tunnel was constructed by the Miiller-Kapsa compa-
ny, using the Austrian Tunnelling Method, in 1938 - 1939. This tunnel construc-
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Obr. 3 Nevyhovujuce priechodné prierezy vo vnatri tunelovej rary.
Fig. 3 Insufficient clearance profile inside the tunnel tube
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tunela je 318,0 m s maximalnym nadlozim 34 metrov. NadloZie tvori kompakt-
na zula. Obmurovka je zo sliezskej Zuly. Kratke useky pri portaloch boli reali-
zované v otvorenom zareze a nasledne zasypané. Izolacie v tuneli st z vodo-
tesného betdnu, pri portaloch je trojnasobny asfaltovy nater a dve jutové vloz-
ky. Takto bol tunel ukonéeny a odovzdany do prevadzky.

Poskodeniu pocas Il. svetovej vojny sa nevyhol ani tento tunel. Najskor ho
poskodili partizani, aby zabranili postupu nemeckych vojsk. Tunel bol oprave-
ny len provizéorne. Druhy krat bol poskodeny ustupujicou nemeckou arma-
dou. Tunel bol s¢asti zasypany a oba portaly boli zosunuté. S obnovou tunela
sa zaCalo hned v méji 1945 a do prevadzky bol dany uz v roku 1946.

Pri rekonstrukcii Statnej cesty ¢. 18/ E50, vedenej v tesnej blizkosti nad tunelo-
vym objektom, nevhodnym pritazenim jedného predportaloveho kridla zemi-
nou, zacala sa v tejto oblasti vyvijat trhlina, ale po urychlenom odtazeni zemi-
ny jej rozdirovanie ustalo.

Dalsej vacsej rekonstrukcie sa tunel dockal taktiez a7 v roku 2001. Od 24. 7.
2001 bola nepretrzitd 10-dfiova vyluka, pocas ktorej bola nepretrzita vyluka,
pocas ktorej v tuneli prebiehala rozsiahla oprava kolaji a kofajového l6Zka.
Problémy v tomto tuneli spdsobovala taktiez nedostato¢na vyska trakéného
vedenia od nivelety kolaje - vlaky ho v oboch smeroch prechéadzali so stiah-
nutym zberaom. Pfi obmedzenej priestorovej priechodnosti vlaky s prekroce-
nou nakladacou mierou mohli jazdit iba po druhej tratovej kolaji. Otazka
odvodnenia tunela nie je takd akutna ako v predchadzajucich tuneloch. Pri
oprave bolo postacujice vycistit len strednd odvodiiovaciu stoku.

Sucasny technicky stav tunela Strecno | je spomedzi strecnianskych tunelov
najlep$i. Tak ako predché&dzajice tunely nevyhovuje priechodnému prierezu
1-SME, ale problémy so zatekanim su tu minimalne. V tunelovej rire presaku-
je voda len na malych plochach s menSou intenzitou a taktieZ ostenie javi
minimélne zndmky degradécie spdsobenej vodou. Problémom vsak nadalej
zostava nedodrzanie osovej vzdialenosti kolaji, ¢o je v si¢asnosti zrejme naj-
zavaznejsi nedostatok tohto tunela.

6. ZAVER

Sucasny technicky stav stre¢nianskych tunelov si vyZaduje dalSie sanacné,
resp. rekonstrukéné prace. Tie by sa mali zamerat predov$etkym na zvacsenie
svetlych tunelovych prierezov a na zamedzenie priesakov vody do tunelovych
rur. Sanaénym pracam by mala predchadzat kvalitna diagnostika jestvujuceho
ostenia a horninového prostredia. Pouzitie tunelovej dokumentacie, ako
vychodiskového materialu pre névrh projektu rekonstrukénych prac nie je
postacujuce. Aj napriek zvySenym pociatocnym finanénym nékladom, pozna-
nie skutoéného stavu konstrukcie a charakteru horninového masivu uz v pred-
realizacnej faze projektu prispieva k znizeniu nakladov na udrzbu a opravy
pocas prevadzky. Snaha minimalizovat subjektivny pohlad pri vykonavani
dohliadacej ¢innosti na tunelovych objektoch vedie k pouZivaniu technolégii
zaloZenych na vyuzivani digitélnej vypoctovej techniky a skenovani vnitorné-
ho lica ostenia tunelu, ¢o sa pri sprave nasich tunelov zatial neuplatiiuje.
V porovnani s klasickymi prehliadkami dochadza k zvyseniu kvality prehliadok
a zrychleniu diagnostiky konstrukcie tunela. Technolégia digitalneho spraco-
vania vysledkov umoziuje vyuZitie vysledkov v CAD systémoch, ¢o vyrazne
urychluje a skvalitfiuje spracovanie projektu Gdrzby. Vzhladom na to, 7e ZSR
planuju po roku 2006 modernizéaciu V. koridoru Bratislava - Zilina - Cierna nad
Tisou v Useku Puchov - KoSice, vlaky by tu mali prechadzat rychlostou 140
km/hod. a taktiez od februara 2001 je v platnosti priechodny prierez C (obrys
vozidla UIC - GC), bude potrebné pristupit k rozsiahlej$ej a ucinnejsej rekonst-
rukcii danych tunelov. Rekonstrukci by malo predchadzat skvalitnenie dohlia-
dacej ¢innosti na tuneloch (snaha o objektivizaciu prehliadok) a spracovanie
vhodnej diagnostiky danych objektov na zédklade modernych technolégii.
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tion was necessary because the embankment for the double-rail line could not
be built within the narrow space of an old terrace along the Vah River. The tun-
nel alignment is curved (R 452 radius). The net cross section of the tunnel is
9.0/6.6m. Most tunnel rings were designed as pressure-resisting structures with
respect to the rock environment manifesting high pressures. The maximum
cover of this 318.0m-long tunnel amounts to 34m. The cover consists of com-
pact granite. The tunnel is lined in Silesian granite. Short sections at portals
were built in open cuts and backfilled. Water-retaining concrete was used for the
tunnel structure. Portal sections are provided with triple asphalt coat and two
inserts of Hessian cloth. This is the condition that the tunnel was completed in
and brought into service.

Nor did this tunnel escape damage during the World War Il. First time it was dam-
aged by partisans with the aim of preventing German troops from advancing. The
second damage was caused by the retreating German army. The tunnel was back-
filled partially, and the portal structures were torn down. The tunnel reconstruction
started immediately in May 1945, and commissioning took place as early as 1946.

As a result of excessive loading on one of the pre-portal wings by earth during
the reconstruction work on the arterial road No.18/E50 leading over the tunnel,
in close proximity to the tunnel structure, a crack started to develop in this area.
The spreading of the crack stopped after expedient removal of the earth.

Another significant reconstruction also took place in 2001. An uninterrupted 10-day
track-possession period started on 24 July 2001, allowing a major repair of the
trackwork and ballast in the tunnel. Also insufficient distance of the contact line
from rails caused problems in this tunnel. Trains passed trough the tunnel in both
directions with trolleys pulled down. The space for passing trains was restrained;
trains carrying loads exceeding allowable dimensions had to use the running track
No.2 only. The issue of the tunnel drainage is not so acute as in the abovemen-
tioned tunnels. It was sufficient to clear the central drainage duct during the repair.

Current technical condition of the Strecno | tunnel is the best of all the Strecno
tunnels. Similarly to the tunnels mentioned above, it does not meet require-
ments for the 1-SME clearance profile, but there are minimum leakage prob-
lems there. The tunnel tube exhibits small areas with leakage, the intensity of
the leaks is lower, and also the lining shows minimum signs of deterioration due
to water. One problem has remained, i.e. the distance between the lines incon-
sistent with the standard. This is the most serious defect of this tunnel.

6. CONCLUSION

Current technical condition of the given tunnels requires other rehabilitation or
reconstruction actions. They should be focused on enlargement of the net cross
sections of the tunnels, and preventing water from seeping into the tunnel tubes.
The rehabilitation operations should be preceded by good quality diagnostics of
the existing lining and rock environment. It is not sufficient for the design of the
reconstruction to use the existing tunnel documents as a source material. Despite
increased initial expenses, knowledge of the actual condition of the structure and
character of the rock mass as early as the pre-realisation phase of the project con-
tributes to reduction in maintenance and repair costs during the operation phase.
The effort to minimise subjective viewing of execution of surveillance over tunnel
structures leads to application of techniques based on exploitation of digital com-
puter technology and scanning of the internal surface of the tunnel lining. This
approach does not exist in our tunnel administration procedures yet. Compared to
conventional methods of tunnel inspections, the quality of inspections increases,
and the tunnel structure diagnostics becomes quicker. The digital technology for
processing results allows utilisation of the results in CAD systems, which acceler-
ates work on the maintenance design and increases its quality. With respect to the
fact that Slovakian Railways is planning modernisation of the "5th corridor Bratisla-
va - Zilina - Cierna nad Tisou" in the Ptichov - Kosice section (train speed should
achieve 140 km/hour along this section), and the clearance profile C (vehicle con-
tour UIC - GC) will be put into effect in February 2001, a wider-scale and more effi-
cient reconstruction of the given tunnels will be necessary. This reconstruction
should not be performed without previous improvement of surveillance of the tun-
nels (in an effort to increase the objectivity of inspections) and development of suit-
able diagnostics of the given structures based on state-of-the-art techniques.
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ZE SVETA PODZEMNICH STAVEB

WORLD OF UNDERGROUND CONSTRUCTION

PROPOJENI ZELEZNICNI
A MESTSKE HROMADNE DOPRAVY V LINCI

Nedaleko od nasich jiznich hranic, v rakouském Linci, se dokoncuje zajimava
tunelova stavba, kterd umozni pfimou navaznost Zelezni¢ni dalkové i pfimést-
ské dopravy na méstskou hromadnou dopravu. Soucasné stavba pomuze zvy-
Sit plynulost méstské dopravy jak hromadné, tak automobilové. NaplIni stavby
je preloZeni ¢asti paterni tramvajové trati v centru mésta v ulici Wiener Stras-
se do podzemi a jeji odklon smérem k Zelezni¢ni stanici Linec - hlavni nadrazi.
Stavba zahrnuje vybudovani tfi novych podzemnich tramvajovych stanic,
které se realizuji hloubenym zplsobem (u jedné z nich se vyuZila metoda
"zelva"). Pfimy prestup cestujici verejnosti z Zeleznice na tramvaj zajisti stani-
ce Hlavni nadrazi. Celkova délka nové budované trati je asi 1,9 km, z toho vice
nez 1,25 km je tunelovano metodou NRTM. V prevainé délce se jedna
o vystavbu dvoukolejného tunelu, ktery vSak v nejvice problematické oblasti
pod kolejistém Zelezni¢niho nadrazi prechazi do tfikolejného tunelu v délce
120 m. Soucasné se pfimo pod kolejistém razi jednokolejna tramvajovéa smyc-
ka véetné rozrazek pro budouci napojeni prodlouzeni linky ¢. 3. Dals$i razena
tramvajova smycka je u severniho konce hloubené stanice Hlavni nadrazi.
Koncepce dopravniho feseni vznikala postupné od r. 1976, ale prace na stave-
nisti byly zahajeny az v ¢ervenci 2001 a vlastni razba probihala od tinora 2002
do éervence 2003. Dokonceni sekundarniho osténi se planovalo na konec roku
2003 a uvedeni do provozu ma byt v zavéru roku 2004.

Obtiznost stavby je dana nasledujicimi skuteénostmi:

* nepfiznivé geotechnické podminky;

* nizké nadlozi - minimum 1,50 m (!) az 5 m;

+ podchod kolejisté Zelezni¢ni stanice s nepfiznivym vlivem dynamickych
ucinka projizdéjicich vlaka (16 koleji a 5 nastupist);

+ podchod existujicich nadraznich budov nebo razba v blizkosti zakladd

zdénych i vicepatrovych budov;
variabilita razenych profilli a rozrazky pro tramvajové smycky i pro budouci
prodlouzeni linky €. 3;

* malé poloméry razenych tunelli (standardni polomér v bézné trati byl sice
120 m, ale ve specialnich pfipadech mohl klesnou az na 67 m a v tramvajovych
smyckach byl dokonce polomér pouze 19 m);

* nebezpeci nalezu nevybuchlych leteckych bomb z druhé svétové valky.
Pokud nebylo mozno provést prizkum z povrchu Uzemi, provadély se pfi razbé
prizkumné vrty z ¢elby. Ty se vystrojily hlinikovymi vypaznicemi, ve kterych
se provadéla méreni magnetického pole.

GEOTECHNICKE PODMINKY

Z przkumu vyplynulo, Ze prostfedi stavby je tvofeno Sirokou skalou riiznych
druhl zemin, které Ize hrubé rozdélit do nasledujicich typl - navazky, sprase
a spraSové hliny, ¢tvrtohorni Fiéni sedimenty Dunaje a Traunu - pisky a $térky,
a tretihorni jilovce, postizené hlubokym zvétranim z posledni doby ledové.
Predevsim vlastnosti piski a stérka byly velmi duleZité, protoZe se vyskytova-
ly v pfevazné &asti profilu, ale predevs§im v klenbé a nad klenbou tunelu. Tato
vrstva sedimentl byla velmi nestejnoroda co do vlastnosti piskU, Stérkopisku
a Stérkd, a to i z hlediska stfidani, tloustky a uloZeni vrstev.

Podzemni voda byla systematicky pfitomna 6 az 9 metr(i nad tfetihornimi hor-
ninami a dno tunelu bylo vétsinou 4 m pod jeji hladinou. Uroveii hladiny byla
pred a pfi razbé snizovédna pomoci systému odvodiiovacich studni instalova-
nych z povrchu Gzemi. Pfesto bylo nutné pfi razbé provadét drendzni systém
pro podchyceni i znacnych pfitok(, protoZze odvodnéni studnémi nemohlo byt
dostatecné ucinné vzhledem k velké propustnosti hrubych §térka a k nestejné
urovni nepropustnych tetihornich hornin. Pod dnem tunelu se budovala $tér-
kova drenaz, ktera v kone¢né fazi ma umoznit proudéni podzemni vody kolem
hotového dila.

Snizovani hladiny podzemni vody bylo zastaveno po dokonéeni primarniho
osténi. To samoziejmé nebylo vodonepropustné, takze pfipadné prasaky byly
organizované svadény a odcerpéavany, dokud se nedokonéilo sekundarni osténi.

POSTUP RAZEB

Z predchoziho je zfejmé, Ze technologicky postup razeb musel zajistit mini-
malni sedani povrchu a jejich bezpecny priibéh. Pozornost byla vénovana pre-
dev§im okam?zité instalaci primarniho osténi, pfipadné opatienim provadé-
nym pred ¢elbou, a urychlenému uzavirani primarniho osténi protiklenbou. Na

INTERCONNECTION OF RAILWAY
AND URBAN MASS TRANSIT SYSTEMS IN LINZ

Nearby our southern border, in Austrian city of Linz, there is an interesting tunnel
construction being completed, which will make direct connection of both long-dis-
tance and commuter railway traffic to the urban mass transit system possible. This
project will help to improve fluency of urban traffic, both in terms of mass and
vehicular transport. The Works consists of relocating a part of a main tramline in
the city centre (Wiener Strasse street) underground, and diverting it in a direction
toward the Linec railway station, the Main Station.

The project comprises construction of three new cut-and-cover tram stations (the
"Turtle method" was utilised for one of them). Direct transfer of passengers from
the railway to the tramline will be possible at the railway station, the Main Station.
Total length of the newly built line amounts roughly to 1.9 km, out of which length
over 1.25 km will be excavated using the NATM. A double-rail tunnel type prevails,
but a length of 120 m of a triple-rail tunnel will have to be constructed within the
most difficult section passing under the station yard. A mined single-track tramline
loop is being built simultaneously directly under the station yard, including short
side tunnel stubs for future connections of the line No.3 extension. Another tram-
line loop is at the northern end of the cut-and-cover station, the Main Station.

The conception of the traffic solution was being developed gradually since 1976,
with the work on the site beginning as late as July 2001, and the excavation taking
place from February 2002 to July 2003. Completion of secondary lining was sched-
uled for the end-2003, and commissioning for the end of 2004.

The Works complexity was associated with the following facts:

unfavourable geotechnical conditions;

shallow overburden - 1.50 m (a minimum) to 5 m;

passing under the station yard generating unfavourable dynamic effects
due to running trains (16 tracks and 5 platforms);

passing under existing station buildings, or excavation in a vicinity to foundation
of multi-storey brick buildings;

variability of mined profiles and the side tunnel stub for the tramline loops
and the future line No. 3 extension;

tight radii of the mined tunnels (the standard radius of 120 m at a common
line could be reduced up to 67 m in special cases, and at tramline loops it
could drop to mere19 m);

* a threat of discovering unexploded bombs from the World War Il. Whereever
the survey could not be conducted from the ground level, exploratory drilling
from the tunnel face was carried out during the excavation. The drillholes were
cased with aluminium pipes, and magnetic field was measured in the pipes.

GEOTECHNICAL CONDITIONS

The surveys confirmed that the geology consists of a wide range of soil types,
which can be roughly divided into the following groups: made ground, primary
and secondary loess, Quaternary stream sediments of the Danube and Traun
rivers (sands and gravels), and Tertiary claystone affected by deep weathering
during the last Ice Age. Properties of the sands and gravel above all were of high
importance as they were found within prevailing part of the cross section, main-
ly at the tunnel crown and above the crown. This series of strata of sediments
was highly heterogeneous in terms of the properties of the sands, gravel-sands
and gravels, even regarding alteration, thickness and dipping of the layers.
Groundwater was present systematically at a level of 6 to 9 meters above the Qua-
ternary rock, and the tunnel floor was mostly 4 m under the water table. The water
table was lowered before and in the course of excavation by a system of absorb-
ing wells sunk from the ground surface. Despite this action, a drainage system
had to be maintained during the excavation to capture the even significant
inflows. The reason was that the absorbing wells could not be sufficiently efficient
due to the high permeability of course gravels, and uneven level of the imperme-
able Tertiary rock. Gravel drainage was built under the tunnel invert. This drainage
is to allow groundwater to flow along the finished structure in the final phase.
The lowering of the water table was suspended after the primary lining comple-
tion. Of course the lining was not waterproof. Contingent leaks were diverted in
an organised manner and pumped away until the secondary lining completion.

EXCAVATION PROCEDURE

It is obvious from the above information that the excavation technique had to
secure minimum surface settlement and safe progressing of the work. Attention
was focused primarily on immediate erection of the primary liner and, wherever
required, on measures carried out ahead of the face, and expeditious closing of
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obrazku 1 je schematicky znazornén postup razby véetné postupného otvirani
¢elby kaloty a jadra u dvojkolejného tunelu.

U tfikolejného tunelu se nejprve razil tunel pro stfedni Zelezobetonovy pilif
definitivniho osténi. Ten se provedl po dokonceni razby a sestaval ze zaklado-
vého pasu, nosné stény a mohutného horniho privlaku. Pak se postupné razi-
ly boéni tunely, jejichZ primarni osténi se navazalo na zékladovy pas a privlak
stfedniho pilife (viz obr. 2).

Bézny postup zahrnoval:
- z&bér 1 m dlouhy;
jehlovani v kaloté a pokud bylo potfebné, tak i v opéfi;
kompletné uzavieny pfihradovy oblouk;
stfikany beton tl. 200 az 300 mm se dvéma sitémi;
otvirani celby po ¢astech s okamzitym provadénim zajistovaciho nastfiku;
kotveni ¢elby;
stupriovité uspofadanou razbu kaloty, jddra a dna s uzavienim prstence
primérniho osténi do 5 m od &elby.
Rozpojovani zajistoval tunelovy bagr. Nedilnou soucasti stavby byl rozsahly
monitoring v podzemi i na povrchu (hodnoty konvergenci s maximem 15 mm
a sedani povrchu nad osou tunelu s maximem 28 mm byly v podstaté v sou-
ladu s vypoétenymi hodnotami).
Pro zvlasté nestejnorodé podminky byla pfipravena dalsi opatfeni:
- dukladnéjsi zajisténi elby (vice kotev, vyztuzeny stfikany beton tl. 100 mm);
- roz$ifeni paty osténi kaloty;
- jehlovéni v opéfi;
- injektované beranéné jehly;
- IBO kotvy;
- injektaz horniny;
- destnik z tryskové injektéZe v prostoru prorazky pro jizni tramvajovou smycku.

INJEKTAZE

Béhem raZzeb se narazilo na neocekavané velky vyskyt vrstev fiéniho Stérku,
ktery byl zcela nesoudrzny a prakticky "vytékal" do vyrubu. Vrstvicky soudrz-
ného jilovitého pisku, které se ve Stérku vyskytovaly, byly slabé, takze stabili-
tu Celby nezajistily. Ukazalo se, Ze nestabilni ¢elbu nelze zvladnout, i kdyZ se
rozdéli az na 20 dil¢ich vyrubu. Pristoupilo se tedy k systematické injektazi,
ktera byla provadéna z ¢elby vidy pfi postupu o0 3 az 4 m pomoci 6 m dlouhych
injekénich trubek. Po obvodu byly trubky osazeny mirné Sikmo smérem ven,
jinak byly osazeny vodorovné.

Injektovalo se velmi nizkym tlakem smési tvofenou kamennou mouckou
a cementem v poméru 3,2:1 aZz 1:1. Kde to prostor nad tunelem dovolil, injek-
tovalo se posléze i z povrchu.

Navrh injektazi byl obtizny vzhledem k velké variabilité vlastnosti sediment

Legenda / Legend

1 Povrch vozovky
Roadway surface
2 SoucCasné tramvajové téleso
Existing tramline
3 Nadlozi 1,5-4,1Tm
Cover 1,5-4,1m
4 Jehlovanidl. 2,5-35m
Forepoling with steel sheets L =2,5-3,5m
5 Kalota
Top heading
6 Jadro
Bench
7 Dno
Invert
8 Cerpaci studna
Well
9 Plvodni HPV
Original GWL
10Snizena HPV
Lowered GWL
111BO kotvy
IBO-anchors
12Primarni osténi ze stifikaného betonu tl. 250 mm véetné 2 siti
a pfihradového oblouku
Shotcrete lining 250 mm, 2 layers wire mesh and lattice girder
13Stérk, $térkopisek
Gravel (sandy, silty)
14Jilovec
Claystone
15Docasny zasyp
Temporary backfill

the primary liner by invert. Fig. 1 shows the excavation procedure including suc-
cessive excavation of the top heading and core at the double-rail tunnel.

The three-rail tunnel excavation started by the drift for the central reinforced con-
crete pillar (a component of the final liner). The pillar was cast after the excava-
tion completion. It consisted of a strip foundation, structural wall and a robust
upper beam. Side-wall drifts were excavated successively, with their primary lin-
ing connecting to the strip foundation and the beam on the top of the central pil-
lar (see Fig. 2).

The common procedure comprised the following work items and rules:

- Im-long advance;

- forepoling within the top heading and, if needed, in the side-wall area;

- completely closed lattice girder;

- 200 to 300 mm thick shotcrete with two layers of mesh

- sequential excavation of the face with immediate application of shotcrete

support;
- face anchoring;
- separation of the top heading, core and invert faces, with the primary lining
ring closing not further than 5 m from the face.

The excavation was carried out using a tunnel excavator. An inseparable part of
the construction process was monitoring, performed both in the underground
and at the surface (maximum convergence values of 15 mm, and maximum sur-
face settlement above the tunnel centre line of 28 mm basically corresponded
with the calculated values).
Further measures were prepared for extremely heterogeneous conditions:

- more thorough support of the face (more anchors, reinforced shotcrete 100 mm
in thickness)
widening of the top heading liner's leg;
forepoling in the side-wall drift;
grouted driven needles;
IBO anchors;
rock grouting;
jet grouting umbrella within the area of the breakthrough for the southern
tramline loop.

GROUTING

An unexpected occurrence of totally inhomogeneous river gravel, practically flowing
into the excavation was encountered during the mining work. The layers of homo-
geneous clayey sand found in the gravel were thin; therefore they could not ensure
stability of the face. It turned out that the unstable face couldn't be coped with even
if it was divided into up to 20 partial faces. For that reason systematic grouting was
used, carried out from the face after every advance of 3 to 4 m, using 6m-long injec-
tion pipes. The direction of pipes installed along the perimeter was slightly at a skew,
outside the excavation profile, while the other pipes were horizontal.

The grouting was carried out applying very low pressure, using a mixture con-
sisting of stone powder and cement in the ratio of 3.2:1to 1:1. Wherever it was
possible with respect to the surface conditions above the tunnel, subsequent
grouting was carried out from the ground level.

Obr. 1 Dvojkolejny tunel - postup razby a primarni osténi
Fig. 1 Double-rail tunnel - excavation sequence
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a vzhledem k jejich nehomogenité (vyskyt ocek zemin s odliSnymi viastnost-
mi od okolni zeminy, proménlivost tloustky vrstev). Touto problematikou a kla-
sifikaci hornin z hlediska injektovatelnosti se zabyval jeden z referatti 52. Geo-
mechanického kolokvia v Salcburku v fijnu 2003.

DEFINITIVNi OSTENI

Definitivni monolitické Zelezobetonové osténi bylo provedeno jako vodonepro-
pustny prvek, takze nebyla instalovana Zadné izolace. Aby se zabrénilo nadmér-
nému vysychani betonu na rubové strané, byla na primarni osténi upevnéna
tenka, 0,2 mm silna folie. Bloky osténi byly dlouhé 10 m a 5 m u tramvajovych
smycek (zde z divodu malého poloméru tunelu). Osténi bylo navrZeno v sou-
ladu se smérnici pro definitivni betonova osténi, kterou vydala rakouska spo-
le€nost pro beton a stavebni technologii. Pouze smérnici pfedepsané minimal-
ni vyztuzeni bylo zvy$eno, aby se zabrénilo vzniku smrstovacich trhlin.

Spary mezi bloky byly tésnény vnitfnimi tésnicimi pasy. Pracovni spary mezi
klenbou a dnem byly zajistény proti prisakiim rozpinavymi profily véetné osa-
zeni injekénich hadicek pro dodate¢nou injektaz.

ZAVER
Pfiprava stavby si vyzadala mimofadné Usili. Zucastnila se ji fada expertl,
bylo provedeno mnoho zkous$ek a srovnavacich vypoctd. DileZita byla duklad-

na rizikova analyza, kterou vypracovalo zhotovitelské sdruzeni, a Gzka spolu-
prace vSech partnerl pfi rozhodovacim procesu.

Stavba ma byt dokoncena v leto$nim roce v souladu s jejim harmonogramem.
Podle zahrani¢nich prament
zpracoval Ing. Miloslav Novotny

B0 m

Obr. 2 Trikolejny tunel pod kolejistém nadrazi - postup razeb
Fig. 2 Triple-rail tunnel under the station yard - excavation sequence

A Faze 1: Razba tunelu pro stfedni pilif
Stage 1: Excavation of the central pillar's tunnel
B Faze 2: Betonaz stiedniho pilife
Stage 2: Cast in situ reinforced concrete pillar
C Faze 3: Razba rozsifeni tunelu na pravé strané
Stage 3: Excavation of the right enlargement
D Féze 4: Razba roz8ifeni tunelu na levé strané
Stage 4: Excavation of the left enlargement

It was a difficult task to design the grouting system because of the high vari-
ability of the properties of sediments, and due to their inhomogeneity (occur-
rence of lenses of soils with properties differing from those of the surrounding
soil, variable thickness of the layers). This issue and rock classification in terms
of groutability were the topic of one of papers delivered at the 52nd Geome-
chanical Colloquium in Salzburg in October 2003.

FINAL LINING

In situ reinforced concrete final lining was carried out as a waterproof element,
therefore no waterproofing layer was installed. To prevent excessive drying up of
concrete on the reverse side, a thin (0.2 mm thick) membrane was applied to the
primary lining. The lining blocks were 10 m long (5 m for the tramline loops, where
the tunnel radius was too tight). The lining was designed in accordance with
a specification for concrete final liners, issued by the Austrian Association for Con-
crete and Construction Equipment. The minimum reinforcement ratio required by
this specification was increased to prevent development of shrinkage cracks.

The joints between the blocks were sealed using internal waterstops. Day joints
between the vault and invert were secured against seepage by hydrophilic gaskets,
supplemented by hoses allowing additional grouting.

CONCLUSION

The construction planning process required an extraordinary endeavour. Many
experts participated, many tests and comparative calculations were conducted.
The risk analysis elaborated by the contractor (joint venture members) was of
a special importance, as well as close co-operation from all parties to the deci-
sion-making process.
The construction is expected to be completed this year, in compliance with the
schedule.
According to foreign sources
elaborated by Ing. Miloslav Novotny

THE m

140 180 T8 148 B

L=20-30m

1 Kalota / Top heading
2 Jadro / Bench
3 Dno/ Invert
4 Jehlovani dl. 2,0 - 3,0 m / Forepoling with steel sheets L = 2,0 - 3,0 m
5 Primarni osténi ze stfikaného betonu tl. 200 mm véetné 2 siti
a pfihradového oblouku
Shotcrete lining 200 mm, 2 layers wire mesh and lattice girder
6 Docasny zasyp / Temporary backfill
7 Jehlovéni dl. 2,5 - 3,5 m / Forepolling with steel sheets L =2,5-35m
8 Primarni osténi ze stfikaného betonu tl. 250 mm vcetné 2 siti a pfihradového oblouku
Shotcrete lining 250 mm, 2 layers wire mesh and lattice girder
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE

CURRENT NEWS OF UNDERGROUND CONSTRUCTION
IN THE CZECH AND THE SLOVAKIAN REPUBLICS

CESKA REPUBLIKA

TUNEL PANENSKA NA DALNICI D8

V Kru$nych horach na stavbé dalnice D8 Gispésné pokracuje razba tunelli Panen-
ska.

K 23. bfeznu 2004 bylo v zapadnim tunelu vyrazeno 862 m kaloty a 330 m jadra,
ve vychodnim tunelu postoupila kalota na vzdalenost 513 m od portalu a jadra
bylo vyrazeno 89 m. Na mésic duben je planovano zahdjeni praci na definitiv-
nim osténi v zapadnim tunelu. Jeho budovani zaéne betonazi patek.

Tunely Panenska jsou souéasti stavby 0807 - I, ¢ast G dalnice D8. Proto je vhodné
informovat, Ze 2. bfezna 2004 bylo slavnostné otevieno informacni centrum
a vystava o dokongovani dalnice D8 v zamku v Trmicich. Stfedisko a v ném umis-
téna vystava umozni vefejnosti ziskat informace o dostavbé dalnice od Lovosic aZ
na statni hranici s Némeckem. Mimo informa¢ni panely uvidi navstévnici i vizuali-
zaci jednotlivych ¢asti trasy. Pro dokonceni dalnice je nutné postavit celkem 40 km
trasy, které je rozdélena do dvou staveb. Prvni je stavba 0805 Lovosice - Rehlovice
a druha stavba 0807 Trmice - statni hranice je jiZ rozestavéna a jeji délka je 23,4 km.
Informaéni stfedisko bylo otevieno za U€asti ndmeéstka ministra dopravy Ing.
Jifiho Kubinka, generalniho feditele investora stavby Reditelstvi silnic a dalnic
Ing. Petra Lau$mana, hejtmana Usteckého kraje Ing. Jitiho Sulce a dalSich
hostUl. Pro vefejnost bude prozatim otevieno kazdou stfedu od 13 hod. do 16
hod., posledni stfedu v mésici se v ném budou konat tematické pfednéasky. Na
obrézku 1 je pohled do jedné z mistnosti informacniho centra.

SILNICNi OKRUH KOLEM PRAHY,
STAVBA 514 - PRUZKUMNA STOLA TUNELU

Po sloZité pripravé byla 7. ledna 2004 zahajena razba priizkumné $toly pro tune-
ly na silniénim okruhu kolem Prahy u Radotina. Prizkumna $tola poskytne
podrobnéjsi znalost horninového masivu v misté dvou jednosmérnych tuneld
v Useku stavby 514 Lahovice - Slivenec, ktery je dlouhy 6,03 km. Stola je dlouha
1313 m, vy$ka vyrubu je 5,8 m a plocha vyrubu &ini 24,5 2 Stola je Fesena jako
stropni a je umisténa v profilu budouciho tfipruhového stoupajiciho tunelu.
Razit se zacalo dovrchné od radotinského portélu. K 22. 3. 2004 bylo vyrazeno
140 m a zahdjila se razba 30 m kaloty na plny profil (stale jako soucast geolo-
gického pruzkumu). Razba od lochkovského portélu zacala 20. 3. 2004.

V pondéli 15. bfezna probéhla na stavbé slavnostni udalost. Po desaté hodiné
se uskutecnilo posvéceni a umisténi sosky sv. Barbory - patronky hornikl
a tunelafu, jeji posvéceni proved| radotinsky faraf pater Evzen Hlavacek.
Ceremonialu se zG&astnili ministr dopravy CR Milan S|monovsky, primator hl.
m. Prahy Pavel Bém, feditel SFDI Pavel Svagr, generalni feditel Reditelstvi sil-
nic a dalnic CR Petr Lau$man, na fotografii s nimi jsou: vlevo feditel divize 05
Metrostav a. s. Vaclav Soukup, dale farar Hlavacek a tiskovy mluvéi Metrosta-
vu Franti$ek Polak (viz obr. 2). Ugast vzacnych hosti dokumentuje vyznam
stavby pro feseni dopravy v hlavnim mésté Ceské republiky.

TUNEL VALIK NA DALNICNiIM OBCHVATU MESTA PLZNE

Také dlouho otekavané zahajeni razeb tunelu Valik na poslednim chybéjicim
Useku dalnice D5 u Plzné jiz probéhlo. Slavnostni otevieni informacniho cent-
ra a posvéceni a instalace so$ky sv. Barbory probéhne 7. dubna 2004 po uza-
vérce tohoto Cisla Tunelu. Informaci o stavbé pfineseme v pfistim Cisle.

Ing. Miloslav Novotny

Obr. 1 Pohled do jedné z mistnosti informacéniho centra dostavby dalnice D8
Fig. 1 Interior of one of the rooms of the information centre of the D8 motor-
way completion project

CZECH REPUBLIC

THE PANENSKA TUNNEL ON THE D8 MOTORWAY

The excavation work on the Panenska tunnel in the Krusné Mountains on the D8
motorway (under construction) continues successfully. As of 23 March 2004, 862 m of
the top heading and 330 m of the bench excavation was completed in the western tube,
while in the western tube, the top heading face was found at a distance of 513 m from
the portal, and 89 m of the bench was excavated. Commencement of the work on the
final lining in the western tube is scheduled for April. Casting of concrete legs will be
the first step of this operation.

The Panenska tunnels are part of the construction lot 0807 - I, section G of the D8
motorway. This is why it is good to present the information that an information centre
and an exhibition on the D8 motorway completion was opened in the Trmice castle on
2 March 2004. The centre, and the exposition installed in the castle, will allow the gen-
eral public to obtain information on the construction of the still missing motorway sec-
tion from Lovosice to the state border with Germany. Apart from information panels,
visitors will be able to see visualisation of individual parts of the route. About 40 km of
the route remains to be built to have the motorway completed. The route is divided into
two construction lots. The first of them is the 0805 Lovosice - Rehlovice lot, the other
one is the 0807 Trmice - state border lot (24 km long, already under construction).

The ceremony of the information centre opening was attended by Ing. Jifi Kubinek,

deputy minister of transport, Ing. Petr Lausman, C.E.O. of Reditelstvi silnic a délnic CR
(the Roads and Motorways Directorate of the CR, the project owner), Ing. Jiti Sulc, gov-

ernor of the Usti Region, and other guests. The centre will be open for the general pub-
lic every Tuesday from 1.00 p.m. to 4.00 p.m., with subject lectures read on the last
Tuesday of each month. The interior of one of the information centre's rooms is shown
in Fig. 1.

THE RING ROAD AROUND PRAGUE, CONSTRUCTION
LOT 514 - THE TUNNEL EXPLORATION GALLERY

The excavation of the exploration gallery for tunnels on the ring road around
Prague nearby Radotin started on 7 January 2004, preceded by complex prepara-
tion. The exploration gallery will provide more detailed knowledge of the rock mas-
sif at the location of two uni-directional tunnel tubes located within the 514
Lahovice - Slivenec construction lot section (6.03 km long). The gallery is 1,313
m long, the excavation is 5.8 m high, and the excavated cross section area
amounts to 24.5 m*. The gallery position is under the roof of the three-lane rising
tunnel tube to be driven subsequently. The uphill driving started from the Radotin
portal. As of 22 March 2004, 140 m of the excavation was completed, and the full-
profile top heading excavation (still as part of the geological survey) started,
advancing 30 m. The excavation from the Lochkov portal started on 20 March 2004.
A special ceremony took place on the site on Monday the 15th March. After 10.00
a.m., a statuette of St. Barbara, a patron of miners and tunnellers, was consecrat-
ed by Radotin parish priest, Father EvZen Hlavacek, and installed at the portal.
The ceremony took place in the presence of Milan Simonovsky, minister of trans-
port of the CR, Pavel Bém, Lord Mayor of the Prague Capital, Pavel Svagr, SFDI
director, Petr Lausman, C.E.O. of Reditelstvi silnic a délnic CR. Together with them,
in the picture, there are: left - Véclav Soukup, director of Division 05 of Metrostav
a.s., followed by Father Hlavacek and FrantiSek Polak, press agent of Metrostav
a.s. (see Fig. 2). The presence of the special guests documents the significance of
the construction for the solution of traffic in the capital of the Czech Republic.

THE VALIK TUNNEL ON THE MOTORWAY BYPASS
OF THE CITY OF PILSEN

Also this long-awaited commencement of excavation work on the Valik tunnel, found
on the last missing section of the D5 motorway nearby Pilsen, has already taken place.
The inauguration of the information centre, and consecration and installation of a stat-
uette of St. Barbara will take place on 7 April 2004, after this TUNEL copy deadline. We
are going to present the information on this construction in the next issue.

Obr. 2 Oficialni hosté posvéceni sosky sv. Barbory na prizkumné stole st. 514
Fig. 2 Official guests of the St. Barbara statuette consecration ceremony on the
exploration gallery at the 514 lot
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ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELLING CONFERENCES

-"_.ll-ll.

DARTS

USPESNE SYMPOZIUM VYTYCILO CESTU
KE ZLEPSENI BEZPECNOSTI A SPOLEHLIVOSTI TUNELU

V Praze se konalo ve dnech 4. - 6. Ginora 2004 1. Mezinarodni sympozium "Bez-
peénost a spolehlivost tunelti - zavadéna evropska opatfeni”, které prildkalo na
250 Gcastnik z vice nez 30 zemi. Ucastnici se zajmem sledovali dvoudenni aktiv-
ni diskusi, ktera prispéla k rozsifeni poslednich vyzkumu a k dal$imu rozvoji na
poli bezpecnosti tuneld.

Sympozium bylo uspofadano spolec¢nou iniciativou tfi velkych evropskych pro-
jektt zndmych pod zkratkami DARTS, FIT a UPTUN, probihajicich pod patronatem
Evropské komise (DG Research, GROWTH Programme), které se tykaji tfi zptso-
bl dopravy - silniéni, Zelezniéni a dopravy metrem. VSechny aspekty spojené
s projektovanim, vystavbou, Udrzbou a obnovou tunelli a tunelovych objektd,
zahrnujici i chovani osob a rizika, byly v pfednesenych pfispévcich respektovany.
Sympozium nabidlo vysledky poslednich vyzkumG a prehled o sou¢asném
stavu. PFispévky vyzkumnych, konzultacnich, vyrobnich i statnich firem a insti-
tuci byly vysoce kvalitni a obohatily tfi panelové diskuse sympozia. Zvlastni
poster session dala prehled o celoevropskych vyzkumnych projektech z oblasti
bezpecnosti tunelt a znovu dokumentovala vyznam a rozsah vyzkumnych akti-
vit vyvijenych v soucasnosti.

Sympozium vyzvalo tunelafsky svét, aby vyuZilo jeho vysledky a zavéry v praxi
ve vystavbé i v provozu, v pravidlech i projekci k dal§imu zvySovani bezpeénos-
ti a plisobnosti provoznich opatieni a tunelafskych aktivit. Trvalé investice do
vyzkumu a rozvoje pfispivaji vyznamné k prosazovani a fizeni evropskych opat-
feni v oblasti tunelll a jejich provozu zaloZenych na odbornych znalostech.
Nové projekty byly zahajeny a vyzkum pokracuje. PFisti setkani - druhé sympo-
zium o bezpecnosti a spolehlivosti tunel(i na jafe 2006 - nabizi novou pfileZitost
se setkat, vymeénit si aktualni zkuSenosti a ziskat opravnéni k dal$im tunelarskym
aktivitdm v Evropé.

Prezentace diapozitivil za sympozia je uvedena na website FIT www.etnfit.net.
Dalsi informace jsou k dispozici u CUR Jan Mijnsbergen, Nizozemsko, a BBRI,
Johan Van Dessel, Belgie.

Podle tiskového komuniké/According to the Press Release: Ing. Karel Matzner

KONFERENCE ZELEZNICNi MOSTY A TUNELY

V této konferenci, letos v poradi devaté, uz pIné nasla misto problematika tune-
lovych staveb, at uz nové realizovanych, ¢i pfipravovanych nebo rekonstruova-
nych.

V kongresovém sale hotelu Ol$anka v Praze 3 bylo 22. ledna 2004 pfedneseno
22 zajimavych pfispévkd, z nichZ 5 se vénovalo Zelezni¢nim tuneltm.

Vlystavbu dvou novych tunelt Krasikov 1 a Krasikov 2 na koridoru Pierov - Ceska
Trebova predstavili pracovnici Metroprojektu (projekce) i Metrostavu a Subterry
(realizace). Pfedmétem prispévku byla informace o technickém Feseni, rozsirena
o zkuSenosti z realizace. Razba tunelli byla Uspésné dokoncena v fijnu 2003
a nyni probihd vystavba definitivniho osténi. Razba byla realizovana novou
rakouskou tunelovaci metodou, jeZ se ukéazala pro dané poméry skute¢né opti-
malni ve v8ech technologickych tfidach od TT 5b az po TT 3. Z technologického
feseni je tfeba zduraznit navrzené nové prvky ve vybaveni tunelu z divodu bez-
pecnosti a spolehlivosti provozu, jako jsou:

- Gnikové cesta tunelu Krasikov 1 v délce asi 240 m, hloubky 12,5 m navrZena
podle zadsad smérnic némeckych drah. Stola je vybavena prepoustéci komorou
s pretlakovym vétranim, které zabrani pfipadnému vnikéni koure;

- ocelova madla mezi zachrannymi vyklenky;

- orientacni a nouzové osvétleni;

- pozarni suchovod z potrubi z DN 100 mm;

- nastupni a zachranné plochy dostupné pro lehka zachranné vozidla u portélu
Krasikov 2 a u Unikové Sachty.

Sanacim Zelezni¢nich tuneld v letech 2002 - 2003 se vénoval pfispévek pracov-
nika Ceskych drah. Konkrétné se jedna o tunely Broumovsky a SvojSinsky.
V obou byly hlavnim diivodem sanace znacné prisaky vody, a tim naruseni kon-
strukce osténi. Sanace obsahovaly rekonstrukci ¢i obnoveni odvodiovaciho
systému, opravu ¢i zpevnéni osténi. Uplatnily se technologie chemickych injek-
tazi, sparovani a stfikaného betonu. Zhodnoceni vysledkl sanacnich praci jisté
budou vénovany urcité pfispévky i na pfisti konferenci, rekonstrukéni prace na
Svojsinkém tunelu budou totiz ukonceny v leto$nim roce.

S velmi zajimavym pfispévkem pfrispély k dobré tGrovni konference i pracovnici
SUDORP, a to ¢lankem s nazvem Zahloubeni Zelezni¢ni stanice Bratislava - filial-
ka. Bylo prezentovano navrhované technologické feSeni hloubeného tunelu
navrzeného ve spojitosti s vysledky matematického modelovéni proudéni pod-
zemni vody metodu koneénych prvki. Hloubeny dvoukolejny Zelezni¢ni tunel se
zéfezy dosahuje délky asi 2000 m.

¥ UATUA

SUCCESSFUL SYMPOSIUM POINTS THE WAY FORWARD
FOR IMPROVED SAFETY RELIABILITY OF TUNNELS

Symposium "Safe Reliable Tunnels- Innovative European Achievements”, held
4-6 February 2004 in Prague, attacted more then 250 participants from over 30
countries. The participants enjoyed an active two-days of discussion and dis-
semination of the latest research achievements and ongoing developments in
the tunnel safety field.

The symposium was a joint initiative of three major European projects, known
by their acronyms DARTS, FIT and UPTUN, running under the auspices of the
European Commission (DG Research, GROWTH Programme) and dealt with the
three transport modes (road, rail and metro). All aspects relating to designing,
building, maintaining and upgrading of tunnels and tunnel structures, including
human behaviour and hazards, were addressed in an integrated way.

The symposium offered latest research results and state of the art overwiews with
high quality presentations from research, consultancy, industry and governmen-
tal organisations. Three panel debates were einriched with the active contribu-
tions of the symposium participants. A special poster session gave an overview
of all European research projects on safety and tunnels illustrating again the
importance and scale of the research activities being developed at present.

The tunnelling world is challenged to incorporate the results and findings of the
symposium in practical construction and operation, standards and design basis
to further increase the safety and performance of tunnel operations and activi-
ties. A continuous investment in research and development contributes signifi-
cantly to an advanced - and leading - knowledge - based European expertise on
tunnels and tunnel operations.

New projects are launched and research is continuing. A new rendes-vous - the
second symposium on Safe Reliable Tunnels in Spring 2006 - will offer a neu
opportunity to meet and exchange up-to-date knowledge and gain competivi-
tiveness for Europes tunnel activity.

Slide presentations of the symposium are published on the FIT website www.etn-
fit.net. Information about this press release is available at CUR, Jan Mijnsbergen,
Netherlands and BBRI, Johan Van Dessel, Belgium

RAILWAY BRIDGES AND TUNNELS CONFERENCE

The issues of tunnel structures, regardless if newly realized, under preparation or
reconstructed, have fully taken up their position within the already 9th conference.
Twenty-two interesting contributions were delivered in the Congress hall of the Olsan-
ka hotel in Prague 3 on January 22, five out of which concerned railway tunnels.
Employees of the designer, Metroprojekt, and contractors, Metrostav and Subter-
ra, introduced the construction of the two new tunnels Krasikov 1 and Krasikov 2
on the corridor Prerov - Ceské Trebové. The contribution focused on information
about the technical solution, enriched with the experience from realization. Exca-
vation of the tunnels had been successfully completed in October 2003 and now
the final lining is being constructed. The excavation was carried out using the New
Austrian Tunneling Method, which had really proven ideal in the given circum-
stances for all technological classes from TT 5b up to TT 3. As far as the techno-
logical solution is concerned, it is necessary to highlight newly designed elements
of the tunnel equipment with regards to safety and reliability of operation, such as:
- app. 250 m long and 12,5 m deep emergency exit route from the Krasikov 1 tun-
nel, designed according to standards of the German railways. The gallery is
equipped with an air-lock with overpressure ventilation, which prevents potential
infiltration of smoke;

- steel handrails between emergency niches;

- orientation and emergency illumination;

- fire pipeline of PN 100 mm pipes;

- assembly and rescue areas accessible for light rescue vehicles at the portal of
Krasikov 2 and by the exit gallery.

Contribution of employees of Ceské Dréhy (Czech Railways) dealt with treatment
of railway tunnels in 2002-3. In particular this concerned the tunnels Broumovsky
and Svojsinsky. In both cases, substantial leaks of water and thus faulted frame-
work of the lining were the main reason for treatment. It included reconstruction
and renovation of the drainage system, repair or strengthening of the lining. The
technologies of chemical grouting, jointing and shotcrete were applied. Evalua-
tion of results of the treatment works will be certainly presented in contributions
at the following conference, as reconstruction works in the Svojsinsky tunnel are
about to be completed this year.

Very good level of the conference was improved still by a very interesting con-
tribution of the employees of SUDOP, and thus with an article called Moving the
railway station Bratislava (the affiliation) underground. Proposed technological
solution of the cut-and-cover tunnel construction, designed in coherence with
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Tunel

Dotésfovani izolaci staveb metodou gelové injektaZe predstavili na konferenci
pracovnici fy Matheo. Metodou byla provedena dotésnéni foliovych izolaci
i zdiva na Zelezni¢nich propustcich, podjezdech ¢&i na stavbéach praiského metra
trasy IVC1. Metodou celoplo$né injektaZe a naslednym dotésnénim vyronu akry-
latovym gelem se doséhlo u propustki uspokojivého utésnéni za podstatné
niz8i ceny nez pii rekonstrukci odkryti konstrukce. V zavéru ¢lanku vyspecifiko-
vali autofi nékolik poznatkd, které je nutno dodrZet v projektu a realizaci pro plné
zatlenéni injektadZniho systému do celkového systému mezilehlych izolaci v Zele-
zobetonovych konstrukcich.

Problematice sanaci aktivnich trhlin v betonovych konstrukcich se vénoval ¢la-
nek pracovnika firmy CarboTech Bohemia. V pfispévku byly prezentovany
a hodnoceny materialy Crackseal a systém jejich pouZiti.

Ing. Petr Vozarik

results of the mathematical modeling of groundwater flows using the finite ele-
ment method, was presented. The double-track cut-and-cover railway tunnel
together with open cuts reaches a length of about 2000 m.

Employees of the Matheo company introduced the technology of final sealing of
a structure waterproofing system using the method of gel grouting. The method
had been used by final sealing of membrane systems as well as stonework mason-
ry in railway culverts, underpasses or structures of the IVC1 Prague subway line.
As for the leaks, the method of area grouting and subsequent sealing of the leaks
using acrylate gel achieved a satisfactory sealing effect for a considerably lower
price than by reconstruction with uncovering of the structure. In the end of the arti-
cle, the authors spelled out several conclusions, which are to be complied with in
a design and its implementation in order to fully integrate the grouting system into
the overall intermediary waterproofing system for reinforced concrete structures.
The article by an employee of Carbon Tech Bohemia focused on the issues of
treatment of active cracks in concrete structures. The contribution presented and
assessed the Crackseal materials and the system of their application.

ZPRAVODAJSTVi CESKEHO TUNELARSKEHO KOMITETU ITA/AITES

CZECH TUNNELLING COMMITTEE ITA/AITES REPORTS

Nové predsednictvo CTuK

V minulém &isle nadeho Casopisu jsme uvefejnili zaznam z Pracovniho shro-
mazdéni ¢lent CTuK s vysledky voleb pfedsednictva na pristi ¢tyrleté funkéni
obdobi. Jeho ¢lenové se jiz svych funkci ujali a pfedseda Ing. Ivan Hrdina svéfil
kazdému z nich jednu z oblasti €innosti komitétu:

Prof. Ing. Josef Aldorf, DrSc. - styk se spole¢nostmi pfibuznych obord, student-
ské soutéZe diplomantt, spoluprace s polskym tunelaiskym ¢asopisem,

Prof. Ing. Jifi Bartak, DrSc. - zastupce predsednictva v redakéni radé ¢asopisu TUNEL,
Ing. Libor Mafik - webmaster CTuK, vazba na internetovou stranku ITA/AITES,
publikace TUNELU na na8i strance,

Ing. Petr Mi¢unek - hospodareni CTukK,

Ing. Georgij Romancov, CSc. - pfiprava Svétového tunelaiského kongresu, resp.
mezinarodnich tunelafskych konferenci Podzemni stavby Praha,

Ing. Stanislav Sikora - zastoupeni nasich ¢lenti ve Working Groups ITA/AITES
a prace nasich pracovnich skupin.

V prosinci 2003 se konalo spole¢né zasedani ¢lent starého a nového predsed-
nictva, na némz podékoval Ing. Hrdina odstupujicimu predsedovi Ing. Hessovi
a ostatnim ¢lendim za Uspésnou praci v uplynulém funkénim obdobi a pfedal jim
upominkovy dérek. V bfeznu se seslo pfedsednictvo na prvnim pracovnim jed-
nani, jehoz hlavnim cilem byla pfiprava na Svétovy tuneldfsky kongres
ITA/AITES v Singapuru, naSe kandidatura na pofadani Svétového tunelaiského
kongresu 2007 v Praze a pfiprava pfistiho Valného shromazdéni CTuK.

Ing. Karel Matzner, sekretaf CTuK / CTuC Secretary

New Executive Council of the Czech Tunnelling Committee

The minutes of the CTuC General Assembly was published in the last issue of our
magazine with results of the Executive Council elections. Its members were
charged by President Ivan Hrdina with one of the CTuC activity:

Prof. Ing. Josef Aldorf, DrSc. - contact with other professional societies, student
competitions, collaboration with the Polish tunnel magazine,

Prof. Ing. Jifi Barték, DrSc. - representative of the CTuC in the TUNEL editorial board,
Ing. Libor Marik - webmaster of the CTuC, contact with the ITA/AITES web site,
publishing TUNEL magazine on our web site,

Ing. Petr Mi¢unek - economy of the CTuC,

Ing. Georgij Romancov, CSc. - WTC 2007 preparation, resp. preparation of Inter-
national Conferences "Underground Construction Praha",

Ing. Stanislav Sikora - representation of our members in ITA/AITES WG and activ-
ity of our working groups.

In December 2003 a common meeting of the former and new Executive Council
members was held where President Ivan Hrdina expressed thanks to the resigned
President Jindfich Hess and the other members for their successful work during
the former function period and gave them some souvenirs. In March the first
meeting of the new EC was held. Preparation for the WTC in Singapore, our can-
didacy for the WTC 2007 and preparation of the forthcoming CTuC General
Assembly were its main goals.

SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE ITA/AITES

SLOVAK TUNNELLING ASSOCIATION ITA/AITES REPORTS

Z ¢innosti STA

Po skoncenom Utlme Cinnosti Slovenskej tunelarskej asociacie na Valnom zhro-
mazdeni v polovici r. 2003 sa dostali do jej ¢ela zastupcovia a. s. Doprastavu, na
Cele s predsedom Ing. Rébertom Turanskym a dvomi skisenymi clenmi
v 7 ¢lennom vybore. Vytvorili principy programovej ¢innosti, k éomu postupne
ziskali vedenia jednotlivych ¢lenskych organizacii pracujucich v oblasti podzem-
ného stavitelstva. Ustanovili sa tieZ vztahy k ostatnym narodnym asociaciam
zdruzenych v Svetovej ITA/AITES a predovsetkym k Ceskej tunelarskej asocidcii,
s ktorou méme dlhoro¢nu tzku spolupréacu. Na jednotlivych rokovaniach vybo-
ru sme riesili finanéné zabezpecenie ¢innosti STA a predovSetkym zachovanie
moznosti spoloéného vydavania Uspesného odborného ¢asopisu TUNEL, ako aj
vzéjomnej aktivnej podpory odbornych podujati. Za tym Géelom sme pripravili
zmenu stanov STA, kde sme valorizovali ¢lenské prispevky a navrhli odborné
podujatia od mensich 1 driovych aktivit az po medzinarodnu konferenciu, pri-
¢om finanény efekt tychto akcii by sa pouZil vyhradne pre podporu €innosti STA,
¢im by sa napliialo zékladné zameranie asociacie. Zmenené stanovy budu
schvalované Valnym zhromazdenim, ktoré je stanovené na 20. 4. 2004 do Prie-
vidze a nésledne sa potvrdia na Ministerstve vnutra SR ako zakladatelom
nevladnych organizacii. Samotné priprava konferencie s medzinarodnou tcas-
tou pod nazvom ,VYZNAM TUNELOV V DOPRAVE", ktora sa uskutocni 16.-18. 6.
2004 vo Vysokych Tatrach na Podbanskom v hoteli Permon, je v pokrocilom §ta-
diu pripravy a ma znaény ohlas, ¢o usudzujeme z priblizne 60 prihlasenych pris-
pevkov a stéale narastajlci pocet Ucastnikov a firiem. Taktiez sa pripravujeme na
Gcast na Svetovom tunelarskom kongrese, ktory sa uskutocni v Singapure
v méji tohto roku, ako aj na ucast na jeho Valnom zhromazdeni v zlozeni pred-
sedu STA a priblizne 6 dalsich ¢lenov. Na Svetovom kongrese chceme podporit
snahu nasich Ceskych kolegov v usporiadani Svetového tunelarskeho kongresu
v roku 2007 v Prahe. V pripade jeho Uspe$nosti pripravujeme jednu z exkurznych
trds ponuknut na stavby slovenskych tunelov, ako aj prehliadku nasej krajiny.

Ing. Juraj Kelesi, ¢len vyboru / Council Member

Following the period of attenuated activity of the Slovakian Tunnelling Association,
representatives of Doprastav, a.s., led by chairman Ing. Robert Turansky and two
experienced members in the 7-member committee, took control at its General
assembly in the half of 2003.

They formed principles of consistent activity, for which they won support from lead-
ers of the individual member organizations employed in the field of underground
construction. At the same, ties with other national associations have been estab-
lished, especially with the Czech Tunnelling Committee, with which we have been
closely cooperating for years. Separate sessions of the committee dealt with financ-
ing of the STA and most importantly the possibility to preserve existence of the suc-
cessful, mutually published professional magazine TUNEL, and also with active rec-
iprocal support for specialized proceedings. In order to achieve these, we prepared
revisions of the STA statute, where we increased the membership fees, proposed
specialized events from small-scale one-day activities to an international conference,
while financial gains from these events would be used solely for purposes of the STA
activities, which would in fact fulfill elementary purpose of the association. Revised
statute will be presented at the General assembly for approval, which is scheduled
in Prievidza on April 20, 2004. Subsequently, they are to be approved by the Slo-
vakian Ministry of the interior as a founder of all non-governmental organizations.
The own preparation of the conference with international participation called
"SIGNIFICANCE OF TUNNELS IN TRANSPORT", which will take place in the Permon
hotel High Tatra during June 16-18, 2004, proceeds into the advanced phase and has
a remarkable feedback, judged by the about 60 submitted contributions and con-
stantly rising numbers of participants and companies. We are also preparing for par-
ticipation of Slovakia in the World Tunnelling Congress, which will take place in Sin-
gapore in May this year, namely for participation in its General Assembly with a team
consisting of STA chairman and approximately 6 other members. At the World Tun-
neling Congress, we are willing to support the bid of our Czech colleagues for orga-
nization of the World Tunnelling Congress in Prague in 2007. In case of its success,
we are about to prepare one of the excursion routes offering visit to the constructions
of Slovakian tunnels as well as overview of our landscape.
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DOPRAVNI INFRASTRUKTURA

UZEMNI PLANOVANI

POZEMNI A INZENYRSKE STAVITELSTVI

INZENYRSKE SITE A VODOVODY

PODZEMNI STAVITELSTVI

PODZEMNI ZASOBNIKY A ULOZISTE

PRO PODZEMNIi STAVBY PROVADIME

m zajistovani a vyhodnocovani
geotechnickych a hydrogeologickych
prazkuma

= konzultace, expertni posudky

(inZenyrska geologie, hydrogeologie, geomechanika)
m zpracovani pruzkumnych podkladu

pro Zivotni prostfedi
= stavebné geologicky prizkum

a navazuijici vypocty (AutoCAD, gdBase, FINE)

= vedeni geologickych databazi (GeProDo)

Sidlo spolec¢nosti Kontakt:

ARENAL s.r.0.: tel.: 224 826 496

Radlicka 2485/103, Praha 5, 150 00  fax: 224 828 037

web: www.arenal.cz e-mail: horacek@arenal.cz
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OPERATIVNOST - RYCHLOST - NIZKA CENA - VYSOKA KVALITA
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Joint Stock Company

GEOTECHNICAL TESTING
IN UNDERGROUND

Geotechnical investigations
Rock, Soil and Water on-site testing

Rock, Soil and Water laboratory
testing

Geomonitoring and groundwater
ele]plife]

Geotechnical and Hydrogeological
calculations

Geophysics for underground
constructions

Geotechnical consulting

Environmental studies and
monitoring

Waste management

Call us on your next project:
GEOtest Brno, a.s., Smahova 112, 659 01 Brno, Czech Republic
Tel.: +420 548 125 111 fax: +420 545 217 979, e -mail: tr%e@geotest .cz
www.geotest.cz
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