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Mili ¢tenari,

prvni letosni ¢islo asopisu TUNEL je zameéfeno na geotechnicky monitoring podzemnich staveb na prazském metru a Zelez-
ni¢nim tunelu Ejpovice. Dalsi ¢lanky popisuji pfipravované silni¢ni a tramvajové tunely v Brne, budované automatické metro
Cityringen v Kodani a silni¢ni tunelovy obchvat Forbifart Stockholm. Ve Slovenské republice se nyni stavi fada délni¢nich tune-
10, v tunelu Povazsky Chlmec na délnici D3 bylo v minulém roce dokonceno sekundérni ostént.

V ¢ldnku Ing. ToméSe Ebermanna, Ph.D. z firmy GEOtest, a.s. je popisovan geotechnicky monitoring ,,Bezbariového zpiistup-
nénf stanice metra Andél“. Stavba byla realizovdna spole¢nosti SMP CZ, a.s. podle projektu METROPROJEKTU Praha a.s. Pi
vystavbeé metra [.B, jehoZ souddsti je stanice Andél, pavodné Moskevskad, v roce 1979 aZ 1985 nebyl feSen bezbariérovy pristup osob
se sniZenou pohyblivosti. V souc¢asné dobé provozovatel DP hl. m. Prahy se postupné snaZ{ tento nedostatek odstranit vybudovanim
bezbariérovych piistupti na nstupisté stanic metra pomoci novych vytaht. Dodate¢nd instalace v husté méstské zdstavbé je velmi
ndro¢nd na provadéni podzemnich dél a v ¢lanku popisovany geomonitoring je vyznamnym bezpecnostnim prostiedkem ke sledo-
véni poklest ve sloZitych geologickych podminkdch. Vysledky méfeni ukdzaly, Ze nebyly béhem raZeb zaznamensny vdzné problémy.

V dalsim ¢lanku Ing. Tomés Ebermann, Ph.D. z firmy GEOtest, a.s. popisuje geomonitoring pri razbdch Zelezni¢niho tunelu Ejpovice provadéného mecha-
nizovanym razenim — TBM, délka tunelu je 4,2 km. Geologickd stavba tizemi trasy tunelu je komplikovana a misty velmi nepriznivd. Diky kvalitn{ spolu-
préci viech tcastnika vystavby se daff predchdzet nadmémym poklesim i ve velmi komplikovanych partiich tunelové trasy. NadloZi tunelu je geofyzikdlné
ovefovéno pred prachodem &elby a po prichodu elby. Soucasné pii razbach probihd hydrogeologicky monitoring zahrnujici sledovani hydrogeologickych
podminek raZeb, kontrolu drovni hladiny podzemni vody a jeji kvality.

Ing. David Rupp z firmy GEOtest, a.s. nds ve svém ¢lanku seznamuje s pldnovanou vystavbou tunel na Gzemi mésta Brna. Jednd se o silni¢ni tunely
Cerveny kopec, Bystre, Komérovsky tunel a tunel Vinohrady. Pro tramvajové traté se pripravuje tunel do Kampusu v Bohunicich a tunel Zaboviesky.

Dipl.-Ing. Dieter Heinz popisuje probihajici rozséhlou vystavbu nové okruzni trasy automatického metra v Kodani — Cityring. Pro razbu v kodanskych vépencich
v hloubce od 15 do 35 m se pouZivaji 4 plnoprofilové tunelovaci Stity Kawasaki (TBM) soucasné. Predpoklddané dokoncent razeb bude na konci roku 2017.

V ¢lanku Ing. Petra Hlavacka z firmy Angermeier Engineers s.r.0. se ¢tendf dozvi o potiZich a moZnostech geodetu, kteff usmériiuji razené tunely. Minimalizace
prorazkové odchylky snizuje ndklady na vystavbu. Jako priklad z realizovanych staveb je zde uveden Zelezni¢ni tunel Ejpovice a metro v Helsinkdch.

Ve Stockholmu byla zahdjena ndro¢nd vystavba silni¢niho tunelového obchvatu Forbifart Stockholm, ktery patfi mezi vyznamné infrastrukturni projekty.
Obchvat je dlouhy 21 km, z toho je 18 km v tunelech. V ¢ldnku Bc. Tomése Némecka z firmy Subterra a.s. jsou popséany jednotlivé faze vystavby s predpo-
kladanym dokoncenim v roce 2021.

V &isle 4/2016 byla popsana vystavba ddlni¢nich tunelt ve Slovenské republice. Definitivni sekunddrni ostén tunelu Ovéiarsko na délnici D3 o celkové délce
2356 m, budované technologii NRTM, je v soucasné dobé dokonceno. V ¢lanku Ing. Libora Marika z firmy HOCHTIEF CZ a. s. je popis vystavby sekundér-
niho osténi. V cca 60 % délky raZenych tseku tunelu je na zdklade vyhodnoceni geotechnickych pomért pouZito nevyztuZené sekundarni osténi.

Na zavér mi dovolte vyslovit préni, aby se i v Ceské republice zahjily obdobné pfipravované podzemni stavby napiiklad dalni¢nich tunelt na dalnicich
D3, D11, D35, v Praze novd trasa metra D a mnoho dalSich. Ing. MIROSLAV NOVAK, ¢len redakéni rady

Dear readers,

The first this year’s issue of TUNEL journal is focused on geotechnical monitoring of underground construction sites on the Prague metro and the Ejpovice rail
tunnel. Other papers describe road and tramway tunnels under preparation in Brno, the Cityringen automated metro line under construction in Copenhagen and the
Forbifart Stockholm road bypass with tunnels on it. In Slovakia, there are currently many motorway tunnels under construction; the secondary lining was finished
last year in the Povazsky Chlmec tunnel on the D3 motorway.

Ing. Tomas Ebermenn, Ph.D. from GEOtest, a.s., describes in his paper the geotechnical monitoring of the “Step-free access for Andél metro station”. The con-
struction was realised by SMP CZ, a.s. according to METROPROJEKT Praha a. s. design. The step-free access for mobility impaired persons was not solved during
the construction of the I.B metro line, a part of which was Andél station (originally Moskevska station), in 1979 through 1985. The metro operator, the Prague
Public Transit Company Inc., currently seeks to remove this deficiency by providing step-free accesses to the platforms of the metro stations by building new lifts.
The additional installation in high-density urban development areas is highly complicated as far as the work on underground structures is concerned and the geo-
monitoring described in the paper is an important means of safety for observing settlement values in complex geological conditions. The results of measurements
proved that no serious problems were registered during the underground excavation.

In the next paper, Ing. Tomd$ Ebermann, Ph.D. from GEOtest a.s. describes geomonitoring during the mechanised excavation of the 4.2km long Ejpovice railway tun-
nel using a tunnel boring machine, TBM. The geological structure in the tunnel route area is complicated and locally very unfavourable. Thanks to the good-quality col-
laboration of all parties to the project, excessive subsidence is successfully prevented even in very complicated parts of the runnel route. The tunnel overburden is geop-
hysically verified in advance of and after the passage of the excavation face. At the same time, hydrogeological monitoring proceeds during the underground excavati-
on. It comprises the monitoring of hydrogeological conditions of the excavation, checking on water table levels and the quality of groundwater.

Ing. David Rupp from GEOtest, a.s., acquaints us in his paper with the planned development of tunnels in the area of the City of Brno. It comprises the Cerveny
kopec, Bystrc, Komarov and Vinohrady road tunnels. The tunnel to the Campus in Bohunice and the Zaboviesky tunnels are under preparation for tramway lines.

Dipl.-Ing. Dieter Heinz describes the extensive development of the automated metro circle line, Cityring, in Copenhagen. Driving the tunnels through Copenhagen
limestone at the depths ranging from 15 to 30m is carried out using 4 Kawasaki tunnel boring machines, TBMs, concurrently. The completion of the drives is expected at
the end of 2017.

In the paper by Ing. Petr Hlavacek, Angermeier Engineers, s.r.0., the reader is informed about problems and possibilities of surveyors providing the guidance for dri-
ving tunnels. Minimising the breakthrough deviation reduces construction costs. The Ejpovice railway tunnel and the Helsinky metro tunnels are presented as examples.

In Stockholm, the construction of the road tunnel bypass, the Forbifart Stockholm, commenced. It belongs among important infrastructural projects. The bypass
is 21km long, 18km of that length will run through tunnels. In his paper, Bc. Toma$ Némecek from Subterra a.s. describes individual phases of the construction
with the expected completion in 2021.

The development of motorway tunnels in the Slovak Republic was described in issue No. 4/2016 of TUNEL journal. The final lining of the 2356m long
Ov¢iarisko tunnel on the D3 motorway, which was carried out using the NATM, is currently being completed. The paper by Ing. Libor Marik from HOCHTIEF
CZ a. s. contains the description of the construction of the secondary lining. Unreinforced concrete is applied to ca 60% of the length of the mined tunnel sections
with respect to the assessment of the geotechnical conditions.

To conclude, allow me to express my wishes that the work on similar underground construction projects currently under preparation, for example the motorway
tunnels on the D3, D11, D35, the new metro line D and many others, commence even in the Czech Republic.

Ing. MIROSLAV NOVAK, Member of Editorial Board
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VAZENI A MILI CTENARI,

jsem velmi rdd za pifleZitost prezentovat nasi spole¢nost
a pripomenout jménem viech spolupracovniku historii
firmy a zminit firemn{ aktivity v oboru podzemniho stavi-
telstvi.

Pod znackou GEOtest pusobime na trhu uZ bezmala 50
let. GEOtest vznikl v roce 1968 ze svého predchudce
Geologicky pruzkum Brno zaloZeného v roce 1958. Jsme
zkuSend, vylu¢né ¢eska firma zaméfend na inZzenyrské Cin-
nosti v aplikované geologii. Se svymi 150 zaméstnanci,
mnoha poboCkami a dcefinymi firmami v tuzemsku
i zahrani¢i, kde dnes realizujeme tretinu nasich trzeb, patiime k nejvét-
§im geologickym firmam v Ceské republice.

Je az s podivem, jak na$ ndzev dobre vystihuje povahu naSich ¢in-
nosti. S podzemnimi stavbami je tradi¢né spojena ¢innost nasich stredi-
sek geotechniky, inZenyrské geologie, geofyziky, geodézie a mechaniky
zemin a hornin. Béhem desitek minulych let jsme se podileli na stav-
béch mnoha dédlni¢nich a Zelezni¢nich tuneld, vodovodnich privadédu,
odvodnovacich $tol, podzemnich kaveren a kolektor. D4 se fici, Ze
s vyjimkou prazského metra se nasi pracovnici v minulosti podileli na
feSen{ témér vSech vyznamnych stavebnich akei s podilem podzemnich
staveb, a to jak ve fazich pruzkumd, tak i jejich realizace, byla-li jejich
soucdsti i mechanika hornin.

Predevsim v oboru polniho geotechnického zkusebnictvi a mechani-
ky hornin patfime k nékolika malo firmdm, které si udrzely a zdokona-
lily své know-how. Napriklad specidlni velkorozmérové zatézovaci
a smykové zkousky jsme v roce 2015 provadéli na portdlu budouctho
tunelu Zaboviesky na VMO v Brné a aktudlng je provadime v hloube-
nych Sachtich v podzdkladi budouciho vodniho dila Nové Hefminovy
na Bruntdlsku. Silnym a dynamickym oborem je geotechnicky monito-
ring, ktery v podobé¢ stavebniho, zdruéniho nebo provozniho realizuje-
me na Sesti tunelovych komplexech. Nasi vlajkovou lodi je aktudlné
provadéni komplexniho geotechnického monitoringu na nejdel$im
zelezniénim tunelu Ejpovice, a to s nasazenim pokrocilych metod
a instrumentace vCetné vlastniho informa¢niho systému monitoringu.
Podileli jsme se i na sou¢asném boomu vystavby tunelt na Slovensku —
na stavbé ddlni¢niho tunelu Povazsky Chlmec, kde byl nasimi pracov-
niky v rdmci stavebniho dozoru provddén geologicky a geotechnicky
dozor pfi razbe.

Souédsti rozvoje firmy je i aplikovany vyzkum, ktery fesi specialisté
spolecnosti GEOtest, a.s. aktudlné na sedmi projektech. Z nich lze uvést
projekt realizovany s vyzkumnym centrem AdMaS pfi VUT Brno
zaméreny na vyvoj geotechnického monitoringu, ktery umoznil vybu-
dovén{ experimentdlniho polygonu na primdrnim kolektoru v Brné.
Nase ostravské pracoviste zamefené na geofyzikdlni metody sméruje
své aktivity do vyzkumné Cinnosti v oblasti vyuZiti podzemnich prostor.
V podzemi dolu Roznd 1. se d¢astnime rozsdhlych védecko-vyzkum-
nych aktivit zaméfenych na detailni pozndni horninového prostredi
dotceného hornickou ¢innosti. Prvnim velkym tkolem v oblasti pod-
zemnich staveb byla tcast na pétiletém vyzkumném projektu
,»Stabilita®, jenZ byl dspé$né ukonden v roce 2015, a jednim z vystupl
byla certifikovand metodika ,,Geofyzikdlni metody pro dokumentaci
horninového masivu®. V sou¢asnosti se soustiedujeme na rozvoj geo-
technickych a geofyzikdlnich metod pro ziskani 2D a 3D obrazu geolo-
gické stavby.

Je logickym vydsténim, Ze naSe spole¢nost byla napiiklad sponzorem
konference PODZEMNI STAVBY PRAHA 2016 a nai specialisté se
podileji i na Cinnosti redakénich rad Casopisi TUNEL
a GEOTECHNIKA.

Vérim, Ze uvedeny piehled pripomenul nemaly podil
spolecnosti GEOtest, a.s. na ¢eském podzemnim stavitel-
stvi a dékuji nadim obchodnim partnerim za spoluprdci
a duvéru, které si vaZzime a kterd nds zavazuje.
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DEAR READERS,

I am very happy for the opportunity to present our company
and remind us, on behalf of all collaborators, of the company
history and mention the activities of the company in the field of
the underground construction industry.

We have been in business under the brand name GEOtest
nearly 50 years. GEOtest originated in 1968 from its predeces-
sor, Geological exploration Brno, which was founded in 1958.
We are an experienced, exclusively Czech company focused on
engineering activities in the field of applied geology. With our
employees (150), many branches and daughter firms both
domestic and abroad, where we currently earn one third of our revenues, we
belong among the largest geological firms in the Czech Republic.

It is still surprising how well our name gives a true picture of the nature of
our activities. The activities of our centres of geotechnics, engineering geology,
geophysics, technical surveying and soil and rock mechanics are traditionally
associated with underground construction. During the past decades we partici-
pated in projects for many motorway and railway tunnels, aqueducts, drainage
galleries, underground caverns and utility tunnels. It is possible to say that, with
the exception of Prague metro, our employees participated in the past in solving
nearly all important civil engineering events with a significant proportion of
underground construction work, both in the phases of exploration and phases of
construction realisation, if soil and rock mechanics was part of them.

It is first of all in the field of in-situ geotechnical testing and ground mecha-
nics where we belong among the several few firms which have retained and
improved their know-how. For example, we conducted special large-scale loa-
ding and shear tests on the portal of the future Zabovfesky tunnel on the LCCR
in Brno in 2015 and currently we are conducting them in shafts sunk under the
foundations of the future Nové Hefminovy water reservoir in the region of
Brundl. Geotechnical monitoring, which we carry out on six tunnel complexes
in the civil engineering, warranty and operational forms, is another strong and
dynamic branch. Our flagship is currently the comprehensive geotechnical
monitoring on the longest railway tunnel, Ejpovice, where we apply advanced
methods and instrumentation, including our own information system of moni-
toring. We even participated in the current tunnel construction boom in
Slovakia- the Povazsky Chlmec tunnel, where our employees performed geo-
logical and geotechnical supervision during the tunnel excavation, within the
framework of the construction supervision.

Even the applied research is part of the company development. It is cur-
rently being solved on seven projects by specialists of GEOtest, a.s. Of them,
it is possible to mention the project being realised jointly with the AdMasS rese-
arch centre at the Technical University in Brno. The project is focused on the
development of geotechnical monitoring which allowed for creating an expe-
rimental traverse on the primary utility tunnel in Brno. Our workplace in
Ostrava, which is focused on geophysical methods, directs its activities to the
field of the use of underground spaces. In the underground spaces of the Roznd
I mine we participate in extensive scientific research activities focused on
obtaining detailed knowledge of ground environment affected by mining. The
first big task in the area of underground construction was to take part in the
“Stabilita” five-year research project, which was accomplished in 2015. One
of the outputs was the certified methodology “Geophysical Methodology for
Documentation of a Ground Massif”. Currently we focus ourselves on the
development of geotechnical and geophysical methods for obtaining 2D and
3D images of the geological structure.

It is a logical conclusion that our company was, for example, a sponsor of
the UNDERGROUND CONSTRUCTION PRAGUE 2016 conference and
our specialists participate even in the work of editorial boards of TUNEL and
GEOTECHNIKA journals.

I believe that the above-mentioned overview reminded the
readers of the significant GEOtest, a.s., share of the Czech
underground construction industry. Let me thank all our busi-
ness partners for the collaboration and trust, which we appreci-
ate and which obliges us.

RNDR. LUBOMIR KLIMEK, MBA

feditel GEOtest, a.s.
Director of GEOtest, a.s.
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MILI CTENARI,

naSe spolecnost je predev§im geodetickd, jako takova
se ovsem vysoce specializuje na vse, co se tyka komplet-
ni geometrie podzemnich staveb, predevsim tunelovych.
O to vice si vazime prileZitosti prezentace v tak vyznam-
ném casopisu, jakym Casopis Tunel bezesporu je.

Na prvni tunel jsem se dostal kritce po Skole diky
tehdy ojedin€élé nabidce spole¢nosti ANGERMEIER
INGENIEURE GmbH odejit pracovat do zahranici ,,na
zkuSenou*. Tehdy jsem jesté nevedél, Ze tato spole¢nost
se jiz od roku 1981 zabyva geodetickym servisem pro
vystavbu tunelu, se v§im, co k tomu v némeckém systému vystavby
patfi, tzn. véetné geotechnickych méreni deformaci. Po pfijeti nabid-
ky to netrvalo ani dva dny po mém piijezdu do Némecka a uz jsem
skonil v tunelu. Pfitom jsem v praci v néjaké ,,dite” nevidél budouc-
nost, bral jsem ji pouze jako novou zkuSenost. Nikdy v Zivot¢ neza-
pomenu na svuj tzas, kdy jsem se poprvé postavil na dno kaloty, kam
nds museli vyzdvihnout ploSinou, a shora jsem sledoval odebirdni
opéfi: v symfonii hukotu dvou kloubovych dampru a jednoho kolo-
vého nakladace se odehrdvalo predstaveni, ve kterém se ta strojni
mechanizace harmonicky pohybovala sem a tam, a do toho mi mize-
lo opéfi pod nohama. Pro mne, geodeta, to byl dplné jiny svét a zéro-
ven sen z oblasti sci-fi. Tento zaZitek mél jednoznacny vliv na moji
dal3f Zivotni cestu, kterd vedla az k témto fddkum. Béhem krétké doby
nato vznikla pobocka dneSni Angermeier Engineers, s.r.o., zatimco
jsem jesté pusobil na projektu Engelbergbasistunnel, ktery dodnes
patii k zdsadnim referenénim projektim spole¢nosti ANGERMEIER
INGENIEURE, a kde mi bylo umoznéno nahlédnout hodné hluboko
do ndstrah a moZnosti tunelové vystavby.

Vsechny zkuSenosti se podafilo zdroit na vystavbé tunelu
Mrézovka, kde nase spole¢nost poprvé v Ceské republice plnohod-
notné s ispéchem nasadila geodetické optické mereni deformaci pri-
mérniho osténi pfi razbé. Zdroven jsme poloZili zdklad tymu kolegt,
ktef jsou také fascinovani tunelovymi stavbami. Pracuji na stavbéch,
kde Celi vysoké zodpovédnosti, kterd navic nenf ostatnim Gcastnikam
na prvni pohled zcela zfejmad. Jak popisuje jeden z nasich ¢ldnkd, geo-
deti na stavbe tunelu Ziji az do prordzky v nejistoté, protoZze pouze
,»odhaduji“, kde se s razbou nachdzeji, a pfitom pravé za to nesou
odpovédnost. Traduje se ve firme, Ze jeden kolega zeSedivél poté, co
ndm bylo v nedéli z jedné stavby po prordZce provedené otevienim
malého okénka o velikosti ¢tvrt ¢tvereCniho metru ve vySce Ctyf
metrt nad zemi ozndmeno: ,,Tak to jsme jasné o pul metru vedle“. Po
ndsledném méfeni jsme zjistili prorazkovou odchylku o velikosti
4 mm. Vidél jsem napéti a nervozitu dvou jinych kolegt, tésné pred
prordzkou Adély a Tondy do stanice Dejvickd prazského metra, za
jejichz vedeni jsme byli na strané investora zodpovédni. Mezi dals{
tispéchy patif Gcast pii vystavbé brnénskych Krdlovopolskych tuneld,
kde jsme mj. provadéli doprovodnd méfeni kompenzac¢nich injektazi
s automatickym zjiStovanim deformaci na vice nez dvou stovkdch
boda v hodinovém taktu v submilimetrové piesnosti! Za zminku jisté
stoji i nase tc¢ast na vystavbe tunelu Ejpovice, kde jsme soucdsti tymu
geotechnického monitoringu a zdroven provadime kontrolu smérové-
ho vedeni. Kromé mnoha velkych tuneli nemohu opomenout velké
mnoZstvi podzemnich staveb malych profilt, kterych se také ucastni-
me. Velkou vyhodou pii zvlddéni naSich dkolu je i neustdld spolupra-
ce s kolegy z ANGERMEIER INGENIEURE.

Kromé tunelovych staveb se specializujeme na deformacni a jind
velmi presnd méfeni na hranici souc¢asnych mozZnosti inZzenyrské geo-
dézie. Cim vys§i pozadavky na presnost, &im
vetsi odpovédnost a ¢im ndrocnéjsi dkoly, tim
lépe pro nds.

Réd bych timto podékoval viem svym kole-
gim za jejich nasazeni ve jménu hesla: ,,v§e pro
stavbu®. Ddle bych chtél podékovat v§em nasim
partnerim, ktefi se na nds spoléhaji pii svych
realizacich.

ING. PETR HLAVACEK

TuofHel

DEAR READERS,

our company is engaged first of all in surveying, highly speci-
alising itself in all things relating to the complete geometry of
underground structures, first and foremost in tunnel structures.
The more we appreciate the presentation in such a remarkable
journal which TUNEL journal undoubtedly is.

The first tunnel I got to thanks to the unique offer of
ANGERMEIER INGENIEURE GmbH, which allowed me
shortly after graduating from the university to leave abroad to
“gain experience”. At that time I did not know that this company
had been involved in survey services for the tunnel construction
industry since 1981, carrying out everything that goes with it in the German con-
struction system, i.. including geotechnical measurements of deformations.
After my acceptance of the offer, it took me less than two days after the arrival
in Germany to end up in a tunnel. Nevertheless, I saw no future in working in
some “hole” and I took it only as new experience. I will never in my life forget
my consternation when I stood on the bottom of the top heading, to which they
had to lift us by a lifting platform, and observed from above the excavation of
the bench: a performance I had never seen before was happening there. In the
symphony of the noise made by mechanical equipment consisting of two arti-
culated dumpers and one wheeled loader moving harmonically back and forth,
the bench was disappearing under my feet. For me, a surveyor, it was an abso-
lutely new world and, at the same time, a dream from the field of sci-fi. This
experience unambiguously influenced my next career which has led me up to
these lines. A branch of the current Angermeier Engineers, s. . 0., originated wit-
hin a short time after the time during which [ was still working on the Engelberg
Base Tunnel project, where I was allowed to gain insight into the pitfalls and
possibilities of the tunnel construction industry. This tunnel still belongs among
principal reference projects of ANGERMEIER INGENIEURE.

All experiences could be successfully apllied during the construction of the
Mrézovka tunnel, where our company successfully applied comprehensive opti-
cal surveying measurements of deformations of the primary lining during the
course of tunnel excavation. It was applied for the first time in the Czech Republic.
At the same time, we laid the foundation of a team of colleagues who were also
fascinated by tunnel construction. They work on construction sites where they
face great responsibilities, which fact is not entirely obvious to other participants
in the construction. As one of our papers published in this TUNEL issue descri-
bes, surveyors on tunnel construction sites live in uncertainty until the breakt-
hrough because they only “guess” where the excavation face is located and the
responsibility for the location is just theirs. It is said in the company that the hair
of one colleague turned grey when he received the following information from
a construction site: “So it is clear that we are half a metre off” It was on Sunday,
after a breakthrough carried out by opening a small quarter-of-a-square-metre
window at the level of four metres above the excavation bottom. After subsequ-
ent measurements we determined that the breakthrough deviation amounted to
4mm. I could see the stress and jitters of other colleagues just before Adéla and
Tonda TBMs, for the guidance of which we were responsible on behalf of the pro-
ject owner, broke through into Dejvicka station of the Prague metro. Among other
successes there is the participation during the construction of the Krdlovo Pole
tunnel tubes in Brno, where we carried out, among others, accompanying measu-
rements of compensation grouting with automatic detection of deformations on
more than two hundreds of points, at one hour intervals and with sub-millimetre
accuracy! Certainly worth mentioning is even our participation in the constructi-
on of the Ejpovice tunnel, where we are a part of the GTM team and, at the same
time, check the directional guidance. Apart from many large tunnels I must not
forget the great number of small-profile underground structures which we also
participate in. A big advantage for coping with our tasks lies in the permanent col-
laboration with our colleagues from ANGERMEIER INGENIEURE.

In addition to tunnel structures we specialise ourselves in deformational and
other high precision measurements conducted at the limits of current possibi-
lities of engineering surveying. The higher requirements
for precision the higher responsibility, the more difficult
tasks the better for us.

I would like to thank all my colleagues for their
efforts made in the name of the motto: “everything for
construction”. In addition, I would like to thank all our
partners relying on us during their realisations.

jednatel spole€nosti Angermeier Engineers, s.r.o.
Executive Head of Angermeier Engineers, s.r.o.
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BEZBARIEROVE ZPRISTUPNENI STANICE METRA ANDEL

= GEOTECHNICKY MONITORING
STEP-FREE ACCESS FOR ANDEL METRO STATION
= GEOTECHNICAL MONITORING

TOMAS EBERMANN, LUKAS HUBINGER, RADEK KLESNIL, VLADIMIR NOSEK, PAVEL VIZDA

ABSTRAKT

Cldnek seznamuje Ctendre s nékterymi zkuSenostmi z provddéni geotechnického monitoringu stavby , Bezbariérové zpFistupnéni stani-
ce metra Andél“. Razby byly zajimavé predevsim diky tomu, Ze nové raZend pristupovd chodba k vytahové Sachté byla vedena tésné nad
provozovanymi stani¢nimi tunely v kontaktu s jejich osténim. Proto byly deformace osténi stani¢nich tunelu intenzivné geodeticky sle-
dovdny. Ddle jsou rekapitulovdny zkuSenosti 7 geotechnického sledovdni raZeb, kdy zajimavosti bylo zastiZeni piivodniho montovaného
osteni stanice ve vyrubu pristupové Stoly. RovneéZ jsou shrnuty poznatky z méreni deformaci nadloZi raZenych &dsti stavby, povrchu
a zdstavby.

ABSTRACT

The paper acquaints the readers with some pieces of experience from the execution of the geotechnical monitoring of the project “Step-
free access for Andél metro station” . The underground excavation operations were interesting first of all thanks to the fact that the newly
driven access gallery to the lift shaft was led just above the operating station tunnels, at contact with their linings. This is why the defor-
mations of the lining of the station tunnels were so intensely monitored by surveying. Further on, the experience from the geotechnical
observation of the excavation is recapitulated. It was interesting that the original segmental lining of the station was encountered in the
excavation of the access gallery. In addition, findings from the measurement of deformations of the overburden of the mined parts of the
construction, the surface and buildings are summarised in the paper.

uvob

Tento ¢lanek volné navazuje na Cldnek o stavbé ,,Bezba-
riérové zpristupnéni stanice metra Andel“ (dale jen stavba) [1].

Geotechnicky monitoring tvofily predevsim ndsledujici ¢in-
nosti: geotechnicky sled razeb, méfeni deformaci osténi noveé
budovanych konstrukci, méfeni deformaci provozované stanice
metra Andél. Sou¢dsti monitoringu byla i pasportizace a repa-
sportizace sedmi budov na povrchu (v Bozdéchoveé ulici), stoky
v nadloZ{ razenych objektu, tunelt a vétraci toly stanice metra
Andél a sledovéni jejich deformaci béhem stavby. Ddle byly
sledovany deformace nadloZi razenych objektu a stanice metra
Andél (extenzometry a nivelace povrchu v Bozdéchové ulici).
Soucasti monitoringu byla i kontrola zatiZzeni stdvajiciho osténi
stanice a primarniho osténi razeného dila tenzometry a tlakovy-
mi snimaci. RovnéZ byly prabéZné kontrolovédny seismické
a akustické ucinky trhacich praci na okolni zdstavbu. Situace
stavby a sledované objekty jsou uvedeny na obr. 1.

Béhem stavby nebyly, diky soucinnosti vSech ulastniku
vystavby, pozorovany Zadné jeji neocekdvané dopady (defor-
macni, seismické ¢i akustické) na okolni zdstavbu, provozova-
nou stanici metra Andél nebo stoku v nadlozi raZeného dila.

POZNATKY Z GEOTECHNICKEHO SLEDU RAZEB

Razba pristupové chodby a hloubeni vytahové Sachty probi-
haly ve slozitych geologickych pomérech, danych tektonicky
porusenym horninovym prostiedim a pritomnosti zvodnélych
fluvidlnich sedimentu a navazek v nadloZi.

Hloubeni pristupové Sachty zapocalo ve vrstvé antropogen-
nich sedimentu, charakteru balvanitych suti s kusy cihlového
zdiva a bloky opuky. Tyto navdzky dosahovaly mocnosti az
4 m a predstavuji zbytky zdiva puvodni vystavby pred demo-
lici pri vystavbé stanice metra v 80. letech minulého stoleti
(obr. 2 a 3).

INTRODUCTION

This paper freely follows the paper on the construction of
the ,,Step-free access for Andél metro station” (hereinafter
referred to as the construction) [1].

The geotechnical monitoring comprised first of all the follo-
wing activities: the geotechnical observation of headings, mea-
surements of deformations of the linings of the newly built
structures, measurements of deformations of the operating
Andél station. The condition survey and the condition resurvey
of seven surface buildings (in Bozdéchova Street), the sewer in
the overburden of the mined structures, tunnels and the venti-
lation duct of Andél metro station as well as the observation of
their deformations during the course of the construction works
were also parts of the monitoring. Further on, deformations of
the overburden of the mined structures and Andél metro stati-
on were observed (extensometers, surveying of the terrain sur-
face in Bozdéchova Street). Checking on the loads acting of
the existing lining of the station and the primary lining of the
mined working with strain gauges and pressure transducers
was also part of the monitoring. Seismic and acoustic effects of
blasting operations on buildings existing in the surroundings
were also continually checked. The project layout and the
observed structures are presented in Fig. 1.

Thanks to the cooperation of all parties to the project, no
unexpected impacts (deformational, seismic or acoustic) of
the construction works on buildings in the vicinity, the ope-
rating Andél metro station or the sewer in the overburden of
the mined working were observed during the works.

KNOWLEDGE FROM GEOTECHNICAL OBSERVATION
OF THE EXCAVATION

Driving of the access gallery and sinking of the lift shaft
proceeded in complicated geological conditions given by the
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Stroupeznického Stroupeznického Street AN

Obr. 1 Situace stavby a sledované objekty, zelené zdstavba, tyrkysové stoka v Bozdéchové ulici, Zluté stanice metra

Andél a obchozi vzduchotechnickd $tola

Fig. 1 Construction layout plan and the monitored structures; colour marking of existing buildings green, the sewer
in Bozdéchova Street turquoise, Andél metro station and the bypassing ventilation gallery yellow

Pod vrstvou navdzky byly zastiZzeny fluvidlni sedimenty
maninské ddolni terasy pleistocenniho stafi. Jedna se o ri¢ni
sedimenty feky Vltavy charakteru hrubozrnnych pisku, piska se
Stérkem a pis¢itych Stérku s valouny o velikosti az 20 cm.
Sedimenty jsou vysoce propustné a silné zvodnélé. Hladina
podzemni vody byla zastizena v hloubce 10 m a je vdzdna na
kolektor fluvidlnich sedimentt. Pfitoky podzemni vody do sta-
vebni jadmy byly ¢dsteéné odclonény pilotovou sténou, presto
v8ak bylo nezbytné prabézné vodu oderpévat. Pritoky pod-
zemni vody do Sachty pri jejim hloubeni byly odhadnuty v fadu
jednotek 1/s. Fluvidlni sedimenty nasedaji pfimo na skalni pod-
loZi a jejich mocnost dosahuje v misté Sachty az 11 m (obr. 4).

Po odt€Zzen{ §térku bylo v hloubce 15 m zastiZeno skalni podlo-
71, které je tvoreno bridlicemi libenského souvrstvi ordovického
stari. Libenské bridlice jsou jilovito-prachovité, ¢erno Sedé, slid-
naté, tence deskovité vrstevnaté a lokalné tektonicky porusené.

Na povrchu skalniho podlozi byla zjisténa jen cca 20 cm
mocnd vrstva silné az zcela zvétralych bridlic, rozpadlych na
drobné stiipky stmelené jilovitou zvétralinou. V hloubce 15,2~
18,0 m pod povrchem byla zastizena bridlice velmi az mirné
zvétrald, vétsinou tence deskovité rozpadava s lokdlnimi reza-
tymi povlaky oxidu Zeleza Fe. Lze konstatovat, Ze polohy velmi
a mirné zvétralych bridlic dosahuji celkové malych mocnosti
a s pribyvajici hloubkou rychle stoupd pevnost horninového
masivu. Od hloubky 18 m k bdzi vytahové Sachty v hloubce
31 m byla hornina zdravd a vzhledem k rozmérum Sachty
dostupnou/pouzitelnou mechanizaci jiz obtizn¢ rozpojitelna.
Pevnost zdravych hornin spada vétSinou do tfidy R4 az R3.

Obr. 2 Zdivo zdkladu staré zdstavby zastizené pri hloubeni Sachty
Fig. 2 Masonry of foundations of old buildings encountered during the shaft
sinking work

TuofHel

tectonically faulted rock envi-
ronment and the presence of
water-bearing fluvial sedi-
ments and man-made ground
in the overburden.

The sinking of the access
shaft started in a layer of anth-
ropogenic sediments with the
character of bouldery rubble
containing pieces of brick
walls and cretaceous marl
blocks. This man-made ground
thickness reached up to 4m. It
represents remains of the
masonry of the original buil-
dings before the demolition
carried out during the course of
the construction of the metro
station in the 1980s (see Fig. 2 and 3).

Fluvial sediments of the Pleistocene age Maniny flood-
plane terrace were encountered under the made-ground
layer. They are river sediments of the Vltava River with the
character of coarse-grained sand, sand with gravel and
sandy gravel containing up to 20cm boulders. The sedi-
ments are highly permeable and heavily water-bearing. The
water table was encountered at the depth of 10m; it is bound
to an aquifer of fluvial sediments. Groundwater inflows into
the construction pit were partially screened by a pile wall.
Nevertheless, it was continually necessary to extract water.
The inflows of groundwater into the shaft during the exca-
vation were assessed in the order of units of L/s. The fluvi-
al sediments are seated directly on the bedrock and their
thickness in the location of the shaft reaches up to 11m (see
Fig. 4).

After the completion of the excavation of gravel, the bed-
rock was encountered at the depth of 15m. It is formed by the
Liben Formation shale of the Ordovician age. The Liben sha-
les are clayey-silty, black-grey, micaceous, thinly tabularly
jointed and locally tectonically faulted.

An only ca 20cm thick layer of heavily to completely weat-
hered shale, disintegrated into small shards and containing
clayey products of weathering was identified on the bedrock
surface. At the depth of 15.2—18.0m under the surface, very
to moderately weathered shale, mostly thinly tabularly join-
ted, with local rusty iron (Fe) oxide coating was encountered.
It is possible to state that the layers of very to moderately
weathered shales reach generally small thickness and the
rock strength rapidly grows with the increasing depth. From
the depth of 18m down to the base of the lift shaft at the depth
of 31m the rock was fresh and, with respect to the shaft
dimensions, already difficult to disintegrate with availab-
le/usable mechanical equipment. The strength of fresh rock is
mostly categorised as R4 to R3.

The access gallery was subsequently excavated to the side
from the shaft bottom. It was ended by opposite-heading
excavation stubs. The excavation profile of the access galle-
ry was divided for the purpose of the excavation into top hea-
ding and bottom. The top heading excavation was carried out
using blasting operations and the bottom excavation was
completed only mechanically using an impact breaker.

The top heading excavation proceeded throughout the gal-
lery length through relatively monotonous rock environ-
ment formed by fresh, tectonically faulted Liben shale. The
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Obr. 3 Hloubeni Sachty ve $tércich tidolni terasy Vitavy
Fig. 3 Sinking the shaft through gravel of the Vitava River flood-plain
terrace

Ze dna vyhloubené Sachty pak byla do boku vyrazena pristu-
povd chodba zakoncena protilehlymi rozrdzkami. Profil vyrubu
pristupové chodby byl pro razbu rozdélen na kalotu a dno.
Profil kaloty byl razen za pouziti trhacich praci a dobirka dna
uz jen strojné impaktorem.

Vlastni razba kaloty probihala v celé délce v pomérné mono-
tonnim horninovém prostredi zdravych tektonicky porusenych
libenskych bridlic. Vrstevnatost bridlic byla prevazné deskovi-
td az lavicovitd. Lokdlne byla hornina az témer masivni stavby
s nezfetelnou vrstevnatosti. Horniny z masivnich poloh maji
vétSinou lasturnaty lom a nezfetelnou texturu. Vyznamnym
znakem libenskych bridlic jsou hojné tektonické ohlazy s hori-
zontdlnim ryhovanim a mezivrstevnimi skluzy s podrcenym
kalcitem. Pukliny jsou obvykle uzaviené nebo vyplnéné kre-
mennou a kalcitovou vyplni az 50 mm mocnou. V nekterych
usecich bylo pozorovano zvrasnéni bridlic. Prevladajici smér
vrstevnatosti je JZ-SV prevazné se sklonem k SZ.

Horninovy masiv byl v celém rozsahu razby prostoupen
nékolika systémy puklin, vétSinou kolmymi na vrstevnatost.
Zejména v pristropi kaloty pfispely systémy puklin a nepfizni-
vé orientace vrstevnatosti k tvorbé mensich nadvylomu a opadt
horninovych dlomku a bloku z Celby.

V pribéhu razby bylo zastizeno nékolik poruchovych zon,
nékteré z nich byly predikovany na zdkladé geotechnického
prazkumu [2]. V mistech poruchovych zén byla bridlice lokdlné

Obr. 5 Orientace odlu¢nych ploch horninového masivu liberiskych bridlic
Fig. 5 Orientation of joint planes in the Liberi Shale rock massif
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Obr. 4 Kontakt fluvidlnich terasovych sedimenti se skalnim podloZim
Fig. 4 The contact of fluvial terrace sediments with bedrock

bedding of the shales was mostly platy to tabular. Locally
the rock structure was nearly massive with indistinct bed-
ding. The rock from massive layers displays mostly con-
choidal fracture and indistinct texture. A significant feature
of the Liben shale lies in numerous tectonic sklickensides
with horizontal striations and interlayer slips with crushed
calcite. Fissures are usually closed or filled with quartz and
calcite filling, with the thickness up to 50mm. Folding of
the shale was observed in some sections. The prevailing
bedding trend is SW-NE, mostly with the NW dip.

The rock massif was pervaded in the whole extent of the
excavation by several systems of cracks, mostly perpendicu-
lar to the bedding planes. In particular at the roof of the top
heading, the systems of cracks and the unfavourable orienta-
tion of bedding contributed to the development of smaller
overbreaks and falling of rock fragments and blocks from the
excavation face.

Several weakness zones were encountered during the
excavation, some of which were predicted on the basis of the
geological survey [2]. In some locations of the weakness
zones patches or areas of the shale were crushed to small
fragments, the rock mass was pervaded with a dense network
of discontinuities and numerous slickensides indicating high
friction pressures were identified on joint planes. The weak-
ness zones in this case represented the risk of excavation
instability and the possibility of increased groundwater
inflows. Groundwater was bound to the detected weakness
zones, but the rates of the inflow to the excavation face were
minimal, in the orders of tenths of L/s. The most extensive
weakness zone was encountered, as predicted, in the close
vicinity of the overburden of the existing metro station. Its
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Obr. 6 Lavicovité aZ masivni polohy bridlice
Fig. 6 Tabular to massive shale beds

nebo plosne podrcend na drobné tlomky, horninovy masiv byl
prostoupen hustou siti diskontinuit a na odlu¢nych plochdch
byly Cetné tektonické ohlazy indikujici vysoké treci tlaky.
Poruchové zony zde predstavovaly riziko nestability vyrubu
a moznych zvySenych piftoka podzemni vody. Na zji§téné poru-
chové zony byla vdazana podzemni voda, ale pouze jen s mini-
madlnimi pritoky vody na c&elbu v fadech desetin 1/s.
Nejrozsahlejsi poruchovd zéna byla podle predpokladu zastize-
na v tésné blizkosti nadloZi stavajici stanice metra a dosahovala
nepravé mocnosti v horizontdlni roviné cca 15 m (obr. 5,6 a 7).

Celkove byly Celby jednotlivych zdbéru stabilni a dochdzelo
pouze k drobnym opadim uvolnénych horninovych bloka
a nadvylomam. Vyska skalniho nadloZi nad raZenou §tolou se
pohybovala v rozmezi 7-10 m. Z hlediska geotechnického hod-
noceni razby byla pristupova chodba razena v technologickych
tiidich NRTM 4, 5a a 5b.

Obr. 7 Tektonické ohlazy na plochdch odlucnosti na éelbé
Fig. 7 Tectonic slickensides on joint planes at the excavation face

fake thickness on a horizontal plane reached ca 15m (see
Figures 5, 6 and 7).

In general, the faces of individual excavation rounds were
stable and only minor falling of loosened rock blocks and
overbreaks occurred. The height of the bedrock over the
mined gallery varied between 7-10m. From the geotechnical
assessment point of view, the gallery was driven through the
NATM excavation support classes 4, 5a and 5b.

During the course of the excavation, the rates of the initia-
tion groundwater inflows to the excavation face were mini-
mal. There were only small springs of groundwater from
weakness zones and cracks in the rock massif.

One of the outputs of the geotechnical observation of the
excavation was the longitudinal geotechnical section a detail
of which (the section of the transfer gallery above Andél
metro station) is presented in Fig. 8.
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Obr. 8 Vyrez podélného geotechnického rezu prestupni chodbou - iisek nad stanici
Fig. 8 Cutout from the longitudinal geotechnical section through the transfer gallery — the section above the station
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V prubéhu razby byly iniciaéni piitoky podzemni vody na &elbu
jen minimdlni, a jednalo se jen o drobné vyrony podzemni vody
z poruchovych z6n a puklin horninového masivu.

Jednim z vystupt geotechnického sledu raZeb byl podélny geo-
technicky Tez, jehoZ detail (dsek prestupni chodby nad stanici
metra Andél) je uveden na obr. 8.

Zajimavosti je, Ze razici prace probihaly v pfimém nadloZi tra-
tového tunelu a stanice metra za plného provozu. V kritickych
mistech nad stanici byl proto redukovan objem pouzitych trhavin
a trhaci prace byly orientovany do vrchni poloviny kaloty. Trhaci
prace byly v prostoru nad stanici Casové sméfovdny mimo
dopravni $picku, aby bylo ovlivnéni cestujicich co nejmensi. Pred
nékolika prvnimi odpaly bylo hlidkou zhotovitele na ndstupisti
vystrazné volano ,,Palime!, ale posléze od toho bylo upusténo,
nebot’u ¢asti cestujicich tim byla vyvolana panika.

V blizkosti stanice byly v profilu vyrubu kaloty zastiZeny svor-
niky z historické doby vystavby stanice Andél a v pofvé monto-
vané osténi stanice, obr. 9-11.

Za zminku stoji také mimoradna udélost, kterd se udala béhem
vystavby stanice metra Andél v roce 1980. Jednalo se o nadvylom
s propagaci do sklepnich prostor domu StroupeZnického 493 [2],
ke kterému doslo pri razbé€ stiedniho stani¢niho tunelu (nadvylom
byl lokalizovan asi 50 m od pruniku nové razené piistupové toly
do stanice metra Andél). Pii otevieni vyrubu nastal podél tekto-
nické poruchy se stiipkovitou vyplni vyval horninového materia-
lu na celou vysku skalniho nadloZi (asi 13 m) do vyrubu s nasled-
nou (béhem cca 24 hodin) propagaci do zvodnélych nadloznich
pisku a $térku a sklepnich prostor domu. Mezi tehdejs$imi Gcastni-
ky vystavby se traduje historka, Ze jedna z obyvatelek domu pro-
pad objevila jdouce do své sklepni kdje pro uhli nebo brambory
(zde se svédectvi rozchazeji) a ke svému prekvapeni zjistila, Ze
nemad ani uhli (pfipadné brambory), ani sklepni kéji. Schematicky
podélny fez touto mimoradnou uddlosti je uveden na obr. 12.

SLEDOVANI DEFORMACI OSTENI STANICNICH TUNELU
A PRISTUPOVE STOLY

Deformace osténf tunelu stanice metra Andél byly geodeticky
sledovény ve trech profilech v kazdém z tuneli. Béhem raZeb
nad stanici byla méfeni provdadéna denné. Byla také provérena

foto Ivan Sdlka photo courtesy of Ivan Sdlka

Obr. 9 Rozebirdni montovaného osténi, nakladaé stoji na rubu piivodniho
montovaného osténi stanice, klenba montovaného osténi stanice je zespodu
podeprena definitivni betonovou konstrukci nové vytahové Sachty

Fig. 9 Dismantling of the segmental lining; the excavator standing on the
external surface of the original segmental lining of the station; the vault
of the segmental lining of the station is supported from below by the final
concrete structure of the new lift shaft
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An interesting fact is that the excavation operations pro-
ceeded without any restriction on the operation within the
direct overburden of the running tunnel and the metro stati-
on. For that reason the volume of explosives used in criti-
cal locations above the station was reduced and blasting
operations were directed to the upper half of the top hea-
ding. In terms of time, the blasting operations in the space
above the station were directed beyond the rush hours so
that the
Contractor’s guard called “Firing” on the platform before

influence on passengers was minimised.
several initial firing cases, but later the calling was aban-
doned because it caused panic in a part of passengers.

Rock bolts from the historic time of And¢l station con-
struction were encountered in the vicinity of the station and
the segmental lining of the station was encountered at the
bottom (see Figures 9 — 11).

Worth mentioning is also the extraordinary event which
took place during the course of the Andél metro station in
1980. It was an overbreak which propagated itself into the
cellars of the building No. 493 on StroupeZnického Street
[2]. The overbreak developed during the excavation of the
central station tunnel (it was localised approximately 50m
from the entry of the newly driven access gallery into the
Andé€l metro station). At the moment of opening the exca-
vation, the ground material burst into the excavated ope-
ning along a tectonic fault filled with shardy rock material
throughout the height of the rock overburden (about 13m).
Subsequently (during ca 24 hours) the overbreak propaga-
ted itself into the overlying water-bearing sands and gravels
and the cellar spaces of the building. A story is passed on
among the former participants of the construction that one
female resident of the building discovered the sinkhole
while going to her cellar for coal or potatoes (here the tes-
timonies diverge) and, to her surprise, she discovered that
she had neither coal (or potatoes) nor her cellar. A schema-
tic longitudinal section through this extraordinary event is

presented in Fig. 12.

foto Ivan Sdlka photo courtesy of Ivan Sdlka
Obr. 10 Pohled do raZeného dila, pocva tvofena osténim stanice, na rubu
montovaného osténi patrnd puvodni vypliiovd injektdz

Fig. 10 A view down the mined working; the bottom is formed by the station
lining; the original backgrouting is visible on the external surface of the seg-
mental lining
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foto Ivan Sdlka photo courtesy of Ivan Sdlka

Obr. 11 Pohled do prostoru rozrdzky prestupni chodby nad stanici, v popredi
v polvé otvor pro jednu ze Sachet s novou betonovou konstrukci Sachty, kolem
otvoru v pocvé dilce piivodniho montovaného osténi stanice a zbytky puvod-
nich Sroubi spojujicich dilce

Fig. 11 A view down the space of the side stub in the transfer gallery above
the station; an opening in the bottom for one of the shafts with the new con-
crete shaft structure in the foreground; segments of the original station lining
and remains of original bolts connecting the segments lying around the
opening in the bottom

i moZnost kontinudlniho méreni totalnimi stanicemi, ale tato
moznost byla zavrZzena — v néstupiStnich tunelech za plného pro-
vozu metra nebylo mozné spolehlivé zajistit viditelnost odraz-
nych hranola a ochranu totdlnich stanic pred ptipadnymi van-
dalskymi dtoky. Ve stfednim tunelu, uvnitf zdboru stavby, neby-
lo moZno zajistit viditelnost odraznych hranolu a ochranu total-
nich stanic, vzhledem k provddénym stavebnim ¢innostem.

Béhem razeb bylo zjisténo, Ze tuhé montované osténi reago-
valo na razbu posuny v fddu mm smérem k razenému dilu,
v dusledku odleh&eni (odtéZeni) horninového prostiedi nad sta-
nici. Pozorované deformace osténf stani¢nich tunelt stejné jako
osténi pristupové $toly dosdhly hodnot do 5 mm.

TuofHel

MONITORING THE DEFORMATIONS OF LININGS
OF THE STATION TUNNELS AND THE ACCESS GALLERY

Deformations of the Andél metro station lining was moni-
tored by surveying three profiles in each of the tunnels.
During the excavation carried out above the station, survey-
ing was carried out daily. Even the possibility of continual
surveying using total stations was examined, but this option
was discarded — it was not possible in the platform tunnels
during full-scale metro operation to reliably secure the visi-
bility of retro-reflective prisms and the protection of total sta-
tions against contingent vandalism. In the central tunnel, insi-
de the space acquired for construction, it was impossible to
secure the visibility of the retro-reflective prisms and the pro-
tection of total stations with respect to the construction acti-
vities taking place there.

It was determined during the course of the excavation that
the rigid segmental lining responded to the excavation by
shifting in the order of unit mm toward the mined working as
a consequence of discharging the load (removal) induced by
the rock environment above the station. The observed defor-
mations of the station tunnel linings, as well as the lining of
the access gallery, reached the values up to Smm.

The measurements proved that the proposed solution to the
excavation on contact with the segmental lining of the stati-
on was safe.

The diagram of the distribution of retro-reflective prisms
in a cross-section through the station tunnel is presented in
Fig. 13.

DEFORMATIONS OF OVERBURDEN, SURFACE
AND EXISTING BUILDINGS

Deformations of the overburden above the transfer gallery
and the side excavation stub in the transfer gallery above the
Andél metro station were observed by the extensometer bore-
holes carried out from Bozdéchova Street.

One extensometer (20m long) was installed above the tran-

sfer gallery; the measured deformations reached

1 €. p. 493 sklep |

the values in the order of unit mm (settlement of
the top heading up to 2mm, the lower anchor
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Obr. 12 Schematicky podélny rez mimorddnou uddlosti z roku 1980

Zdroj Source 2]

Fig. 12 Schematic longitudinal section through the extraordinary event from 1980

just above the transfer gallery excavation
4mm). The other extensometer (19m long) was
installed above the side excavation stub above
the station. In this case the deformations rea-
ched approximately double values in compari-
son with the first extensometer due to the exca-
vation of the side stub (settlement of the exten-
someter head up to 2mm, the lower anchor just
above the transfer gallery excavation 8mm), see
Fig. 14. A bigger problem than the installation
of extensometers within the tangle of enginee-
ring networks under the Bozdéchova Street
pavement was the initial resistance of clerical
workers of the Municipal District of Prague 5,
who resisted approving the requirement for
space in the tunnel for the installation of exten-
someters. The resistance of clerks was overco-
me thanks to the cooperation of the participants
in the construction.

The values of the deformations of the surface of
Bozdéchova Street and then the buildings obser-
ved on Bozdéchova Street amounted to 2mm (it is
not possible to speak about a settlement trough
with respect to the minimum values of settle-
ment).
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Obr. 13 Schéma rozmisténi odraznych hranolii v pii¢ném iezu stani¢nim tunelem (boéni a stiedni tunel)
Fig. 13 Chart of the distribution of retro-reflective prisms in the cross-section through the station tunnel (a side tunnel and central tunnel)

Méfenimi byla prokdzdna bezpecnost navrZzeného feSeni
razeb v kontaktu s montovanym osténim stanice.

Schéma rozmisténi odraznych hranolt v pfi¢ném fezu stanic-
nim tunelem je uvedeno na obr. 13.

DEFORMACE NADLOZI, POVRCHU A ZASTAVBY

Deformace nadlozi nad prestupni chodbou a rozrazkou
prestupni chodby nad stanici metra Andél byly sledovany
dvéma extenzometrickymi vrty provedenymi z Bozdéchovy
ulice.

From the aspect of the monitoring of deformations, the cri-
teria for warning states specified by the design were not rea-
ched.

Even the monitoring of seismic and acoustic effects got by
without unexpected results of the response of the structures
being observed to the excavation.

Bigger problems were registered from the side of some
complainants from the monitored buildings (tenants or
owners). For example, the owner of one of the buildings
tried to file a failure of the electromagnetic transducer of
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Obr. 14 Prubéh deformaci na extenzometru nad rozrdZkou nad stanici, teplota mérena na povrchu, jednd se o teplotu vzduchu
Fig. 14 The development of deformations on the extensometer above the excavation side stub above the station; the temperature measured on the surface — it is

the ambient temperature
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Jeden extenzometr (dl. 20 m) byl umistén nad prestupni
chodbou, deformace na ném dosdhly hodnot v fadu mm (zhlavi
seddni do 2 mm, spodni kotva tésné¢ nad vyrubem prestupni
Stoly 4 mm). Druhy extenzometr (dl. 19 m) byl umistén nad
rozrazkou nad stanici. Zde deformace spodni kotvy doséhly pfi-
blizné dvojndsobnych hodnot neZ na prvnim extenzometru,
kvali provadéni rozrdZky (zhlavi seddni do 2 mm, spodni kotva
tésné nad vyrubem prestupni $toly 8 mm), obr. 14.

Vésim problémem neZ samotnd realizace extenzometri ve
spleti inZenyrskych siti pod vozovkou Bozdéchovy ulice byl
pocdtedni odpor drednika Méstské Césti Praha 5, kteff se brani-
li povolit zabor pro provedeni extenzometrti. Odpor uredniki
byl diky sou&innosti tastnika vystavby prekondn.

Deformace povrchu Bozdéchovy ulice i sledovanych budov
v Bozdéchové ulici dosahovaly hodnot do 2 mm (vzhledem
k minimalnim hodnotdm sedani nelze hovorit o tvorbé pokleso-
vé kotliny).

Z hlediska sledovdni deformaci nebyla dosaZena kritéria
varovnych stavu dand projektem.

Monitoring seismickych a akustickych d¢inka se rovnéZ obe-
el bez neolekdvanych vysledku a reakci sledovanych kon-
strukci na razby.

VEtsi problémy byly zaznamendny ze strany nekterych stézo-
vateld (ndjemnikd nebo vlastniki) ze sledovanych budov.
Napriklad vlastnik jednoho z objekti se pokouSel na stavbé
uplatnit poruchu elektromagnetického snimace vytahu, a to
v dusledku provddéni trhacich praci. Dalsi vlastnik bytu uplat-
fioval ndrok na opravu zvlnéné plovouci podlahy v dusledku
provadeni trhacich praci, ackoliv v celém domé nebyly defor-
mace vetsi neZ v fadu prvnich mm ani rozvoj trhlin zazname-
nany. O Setrnosti vystavby k okolnimu horninovému prostredi
a zdstavbé svédc¢i i to, Ze z bohatého zrcadlového vybaveni
v erotickém masaznim salénu v naroznim objektu Bozdécho-
va/Nadrazn{ nebylo 74dné zrcadlo poskozeno. Zadné poskoze-
ni objektu nebylo rovnéZ zaznamendno ani v objektu Boz-
déchova 9, pod kterym byla provadéna rozrdzka prestupni cho-
dby nad stanicfi, a ktery byl vlivim stavby (deforma¢nim, akus-
tickym a seismickym) vystaven nejintenzivnéji (priklad sledo-
vanych budov v Bozdéchove ulici je na obr. 15).

ZAVER

Diky piikladné soudinnosti d¢astniku vystavby nebyly béhem
razeb zaznamendny vazné geotechnické problémy. Bylo proka-
zano, ze navrzené projekéni reSeni je pouzitelné pro bezbarié-
rové zpristupnéni dal§ich stanic metra s obdobnym konstruké-
nim feSenim, za plného provozu s minimdlnim ovlivnénim
komfortu cestujicich.
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Obr. 15 Priklad sledovanych budov v Bozdéchove ulici
Fig. 15 The example of buildings monitored in Bozdéchova Street

a lift caused by blasting operations. Another owner of a flat
filed a claim for the repair of a floating floor undulated due
to blasting operations, despite the fact that neither deforma-
tion values bigger than in the order of first units of milli-
metres nor the development of cracks were registered in the
whole building. The friendliness of the construction work to
the surrounding ground mass and buildings is proved even
by the fact that no mirror from the rich mirror furnishing in
an erotic massage saloon in the Bozdéchova/Nadrazni street
corner building was damaged. No structural damage was
even registered in the building No. 9 in Bozdéchova Street,
under which the side stub was excavated in the transfer gal-
lery above the station and which was exposed to the con-
struction impacts (deformational, acoustic and seismic) most
intensely (an example of buildings observed in Bozdéchova
street is presented in Fig. 15).

CONCLUSION

Thanks to the exemplary cooperation among the parties to
the project no more serious geotechnical problems were
registered during the course of the excavation. It was proved
that the proposed design solution was applicable to the exe-
cution of step-free accesses to other metro stations with
a similar structural design, without any interruption to the
operation and with minimum influencing the passenger
comfort.
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ebermann@geotest.cz,

Mgr. LUKAS HUBINGER, hubinger@geotest.cz,
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[1] BURIAN, P., KOCHANEK, M. Bezbariérové zpristupnéni stanice metra Andel. Tunel, 2015, ro¢. 24, ¢. 4,s. 11-23
[2]1 VOREL, J. et al. Bezbariérové zpiistupnéni stanice metra Andél, trasa B. Podrobny geotechnicky pruzkum. PUDIS, a. s.,
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TUNELY EJPOVICE - GEOTECHNICKY MONITORING
EJPOVICE TUNNELS - GEOTECHNICAL MONITORING

TOMAS EBERMANN, ONDREJ HORT, LUKAS HUBINGER, JINDRA OBERHELOVA, PAVEL VIZDA

ABSTRAKT

Cldnek seznamuje s vybranymi dosavadnimi zkuSenostmi z provddént geotechnického monitoringu stavby ,, Tunely Ejpovice*. V dobé
psani Eldnku je vyraZena prvni tunelovd trouba (dl. 4,2 km) a razi se druhd (vyraZen 1 km). Stavba je zajimavd predevsim tim, Ze raZby
probihaji ve velmi obtiZnych a proménlivych geotechnickych podminkdch pomoci prestavitelného tunelovaciho stroje. V textu jsou pre-
zentovdny poznatky z geotechnického sledu mechanizovanych raZeb, geofyzikdlnich meéreni, méreni deformaci nadloZi tunelu a hydro-
geologického monitoringu.

ABSTRACT

The paper acquaints readers with selected pieces of existing experience from the implementation of geotechnical monitoring of the
“Ejpovice tunnel” project works. At the moment of writing the paper the excavation of the first tunnel tube (4.2km long) has been finis-
hed and the other tube is being driven (the length of 1km completed). The project is interesting first of all by the fact that the excavati-
on has been passing through very complicated and variable geotechnical conditions using a convertible tunnel boring machine. The text
contains knowledge from the geotechnical observation of mechanised excavation, geophysical measurements, measurements of defor-
mations of the tunnel overburden and hydrogeological monitoring.

Ovop

Tento ¢ldnek volné navazuje na ¢ldnek o vystavbé tunela Ej-
povice (ddle jen stavba) [1] a vzdjemné se doplnuje s ¢lankem
kolegu ze spole&nosti Angermeier Engineers, s.r.0., partnera ve
sdruzeni dodavatele geotechnického monitoringu, o automa-
tickém monitorovacim systému deformaci, ktery bude uverej-
nén v nékterém z dalSich &isel Casopisu Tunel.

V rdmci geotechnického monitoringu jsou provddény prede-
v§im geotechnicky sled raZeb, hydrogeologicky monitoring,
méreni deformaci nadlozi tunelu (extenzometry a inklinomet-
ry) a povrchu.

Déle jsou sledovdny hloubené dseky stavby v&. portdlu
(deformace a kotevnf sily), budovy a geofyzikdlnimi metoda-
mi je kontrolovdna homogenita nadloz{ tunelu.

Clének seznamuje &tendfe s nékterymi poznatky ziskanymi
béhem provadéni geotechnického monitoringu stavby.

GEOTECHNICKY SLED RAZEB

V této kapitole jsou shrnuty zkuSenosti z razeb jizni tunelo-
vé trouby (ddle jen JTT). Jeji razba probihala ve slozitych geo-
technickych podminkach danych tektonicky porusenym geolo-
gickym prostfedim s vyskytem nékolika litologickych typa
hornin rozdilnych vlastnosti a rozdilného stupné zvétrani nebo
tektonického poruseni. V nekolika dsecich razby byl zastizen
siln€ zvodnély masiv s vyraznymi pfitoky podzemni vody na
Celbu (v fadu prvnich desitek 1/s). Razba probihala misty mél-
ce pod povrchem (vySka nadlozi méné nez jeden prumér vyru-
bu, ddle jen D) bez skalniho nadlozi a krizila frekventované
komunikace.

Geologickd stavba tzemi trasy tunelu je komplikovana
a prochdzi nékolika regiondlné geologickymi jednotkami.
Nejstar$i a nejrozsitenéjsi jednotkou je svrchni proterozoikum
severozdpadniho kridla Barrandienu zastoupené vulkano-sedi-
mentarnim komplexem slabé metamorfovanych hornin. Jedna
se o grafitické jilovité bridlice, prachovité bridlice, prachovce
a droby. Tyto sedimenty jsou prostoupeny vulkanity — metaba-
zity (spility), které tvori vyznamné terénni elevace i nahodila
drobnd télesa. V krdtkém tseku trasy se vyskytuji sedimenty
spodniho karbonu plzefiské péanve charakteru piskovcu az

INTRODUCTION

This paper freely follows the paper on the construction of the
Ejpovice tunnels (hereinafter referred to as the construction) [1]
and is complementary with the paper by colleagues from
Angermeier Engineers, s.r.0., the partner in the consortium con-
tracted for the survey monitoring, dealing with the automatic
system of monitoring deformations, which will be published in
one of the next issues of TUNEL journal.

The following activities are carried out within the frame-
work of the geotechnical monitoring: geotechnical observati-
on of the tunnel excavation, hydrogeological monitoring,
measurement of deformations of the tunnel overburden
(extensometers and inclinometers) and surveying the terrain
surface.

In addition, the cut-and-cover sections of the construction,
including portals (deformations and anchoring forces) and
buildings, are observed and the homogeneity of the tunnel
overburden is checked using geophysical methods.

The paper acquaints readers with some knowledge gained
during the implementation of the geotechnical monitoring of
the construction.

GEOTECHNICAL OBSERVATION
OF THE TUNNEL EXCAVATION

This chapter summarises the experience from the excavati-
on of the southern tunnel tube (hereinafter referred to as the
STT). The STT was driven in complicated geological condi-
tions formed by tectonically disturbed geological environ-
ment with several lithological types of ground with different
properties and different degrees of weathering or tectonic dis-
turbance. A heavily water saturated ground massif with signi-
ficant inflows of groundwater to the excavation face was
encountered in several sections of the excavation. The exca-
vation locally proceeded shallow under the surface (the over-
burden height less than one excavation diameter, hereinafter
referred to as D) with no rock overburden, and crossed busy
roads.

The geological structure of the tunnel route area running
across several regionally geological units is complicated. The
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ark6zovych piskovca. V nadlozi skalniho masivu lokdlné
vystupuji jilovité, piscité a Stérkovité sedimenty predstavujici
relikty neogenni pdnve. Kvartérni pokryv je v trase tunelu
zastoupen diluvidlnimi, fluvidlnimi i eolitickymi sedimenty.

Razbou JTT byly zastizeny: grafitické jilovité bridlice, pra-
chovité bridlice, bridlice silné€ prokiemen€lé, bridlice s vrstva-
mi prachovce, hydrotermdlné alterované bridlice, prachovce,
droby, pisky, piskovce a spility. Nékteré z uvedenych hornin
byly také zastiZzeny ve vSech stupnich zvétrani od hornin zcela
zdravych az po horniny zcela zvétralé charakteru hlin.
Zhodnoceni geotechnickych podminek razby JTT

Razba JTT zapocala na upati kopce Homolka. Prvnich
250 m razby byly geotechnické podminky velmi nepriznivé.
Horninové prostredi se sklddalo z tektonicky poruSenych gra-
fitickych jilovitych bfidlic zastizenych v ruznych stupnich
zvétrani (od mirné az po velmi zvétralé). Zaroven byly zasti-
Zeny polohy prachovcu prostupujicich v tenkych vrstvach sou-
vrstvim bridlic. Smér vrstevnatosti byl priblizné kolmy k ose
tunelu a sklon vrstevnich ploch byl u portdlu zméfen kolem
40°. Ve sméru stanieni se ale vrstvy skldpéji az do téméf

Tufel

oldest and most widespread unit is the Upper Proterozoic for-
mation of the north-western wing of the Barrandian syncline
represented by the volcano-sedimentary complex of meta-
morphosed rock types. There are graphitic shale, silty shale,
siltstone and greywacke present there. These sediments are
pervaded by volcanite rock — metabasite (spilite) forming
important terrain elevations as well as random small bodies.
Lower Carboniferous sediments of the Plzen Basin with the
character of sandstone to arcose sandstone are encountered in
a short section of the route. Clayey, sandy and gravelly sedi-
ments representing relics of the Neogene basin locally appear
in the rock mass overburden. The Quaternary cover along the
tunnel route is represented by diluvial and aeolian sediments.

The following ground types were encountered by the STT
excavation: graphitic clayey shale, silty shale, heavily quart-
ziferous shale, shale with siltsone interbeds, hydrothermally
altered shale, siltstone, greywacke, sand, sandstone and spili-
te. Some of the above-mentioned ground types were also
encountered at all degrees of weathering, starting from total-
ly fresh up to completely weathered rock with the character
of soil.

legenda legend

J1

Obr. 1 Podélny geotechnicky rez — isek prvnich 250 m raZeb JTT
Fig. I Longitudinal geotechnical section — initial 250m of the STT excavation

bfidlice grafiticka jilovita + prachovec, velmi zvétrala, tektonicky poruena
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subhorizontdlni pozice (sklon cca do 10°). V pocate¢nim tseku
byly vyrazné pritoky podzemni vody (v misté tektonickych
poruch az 20 1/s), které v kombinaci s tektonicky porusenou hor-
ninou zpusobovaly siln€ nestabilni vyrub, ztéZujici az znemoZz-
nujici udrzbu stroje. V nékolika mistech pfi odtéZovani, nebo
nésledném zapliiovani komory doSlo k lokdlnim anomdlnim
deforma¢nim projevim raZeb na povrchu. Jednim z vystupt
dokumentace skute¢né zastizenych geotechnickych podminek je
podélny geotechnicky fez, jehoZ vyrfez je uveden na obr. 1.

S postupem razby hloub¢ji do kopce Homolka se geotech-
nické podminky celkové zlepSovaly. Zastizené horninové pro-
stiedi se sklddalo z raznych litologickych typu bridlic a pra-
chovcu. Zastoupeni bridlic tvoii dominantni podil masivu
a prachovce vystupuji spiSe podradné. Ve stani¢eni 97,290 km
byly zastizeny prokfemenélé bridlice vyS$$i pevnosti (R3) se
stfednim aZ vysokym indexem abrazivity (CAI). V misté poru-
chovych zén jsou vSak horniny tektonicky poruSené, zvrdsné-
né, s tektonickymi ohlazy a Casto doprovdzené Zilnym kfeme-
nem (obr. 2 a 3).

Specificky tsek tunelové trasy je oblast nizkého nadloZzi,
nachdzejici se mezi kopci Homolka a Chlum. Vy$ka nadloZzi se
v tomto tseku pohybuje v rozmezi 21-9 m (tj. 1-2 D) a trasu
tunelu navic kfizuji mistni komunikace i frekventovana silnice
II. tiidy €. 233.

V oblasti tseku nizkého nadlozi byly pri razbé zastizeny
velmi nepriznivé geotechnické podminky s polohami litologic-
ky proménlivych typu bridlic, v&etné bridlic hydrotermédlné
alterovanych s porézni strukturou. Ve stani¢eni 97,900-
97,960 km byla zastiZzena poruchova zéna s tektonicky poruse-
nymi a zvétralymi horninami a se silnym pritokem podzemni

Obr. 2 Tektonicky poruSené bridlice s polohami prachovcu v okné Fezné hlavy
Fig. 2 Tectonically disturbed shale with siltstone interbeds in a cutterhead
window
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Assessment of geotechnical conditions
of the STT excavation

The STT excavation started at the foot of Homolka hill.
During the initial 250m of the excavation the geotechnical
conditions were very adverse. The ground environment con-
sisted of tectonically disturbed graphitic clayey shale
encountered at various degrees of weathering (from modera-
tely to highly weathered). At the same time layers of siltsto-
ne pervading in thin layers through series of shale strata were
encountered. The bedding trend was approximately perpendi-
cular to the tunnel centre line and the dip of the bedding pla-
nes measured at the portal was about 40%. But the beds rec-
line in the direction of chainage up to a nearly sub-horizontal
position (dip angle up to ca 10°). In the initial section, there
were significant groundwater inflows encountered (in the
locations of tectonic disturbances up to 20L/s), causing, in
combination with tectonically disturbed rock mass, high
instability of the excavation, making the TBM maintenance
difficult up to impossible. Local anomalous deformational
manifestations of the excavation on the terrain surface appe-
ared at several places during loading the muck or during the
subsequent filling of the extraction chamber. One of the out-
puts of the documentation of actually encountered geotechni-
cal conditions is the longitudinal geotechnical section a detail
of which is presented in Fig. 1.

With the excavation proceeding deeper into Homolka hill
the geotechnical conditions of the excavation in general
improved. The rock environment encountered consisted of
various lithological types of shale and siltstone. The repre-
sentation of shale forms a dominating proportion of the mas-
sif and the siltstone proportion is rather minor. At chaina-
ge km 97.290, higher strength (R3) quartziferous shale with
a medium to high abrasiveness index (CAI) was encountered.
However, in the locations of fault zones the rock mass is tec-
tonically disturbed, folded, with tectonic slickensides and is
frequently attended by vein quartz (see Figures 2 and 3).

A specific section of the tunnel route is the so-called shal-
low overburden area between Homolka and Chlum hills. The
overburden height in this section varies between 21-9m (i.e.
1-2D) and, in addition, the tunnel route is crossed by local
roads and a busy class 2 road No. 233.

Very adverse geotechnical conditions with beds of litholo-
gically variable shale types, including hydrothermally altered

Obr. 3 Tektonicky porusené grafitické jilovité bridlice
Fig. 3 Tectonically disturbed graphitic clayey shale
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legenda legend

kvartér quaternary

Q [ deluviofluviaini hliny deluvial loam

bfidlice prachovita a jilovit, zcela zvétrald
eluvium R6 silty to clayey shale, completely
weathered - eluvium R6

bfidlice grafitickd jilovita + prachovec, velmi zvétrala,

B ]
Bie R

B [

P.P: [

with quartz veins, fresh, tectonically disturbed

neogén neogene

Nu[ ] pisky, Stérky, jily sand, gravel, clay

bfidlice prachovita, slabé grafitickd s kfemenem, zdrava
silty shale, slightly graphitic with quartz, fresh

bidlice prachovité, slabé grafiticka s kiemenem nad 30 %, zdrava S|
silty shale, slightly graphitic with quartz over 30%, fresh
bridlice prachovita a jilovita, hydrotermainé alterovana R5-R3
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Obr. 4 Podélny geotechnicky rez — iisek nizkého nadloZi JTT (&dst tiseku dl. 600 m z celkové délky 1 km)
Fig. 4 Longitudinal geotechnical section — shallow overburden section of the STT (600m long section with the total length of 1km)

vody. Pritoky podzemni vody byly naméreny az 28 I/s.
V tomto udseku bylo horninové prostredi nestabilni a béhem
razby doslo ke vzniku anomdlnich deformaci s projevy na
povrchu. Ve stanic¢eni 98,114-98,170 km byla zastiZena lokal-
ni intruze zdravého spilitu s vyraznym prokiemenénim
a vysokou pevnosti horniny R2. Od stani¢eni 98,370 km pre-
chézela razba do prostfedi s dominantnim podilem zvétralych
hornin (prachovce, bridlice, spility) charakteru zemin (R6).
Ve staniceni 98,625 km probihd predikovany vertikalné uklo-
nény zlom oddélujici masiv bridlic a spilitovou intruzi. Spilit
byl zastizen ve zcela zvétralém stavu (R6) a ve sméru stani-
&eni postupné prechédzel do velmi az mirné zvétralého charak-
teru. Ve stanicenf 98,726 km byl zastiZen strmy pokles povr-
chu skalniho podlozi podél zlomu az do drovné po¢vy tunelu.
Zlom ohraniCuje depresi vyplnénou neogennimi a karbonsky-
mi sedimenty. V tseku stani¢eni 98,726-98,826 km (100 m)
razba probihala bez skalniho nadlozi v prostredi piscitych
sedimentt (pisky, $térky, zvétralé piskovce) s drobnym podi-
lem zvétralych bridlic a spilitd vystupujicich ve spodni Edsti
vyrubu tunelu. V tomto misté zdroven tunel podchdzel fre-
kventovanou mistni komunikaci (ulice Hlavni), kterd byla
béhem podchodu stroje pod silnici premosténa mobilni kon-
trukci. I pfes nepriznivé podminky a nizké nadloZi se na povr-
chu komunikace neprojevily Zddné anormdlni deformace.
Skuteéné zastizené geotechnické podminky v dseku nizkého
nadloZi JTT jsou dokumentovdny v podélném geotechnickém
fezu, obr. 4 (Cést useku).

shales with a porous structure were encountered in the shal-
low overburden area. A fault zone with tectonically disturbed
and weathered rock types and strong groundwater inflows
was encountered at chainage km 97.900-97.960. Groun-
dwater inflow rates up to 28L/s were measured. The rock
environment in this section was instable and anomalous
deformations manifesting themselves on the terrain surface
appeared during the excavation. A local intrusion of distinct-
ly quartziferous fresh spilite with a high strength R2 was
encountered at chainage km 98.114-98.170. From chaina-
ge km 98.370, the excavation passes to an environment with
a dominant proportion of weathered rock (siltstone, shale,
spilite) with the character of soils (R6). A predicted vertical-
ly dipping fault separating the shale massif from the spilite
intrusion is located at chainage km 98.625. Spilite was
encountered in a totally weathered state (R6) and it gradual-
ly passed in the direction of chainage into very to moderate-
ly weathered conditions. A steep subsidence of the bedrock
surface along the fault up to the base of the tunnel excavati-
on was encountered at chainage km 98.726. The fault deli-
mits a depression filled with Neogene and Carboniferous
sediments. In the section between chainages km 98.726 and
98.826 (100m) the excavation continued without contact with
bedrock, through an environment formed by sandy sediments
(sand, gravel, weathered sandstone) with a minor proportion
of weathered shale and spilite emerging at the bottom part of
the excavation. In this location the tunnel at the same time




Obr. 5 Spilitovy masiv v okné rezné hlavy
Fig. 5 Spilite massif in a cutterhead window

Na tpati kopce Chlum probihala razba v prostiedi velmi az
mirné zvétralého spilitu pevnosti R4-R3. Ve stanieni cca
98,902 km doslo k ndhlému prechodu do zdravych a velice
pevnych Sedozelenych spiliti, pevnostni tiidy R2-R1. Tato
neocekavand skokovd zména pravdépodobné souvisela se
zastiZzenou vertikdlné uklonénou zlomovou strukturou. Prudka
zména pevnosti horniny zpusobila vyldméni obvodovych fez-
nych diska razictho stroje. V duasledku absence obvodovych
diskd a vysoké pevnosti horninového prostiedi doslo v tomto
misté k uviznuti stroje. Pro provedeni udrzby stroje, vyménu
feznych ndstroju a uvolnéni stroje bylo nezbytné zvétSeni
vyrubu ru¢né, z komory stroje, pomoci trhacich praci.
Zbyvajici usek razby probihal ve zdravych spilitech vysoké
pevnosti R2 a R1 (laboratorne ovéreno 108—142 MPa) za zvy-
Sené Cetnosti kontrol a vimény feznych ndstroju.

Pritoky podzemni vody se pohybovaly v radu prvnich I/min.
Z nékterych odebranych vzorku hornin byly v tomto dseku
mikroskopicky urceny i vulkanické Zilné horniny ze skupiny
lamprofyra (spessartit). Priklad spilitového masivu v okné
fezné hlavy je uveden na obr. 5.

Cetnost vymény feznych ndstrojii piimo souvisela s abrazi-
vitou horninového prostredi. Abrazivita byla prubézné sledo-
vana zkouSkami abrazivity v laboratofi modifikovanym pri-
strojem dle metodiky laboratoii Centre d’Etudes et Recherches
des Charbonnages de France (dile jen CERCHAR) [2] (u
modifikovaného pristroje se posouvd vzorek horniny, nikoliv
zkuSebni hrot pristroje, jak je tomu u standardniho pfistroje dle
metodiky laboratofi CERCHAR). Zji§ténd abrazivita (index
CALI) spilita se pohybovala od abrazivity vysoké (CAI 3,0-3,9)
az velmi vysoké (CAI 4,0-4.9). V bridlicich byla abrazivita
nejCastéji nizkd (CAI 1,0-19) az stfedni (CAI 2,0-2)9).
Rozptyl naméfenych hodnot abrazivity byl vysoky. Horniny
obohacené kremenem vykazovaly celkové vys§i abrazivitu
s lokalne az extrémné vysokou abrazivitou (CAI > 5). Naopak
bridlice obohacené grafitem nebo porusené tektonikou vyka-
zovaly lokdlné velmi nizkou (CAI 0,5-0,9) aZz neméfitelnou
abrazivitu.

Za zminku stoji i jedna geologicka zajimavost s neCekanymi
dopady do provddéni razeb — ve spilitech byla zjisténa kromée
pyritové i pyrhotinovd mineralizace. Pyrhotin je magneticky
rudni minerdl, chemicky specifikovdn jako sulfid Zeleznaty.
V horniné se vyskytuje ve formé drobnych bronzové hnédych,
kovove lesklych zrn a zilek. Nekdy vytvari lokdlni shluky
a akumulace o velikosti az 15 cm. Na stroji je rubanina na
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passed under a busy local road (Hlavni Street), which was
bridged by a mobile bridge structure during the passage of
the TBM under the road. Despite the adverse conditions and
the shallow overburden, no anomalous deformations mani-
fested themselves on the road surface. The actually encoun-
tered geotechnical conditions in the shallow overburden sec-
tion of the STT (part of the section) are documented in the
longitudinal geotechnical section in Fig. 4.

At the foot of Chlum hill, the excavation passed through an
environment formed by very to slightly weathered spilite
with the R4-R3 strength. Approximately at chainage km
98.902 the excavation abruptly passed into fresh and very
hard grey-green spilite, strength class R2—R1. This unexpec-
ted step change was probably associated with the vertically
dipping fault structure encountered. The rapid change in the
rock mass strength caused breakage of circumferential disc
cutters of the tunnel boring machine. Due to the absence of
the disc cutters and the high strength of the rock environ-
ment, the TBM got stuck in this location. It was necessary for
the purpose of carrying out the machine maintenance, repla-
cing the cutting tools and releasing the machine to enlarge the
excavated opening manually, from the TBM extraction cham-
ber, using explosives. The remaining section of the excavati-
on proceeded through fresh spilite with a high strength R2
and R1 (108-142MPa confirmed by laboratory), with the fre-
quency of checks and replacing of cutting tools increased.

Groundwater inflows fluctuated about the order of initial
L/minute units. Even volcanic vein rock from the group of
lamprophyres (spesartite) was microscopically ascertained is
some of the rock mass samples in this section. An example of
the spilite rock mass in the cutterhead window is presented in
Fig. 5.

The frequency of replacing cutting tools was directly asso-
ciated with the abrasiveness of the rock mass. The abrasive-
ness was continually monitored in a laboratory by abrasivity
tests using a modified apparatus, using the methodology of
the laboratories of the Centre d’Etudes et Recherches des
Charbonnages de France (hereinafter referred to as CER-
CHAR) [2] (in the case of the modified apparatus the rock
sample instead of the tip of the apparatus is shifted as it is in
the case of the standard apparatus according to the methodo-
logy of CERCHAR laboratories). The determined abrasive-
ness (CAI index) of the spilite varied from high (CAI 3.0-
3.9) up to very high (CAI 4.0-4.9). In shale, abrasiveness
was most frequently low (CAI 1.0-1.9) to medium (CAI 2.0—
2.9). The variance of the measured values of abrasiveness
was high. The rock enriched with quartz exhibited generally
higher abrasiveness, locally up to extremely high (CAI > 5).
On the contrary, shales enriched with graphite or disturbed by
faulting exhibited locally very low (CAI 0.5-0.9) up to
immeasurable abrasiveness.

Worth mentioning is also one geologically interesting thing
with unexpected consequences for the execution of the exca-
vation work: pyrhotine mineralisation was identified in the
spilite rock mass in addition to pyrite mineralisation.
Pyrhotine is a magnetic ore mineral which is chemically spe-
cified as ferrous sulphide. In rock it exists in the form of
small bronze-brown shiny grains and small veins. Sometimes
it forms local clumps and accumulations with the size of up
to 15cm. The muck is checked for the presence of steel
objects (parts of the TBM, fragments of cutting tools etc.) on
the machine, at the beginning of the belt conveyor, by mag-
netic sensors, which could signal a serious defect of the
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zacatku dopravnikového pdsu kontrolovand magnetickymi
¢idly na pritomnost ocelovych predméta (souddsti stroje, napr.
tlomku feznych nastroju), které by mohly signalizovat vdZnou
poruchu stroje. Pfi kontrole rubaniny tak, kvili nahodilému
vyskytu magnetického pyrhotinového zrudnéni v rubaniné,
dochdzelo k ovlivnéni téchto Cidel a k zastavovani dopravni-
kového pdsu. V nékterych dsecich se z téchto duvodu zpoma-
loval postup razby. Tento problém byl ¢dste¢né vyreSen sniZe-
nim citlivosti ¢idel a Cast€j§imi fyzickymi kontrolami feznych
nastroju.

HYDROGEOLOGICKY MONITORING

Hydrogeologicky monitoring je komplexni souhrn ¢innosti,
zahrnujici sledovan{ hydrogeologickych podminek razeb, kon-
trolu drovni hladiny podzemni vody a jeji kvality v cca 145
hydrogeologickych monitorovacich objektech (zdrojich vody)
v okoli stavby (studny u mistnich obyvatel, pozorovaci hydro-
geologické vrty a zdroj vody pro prumyslovy aredl), méreni
prutoki mistnich vodotedi a sledovdni kvality vypousténé
vody ze stavby. Cilem hydrogeologického monitoringu je pre-
dev§im kontrola, zda stavba hydrogeologické podminky ve
svém okoli ovlivnila a pokud ano, ovlivnéni kvalifikovat
a ndsledné kvantifikovat.

Denné se sleduje mnozstvi a kvalita vypousténé vody ze
stavby a kvalita vody ve vodarenském zdroji nedaleko stavby
(zdsobuje zminény prumyslovy aredl).

Mgsi¢né se sleduji drovné hladiny v cca 145 zdrojich vody
(studny a vrty) v okoli stavby (70 objektu je osazeno automa-
tickym zdznamovym zafizenim, 15 objektl automatickym zdz-
namovym zafizenim s ddlkovym pfenosem dat a zbytek cca 60
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machine. Owing to the random occurrence of the magnetic
pyrhotine ore mineralisation in the muck during checking of
the muck, the sensors were sometimes affected and the con-
veyor belt was stopped. In some sections the excavation
advance rate was reduced for these reasons. This problem
was partly solved by reducing the sensitivity of the sensors
and more frequent checking of the cutting tools.

HYDROGEOLOGICAL MONITORING

The hydrogeological monitoring is a comprehensive sum-
mary of activities comprising the observation of hydrogeolo-
gical conditions of excavation, observation of water table
levels and checks on groundwater quality in ca 145 hydrolo-
gical monitoring objects (water sources) in the surroundings
of the project site (wells owned by local residents, observati-
onal hydrogeological boreholes and the source of water for
an industrial area), measuring flow rates in local streams and
observing the quality of water discharged from the construc-
tion site. The objective of the hydrogeological monitoring is
first of all to check whether the construction works affected
the hydrogeological conditions in the surroundings and, if it
is so, to qualify the impact and subsequently quantify it.

The volume and quality of water discharging from the con-
struction site and the quality of water in the water supply
source near the construction site (supplying water to the
above-mentioned industrial area) are monitored every day.

The water tables are monitored every month in ca 145
water sources (wells and boreholes) in the construction site
surroundings (70 objects are equipped with automatic recor-
ding devices, 15 objects are provided with automatic recor-
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Obr. 6 Zmény hladiny podzemni vody ve vrtu HV120
Fig. 6 Changes in water table level in HV120 borehole




objekti je méfeno manudlné; objekty jsou umistény v trase
tunelu i v §ir§im okoli do vzdélenosti priblizné 1,5 km) a dva-
krat ro¢né se na poloviné objekti kontroluje kvalita vody.
Interakce s mistnimi obyvateli dosud pfinesla i nékolik prekva-
pujicich situaci, napriklad napadeni pracovniki monitoringu
psychicky labilni majitelkou studny (monitoring studny byl
nasledné ukonéen) a pokousdni psem jiné majitelky studny
(monitoring tohoto objektu byl rovnéz ukoncen).

V neposledni fadé jsou v rdmci hydrogeologického monito-
ringu provérovény stiznosti majitela zdroju vody na negativni
ovlivnéni jejich zdroje vody stavbou (Eést studni v okoli stav-
by je pro mistni obyvatele jedinym zdrojem vody). Od zacdtku
raZzeb do doby psani ¢ldnku bylo zaznamendno asi 10 stiZnos-
ti. Dosud nebyla zjiSténa pri¢innd souvislost mezi stavbou
a zménou drovné hladiny nebo kvality vody ve sledovanych
hydrogeologickych objektech.

Poznatky z provadéni hydrogeologického monitoringu
razby JTT

Poznatky ze sledovdni hydrogeologickych podminek na
Celbé byly prezentovany v predchozi ¢asti ¢lanku.

Pro sledovani hladin podzemni vody v hydrogeologickych
monitorovacich objektech byly objekty rozdéleny do asi 10
dil¢ich oblasti. Dosud bylo zji$téno, Ze v kazdé oblasti se hla-
dina podzemni vody chova jinak, a dokonce lze tyto rozdily
najit i v ruznych &4stech jedné oblasti. Z pozorovanych zmén
hladiny podzemni vody v zdvislosti na vyraznéj$ich srdzko-
vych thrnech lze vSechny objekty rozdélit podle reakce na
srazky na 3 skupiny:

* objekty vdzané na pripovrchovou vodu s okamzitou reak-

ci na srazky;
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ding devices with remote data transfer and the remaining ca
60 objects are measured manually; the objects are located on
the tunnel route and in wider surroundings, up to the distan-
ce of approximately 1.5km. The quality of water is checked
twice a year approximately on a half of the objects. The
interaction with local residents has till now brought even
several surprising situations, for example, an assault on
monitoring workers by a psychically labile woman, the
owner of a well (the monitoring of the well was subsequent-
ly terminated) and biting by a dog of another well owning
woman (the monitoring of this well was also subsequently
terminated).

At last but not least, complaints from owners of water sour-
ces about negative effects on their water sources caused by
the construction work (part of the wells in the vicinity of the
construction site is the only water source for local residents)
are examined within the framework of the hydrogeological
monitoring. About 10 complaints were registered from the
beginning of the excavation until the moment of writing this
paper. A causal link between the construction work and
a change in the water table level or quality of water in the
monitored hydrological objects has not been found yet.
Knowledge gained from the execution of hydrogeological
monitoring of the STT excavation

The knowledge from the monitoring of hydrogeological
conditions at the excavation face was presented in the previ-
ous part of the paper.

The objects were divided approximately to 10 partial
groups for the purpose of monitoring water tables in the
hydrogeological monitoring objects. So far it has been
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Obr. 7 Zmény hladiny podzemni vody ve vrtu HV112
Fig. 7 Changes in water table level in HV112 borehole
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* objekty Cdste¢ne vazané na pripovrchovou vodu s pozvol-

nou reakci na srazky;

¢ objekty vdzané na hluboky obéh podzemni vody bez zjev-

ného ovlivnéni srazkami.

Prikladem objektu s okamZitou reakci na srazky je napriklad
vrt HV120 (vzdalenost od osy JTT 200 m), obr. 6.

K pochopeni obéhu podzemni vody a jeho pripadného ovliv-
néni stavbou prispivd i zdznam teploty vody. Napriklad v jedné
z dil¢ich oblasti (Cerveny Hradek) dochdzi na vétsiné objekti
k vyraznym vykyvam teploty vody vlivem ro¢niho obdobi.
Prikladem je vrt HV112 (vzddlenost od osy JTT 370 m) na
obr. 7 (teplota vody reaguje na ro¢ni obdobi se zpozdénim
2-3 mésice).

Tato skute¢nost ukazuje, Ze se nejednd o vodu s vyloZené
hlubokym obéhem ani o vodu pripovrchovou. Voda byla nej-
spi§ infiltrovand v kritké vzddlenosti v faddu stovek metra od
objekta, ale také muze byt privadéna z vétsi dalky po tekto-
nické linii v horninovém prostiedi.

Ze sledovanych objektu je asi 15 vrtu situovanych v tésné
blizkosti tunelu. Tyto vrty jsou neovlivnéné lidskou ¢innosti,
jakou je napriklad ¢erpani vody, které zkresluje nékteré name-
fené hodnoty. Prubéh hladin v téchto vrtech ddvad nejlepsi
predstavu o tom, jaké je neovlivnéné pozadi a trend prabéhu
hladiny podzemni vody v horninovém prostredi a jaky je vliv
stavby na hydrogeologicky rezim. Tyto poznatky pomahaji pri
posuzovani opravnénosti stiznosti mistnich obyvatel na ibytek
vody v jejich studnich vlivem stavby. Vzhledem k malé vzda-
lenosti od tunelu se na nékterych vrtech, respektive na prabé-
hu jejich hladin, rychle a jednoznacné projevil pruchod &elby.
Napriklad na vrtu HJ109 (ve vzddlenosti 18 m od osy JTT),
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determined that the water table behaves differently in each
area and it is even possible to find these differences in dif-
ferent parts of one area. It is possible to divide all objects
according to the response to more significant precipitation
amount on the basis of the observed changes in the water
table levels into 3 groups:

e objects bound to near-surface water with immediate res-

ponse to precipitation;

* objects partially bound to near-surface water with slow

response to precipitation;

* objects bound to the deep circulation of groundwater wit-

hout obvious affection by precipitation.

An object with immediate response to precipitation is, for
example, the HV120 borehole (the distance from the STT
centre line of 200m), see Fig. 6.

Even the recording of water temperature contributes to the
understanding of groundwater circulation and its contingent
affection by the construction work. For example, significant
seasonal fluctuation of water temperature occurs on the majo-
rity of objects in one of the partial areas (Cerveny Hradek
castle). The HV112 (distance from the STT centre line of
370m) in Fig. 7 (water temperature responds to a season with
a delay of 2-3 months) is an example.

This fact suggests that this is the case neither of downright
deep circulation groundwater nor near-surface water. The
water was most likely infiltrated at a short distance in the
order of hundreds of metres from the objects, but it also can
be carried from a greater distance along a tectonic line exis-
ting in the rock environment.
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Obr. 8 Zmény hladiny podzemni vody ve vrtu HJ109
Fig. 8 Changes in water table level in HJ109 borehole
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Obr. 9 Zmeny hladiny podzemni vody ve studni ID104
Fig. 9 Changes in water table level in ID104 well

obr. 8, je vidét, Ze hladina reagovala na pribliZovéni se Celby
stoupnutim hladiny az do nejvyssi hodnoty v dob¢, kdy celba
byla vrtu nejbliZe (hladina stoupla kvuli tlaku v komofre stro-
je), nasledné klesala zpatky na zhruba puvodni droven hladiny.
Se sledovéanim nékterych vrtu/studni se zacalo, diky odborné
péci investora, nékolik let pred zahdjenim stavby. Na téchto
objektech lze pozorovat dlouhodoby rezim hladiny podzemni
vody nezdvisly na stavbé. Pfikladem je studna v oblasti Zabéla,
oznacena ID104 (vzddlenost od osy JTT 320 m), obr. 9.

DEFORMACE NADLOZI TUNELU

Piestoze je prakticky celd trasa tunelu Ejpovice vedend
v extravildnu a mechanizovand razba ovliviiuje své okoli mini-
malné, je méfeni deformaci nadloZi tunelu v nékolika oblas-
tech nezbytné. V této kapitole jsou shrnuty predevsim zkusSe-
nosti z razeb JTT.

Usek nizkého nadlozi u viezdového portéalu

Nepriznivé geotechnické pomeéry této oblasti naznaCovala
jiz morfologie terénu. Tzv. vjezdovy portdl a tvodni dsek
razeb jsou situovdny do trychtyfovité svazitého tpati kopce
Homolka tvoreného proterozoickymi bfidlicemi. Geotech-
nické podminky byly popsany vySe. NadloZi v ivodnim tse-
ku razeb dosahovalo vysky zpoc¢atku méné nez 1 D az 2 D.
V oblasti je rovnéz razbou podchdzen produktovod spole¢nos-
ti CEPRO, a. s.

Geodeticky byla oblast sledovdna tzv. 3D nivelacnimi body
(v terénu stabilizované odrazné hranoly pro trigonometrické
méreni bez figuranta s nivelaéni lat{), situovanymi v osovych
profilech a ve dvojici pfi¢nych profild, z nichZ jeden byl osa-
zen zdroven Sestici extenzometru (pro razbu severni tunelové

About 15 of the observed boreholes are located in close pro-
ximity to the tunnel. These boreholes are unaffected by human
activities, such as, for example, pumping of water distorting
the measured values. The course of water levels in these bore-
holes gives the best idea of the unaffected background and the
trend of the course of the water table in the ground environ-
ment and about the impact of the construction on the hydroge-
ological regime. This knowledge helps with assessing the legi-
timacy of complaints filed by local residents regarding lowe-
ring of water surface level in their wells due to the constructi-
on work. With respect to the small distance from the tunnel, the
passage of the excavation face quickly and unambiguously
manifested itself on some boreholes or on the course of water
tables in them. For example, it can be seen on borehole HI109
(at the distance of 18m from the STT centre line), see Fig. 8,
that the water table responded to the approaching excavation
face by rising the level up to the highest point at the moment
when the heading was closest to the borehole. Subsequently it
dropped approximately to the original level.

Owing to the professional care of the project owner, the pro-
cess of monitoring some boreholes/wells started several years
before the commencement of the construction works. It is pos-
sible to observe the long-term regime of the water table level
independent of the construction on those objects. The well in
the area of Zabéla marked as ID104 (at the distance of 320m
from the STT centre line) is an example, see Fig. 9.

DEFORMATIONS OF THE TUNNEL OVERBURDEN

Despite the fact that virtually the whole alignment of the
Ejpovice tunnels is led across a non-build-up area and the
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Obr. 10 Seddni nivelacniho profilu N-02-1 ve staniceni 95,929 km
Fig. 10 Settlement of levelling point N-02-1 at chainage km 95.929

trouby, ddle jen STT, byl v tomto dseku doplnén jeden osovy
extenzometr s kontinudlnim mérenim).

Sedani v tomto useku dosahovalo z celé razby JTT nejvyssich
hodnot a lokdlné presahovaly i 70 mm. Tato seddni vSak nebyla
zpusobena pouze vlastni raZbou, ale také systematickym odvod-
fiovanim masivu, které predchdzelo vlastnim razbam a v prubéhu
razeb pokracovalo. Seddn{ terénu se projevovalo predevs§im pri
vysychdni jinak zna¢né podmaceného terénu této oblasti. Terén
pii odvodiovéni plosné dosedal i zcela mimo obdobi pruchodu
razeb (pfikladem je sedédni profilu N-02-1 ve stanieni 95,929
km, obr. 10).

V tomto obdobi dochdzelo i ke klesdni nejvyssich kotev a zhla-
vi extenzometru. NiZe (hloubéji) uloZené kotvy byly bez ovlivné-
ni (prikladem je osovy extenzometr EXT 8.1 ve staniCeni 95,924
km, obr. 11).

Zajimavé se rovnéz projevilo dosednuti terénu vlivem poklesu
hladiny podzemni vody na extenzometru ve stanic¢eni 95,918 km.
Na obr. 12 je vidét, jak se konce méficich ty¢i vysunuly ven ze
zhlavi extenzometru (spodni kotvy nesedaly, ale terén v¢. zhlavi
ano).

Lokdlné vyssi aZz anomdlni deformace zpusobovaly i nucené
zastavky stroje v nepriznivych geotechnickych podminkdch
z davodu nezbytnych vymeén feznych ndstroju.

Usek vysokého nadlozi v masivu kopce Homolka

Razba JTT probihala bez vétSich potiZi v proterozoickych brid-
licich s vySkou nadloZi az 6 D. Deformace byly méfeny pouze
geodeticky v mistech kifzen{ s inZenyrskymi sitémi a sedéni
dosahovala hodnot v fadu prvnich mm.

mechanised tunnelling influences its surroundings only
minimally, measuring the deformations of the tunnel over-
burden is necessary in several locations. This chapter first of
all summarises the experience gained during the excavation
of the STT.

The shallow overburden section at the entrance portal

The existence of unfavourable geotechnical conditions in
this area was already indicated by the terrain morphology. The
so-called entrance portal and the initial section of the excava-
tion are located on the funnel-like sloping foot of Homolka hill
formed by Proterozoic shale. The geotechnical conditions were
described above. In the beginning, the height of the overburden
in the initial tunnelling section reached less than 1D to 2D. In
the area of operations there is in addition a product pipeline
owned by CEPRO, a. s., crossed under by the excavation.

The area was observed by surveying on the so-called 3D
survey points (retro-reflective prisms stabilised in terrain for
trigonometric surveying without a staff man) located on axial
profiles and couples of cross-sectional profiles with additio-
nal six extensometers installed in one of them (one continu-
ously measuring axial extensometer was added in this secti-
on for the excavation of the northern tunnel tube, hereinafter
referred to as the NTT).

Deformations in this sections reached the highest values in
the entire STT excavation, locally exceeding even 70mm.
This settlement was caused not only by the excavation itself
but also by the systematic dewatering of the massif which
preceded the tunnel excavation and continued during the
excavation. The settlement of terrain surface manifested
itself first of all during the process of desiccation of the
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Obr. 11 Deformace extenzometru EXT 8.1 ve stanic¢eni 95,924 km
Fig. 11 Deformation of EXT 8.1 extensometer at chainage km 95.924

Usek s nizkym nadlozim mezi kopci Homolka a Chlum

Tento dsek jiz byl zminén v ¢asti popisujici geotechnické pod-
minky. Je dlouhy asi 1 km a lez{ mezi kopci Homolka a Chlum.
Vyska nadlozi se pohybuje v rozmezi 1-2 D. Trasa je kfiZena
Etyfmi komunikacemi a fadou duleZitych inZenyrskych siti (vyso-
kotlaky /VTL/ vodovod DN 400, VTL plynovod DN 80, tlakova
kanalizace a dalsi).

Podobné jako v dseku u vjezdového portdlu je povrch geode-
ticky sledovan 3D nivela¢nimi body v osovych a pfi¢nych profi-
lech a extenzometry (s kontinudlnim merenim) situovanymi v ose
tunelu a v pri¢nych profilech. Pfi¢né profily byly vétSinou osaze-
ny pred kfiZeni se sit¢mi, nebo komunikacemi.

Pri razbé JTT v tomto tdseku se nakonec jako nejkomplikova-
néjsi ukdzala razba v oblasti se snizujicim se nadlozim na tboc¢i
kopce Homolka. Geotechnické podminky i chovdni masivu
byly obdobné jako v dseku u vjezdového portdlu s vysokymi
pritoky podzemni vody do vyrubu (v fadu prvnich desitek 1/s).
V dasledku téchto nepfiznivych podminek byla pozorovéna sedd-
ni v fddu cm a lokdlné, v misté nucenych zastavek pro nezbytnou
udrzbu stroje, anomdlni deformacni projevy razeb na povrch.
V této oblasti byl osovy extenzometr EXT 2.1, ktery dosahl
maximdln{ deformace 55 mm na nejniz$i kotvé nad tunelem, pri-
¢emz relativni oddaleni kotvy od zhlavi dosdhlo 17 mm, obr. 13.

Oproti tomuto dseku probihaly razby v dal$i ¢asti jiz bez vét-
Sich komplikaci a bez zvySenych deformaci. Sedani v celé zby-
vajici oblasti nepiekracovalo hodnoty do 10 mm a misty docha-
zelo spiSe k opatnému jevu, kdy vlivem tlaku v komore stroje byl
pozorovan zdvih terénu v fadu prvnich mm.

V dseku s nizkym nadlozim byla pro operativni fizeni para-
metru razeb (predevsim tlakd v komore) nejduleZitéjsi prede-
v8fm nivelaéni méfeni osovych profila, s body v rastru po 10
metrech. Na extenzometrech zavislost mezi deformacemi a tlaky
v komore podrobné sledovdna nebyla, protoZze extenzometric-
kych vrti nebyl, z tohoto hlediska, dostatecny pocet.

otherwise significantly wetted terrain in this area. During the
course of the process of dewatering the terrain seated even
outside the period of the passage of the excavation face (for
example the settlement of the N-02-1 profile at chainage km
95.929, see Fig. 10).

Even the settlement of the highest anchors and extensome-
ter heads occurred in this period. The lower (deeper) installed
anchors were not affected (for example the axial extensome-
ter EXT 8.1 at chainage km 95.924, see Fig. 11).

The terrain seating due to dropping of the water table manifested
itself in an interesting way also on the extensometer at chainage km
95.918. It can be seen in Fig. 12 how the ends of the measuring
rods were shifted from the extensometer head (the lower anchors
did not settle but the terrain including the head did).

Locally higher to anomalous deformations were also cau-
sed by forced stoppages of the TBM in unfavourable geo-
technical conditions because of the necessary replacement of
cutting tools.

The high overburden section in the Homolka hill massif

The STT excavation proceeded through Proterozoic shale
with the overburden height of up to 6D without more signifi-
cant complications. Deformations were measured only by sur-
veying in the locations of crossings with utility networks. The
settlement reached values in the order of initial millimetres.
The shallow overburden section between Homolka
and Chlum hills

This section has already been mentioned in the part descri-
bing geotechnical conditions. It is about 1km long and is
located between Homolka and Chlum hills. The overburden
height varies between 1D and 2D. The route is crossed by
four roads and a number of important utility networks (a
high-pressure water pipeline DN400, a high-pressure gas
main DN8O, a pressure sewer etc.).
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Obr. 12 Detail zhlavi extenzometru ve staniceni 95,918 km
Fig. 12 Detail of extensometer head at chainage km 95.918

TuofHel

Similarly to the section at the entrance portal, the terrain
surface is observed by surveying using 3D levelling points
installed in axial and cross-sectional profiles and extensome-
ters (with continuous measurement) located on the tunnel
centre line and cross-sectional profiles. The cross-sectional
profiles were mostly installed before crossings with utility
networks or roads.

During the STT excavation in this section it eventually tur-
ned out to be the most complicated in the area with the dimi-
nishing height of the overburden on the slope of Homolka
hill. The geotechnical conditions and behaviour of the massif
were similar to those in the section at the entrance portal,
with high rates of groundwater inflows into the excavation
(in the order of initial tens of L/s). Due to the unfavourable
conditions, settlement values in the order of centimetres were
observed and locally, in the locations of forced stoppages
necessary for the maintenance of the TBM, even anomalous
deformational manifestations of the excavation to the terrain
surface. The maximum deformation of 55mm was measured
on the lowest anchor by the axial extensometer EXDT 2.1,
which was installed in this area. The relative separation of the
anchor from the anchor head reached 17mm, see Fig. 13.

Compared to this section, the tunnel excavation in the fol-
lowing part proceeded without bigger complications and wit-
hout increased deformations. The settlement values in the
entire remaining area did not exceed 10mm and even an
opposite effect was locally encountered when terrain lifting
in the order of initial millimetres due to the pressure in the
TBM extraction chamber was observed.
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Obr. 13 Deformace extenzometru EXT 2.1 ve staniceni 97,945 km
Fig. 13 Deformation of EXT 2.1 extensometer at chainage km 97.945
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Obr. 14 Vlevo nehomogenita vrstev v nadloZi tunelu detekovand georadarem (profil v ose JTT), vpravo anomdlie v tomtéZ misté na vystupu z ERT
Fig. 14 Pictured left, the inhomogeneity of layers in the tunnel overburden detected with a ground penetrating radar (a profile on the STT centre line), the ano-

maly in the same location in the ERT output pictured right

Usek pod kopcem Chlum

Razby JTT probihaly v pevnych spilitech pod vysokym nadlo-
Zim v rezimu hard rock. Deformace byly sledovany pouze v zavé-
re¢ném dseku razeb na tpati kopce Chlum, tésné pred prorazkou
do tzv. vyjezdového portdlu. Seddni dosahovala hodnot do
10 mm.

Inklinometricka méieni

Tii inklinometry jsou sledovéany za sténou vjezdového portdlu
a jeden inklinometr za sténou vyjezdového portdlu. Inklinometry
prispély ke kontrole deformaci horninového masivu za portélo-
vymi sténami a byly v relaci s deformacemi portdlovych stén
(pozorovany pohyby stén do jamy v fddu mm aZ prvnich cm).

Dals{ dva inklinometry jsou osazeny u stfedové technologické
Sachty a tunelové propojky ¢. 6. Pii vlastnim hloubeni Sachty
nebyly ovlivnény (nebot Sachta byla v predstihu zajiSténa prevr-
tdvanymi pilotami). Tyto inklinometry budou sledovéany prede-
v§im pri razbé STT, kdy razba bude tésné mijet Sachtu, a pri pro-
razce tunelové propojky ¢. 6 do STT.

Zkusenosti z dosud provedenych razeb potvrdily nezbytnost
automatizovaného (kontinudlniho) méreni deformaci béhem
strojnich razeb. Bez kontinudlniho méfeni deformaci nadloZi
tunelu by nebylo mozZno pri obsluze raziciho stroje operativné
reagovat na proménlivé geotechnické podminky.

GEOFYZIKALNI OVEROVANI HOMOGENITY NADLOZ{
TUNELU

V reakci na zastizené velmi nepriznivé geotechnické podminky
a lokdlni anomalni deformacni projevy razeb JTT na povrch je
geofyzikdlnimi metodami (georadarem s anténou 50 MHz a vysi-
lacem s pulzem 5 kV a elektrickou odporovou tomografii, dile
jen ERT) kontrolovdna homogenita nadloZ{ tunelu. NadloZ{ tune-
lu je geofyzikdlné ovérovano pied pruchodem &elby a po prucho-
du ¢Celby (po dokonceni sekundarni injektaze prostoru mezi osté-
nim a horninovym prostiedim), a to v dseku pod nizkym nadlo-
zim mezi kopci Homolka a Chlum a v tseku nizkého nadlozi
v oblasti vjezdového portélu.

V mistech, kde byly nejprve georadarem zjistény odchylky
mezi obéma etapami méfeni a kde bylo detekovdno mozné roz-
volnéni masivu, je ndsledné provedeno ovéfeni homogenity
nadlozi pomoci ERT.

In the low overburden section, the most important for opera-
tive control of the excavation parameters (mainly pressures in
the chamber) was surveying of the axial profiles with the spa-
cing of the survey points of 10 metres. The dependence betwe-
en deformations and pressures in the chamber was not monito-
red in detail on extensometers because the number of extenso-
meter boreholes was not sufficient for this purpose.

The section under Chium hill

The STT tunnel excavation proceeded through fresh spilite,
under a high overburden, in the hard rock regime. Deformations
were monitored only in the final section of the excavation at the
Chlum foothill, just before the breakthrough to the so-called
exit portal. Settlement values amounted up to 10mm.
Inclinometer measurements

Three inclinometers are observed behind the entrance tunnel
wall and one inclinometer is behind the wall of the exit portal.
The inclinometers contributed to checking the deformations
behind the portal walls and were in relation to deformations of
the portal walls (the movements of the walls to the observed pit
in the order of millimetres up to initial centimetres).

Other two inclinometers are installed at the middle technolo-
gical shaft and tunnel cross passage No. 6. They were not affec-
ted during the sinking of the shaft itself (because the shaft exca-
vation was supported in advance by secant bored piles). Those
inclinometers will be monitored first of all during the excavati-
on of the northern tunnel tube (NTT), when the excavation will
narrowly pass the shaft, and during the breakthrough of the tun-
nel cross passage No. 6 to the NTT.

Experience from the until now completed excavation confir-
med the necessity for automated (continuous) measuring of
deformations during the course of the mechanical tunnelling. It
would be impossible for the TBM operator to operatively res-
pond to variable geotechnical conditions without continuous
measurements of deformations of the tunnel overburden.

GEOPHYSICAL VERIFICATION OF TUNNEL OVERBURDEN
HOMOGENEITY

As a response to the very unfavourable geotechnical con-
ditions and the local anomalous manifestations of the STT
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Obr. 15 Misto oznaceného rozvolnéni podloZi (nahnuty kolik) na zdkladé geo-
Jfyzikdlniho ovéreni a ndsledny propad pred provedenim plinované sanace
(prumeér propadu cca 3 m)

Fig. 15 Location of loosened bedrock marked on the basis of geophysical
verification (a slanted peg) and a subsequent sinkhole before the planned
rehabilitation (sinkhole diameter of ca 3m)

Prirazbé JTT se ve dvou pfipadech vysledky obou metod velmi
dobre shodovaly a naznaovaly mozné rozvolnéni nadlozi tunelu
pod povrchem. Na obou mistech bylo rozvolnéni masivu skutec-
né potvrzeno. Na jednom misté¢ doSlo pred provedenim sanace
k propagaci na povrch, obr. 14 a 15. Druhé misto bylo sanovdno
odkopem a dosypanim.

Uvedend dveé mista byla jedinymi anomadliemi, které byly zjis-
tény v ramci geofyzikdlniho ovérovani v oblasti celého nizkého
nadlozi a které byly ndsledné potvrzeny. Objektivné je nutno
poznamenat, Ze geofyzikdlnim ovérovanim byly indikovany
i anomdlie, které se ndsledné nepotvrdily. I diky geofyzikalnimu
ovéfovani homogenity nadlozi tunelu razba JTT probéhla ve
velmi nepfiznivych geotechnickych podminkéach bezpeéné.
ZAVER

Stavba tunel Ejpovice probihd ve velmi sloZitych a nepiizni-
vych geotechnickych podminkdch. Razby se dafi provadét bez-
pe¢né bez zédvaznych geotechnickych problému. Déje se to i diky
bezvadné soulinnosti vSech tdastniku vystavby a zejména diky
investorovi, ktery, dnes bohuZel jako jeden z mala v Ceské repub-
lice, disponuje odborné zdatnymi pracovniky, ktefi védi, co chté-
ji, a jsou schopni roli investora plnit se v§im, co k tomu patii.

Dosud ziskané poznatky z razeb jsou cenné z hlediska prova-
déni tuneld Ejpovice (zbyvd jesté provést tii Ctvrtiny STT), ale
i vzhledem k dal§im pfipravovanym tunelovym projektum za
pouziti technologie mechanizovanych razeb.
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excavation on the terrain surface, the tunnel overburden
homogeneity is checked using geophysical methods (ground
penetrating radar with a 50MHz and 5kV pulse transmitter
and electrical resistivity tomography, hereinafter referred to
as the ERT). The tunnel overburden is geophysically verified
prior to the passage of the excavation face (after the comple-
tion of the secondary backgrouting), in the shallow overbur-
den section between Homolka and Chlum hills and in the
shallow overburden in the area of the entrance portal.

The overburden homogeneity is subsequently verified using
the ERT in the locations where deviations between two mea-
surement stages were first identified using the ground pene-
trating radar and where the possible loosening of the massif
was detected.

The results of both methods very well agreed with each
other during the course of the STT excavation and signalled
the possibility of loosening the overburden under the surface.
The loosening of the massif was really confirmed in both
locations. In one location the tunnel excavation propagated
itself up to the surface before the installation of the support,
see Figures 14 and 15. The second place was stabilised by cut-
ting the hillside and adding the missing ground fill.

The above-mentioned two locations were the only anoma-
lous cases which were identified within the framework of the
geophysical verification in the entire area of shallow overbur-
den and which were subsequently confirmed. It is objectively
necessary to note that even such anomalies were identified by
the geophysical verification which were not subsequently
confirmed. Even thanks to the geophysical verification of the
overburden homogeneity the STT excavation through the very
adverse geotechnical conditions passed off safely.

CONCLUSION

The construction of the Ejpovice tunnels has proceeded in
very complicated and unfavourable geotechnical conditions.
The excavation has been carried out successfully, safely, wit-
hout serious geotechnical problems. It is so even thanks to the
flawless cooperation of all parties to the project and, first of
all, thanks to the project owner, who, today unfortunately one
of the few in the Czech Republic, employs technically com-
petent staff who know what they want and are capable of ful-
filling the role of the project owner with everything that goes
with it.

All knowledge obtained so far from the excavation of the
Ejpovice tunnels (three quarters of the NTT excavation rema-
in to be carried out) is valuable, even with respect to other
tunnel construction projects under preparation where the
mechanised excavation technology (TBMs) to be used.

Ing. TOMAS EBERMANN, Ph.D., ebermann@geotest.cz,
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PRIPRAVOVANE BRNENSKE TUNELY
BRNO TUNNELS UNDER PREPARATION

DAVID RUPP

ABSTRAKT

Cldnek je zaméFen na stav tunelové vystavby na iizemi statutdrniho mésta Brna, véetné problematiky tunelii, které maji vazbu
na postupné budovany velky méestsky okruh. Do soucasnosti bylo tispésné dokonceno nékolik vyznamnych projektii tunelovych sta-
veb, jako jsou tunely Pisdrecky, Husovicky, galerie/tunel Hlinky a jako posledni zprovoznény Krdlovopolsky, ktery nyni slouZi
verejnosti jiz pdtym rokem. Cldnek nemd ambici podat vycerpdvajici informaci o provozovanych a projektovanych tunelovych
stavbdch na vzemi Brna, jejich technickych parametrech, priitbéhu vystavby a geologickych podminkdch. Jednd se o vybéer néko-
lika pFikladii tunelovych projektii, které by mély v budoucnu zlepsit dopravni situaci v Brné, a to silni¢niho tunelu Vinohrady,
tramvajového tunelu Zabovieského a tramvajového tunelu v méstské &dsti Bystrc. Na piipravé téchto staveb se ve fdzi jejich pri-
pravy podilela spole¢nost GEOtest, a.s. priizkumnymi pracemi, geotechnickym zkuSebnictvim a konzultacni &innosti. Zminéné pro-
jekty se nachdzeji v riizném stupni projekéni a investorské pripravy. Cldnek predstavuje jejich aktudlni stav a vybrané, zejména
geologické aspekty, které bude treba v projektu a pri ndsledné vystavbé zohlednit.

ABSTRACT

The paper is focused on the condition of the construction of tunnels in the area of the Statutory City of Brno, including of the
problems of tunnels relating to the gradually developing Large City Ring Road (LCRRR). Until now several important tunnel
construction projects have were finished, for example the Pisdrky and Husovice tunnel, the Hlinky gallery/tunnel and, as the last
one opened to traffic, the Krdlovo Pole tunnel, which has been used by the public already for the fifth year in a row. The paper
has no ambition to provide comprehensive information about tunnel structures operating and under design in the area of Brno,
their technical parameters, the courses of construction and geological conditions. It is a selection of several examples of tunnel
construction projects which should improve the transportation situation in Brno in the future, namely the Vinohrady road tun-
nel, the Zaboviesky tramway tunnel and the tramway tunnel in the municipal district of Bystrc. GEOtest, a.s. participated in the
preparation of those projects in the phase of their preparation by survey operations, geotechnical testing and consultancy. Those
projects are in various stages of designing and investment preparation. The paper introduces their current condition and selec-
ted aspects, in particular geological, which will have to be taken into consideration in the design and during the course of the

SMbS@([L{@I’lZ construction.

1 0voD

V soulasnosti neni situace v Ceské republice, co se tyka
aktudlnich realizovanych projektu podzemnich inZenyrskych
staveb, pravé radostnd. S vyjimkou Zelezni¢niho tunelu raze-
ného u Ejpovic na trati ¢. 170 Praha — Plzen, ktery mé za kol
naprimeni této trati o cca 6 km, nedéje se v tunelovém stavi-
telstvi nic podstatného.

Situace by se v budoucnosti méla zménit k lepSimu, bohuzel
nikoliv v Brné. Ve stupni DUR (dokumentace pro tizemnf roz-
hodnuti) jsou pripravovany tunelové stavby na dalnici D3
Praha — Ceské Budéjovice (sedm délni¢nich tunelu), na dédlni-
ci D11 (dva ddlni¢ni tunely), na silnici R35 (tfi tunely). Pokud
bude dspésné pokracovat piiprava realizace novych silni¢nich
tunell na méstském a prazském okruhu, na silnici R49 ve
Zlinském kraji, méstskych tramvajovych tunelt a dseku praz-
ského metra, které jsou v soucasnosti investorskymi, projekc-
nimi a pruzkumnymi organizacemi v ruznych projektovych
stupnich pfipravovédny, nevypadd to s vystavbou tunelt
v Ceské republice ve stfednédobém horizontu zase tak tplné
Spatné.

2 STAV TUNELOVE VYSTAVBY V BRNE

V soucasnosti provozované brnénské tunely jsou soucdsti tzv.
brnénského velkého méstského okruhu (VMO) a Prazské radi-
aly. Trasa VMO je vyznamnou soucdsti zdkladniho komunikac-
niho systému (Z-67) mésta Brna. Zikladni komunikacni

1 INTRODUCTION

At present, the situation in the Czech Republic as far as the cur-
rently realised projects of underground civil engineering structures
tunnels are concerned, is not very joyful. With the exception of the
rail tunnel being driven near Ejpovice on the railway line No. 170
Prague — Plzen, the task of which is to straighten this line and redu-
ce its length by ca 6km, nothing substantial is going on in the sphe-
re of tunnel construction engineering.

The situation should change for the better in the future,
unfortunately not in Brno. At the Building Location Permit
stage, tunnel construction projects are under preparation for
the D3 motorway from Prague to Ceské Bud&jovice (seven
motorway tunnels), for the D11 motorway (two motorway
tunnels) and for the R35 road (three tunnels). If the prepara-
tion of the realisation of new road tunnels on the Prague City
Ring Road (the outer ring) and the Prague City Circle Road
(the inner ring), tunnels on the R49 road in the Zlin region,
urban tramway tunnels and sections of the Prague metro,
which are currently being prepared by investment, designing
and exploratory organisations, proceeds successfully, it will
not look so bad with the development of tunnels in the Czech
Republic in the medium term.

2 STATE OF TUNNEL CONSTRUCTION PROJECTS IN BRNO

The currently operated tunnels in Brno are parts of the so-
called Large City Ring Road (LCRR) and the Prague Radial



26. rocnik - €. 1/2017 TuofHel

Velky méstsky okruh Brno SVITAVY N
Large City Ring Road Brno HR. KRALOVE T -
: ADAMOV =P
Svitavska radidla | (‘
! Svitavy radial road
j < BRHO-BYSTRC mﬂ:l \
VEVERSKABITPSXA \. kiizovatka /
! Svitavska radidla \
N /-':

Svitavy radial
_road intersection

_sjezd Merhautova
L. Merhautova. off;ramp -
\ sjezd Provaznikova
Provaznikova off-ramp,
: kFiiova}tka Dukelskd Dukelska intersection

£ kfizovatka Hradecka
E Hradecka intersection 2

rélovopolsky tunel VMO Lesna
f LCRR Lesn/éf

sovicky tunel
\tmfovice tunnel By
\»/VMO Husovice

: \I\CRR Husovic/eL_ &, kizovatka Rokytova_Rokytova intersection

kfizovatka Knini¢ska
Kninicska intersection

VMO Zaboviesky
N LCRR Zabovies
tunel Zabovresky
Zabovfesky tunnel

kfizovatka Hlinky
Hlinky intersection

tunel Hiinky Hlinky tunnel |
!

kfizovatka Prazské radialy g%
Prague radial ~

road intersection

tunel Pisérky
Pisarky tunnel

.. ~ tunel Vinohrady
o {/Vinohrady tunnel

kiizovatka LiSenska
LiSenska intersection

LCRR Pisarky

" kiizovatka Ostravska
radidla intersection
Ostrava adial road

KiiZovatka = ..

tunel Cerveny kopet ™ \

Prazsk radiala Jf Vystaviste - .
Prague radial Vystavisté Cerveny kopec tunnel ———w———" T Ostravska radiala
road intersegtion / - kizovatka Ostrava radial road
| o z —
ey f/ LCAR sl Prmysiovd = 3 B 430 I
/ : ¢ : Primyslova : —
e intersectign .
v - 1 - Yy
Spicka (Videfiska radia ST ey OLOMOUC
Kiizovatka HerSpick (Videiska radidla) i nel % . kizovatka Bratislavska radidla -
intersection Herspické (Viena radial road) silﬁtnr: mgﬁlel an;,rrlgg;l}e E intersection Bratislava radial road OSTRAYA
Videniska radiala ; Marianské & = Bratislavské radiala
-

Viena radial road e namesti=\ §  Bratislava radial road

tunnel

A N

N

BRECLAV HODONIN \
o elnlelel

Omega Design ve spoluprdci s méstem Brnem Omega Design in collaboration with the City of Brno

Va

¢ JIHLAVA
PRAHA

S
© 2000 omegadesign WIEN

Obr. 1 Situace Velkého méstského okruhu Brno véetné radidl
Fig. 1 Layout of the Large City Ring Road in Brno including radial roads

systém tvori velky méstsky okruh, vnéjsi dopravni polookruh Road. The LCRR route is an important part of the Basic
a vnitini dopravni polookruh spolu se soustavou radidl. Cely Communication System (Z-67) of the city of Brno. The Basic
systém umoznuje rozvedeni méstské a primestské dopravy po Communication System is formed by the Large City Ring
Brné. Vzhledem k trvalému ndrGstu intenzity automobilové Road, the outer transportation semicircle road, the inner tran-
dopravy je kompletni dostavba a zprovoznéni velkého mést- sportation semicircle road and a system of radial roads. The
ského okruhu nutnosti. Nebude-li okruh realizovdn, mohla by whole system allows for distributing the urban and suburban
doprava ve mésté v horizontu nékolika let zcela zkolabovat. traffic within Brno. With respect to the continuing increase in
Velky meéstsky okruh o délce vice nez 20 km se stane nejvy- the automobile traffic flow volume, the completion and brin-
znamnéjsi soucdsti dopravniho systému mésta Brna a okoli. ging the Large City Ring Road into service is a necessity. If
Na tizem{ statutdrniho mésta Brna jsou motoristim v soucas- the ring road is not realised, traffic in the city could comple-
nosti k dispozici Pisdrecky tunel (soucast Prazské radidly) a na tely collapse within a few years. The over 20km long Large
VMO tunely Hlinky, Krdlovopolsky a Husovicky. Pro dokon- City Ring Road will become the most important part of the
&eni VMO je projektovédna vystavba dalSich tuneld, a to tunela transportation system of the city of Brno and its surroun-
Vinohrady v Zidenicich, Komérovského a Jizniho (Brno Jih), dings.
Cerveny kopec v Bohunicich a Zabovieského tramvajového Within the area of the Statutory City of Brno there are at
tunelu v Zabovieskach (obr. 1). the moment the Pisdrky tunnel (part of the Prague Radial
Mimo vySe zmitiované tseky VMO se ve fazi pruzkumné Road) and the Hlinky, Krdlovo Pole and Husovice tunnels
a projek¢ni pripravy nachdzi tramvajovy tunel Bystre, ktery se available to motorists on the Large City Ring Road. The
stane souddsti prodlouZeni tramvajové trati smérem do rozvojové development of other tunnels required for the completion of
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lokality bydleni ,,Kamechy* a ve stupni DUR je pfipravovan pre- the LCRR is under design, namely the Vinohrady tunnel

sypany tramvajovy tunel na prodlouZeni tramvajové trati do in Zidenice, the Komérov and Jizni tunnels (Brno South),
Kampusu v Bohunicich. Ve fizi studii jsou Zelezni¢ni tunely Cerveny Kopec tunnel in Bohunice and Zaboviesky tramway
pod Petrovem pro variantu ,,mirné posunuté polohy hlavniho tunnel in Zaboviesky (see Fig. 1).
nadrazi®. Apart from the above-mentioned sections of the LCRR, the
V dalgich kapitoldch je vénovdna pozornost vybranym tune- Bystrc tramway tunnel is at the survey and design preparati-
lovym stavbdm, kde investorska a projekéni priprava postupu- on stage. It will become part of the tramway track extension
je alespon smérem k realizaci ve stfednédobém horizontu in the direction of the Kamechy development locality.
a soucasné se na jejich piiprave spole¢nost GEOtest, a.s. podi- Further, a false tunnel on the tramway track to the Campus in
Ii prizkumnymi pracemi, geotechnickym zkuSebnictvim Bohunice is at the Building Location Permit stage. Railway
a konzultacni ¢innosti. tunnels under Petrov Hill for a variant of “a slightly shifted
location of the main railway station” are in the phase of stu-
3 PRIKLADY NEKOLIKA PRIPRAVOVANYCH dies.
BRNENSKYCH TUNELU In the other chapters we dedicate ourselves to selected tun-

nel construction projects, where the investment and design
preparation proceeds at least towards the realisation in the
medium term and, at the same time, GEOtest, a.s. participa-
tes in their preparation by surveying, geotechnical testing and
consultancy.

3.1 Tunel Vinohrady

Tunel Vinohrady by se mél stdt soucasti VMO Brno v tseku
nazvaném podle méstské &asti Zidenice. Planovany tisek mést-
ského okruhu bude po své realizaci feSenim paléivého problé-
mu prijezdu predmétnou méstskou &asti Zidenice. Stavajici
trass)vér'n’vokfuhil po ulicicP Svavtoplu'kova a Bubem’ékoya 3 EXAMPLES OF SEVERAL TUNNELS UNDER
neprizniveé predéluje tuto puvodné celistvou rezidencni Cast PREPARATION IN BRNO
Brna. Kapacitné nedostatuje zejména kiizovatka na Staré
osadé, kde miiZe nastat v plném provozu i hodinové zdrzeni | 3.1 Vinohrady tunnel

v dopravni zdcpé. Problémy md vyfeSit vedeni okruhu The Vinohrady tunnel should become part of the Brno
Vinohradskym tunelem, ktery odleh&i dopravé mezi Husovi- LCRR system in the section named after a region in the
cemi, Zidenicemi, Vinohrady, Li$ni, Julidgnovem a vychodnim municipal district of Zidenice. After its completion, the plan-
privadéCem (tzv. vypadovkou na Olomouc). ned section of the LCRR will become the solution to the bur-
Pro tisek VMO Zidenice je hleddna nejvhodnéjsi varianta ning issue of the passage through the municipal district of
prichodu pod sidli§tém Vinohrady s dopravnim feSenim, které Zidenice. The existing design of the ring road alignment run-
umozni navézat na nasledné mimouroviiové kifZeni (MUK) ning along Svatoplukova and Bubenickova Streets unfavou-
LiSenskd. V soucasnosti jsou zvaZovdny tfi varianty vedeni rably divides this originally undivided residential part of
trasy. Tzv. Cervend varianta méri celkem 1,892 km. Soudésti Brno. The capacity is insufficient first of all at the Na Staré
této stavby je tunel délky 1490 m, ktery vede jihozdpadnim Osadé¢ intersection, where even an hour-long delay in traffic
okrajem sidlist¢ Vinohrady. Modrd varianta méfi celkem jam may take place during full traffic. The problems are to be
1,706 km. Soucdsti této stavby je tunel délky 1520 m, ktery solved by leading the ring road through the Vinohradvy tunnel,
vede zhruba stfedem sidli§té Vinohrady. Zelend varianta méii which will ease the traffic between Husovice, Zidenice,
celkem cca 1,88 km. Soucdsti této stavby je tunel délky Vinohrady, LiSen, Julidnov and the Eastern Feeder Road (the
1635 m, ktery prochdzi pod sidli§tém Vinohrady a soucasné se | so-called Radial Road for Olomouc).
vyhybd zdej$im vyskovym budovdm a z hlediska budouci For the Zidenice LCRR section, the most advantageous
razby je situovén prevazné do brnénského masivu (obr. 2). variant is being sought for the passage under the Vinohrady

residential area with a transportation solution allowing for
connecting to the following LiSenska grade-separated juncti-
on. Three variants of the road alignment are currently under
consideration. The total length of the so-called Red Variant is
1.892km. Part of this project variant is a 1490m long tunnel
running on the south-western edge of the Vinohrady residen-
tial area. The Blue Variant is 1.706km long in total. Part of
this construction is a 1520m long tunnel running approxima-
tely across the centre of the Vinohrady residential area. The
Green Variant is ca 1.88km long. Part of this project variant
is a 1635m long tunnel running under the Vinohrady residen-
tial area and, at the same time, avoiding local high-rise buil-
dings. In terms of the future tunnelling, the tunnel is located
mostly in the Brno massif (see Fig. 2).

3.1.1 Geologicka prozkoumanost tunelu Vinohrady a zdej-
$i geologické poméry

Priuzkumné prdce a reSerSe archivnich geologickych tddaju
provedené do soucasnosti shromazduji veskeré dostupné infor-
mace geologické (vCetné strukturnich), inZenyrskogeologické,
hydrogeologické a geotechnické. A to nejen v oblastech pred-
pokladaného tunelového dila, ale i v §ir§im okoli. Byla rovnéz
provedena identifikace moznych nestabilit a lokalizace pfipad-
nych tektonickych oslabeni horninového masivu. Zjisténé sku-
teCnosti poslouzi pro stanoveni rozsahu a zaméfeni dal$ich
etap prizkumu a zdroven pro volbu optimdlni varianty trasy
v prostoru sidlisté Vinohrady, umisténi nivelety tunelu v geo-
logickém prostredi a navrh technologie vystavby.

Geologie §irsi oblasti véetné izolinii povrchu brnénského
masivu, predpokladii zlomovych linif, reliktd pleistocénni | 3.1.1 Geological exploration degree of the Vinohrady tun-

fi¢ni sité v §irsi oblasti a stratigrafie, byla reSena ve spolupra- nel and local geological conditions

ci s pracovniky brnénské pobocky Ceské geologické sluzby. The exploration operations and searches of archive geolo-
Autori Vit a Tomanové Petrovd [6] pfedpokladaji pro zajmo- gical data carried out till the present gather all geological
vou oblast velmi sloZzity vyvoj v terciéru a kvartéru. Terciérni (including structural), engineering geological, hydrological
tok — predchudce dnesni feky Svitavy patrné vytvoril v pied- and geotechnical information available not only in the areas
badenském obdobi terciéru pres oblast dne$nich Vinohrad of the assumed working but even in wider surroundings. The
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Obr. 2 Situace variant trasovdni tunelu Vinohrady
Fig. 2 Layout of variants of the Vinohrady tunnel alignment

udoli, které bylo v badenu do znacné vysky vyplnéné sedi-
menty. Na bdzi §lo pfevazné o tzv. brnénské pisky s polohami
piskovcu, v nadloZi pak byla pfevaha vdpnitych jilu (brnén-
skych téglt). Uzemi bylo tektonicky rozlimano a na vyzved-
nutych krdch doslo k zatezdvani toki do puivodniho reliéfu,
Casto s vyuzitim starSich predbadenskych ddoli. V prabéhu
spodniho pleistocénu (kvartér) do§lo predev§im k zafezani
toku Svitavy do pavodniho ddoli, stile vyplnéného badensky-
mi sedimenty, které vSak soucasny povrch jeste silné prevyso-
valy. Tzv. drahanskd tektonickd fdze zpusobila poklesy,
v dusledku kterych doslo k akumulaci ,,mladsiho $térkopisko-
vého pokryvu“ (tzv. turanské terasy) o mocnosti snad az 30 m.
V dusledku agradace dochdzelo k vyrazné bo¢ni erozi okolnich
terciérnich sedimentt, jimiz bylo udoli prakticky zavaleno.
Tento proces byl moZnd i zdsadnim duvodem k tomu, pro¢
doslo k migraci toku Svitavy do dne$ni odklonéné pozice. Po
uloZeni nejmladSich ¢asti turanské terasy (patrné jiz zacdtkem
stiedniho pleistocénu) byl vSak v okoli jesté dostateény poten-
cial miocenntho pokryvu k zaneseni nevyplnéné &4sti ddoli for-
mou splachu, ale i fosilnich sesuva, jejichz odliSeni je v piipa-
dé mapovani dzemi znalné problematické. Zbytek depresi byl
zarovndn akumulaci eolickych sedimentu, predevsim sprasi.

|| MUK Ligeriska Ligefiska intersection 7
L g

identification of potential instabilities and the location of
contingent tectonic weaknesses in the rock massif were also
carried out. The established facts will be used for the deter-
mination of the scope and focusing of subsequent exploration
stages and, at the same time, for the selection of the optimal
variant of the route in the Vinohrady residential area, the
location of the tunnel alignment within the geological envi-
ronment and the design of the construction technology.

The geology of a wider area, including isolines of the Brno
massif surface, assumptions of fault lines, relics of
Pleistocene river network and a wider area and stratigraphy
were solved in collaboration with workers of the Brno-based
branch of the Czech Geological Service. The authors, Vit and
Tomanovéd Petrovd [6] predict for the area of operations
a very complicated development in the Tertiary and
Quaternary complexes. The Tertiary predecessor of the cur-
rent Svitava River probably created a valley across the area
of current Vinohrady during the Pre-Baden period of the
Tertiary and the valley was filled with sediments up to a sig-
nificant height during the Baden period. On the base, the
sediments were formed mainly by the so-called Brno Sands




3.1.2 Geotechnicka rizika spojena s vystavbou tunelu
Vinohrady

Geotechnickd rizika razby tunelového dila pod sidliStem
Vinohrady 1ze definovat v nékolika bodech:

e Proménlivost horninového prostiedi bude pro prabéh
razeb zdsadnim rizikem. V portdlové oblasti na severoza-
padé je nutné uvazovat s rizikem, Ze do vyrubu mohou
v nékteré z navrZzenych variant zasahovat kvartérni pokry-
vy a povrchové &dsti granodioritového masivu s pritom-
nosti plastovych hornin a nizkou kvalitou masivu danou
predevsim alteradnimi procesy v masivu. V oblasti jihovy-
chodniho portdlu, budovaného ve spraSovém souvrstvi,
bude rizikové zejména zajisténi zemnich téles, zdrezu,
odrezu a portdlové jamy a jejich ovlivnéni atmosférickymi
srazkami, které by mohly vyrazné snizit jejich stabilitu.

e Neoproterozoicky brnénsky masiv je v oblastech porucho-
vych pasem (tektonické linie) silné rozpukany a kvalita
horniny zde bude velmi Spatnd. Je nutné pocitat se snize-
nou stabilitou Eelby i boku podzemniho dila a se vznikem
nadvylomu. Deprese v povrchu brnénského masivu vypl-
néna pravdépodobné i redeponovanymi neogennimi
brnénskymi pisky, pokud bude v Cervené a modré varian-
té raZzbou zachycena, predstavuje vyrazné riziko v podobé
snizené stability vyrubu. V pfipadé zvodnéni brnénskych
piskil na bazi brnénského masivu nelze vyloudit ani riziko
kominovdni piska do vyrubu, tedy riziko mimoradné udé-
losti.

e Kromé vyrazné deprese terciérniho paleotoku Svitavy
nelze vyloucit ani existenci dal$i ocekdvané, ale dosud
presnéji nelokalizované deprese v jizni poloviné trasy,
zaloZené na tektonické linii.

e Potencidlni nebezpeci spocivaji i v tom, Ze vadnd kanali-
zaéni nebo vodovodni vedeni v oblasti sidli§té budou
dotovat jak souvrstvi pisku, tak i tektonicky oslabené
oblasti brnénského masivu a tim vyrazné snizovat stabili-
tu vyrubu. Negativni vliv by mél i pfipadny fizeny vsak
destové vody do Stérkopis¢itého podloZi v oblasti sidlisté
nad trasou dila a v jejim okoli.

e 7 vysledku prazkumnych praci lze konstatovat, Ze Gzemf{
pro razbu je budovédno horninami s velmi odliSnymi geo-
mechanickymi vlastnostmi. Jde o proterozoické horniny
zastoupené granitoidy v rizném stupni tektonického poru-
Seni, neogenni jily s vysokou plasticitou a ulehlymi neo-
gennimi pisky, misty aZ charakteru piskovce. Hloubka
proterozoického skalniho podkladu je v rdmci zdjmového
tzemi velmi proménlivd a pohybuje se v rozmezi 9 az
60 m pod drovni terénu.

Z vys$e uvedeného je potom ziejmé, Ze navrzeni optimaln{
trasy tunelt bude velmi obtizné, zejména tehdy, pokud bude
snaha situovat razbu predev§im do pevnéjsich hornin protero-
zoika.

3.2 Tramvajovy tunel Zaboviesky

V letech 2008 a 2015 byly spole¢nosti GEOtest, a.s. realizo-
véany pruzkumné prace pro isek VMO Brno v méstské &dsti
Zabovfesky, a to v prostoru od MUK Hlinky smérem do
Krélova Pole. Tento usek je zde zaroven komunikaci 1/42. Jeho
souddsti je i tunelové prevedeni dvoukolejné tramvajové trati.

Stavba je situovana do velmi stisnéného dzemi, kde je komu-
nikace z jedné strany zdsadné vymezena fekou Svratkou
a z druhé tramvajovou trati a Wilsonovym lesem. Byly navr-
Zeny Ctyfi hlavni varianty feSent:
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with interlayers of sandstone, whilst limy clays (the so-called
Brno Tegel) prevailed in the cover. The area was tectonically
broken and streams started to cut into the relief on the uplif-
ted blocks, frequently using the older Pre-Baden valleys.
During the course of the Lower Pleistocene period (the
Quaternary) the Svitava River flow cut into the original val-
ley, which was still filled with the Baden sediments the height
of which still heavily exceeded the current surface. The so-
called Drahany tectonic phase caused settlement resulting
into the accumulation of the “younger gravel-sand cover (the
so-called Turany Terrace) possibly up to 30m thick. Due to
the process of aggradation, the surrounding Tertiary sedi-
ments were significantly eroded on the sides and virtually fil-
led the whole valley. This process might even be essential for
the reason why the Svitava River flow migrated to the current
diverted position. After the deposition of the youngest parts
of the Turany Terrace (probably as early as the beginning of
the Middle Pleistocene period) there was a sufficient potenti-
al of the Miocene cover in the surroundings for filling the
unfilled parts of the valley in the form of runoff sediments,
but also of fossil landslides the differentiation of which is sig-
nificantly problematic in the case of mapping the area. The
remaining depressions were flattened by the accumulation of
aeolian sediments, mostly loess.

3.1.2 Geotechnical risks associated with the Vinohrady

tunnel construction
The geotechnical risks of driving a tunnel under the
Vinohrady residential area can be defined in several points:

* The variability of the ground environment will be the fun-
damental risk for the course of the excavation. In the por-
tal area in the north-west it is necessary to take into con-
sideration the risk that the Quaternary cover and surface
parts of the granodiorite massif with the presence of
mantle rock types and low quality of the massif given first
of all by alteration processes in the massif may intrude
into the excavation in some of the proposed variants. In
the area of the south-eastern portal, which will be built in
a series of loessal layers, risks will exist first of all in the
support of ground bodies, cuttings, side-hill cuttings and
portal pits and their influencing by atmospheric precipita-
tion, which could significantly reduce their stability.

* The Neo-Proterozoric Brno massif is heavily fractured in
the areas of fault zones (tectonic lines) and the quality of
rock will be very low there. It is necessary to take into
account the reduced quality of the face and sides of the
underground working and the development of overbre-
aks. The depression in the Brno massif surface probably
filled even with redeposed Neogene Brno sands, if it is
encountered by the tunnel excavation in the red and blue
variants, poses a significant risk in the form of reduced
excavation stability. In the case of the saturation of the
Brno sands on the Brno massif base with water, it is even
impossible to exclude caving of the sands into the exca-
vation, i.e. the risk of an extraordinary event.

e Apart from the distinct depression of the Tertiary flow of
the Svitava River, it is even impossible to exclude the
existence of another anticipated but not more precisely
specified yet depression based on a tectonic line in the
southern half of the route.

e Potential risks lie even in the fact that defective sewers or
water pipelines in the residential area will supply water
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‘ave studio
Obr. 3 Animace vysledného stavu viseku VMO Zabovfesky s patrnym jiznim
portdlem tramvajového tunelu
Fig. 3 Animation of the resultant condition of the Zaboviesky LCRR section
with the southern portal of the tramway tunnel shown in it

e prevedeni tramvajové dopravy do tunelu;

* posunuti koryta reky Svratky;

¢ vedeni VMO po estakade;

e vystavéni dvoupruhové silni¢ni komunikace nad sebou.

Po verejném projednani dokumentace EIA byla vybrdna
varianta, kdy tramvajova trat bude odsunuta do tunelu a sou-
Casné jedna polovina vozovky bude prekryta galerii. Vedle
tramvajového tunelu je zde navrZen i tzv. ekodukt. Jedna se
o kréatky tunel prekryvajici silni¢ni komunikaci méstského
okruhu, umoziiujici propojeni Wilsonova lesa se Zabovies-
kymi loukami (obr. 3).

Trasa je vedend raZzenym tunelem masivem kopce Wilsonova
lesa s hloubenymi pfiportdlovymi dseky, ¢imZ se uvolnuje pro-
stor stdavajicitho tramvajového t€lesa k vystavbé pozemni
komunikace VMO. Délka tunelu ¢inf podle stdvajiciho projek-
tu celkem 501 m. RaZeny dsek ma délku cca 335 m. Zbylé
¢asti tunelu (cca 165 m u severniho a 3 m u jizniho portélu)
budou zrizeny jako presypané. Sméroveé je tunel veden podle
trasy koleje do nékolika protismérnych oblouku. Vyskové je
tunel navrzen do stfechovitého sklonu s podélnym sklonem
0,5 %. Z hlediska pri¢ného uspordaddni odpovidd prujezdny
profil dvoukolejnému tramvajovému tunelu odvozenému
podle CSN 28 0318.

3.2.1 Geotechnicky pruzkum pro Zaboviesky tramvajovy
tunel

Prazkumné prdce pro tramvajovy tunel se soustfedily na
overeni vlastnosti horninového masivu v prostoru jeho sever-
niho a jizniho portdlu. Celkem bylo pro priuzkum tunelové
trasy odvrtdno 12 vrti o dhrnné metrdZi 168,9 m. Mimo to byl
proveden vertikaln{ vrt hloubky 70 metrt z Grovné terénu do
prostoru jizniho portdlu. V misté jizniho portdlu byl rovnéz
vyhlouben subhorizontdlni vrt smérem do masivu pro ovéreni
kvality horniny v ptiportdlové ¢dsti budouciho tunelu.

V oblasti jiznitho — pisdreckého portdlu byly provedeny vel-
korozmérové polni zkousky mechaniky hornin ke stanoveni
geotechnickych parametrt skalniho masivu. Zkousky byly
uspordddny tak, aby bylo mozZno stanovit predev§im pevnostni
charakteristiky (vrcholovou a rezidudlni smykovou pevnost
a pevnost na mezi kluzu) v predem urené roviné a informativ-
né i deformacni vlastnosti horninového masivu. Vzhledem
k tomu, Ze zde nebyla moZnost tyto zkousky realizovat v pod-
zemnim pruzkumném dile, byly zkouSky provddény na povrchu
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to both the sand courses and the tectonically weakened
areas of the Brno massif, thus significantly reducing the
excavation stability. Even a contingent controlled seepa-
ge of storm water into the gravel-sand the sub-grade in
the residential area and above the works alignment and in
its surroundings would have a negative influence.

e It is possible to state on the basis of the exploration
results that the area for the excavation is built by ground
types with very different geomechanical properties,
namely Proterozoic rock types represented by granitoids
at different degrees of tectonic faulting, Neogene clays
with high plasticity and dense Neogene sands locally
even with the character of sandstone. The depth of the
Proterozoic bedrock in the area of operations is very vari-
able, ranging from 9 to 60m under the surface level.

It is then obvious from the above text that designing the
optimal tunnel routes will be very difficult, in particular when
there is an effort to locate the excavation first of all into har-
der Proterozoic rock types.

3.2 Zaboviiesky tramway tunnel

In 2008 and 2015, GEOtest, a.s. carried out exploration for
the LCRR Brno section in the municipal district of
Zabovfesky, namely in the area starting from the Hlinky
interchange toward Krdlovo Pole. This section is there at the
same time used as the 1/42 road. The tunnel for the diversion
of a double-rail tramway track is also its part.

The construction is located into a very constricted area,
where the route is principally delimited by the Svratka River
on one side and the tramway track and Wilson Forest Park on
the other side. The following four main variants of the solu-
tion were proposed:

e diverting tramway traffic into a tunnel;

* shifting the Svratka river bed;

* leading the LCRR on a viaduct;

* developing a stacked double-lane road.

After the EIA public negotiation was over, the variant was
chosen where the tramway track would be shifted to a tunnel
and, at the same time, one half of the roadway would be over-
laid with a gallery. Apart from the tramway tunnel, even the
so-called “ecoduct” is proposed there. It is a short tunnel
overlaying the LCRR road, allowing for the connection of the
Wilson Forest Park with Zaboviesky meadows (see Fig. 3).

The alignment is led through a tunnel driven through the
Wilson Forest hill massif, with cut-and-cover pre-portal sec-
tions. In this way the space of the current tramway bed is
freed up for the construction of the LCRR underground road.
According to the current design, the total tunnel length
amounts to 501m. The mined section is ca 335m long. The
remaining parts of the tunnel (ca 165m at the northern portal
and 3m at the southern portal) will be carried out as false tun-
nel structures. As far as the horizontal alignment is concer-
ned, the tunnel follows the track alignment with several
reverse curves. A roof-like vertical alignment with the longi-
tudinal gradients of 0.5% is designed for the tunnel.
Regarding the cross-section configuration, the clearance pro-
file corresponds to a double-rail tramway tunnel design deri-
ved from the CSN 28 0318 standard.

3.2.1 Geotechnical exploration for the Zaboviesky tram-
way tunnel

The exploratory activities for the tramway tunnel were

focused on the verification of the properties of the ground




Obr. 4 Sestava pro provedeni velkorozmérové smykové zkousky bloku horni-
ny v misté jizniho portdlu tunelu Zaboviesky

Fig. 4 The set for conducting the large-scale shear test on a rock block in the
location of the ZabovFesky tunnel portal

v misté byvalého lomu. Polni smykové zkousky byly uskute¢-
nény na ¢tyfech blocich rozméra 500x500x300 mm namdha-
nych raznou kombinaci normélnich a tangencidlnich sil v pre-
dem definované roviné (obr. 4).

Prostor severniho portélu byl vzhledem ke staré prumyslové
zéstavbé az do konce roku 2014 pro provadéni prizkumnych
praci zcela nepfistupny. To dovolilo realizaci pouze omezené-
ho mnoZstvi sond, a to pro posouzeni zdkladovych poméra
osténi tubusu presypané ¢ésti tunelu. Pro vlastni portél a pri-
lehlou &ést presypaného tunelu nemohly byt uskute¢nény prak-
ticky Zzddné pruzkumné price. Geotechnicky pruzkum mohl
tedy byt realizovén az v roce 2015. Pruzkum pro severni tune-
lovy portdl a presypanou &dst zahrnovaly mimo jiné rovnéz
velkorozmérové terénni smykové zkousky na Etyfech hornino-
vych blocich. Byly rovnéZz dokumentovany skalni stény v bliz-
kém okoli i v misté samotného portdlu. Pro vytvoreni 3D
modelu tizemi, véetné zdveérné stény byvalého lomu, bylo vyu-
Zito technologie laserového skeneru. Ziskané poznatky poslou-
Zily k vypoltu stability jednotlivych tdsekt skalnich stén.
V prostoru severniho portdlu byla rovnéz realizovdna série ti{
subhorizontédlnich vrtt délky 40 metru.

3.2.2 Analyza rizik pro Zaboviesky tramvajovy tunel
Jednim z vystupt provedeného geotechnického pruzkumu
byla rizikova analyza vyhotovend expertnim tymem GEOtestu
pod vedenim doc. Rozsypala. Tento dokument definuje a ana-
lyzuje rizika vystavby, kterd maji svij zdroj ve zbytkovych
nejistotach o inZenyrskogeologickych pomérech a podminkach
v pfedmétné trase tunelu a v dusledcich, které by tyto nejistoty
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massif within the space of the northern and southern portals.
The total of 12 boreholes at the aggregate length of 168.9m
were carried out for the exploration of the tunnel route. In
addition, a 70 metre deep vertical hole was bored from the
terrain level to the space of the southern portal. A sub-hori-
zontal borehole into the massif was carried out in the locati-
on of the southern portal to verify the quality of ground in the
portal part of the future tunnel.

Large-scale field tests of rock mechanics designed for the
determination of geotechnical parameters of the rock mass
were conducted in the area of the southern (Pisarky) portal.
The tests were arranged in a system allowing for the determi-
nation first of all of the strength-related characteristics (the
peak and residual shear strength and the shear yield strength)
on a pre-determined plane and, informatively, even the defor-
mational properties of the rock mass. With respect to the fact
that conducting the tests in an underground exploratory wor-
king was not possible, the tests were carried out at the surfa-
ce, in the location of a former quarry. Shear field tests were
conducted on four 500x500x300mm blocks stressed by vari-
ous combinations of normal and tangential forces acting on
a pre-defined plane (see Fig. 4).

With respect to an old industrial development, the area of
the northern portal was completely inaccessible for the exe-
cution of the exploratory work until the end of 2014. It allo-
wed for the realisation of an only limited quantity of testing
holes required for assessing the foundation conditions of the
false tunnel lining. Virtually no exploratory work could be
carried out for the portal itself and the adjacent part of the
false tunnel. The geotechnical investigation could therefore
be realised as late as 2015. The exploration for the northern
tunnel portal and the false tunnel part comprised, among
other tests, large-scale field shear tests conducted on four
rock blocks. Rock walls were also documented nearby the
portal and even in the portal location. The 3D model of the
area, including the final wall of the former quarry, was crea-
ted using the laser scanning technology. The gathered know-
ledge was used for the calculation of the stability of indivi-
dual sections of the rock walls. In addition, a series of three
40m long sub-horizontal boreholes was carried out in the area
of the northern portal.

3.2.2 Risk analysis for the Zabovf‘esky tramway tunnel
One of the outputs of the completed geotechnical explorati-
on was a risk analysis carried out by GEOtest’s expert team led
by doc. Ing. Rozsypal. This document defines and analyses the
construction risks having their source in residual uncertainties
regarding the engineering geological conditions and conditions
along the tunnel alignment in question and in the impacts of
these uncertainties they could have on the tunnel design and its
construction. The likely scenarios of the development and
courses of undesirable events were prepared and the assess-
ment of the probability with which the undesirable events may
happen was carried out within the framework of the risk ana-
lysis. The possible measures not only for reducing the proba-
bility of the origination of such phenomena but also for redu-
cing their economic consequences were subsequently propo-
sed. The analysis of geotechnical risks associated with the con-
struction of the Zaboviesky tramway tunnel proved that, taking
into consideration the geological conditions encountered, that
this engineering intention is viable using standard technical
means. The overall level of the geotechnical risk determined
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mohly mit pro projekt tunelu a jeho vystavbu. V ramci rizikové
analyzy byly vypracovany pravdépodobné scénére vzniku
a prubéhu neZddoucich jevi a odhad pravdépodobnosti,
s jakou predmétné nezadouci udalosti mohou nastat. Déle
byla navrZzena moznd opatfeni nejen ke sniZeni pravdépodob-
nosti vzniku takovych jeva, ale i ke sniZeni jejich ekonomic-
kych dusledku. Analyza geotechnickych rizik vystavby tram-
vajového tunelu Zaboviesky prokézala vzhledem k zastize-
nym geologickym podminkdm i pomérum proveditelnost
tohoto inZenyrského zdmeéru standardnimi technickymi pro-
stredky. Celkovd vyse geotechnického rizika pred zahdjenim
vystavby stanovend na zdkladeé analyzy jednotlivych rizik
s vyuZitim poznatkl z podrobnych prizkumu je s vyuZitim
klasifikace ITA-AITES odhadovand na drovni ,,stfedni®, za
podminky dodrZovéni pravidel fizeni rizik pfi vystavbé. Lze
vSak ocekavat, Ze optimdlni projekéni feSeni a volba techno-
logie vystavby tunelu v podrobnosti DSP (dokumentace pro
stavebni povoleni) a PDPS (projektovd dokumentace pro pro-
vadeéni stavby), které vezmou v dvahu vysledky této rizikové
analyzy, vyrazné€ snizi odhadnuté celkové potencidlni geo-
technické riziko posuzované stavby aZ na stupen ,,mirné*.
3.3 Tramvajovy tunel Bystrc

Projektovany tunel je soucdsti prodlouzeni tramvajové trati
ze soucasné tramvajové smycky Ecerova do rozvojové loka-
lity bydleni ,,Kamechy* zasahujici do méestskych ¢dsti Bystrc
a Zebdtin. Projektovand trasa je aZ po stdvajici kfizovatku
Vejrostova — Teyschlova vedena soubézné s ul. Vejrostovou,
kde se smérovym obloukem odkldni do oblasti Kamechu.
Trat’ prochdzi tunelem a dal§im smérovym obloukem se pfi-
klani k ul. Hostislavové, kde kon¢i v nové navrzené smycce.
Obsluhované tzemi méd plochu cca 16 ha, v obytné zéné
Kamechy se tfemi tisici obyvateli s dochdzkovou vzdalenos-
t{ 300 m. Délka budouci tramvajové trasy ¢ini 1475 m vcet-
né cca 300 m dlouhého dvoukolejného tunelu. Tunel je vede-
ny v hloubce cca 20 m pod terénem a prochdzi masivem tvo-
fenym granodioritem pokrytym prevazné kvartérnimi sedi-
menty.

V roce 2015 byl pro projek&ni zdmér proveden priazkum,
ktery mél za kol shromazdit ddaje o inZenyrskogeologic-
kych, geotechnickych, geofyzikdlnich a hydrogeologickych
pomérech zdjmového uzemi a poskytnout podklady ke
zpracovani DUR. Objektovou skladbu je viak nutné s ohle-
dem na stupen projektové dokumentace povazovat zatim za
orientacni.

3.3.1 Geologické a geotechnické prace pro tramvajovy
tunel Bystrc

Rozsah pruzkumnych praci, prestoze se jednd jen o pred-
béZnou etapu, zahrnoval pestrou $kdlu terénnich i laborator-
nich méfeni a analyz. Byly provedeny jadrové vrty inZenyr-
skogeologické stejné jako hydrogeologické pro sledovani
oscilace hladiny podzemni vody, déle geofyzikdlni price
(elektrické a seismické metody) a korozni pruzkum s méfe-
nim intenzity bludnych proudi na vybranych mostnich
objektech. Vrty v trase dosahovaly hloubek 6 az 21 metru,
v prostoru projektovaného tunelu az 30 metra. Byly odebra-
ny vzorky zemin, hornin a vody s ndslednymi laboratornimi
rozbory. V hydrogeologické ¢dsti pruzkumu byly provedeny
hydrodynamické zkousky ve vrtech a pasportizace existuji-
cich vodnich zdroji. Byl rovnéZ uskute¢nén pedologicky
pruzkum. Na zdkladé ovéfenych skuteCnosti o geologické
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prior to the commencement of the construction work on the
basis of the analysis of individual risks using the knowledge
gained from detailed surveys and using the ITA-AITES classi-
fication is assessed to be at the “medium” level under the con-
dition that construction risk rules are adhered to. It is, however,
expectable that the optimal design and choice of the tunnel
construction technique in the detail of the final design and the
design of means and methods which will take into considerati-
on the results of this risk analysis will significantly reduce the
guessed overall potential geotechnical risk of the project being
assessed, even down to the “moderate” level.

3.3 Bystrc tramway tunnel

The tunnel being under design is part of the tramway track
extension from the current EcCerova tramway loop to the
Kamechy development locality extending to the municipal
districts of Bystrc and Zebétin. The planned alignment is led
in parallel to Vejrostova Street up to the existing Vejrostova —
Teyschlova crossing, where it deflects through a horizontal
curve to the area of Kamechy. The track runs through the tun-
nel and gets close to Hostislavova Street, where it ends in
a newly proposed loop. The area of the serviced territory
amounts to 16ha in the Kamechy residential zone with the
population of three thousand and the walking distance of
300m. The length of the future tramway line including the ca
300m long double-track tunnel amounts to 1475m. The tun-
nel is led at the depth of ca 20m under the terrain level and
passes through a massif formed granodiorite covered mostly
with Quaternary sediments.

In 2015, exploration was carried out for the conceptual
design having a task to gather data on engineering geological,
geotechnical, geophysical and hydrological conditions within
the project area and provide source documents for the execu-
tion of the building location permit. However, the list of
structures has to be considered as indicative with respect to
the degree of the design documentation.

3.3.1 Geological and geotechnical work for the Bystrc
tramway tunnel

Despite the fact that the project is only at a preliminary
stage, the scope of exploration work comprised a comprehen-
sive range of field and laboratory measurements and analy-
ses. Both engineering geological and hydrogeological cored
holes were bored for monitoring the water table oscillation;
in addition, geophysical operations (electric and seismic met-
hods) and a corrosion survey with measuring the intensity of
stray currents on selected bridge structures were carried out.
The boreholes on the alignment reached the depths ranging
from 6 to 21 metres, in the area of the tunnel the depth being
designed up to 30 metres. Soil, rock and water samples were
taken and laboratory tests were conducted on them.
Hydrodynamic tests in boreholes and the condition survey of
existing water sources were carried out in the hydrogeologi-
cal part of the exploration. Even the pedological survey was
carried out. A longitudinal engineering geological section
was carried out on the basis of verified facts regarding the
geological structure of the locality (the tramway track inclu-
ding the tunnel section). In addition, cross-sectional and
geophysical profiles were carried out on this basis for the pur-
pose of stability analyses in the cuttings and in the vicinity of
the future tunnel portal.

Other work comprised a comprehensive assessment of geo-
mechanical properties required for assessing the behaviour of




skladbe lokality byl vyhotoveny podélny inZenyrskogeolo-
gicky fez v miste trati véetné jeji tunelové Casti a ddle pricné
a geofyzikdlni profily pro stabilitni vypocty v télese zdfezu
a v blizkosti portdlu budouciho tunelu.

Dalsi prace zahrnovaly komplexni zhodnoceni geomecha-
nickych vlastnosti pro posouzeni chovani zdkladové pudy
v prirozeném profilu nebo ve zhutnénych ndsypech jak
v podzakladi objektu, tak v podlozi ndsypu a rovnéz chovani
hornin ve skalnim masivu.

Vysledky geotechnického pruzkumu byly ¢lenény podle
prubéhu nivelety a podle predpoklddanych stavebnich objek-
tu na: terén, nasypy, mostni objekty, opérné st€ny, lavky. Byl
komentovédn moZny zpusob zaloZeni. Pro oblast tunelu byly
stanoveny geotechnické parametry horninového masivu,
nezbytné pro detailni ndvrh podzemniho dila.

3.3.2 Geologické poméry izemi tramvajového tunelu
Bystrc

Uzemi je tvoreno horninami brnénského masivu, ktery je
zde vyrazné poruSeny. Tektonicky zakleslé kry granodiorita
a dioritd jsou vyplnény neogennimi terciérnimi sedimenty
a prekryty kvartérnimi uloZeninami. Déle byly zastizeny ele-
vace metabazitové zény, vystupujici mélce pod povrchem.
Skalni horniny podloZi jsou v povrchovych partiich charakte-
ru eluvia (drobny $térk az hrubozrnny pisek), hloub¢ji zvétra-
1€, nize pak navétralé, misty a hlavné hloubéji prechdzi v hor-
niny zdravé. Kvalita horniny stanovend z vyhodnocen{ indexu
RQD v tdrovni umisténi predpoklddaného tunelu je prevazné
velmi nizkd (Casto nulovd) a nizkd, méné pak stiedni (dobra
a vybornd jen ojediné€le v nékterych dil¢ich ndvrtech).

Stratigraficky podstatné mladsi zde zastoupenou predkvar-
térni jednotkou jsou neogenni spodnobadenské vépnité terci-
érni jily (tégly). Jednd se o horniny charakteru zemin vice ¢i
mén¢ véapnité a vyrazné plastické.

Kvarterni pokryv je zastoupen sprasemi a sprasovymi hli-
nami, jilovitopis¢itymi hlinami, jilovitymi pisky az jily.
Sprase a spraSové hliny tvofi nerovnomérné rozloZeny
pokryv, dany predev§im morfologii terénu (obr. 5).

Z hydrogeologického hlediska prevazuje v celé plose toho-
to masivu puklinovy kolektor s proménlivym podilem pruli-
nové porozity v pasmu pripovrchového rozpukéni a oslabeni
hornin. Obéh podzemnich vod probihd prevdzné v tomto pri-
povrchovém pasmu. Hlubsi obéh je mozno o¢ekavat u tekto-
nicky poruseného brnénského masivu predev§im v dosahu
propustnéjSich poruchovych zén. Horniny brnénského masi-
vu jsou do znaénych hloubek, zpravidla nékolik desitek
metru silné tektonicky poruSeny. Tato pdsma pusobi jako
drény okolnich puklinovych systému a zprostredkovavaji tak
tranzit podzemni vody do hlubsich ¢asti hydrogeologického
masivu.

3.3.3 Doporuceni pro vystavbu tramvajového tunelu
Bystrc

Pro nédvrh zpusobu vystavby tramvajového tunelu Bystrc je
zvazovano nékolik feSeni. Jednd se o raZeny tunel, hloubenou
stavebni jdmu s presypanym tunelem a v analyzdch zustdva
i otevieny nebo prekryty zarez. Geotechnické podminky pro
jednotlivé varianty tramvajové trasy v tomto useku jsou
povazovdny za duleZité nikoliv viak rozhodujici.

e Moznost prekondni predmétného useku otevienym zére-
zem prindsi rfadu technickych obtiZi. Z hlediska zemnich
praci by sice tézba probihala v relativné priznivych horni-
nich (zvétralych granodioritech), nicméné vysvahovan{
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subsoil in a natural profile or in compacted embankments,
both under foundations of structures and under emban-
kments, and assessing the behaviour of rock in the rock
massif.

The results of the geotechnical survey were divided accor-
ding to the course of the vertical alignment and the assumed
civil engineering structures to the following categories: terra-
in, embankments, bridges, retaining walls and footbridges.
Comments were made on the possible foundation method.
Geotechnical parameters of the rock mass required for the
detailed design of the underground working were determined
for the tunnel area.

3.3.2 Geological conditions in the Bystrc tramway tunnel
area

The area is built by rock types of the Brno massif, which is
significantly faulted here. The blocks of granodiorites and
diorites tectonically wedged into each other are filled with
Neogene Tertiary sediments and overlaid by Quaternary sedi-
ments. Further on, elevations of a metabasite zone ascending
shallow under the surface were encountered. The bedrock
materials have the character of eluvium (small-grain gravel to
coarse sand), deeper they are weathered and lower slightly
weathered, locally and in particular deeper passing into fresh
rock. The rock mass quality determined from the assessment
of the RQD index at the level of the expected tunnel is most-
ly very low (frequently zero) and low, less frequently medi-
um (good and excellent only in some partial core runs).

The Neogene lower-Baden Tertiary limy clay (Tegel) is
a stratigraphically substantially younger pre-Quaternary unit
which is present in this location. It is a ground with the cha-
racter of soil, more or less limy and significantly plastic.

The Quaternary cover is represented by loess, clayey-sandy
soils, clayey sands up to clays. Loess and secondary loess
form the irregularly distributed cover, which is given first of
all by the terrain morphology (see Fig. 5).

From the hydrogeological point of view, a fissure aquifer
with a variable proportion of interstitial porosity prevails in the
near-surface fracturing and weakening zone within the whole
area of this massif. Groundwater circulates mainly within this
near-surface zone. Deeper circulation can be expected in the
tectonically faulted Brno massif, first of all within the reach of
more permeable weakness zones. The Brno massif rock types
are heavily tectonically faulted to significant depths, usually of
several tens of metres. These zones act as drainage for sur-
rounding fissure systems and mediate the groundwater transit
to deeper parts of the hydrogeological massif.

3.3.3 Recommendations for the construction of the Bystrc
tramway tunnel

Several solutions are under consideration for the proposal

of the Bystrc tunnel construction. It is a mined tunnel, a con-
struction pit with a false tunnel and even open or covered cut-
ting remains in the analyses. It is considered the geotechnical
conditions for individual variants of the tramway track to be
important but not crucial.

* The possibility of overcoming the section in question by
an open cut brings many technical problems. On the one
hand, the excavation would be carried out through relati-
vely favourable geology (weathered granodiorites), but
sloping of the trench sides in the concrete morphological
conditions, taking into consideration the typical slopes
required for the given geological environment, would



26. rocnik - €. 1/2017 TuofHel

mean that the trench width at the
upper edges of the cutting would
\V4 7 exceed 50 to 60m under the assump-
(] HVI3 14 - tion of the.: apph.catlon of the. maxi-

L mum vertical alignment gradient to
i the section behind Teyschlova tram
stop. The cutting would probably be
deeper than 10m, which fact would
cause complications in the form of
securing the permanent stability or
potential problems for bored piles
due to encountering hard diorite and
metabasaltic blocks.

e The false tunnel variant is appli-

cable under the condition that it is
330 possible to lead the tramway track
vertical alignment in such a way
that in the section in question it is
at least 14 metres under the terra-
in and the tunnel roof is closer
320 than ca 6m to the terrain. The con-
struction of the false tunnel would
be associated with similar restric-
tions as those in the case of the
open cut.

e The mined tunnel variant is
assessed as optimal for the given geo-
logical conditions. A tunnel is more
advantageous in terms of energy con-
3 T 5 sumption even with respect to the
—— gradients of the tramway track. It will
il not be necessary to support the resi-
dential block at the end of Teyschlova
Street and requirements for land
20 acquisition and diversions of utility
networks will be minimised.
Diversions of roads will not be neces-
sanicent sary. A sequential excavation system
chainage with supporting the top heading with
280 280 canopy tubes, anchors etc. would
have to be applied because of the sig-
nificant weathering of the rock mas-
legenda legend sif. The excavation would be atten-
@ pisek sand ® granodiorit granodiorite ded by the occurrence of groundwater
@ Stérk - eluvium eluvium — gravel @ rula gneiss at the contact of heavily weathered
granodiorites with less weathered
rock. The NATM offers itself for the
mined variant of the tunnel construc-
tion in the particular geological con-
ditions. In the whole tunnelled section the excavation would
proceed under the protection of canopy tube pre-support. The

) s 3 . 5 expected instability of the excavation face during the course
df znamenalo, Ze Sitka hornich hran zétezu by presahovala of the excavation would have to be solved by a sequential

50 az 60 m, za predpokladu vyuZiti max. stoupani nivelety | .y avation system with contingent installation of temporary
ze zastavky Teyschlova. Zarez by byl ziejmé hlub$i neZ horizontal anchors.

10 m, coZ by zpusobilo komplikace v podob€ zajisténi trva-
1€ stability, resp. moZné problémy pro hloubené piloty 4 CONCLUSIONS
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Obr. 5 Podélny geologicky profil v trase tunelu Bystrc
Fig. 5 Longitudinal geological profile on the Bystrc tunnel route

zarezu v konkrétnich morfologickych pomérech by pri
uvazovani typickych sklont v daném geologickém prostie-

z vyskytu pevnych blokii dioritii a metabazalt. The tunnel construction projects planned for the area of the
* Varianta pfesypaného tunelu je vyuZitelnd za predpokla- Statutory City of Brno are at the moment in various phases of
du, Ze bude mozné trasovat niveletu tramvajového télesa preparation. Some projects are only in the phase of studies
takovym zpusobem, aby v predmétném tseku byla situo- (e.g. the Cerveny Kopec and Bystrc road tunnels in one of the
véna nejméné cca 14 metrt pod terénem a kalota tunelu variants of the R34 route, the Komarov cut-and-cover tunnel,



by se nachdzela bliZze k terénu neZ cca 6 m. Vystavbu
presypaného/hloubeného tunelu by pfitom provizela
obdobnd omezeni jako v pfipadé varianty otevieného
zarezu.

e RaZend varianta vystavby tunelu se v danych geologic-
kych podminkach hodnotf jako optimdlni. Tunel je ener-
geticky vyhodnéjsi jiz s ohledem na stoupdni a klesdn{
tramvajové trasy. Nebude potfebné ndro¢né zajiStovat
obytny blok na konci ulice Teyschlovy a budou minima-
lizovdny ndroky na zdbor pudy a prelozky inZenyrskych
siti. Nebudou nutné prelozky komunikaci. Z divodu
znacné zvétralého horninového masivu by musel byt
vyrub provadén jako Clenény, se zajisténim pristropi po-
moci mikropilotovych destnika, kotev apod. RaZbu by
provézel vyskyt podzemni vody na styku silné zvétralych
a méné zvétralych granodioriti. Pro raZenou variantu
vystavby tunelu se v danych geologickych pomérech
nabizi nasazeni NRTM. V celém tunelovém useku by
razba probihala pod ochranou mikropilotového destniku.
Ocekdvanou nestabilitu ¢elby béhem razby by bylo nutné
fesit ¢lenénym vyrubem s pripadnou instalaci doasnych
horizontdlnich kotev.

4 ZAVERY

Pldnované vystavby tuneld na tzemi statutirniho mésta
Brna se v soucasnosti nachdzeji v ruznych stadiich pfiprav.
Nekteré projekty jsou pouze ve fazi studii (napf. silni¢ni
tunely Cerveny kopec a Bystrc v jedné z variant trasy R43,
hloubeny Komadrovsky tunel, presypany tunel na VMO pod
presunutym hlavnim nddrazim). Tramvajovy tunel do
Kampusu v Bohunicich je ve fiazi DUR, tramvajovy tunel
Zaboviesky ve fizi DSP. U nékterych byly jiz v ramci studif
provedeny inZenyrskogeologické a geotechnické pruzkumy
(tunel Vinohrady a tramvajovy tunel Kamechy v Bystrci).

Po tspésném dokondeni velmi ndroéného projektu vystav-
by Kralovopolského tunelu v roce 2012, kde se spojovaly
problémy mimorddné obtizné geologie v prostredi neogen-
nich jilu, nizkého nadloZi a trasy kompletné prochdzejici pod
hustou zdstavbou, lze predpokladat, ze i dalsi vyzvy v podo-
bé planovanych brnénskych tunelt budou dspéiné realizova-
ny. Je v8ak nutné, aby se vSichni Gcastnici procesu projekéni
a investi¢ni pripravy pokusili vyvinout snahu k minimalizaci
zdrzeni piipravy tunelovych projekta jako i celé dopravni
infrastruktury na dzemi brnénské aglomerace.

Ing. DAVID RUPP, rupp@geotest.cz, GEOtest, a.s.

Recenzovali Reviewed: doc. Ing. Vladislav Hordk, CSc.,
Ing. Vlastimil Hordk
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Obr. 6 Situace se zobrazenim projektovaného prodlouZeni tramvajového
tiseku a umisténi tunelu
Fig. 6 A map containing the extension of the tramway track being designed
and the tunnel location

the false tunnel on the LCRR under the shifted main railway
station). The tramway tunnel to the Bohunice Campus is in
the phase of obtaining the building location permit, the
Zabovfesky tramway tunnel is in the final design phase.
Engineering geological and geotechnical exploration has
already been carried out for some of them within the frame-
work of studies (the Vinohrady tunnel and the Kamechy tram-
way tunnel in Bystrc).

After the successful completion of the Kralovo Pole tunnel
in 2012, where problems of extraordinarily complicated geolo-
gy in the environment formed by Neogene clays, shallow over-
burden and the alignment passing under high-density urban
development were encountered, it is possible to assume that
even other challenges in the form of the planned Brno tunnels
will be successfully overcome. It is, however, necessary that all
participants in the process of the design and investment prepa-
ration try to make effort to minimise the delay in the prepara-
tion of tunnel construction projects and the entire transportati-
on infrastructure in the area of the Brno agglomeration.
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MONITOROVACI MERENI NA STAVBE OKRUZNI
TRASY METRA V KODANI

MONITORING MEASUREMENTS ON THE INFRASTRUCTURE
PROJECT “CITYRINGEN OF COPENHAGEN"

DIETER HEINZ

ABSTRAKT

Rostouci potreba dopravniho systému Setrného k Zivotnimu prostredi v nejvétSich evropskych metropolich uklddd mistnim mést-
skym a stdtnim iradum povinnost vytvdret izemni pldny a postupné je realizovat tak, aby se zajistila dobfe fungujici infrastruk-
tura schopnd vyporddat se s objemem dopravy v kazdodennim provozu. Provddeéni tak rozsdhlych méstskych infrastrukturnich sta-
veb je ale vidy spojeno i s ohromnymi riziky. Kromé realizovanych budov a tunelii je nutné v priubéhu celého obdobi vystavby kom-
plexné monitorovat i okolni zdstavbu, cdstecné z diivodu jeji velké hustoty, ale také z ditvodu existence velmi starych citlivych
budov, geotechnickych podminek a v nékterych mistech minimdlniho nadloZi tunelu pod budovami. V tomto ldnku budou kon-
krétné predstaveny riizné typy mereni geotechnického monitoringu, které se realizuji pri stavebnich pracich na novém okruhu
kodariského Metra (Cityringen Copenhagen). Kromé nasazeni sytému automatického monitoringu deformaci ve 3D a systémii hyd-
rostatické nivelace neustdle neztrdceji na vyznamu ani ru¢né provddend méreni, jako je klasickd presnd nivelace pouZivand jako
zdlozni a flexibilni systém. Navic na takovéto stavbé vedle pldnovdni, instalace a uidrzby hraji podstatnou a diileZitou roli i vizu-
alizace vysledkii a automatickd hldSeni dosaZeni varovnych stavii.

ABSTRACT

The growing demand for an environmentally friendly transport system in the largest European metropolises imposes a duty on
the urban local authorities and state's authorities to develop master plans and gradually implement them, in order to provide
a well-functioning infrastructure capable of dealing with the traffic volumes on a day to day basis. However, undertaking con-
struction of such large urban infrastructural projects always entails immense risks, too. Most of all, besides the buildings and tun-
nels that have to be constructed, the neighbouring development must be comprehensively monitored throughout the entire struc-
tural work, partly due to the very dense development, but also on account of the very old and sensitive nature of the existing buil-
dings, the ground conditions and the minimal cover between the buildings and the tunnels at certain locations. The various moni-
toring measurements that have been used for the new construction work on the Copenhagen Metro (,, Cityringen Copenhagen*)
will be specifically presented in this article. Manual measurements such as the classic high precision levelling is still significant
for use as a redundant, flexible, measuring system to supplement automatic 3D monitoring of deformations, liquid levelling sys-
tems and other types of monitoring measurements. In addition to the planning, installation and maintenance servicing, visualizing
the results and automatic announcing of reaching the warning states play a substantial and important role.

Pozndmka: Ceskd verze ¢ldnku vznikla 7 anglického prekladu
nemeckého origindlu. Proto, a i s prihlédnutim k jinym zvyklos-
tem v provddent geotechnického monitoringu v némecky mluvi-
cich zemich a Ddnska,, nemusi vSechny pouZité ceské odborné
vyrazy odpovidat standardné pouZivané ceské terminologii.

1 STAVBA OKRUZNI TRASY METRA V KODANI

Spolu s trasami M1 a M4 kodanského systému podzemni
drdhy Metro, které byly uvedeny do provozu ddnskou krdlovnou
v roce 2002, je jiz pét let ve fazi vystavby zcela nova plné auto-
matizovand okruZni trasa metra bez ridiCe, sloZend z tras M3
a M4. Tato okruzni trasa (Cityringen) bude uvedena do provozu
v 1éte roku 2019.

Zvlastnim znakem této nové okruZni trasy je, Ze cely usek
bude provozovan jako podzemni drdha se dvéma soubéznymi
tunely, kazdym o pruméru 5,5 m. Ddle bude novd okruZni trasa
napojovat kodanské Metro na kodanské centrdlni nddrazi
(Kgbenhavns Hovedbanegard), stied mésta, dvé stanice lezici
na namesti Kongens Nytorv a u kostela Marmorkirken, stejné
jako na parlament u stanice Gammel Strand,stadion a stanici
Osterport (Vychodni nddraZzi). JelikoZ neexistuje kolejové pro-
pojeni mezi starou a novou trasou metra, musi se vybudovat
i novy centralni dispecink a udstfedni opravny — Control and
Maintenance Centre (ddle CMC) [1].

1 METRO PROJECT “CITYRINGEN OF COPENHAGEN"

Alongside the M1 and M2 lines on Copenhagen's subway
Metro system which the Queen of Denmark opened in 2002, the
construction of a completely new, fully automatic and driverless
circular line, comprising of the M3 and M4 lines, has been under-
way for approximately 5 years. This circular line (Cityringen)
subway shall become operational as of summer 2019.

The special features of this new circular line are that the
complete section will run as an underground railway tracks in
2 parallel tunnels, each of which has a diameter of 5.5m.
Furthermore, the new circular line will link the Copenhagen
Metro to the Copenhagen’s Central Railway Station
(Kgbenhavns Hovedbanegérd), the town centre, the new stati-
ons at Kongens Nytorv and Marmorkirken, as well as the
Parliament the Gammel Strand station, the Stadium and the
Eastern Railway station. The new circular line will be conne-
cted to the existing underground Metro railway system via the
transfer stations at Kongens Nytorv and Frederiksberg. There
is no railway technical connection available between the old
and new underground tracks, therefore, a new Control and
Maintenance Centre (CMC) [1] must also be constructed.

Alongside the “Cityringen of Copenhagen” construction,
work also began on the first extension northwards in 2015,
which is called the “Cityringen Branch off to Nordhavnen”.
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Obr. 1 Schematickd mapa (orientacni plan) kodariské podzemni drdhy Metro
Fig. 1 Map of Copenhagen's underground railway Metro system

Spolu se stavbou kodanské okruzni trasy Metra Cityringen
byly v roce 2015 zahdjeny i prace na prvnim prodlouzeni sme-
rem na sever ,,Odbocka trasy Cityringen do stanice Nordhavnen
(Severni Nddrazi)“. Prodlouzend trasa M4 zalleni oblast mést-
ské zastavby Nordhavn do sité metra. Dalsi prodlouzeni, které
bude obsahovat pét novych stanic, je planovano smérem na jih,
ke stanici Ny Ellebjerg. SoutéZ na vybér zhotovitele stavby
tohoto dseku byla vypsdna na podzim roku 2016.

Obr. 1 ukazuje stdvajici systém podzemni drahy sloZeny z tras
M1 a M2 s trasami M3 a M4 nové podzemni drahy, které se
v soucasnosti buduji. Usek od hlavniho Zelezni¢niho nadrazi do
stanice Ny Ellebjerg je zndzornén Carkované (zacatek stavby
tohoto dseku se planuje na konec roku 2017).

Nové okruZni trasa zahrnuje stavbu 17 novych podzemnich
stanic a 3 Sachet pro vyhybky a prestupni stanice, stejné jako
stavbu rampy vedouci z CMC na okruzni trasu. Stavebni roz-
méry kazdé stanice jsou priblizné nasledujici: pruimérna délka
80 m a $itka od 20 do 22 m. Tunelové tubusy maji pramér 5,5 m
a celkovd délka kazdé z nich je priblizné 15,5 km plus délka
odbocek vedoucich do CMC.

Pro razbu v kodanskych vdpencich v hloubce od 15 do 35 m
se pouzivaji ¢tyfi plnoprofilové tunelovaci $tity Kawasaki sou-
Casné. Razby byly zahdjeny v 1ét€ 2013. U vSech stroju se jedna
0 zeminové §tity (earth-pressure balance, EPB). Razby mély byt
kompletné dokonCeny do zaldtku roku 2017. Hlavni stavebni
prace na stanicich a Sachtich byly zahdjeny v roce 2011 a prace

The extended M4 line will integrate the Nordhavn urban
development zone into the underground network. A further
extension that will comprise of five new stations is also being
planned southwards towards Ny Ellebjerg. The tender process
for building contractors for this section was published in
autumn 2016.

The diagram on Fig. 1 shows the existing underground
Metro, comprising the M1 and M2 lines, with the M3 and M4
lines of the new underground Metro that are being built. The
section from the Main Railway Station to Ny Ellebjerg is pre-
sented with a dashed line (it is planned to begin the construc-
tion of this section at the end of 2017).

The new circular line includes the construction of 17 new
underground stations and 3 shafts for switches and cross-over
stations, as well as one ramp leading from the CMC to the cir-
cular line. The structural dimensions of each station are app-
roxinately 80m long and between 20m and 22m wide on ave-
rage. The tubular tunnels are 5.5m in diameter and they have
a total length of about 15.5km per tube, plus the spurs leading
to the CMC.

Up to four Kawasaki tunnelling boring machines (also called
TBMs) are being used simultaneously for the tunnelling work
and they have been boring through Copenhagen's limestone at
depths of between 15m and 35m since the summer of 2013. All
machines are earth-pressure balancing (EPB) types. The
boring work shall be completely finished by the beginning of
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na nosnych konstrukcich maji byt prevdzné dokonceny do léta
2017.

Smlouva na stavbu nové okruzni trasy byla uzaviena s ital-
skym sdruzenim ,,CMT - COPENHAGEN METRO TEAM
1/S* (ddle CMT) v roce 2011. Vedoucim tohoto sdruZeni, které
také zahrnuje firmy TECNIMONT a SELI, je spole¢nost SALI-
NI-IMPREGILO.

Objednatel je zastoupen firmou Metroselskabet I/S, kterd byla
zaloZena specidlné za timto tc¢elem v roce 2007. Kodansky mést-
sky mistni drad vlastni 50 % této spole¢nosti, dansky stat 41,7 %
a mistni urad mésta Frederiksberg 8.3 %.

A7 bude v 1ét€ 2019 novd okruzni trasa dokoncena, bude
denné uzivana az 240 000 cestujicimi, coz viditelné zlepsi
dopravni situaci v Kodani.

2 PROVADENI MONITOROVACICH MERENI

2.1 Pfedstaveni firmy SMT Denmark ApS

Provedenim vSech geodetickych a geotechnickych cinnosti
monitoringu pro dodavatele stavby CMT byla povérena firma
SMT Denmark ApS, kterd byla zaloZena specidlné pro tuto stav-
bu. Rakouska firma GEODATA Ziviltechnikergesellschaft mbH
a némecka firma ANGERMEIER INGENIEURE GmbH vlastn{
kazda 50 % této spolecnosti. Prace byly zahdjeny na podzim
roku 2011 a skonéi v 1été 2017, po dokonceni vSech nosnych
konstrukcf a tuneld.
2.2 Pozadavky investora

Investor zastupovany firmou Metroselskabet I/S jiz vydal
velmi podrobné poZadavky na monitoring v dokumentaci pro
vybér dodavatele. PoZzadavky uvddély mimo jiné ndsledujici
body:

e presnd nivelace budov a povrchu;

* automatické monitorovaci systémy deformaci ve 3D vyuzi-
vajici vysoce presnych piistroju pro kontinudlni monitoro-
véni budov a objektu;

e dynamometry pro monitoring opérnych zdi (pilotové nebo
podzemni stény);

e strunové tenzometry instalované na nosnicich pro monito-
ring opérnych zdi (pilotové nebo podzemni stény);

¢ inklinometry, extenzometry, piezometry a dals§i pristroje
umisténé v hornin€ pro monitorovani podloZi.

Ddle bylo pozadovdno prendSet vSechna relevantni data

z plnoprofilovych tunelovacich stroji a data monitoringu do
centrélni databédze a tak je zpfistupnit online v§em tucastnikum
vystavby. Objednatel také vydal velmi podrobné instrukce tyka-
jici se databdze stavby, napriklad:

 uzivani systému databaze GIS, kterd je zaloZena na serveru
SQL s propojenim na vSechny spole¢nosti, kanceldre
a externi konzultanty zapojené do projektu;

e ukldddni vSech automatickych a ru¢nich méfeni deformaci
do této databaze;

e instalovdni automatického varovného a poplasného systé-
mu kdekoliv jsou piekratovany rizné mezni hodnoty;

 zfizeni grafického rozhrani s mapou mésta a zobrazeni
informaci tykajicich se stavebnich praci (trasy tuneld,
pudorysy stanic atd.);

e vizualizovédni postupu stavby na stanicich a tunelech;

e vydavani instrukci k Cetnosti méfeni, presnému umisténi
méficich bodu a ¢idel a presnosti méfent,

e poddvani informaci o konkrétnich budovich, které se
nachdzeji v tésné blizkosti novych konstrukci stavebnich
jam stanic, nebo pod kterymi prochdzi tunelovaci stroje,
vletné ruznych technickych dat (jako jsou konstrukce
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2017. Main construction work has begun on the stations and
shafts in 2011 and the the structure work is intended to be lar-
gely completed by the summer of 2017.

The contract for construction the new Circular line was
awarded to the Italian joint venture called CMT “COPENHA-
GEN METRO TEAM I/S” (CMC) in 2011. SALINI-IMPRE-
GILO is the leader of this team, which also comprises of TEC-
NIMONT and SELI.

The client is represented by Metroselskabet I/S, which is
a firm that was specially founded for this purpose in 2007 and
of which Copenhagen's Urban Local Authority owns 50%, the
Danish State owns 41.7% and the Frederiksberg Local
Authority owns 8.3%.

Up to 240,000 people will use the new circular line daily
when it is completed in the summer of 2019, which will the-
refore noticeably improve the traffic situation in Copenhagen.

2 TAKING THE MONITORING MEASUREMENTS

21 Introduction of SMT Denmark ApS

SMT Denmark ApS has been commissioned by constructor
CMT for taking over all geodesic and geotechnical monito-
ring measurements and was specially founded for this project.
The Austrian GEODATA Ziviltechnikergesellschaft mbH and
the German ANGERMEIER INGENIEURE GmbH each own
50% of the company. The work was commenced in autumn of
2011 and it shall finish in the summer of 2017 after all of the
main structural work and the tunnels have been completed.
2.2 The Client requirements

The client represented by Metroselskabet I/S had already issu-
ed very detailed requirement regarding the monitoring measure-
ment in the tender documents, which mention the following
items among other things:

e precise levelling of buildings and surfaces;

e automatic 3D monitoring systems with highly accurate
measuring instruments for monitoring the building and
objects permanently;

e load cells for monitoring the retaining walls (bored-pile
walls or diaphragm walls);

e strain gauges mounted on beams for monitoring the reta-
ining walls (bored-pile walls or diaphragm walls);

e inclinometers, extensometers, piezometers and other instru-
ments placed in the ground for monitoring the subsoil.

Furthermore, it was demanded to transmit all of the relevant data

from the tunnel-boring machines, as well as the monitoring data,
to the central database and therefore to make it available online for
all of the project's participants. The client has issued very detailed
instructions about the project's database, for example:

e using a GIS database system that is based on a SQL ser-
ver with an interface to all companies, offices and exter-
nal consultants involved on the project;

e storing all of the automatic and manual measurements of
deformation in the database;

e installing an automatic warning and alarming system
whenever the various threshold values are exceeded;

e setting up a graphic interface with a filed map of the city
and a display of information that is relevant for the buil-
ding work (tunnel aligments, outlines of the stations, etc.);

e visualizing the progress of the construction on the station
buildings and tunnelling;

* issuing instructions about the measuring frequencies, the
exact position of the measuring points and sensors and

the measuring accuracy;




osy tunelovych tubust ve vystavbé
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Obr. 2 Situace automatického méreni deformaci v oblasti kostela Marmorkir-
ken a ulice Store Kongensgade z osmi totdlnich stanic

Fig. 2 Situation of the automatic measurement of deformations in the area of
Marmorkirken church and Store Kongensgade Street with the surveying sights
from 8 total stations

budov, rozmeéry, poCet podlazi atd.) a obecnd data, jako jsou
informace o vlastnicich, zptusobu vyuZiti apod.

Tunelovy informacni systém KRONOS byl schopen kom-
plexné plnit pozadavky objednatele. Tento databdzovy systém
byl vyvinut firmou Geodata Ziviltechnikergesellschaft mbH,
kterd ho také provozuje.

2.3 Automatické monitorovaci systémy deformaci ve 3D

Tyto systémy byly instalovdny a uvedeny do provozu v kazdé
ze 17 stanic a 3 Sachet, stejné jako na vjezdové rampé do CMC
jesté pred zahdjenim hlavnich stavebnich praci tam, kde muZe
dochézet k seddni. V&asnd instalace monitorovacich piistroju
umoznila komplexni podchyceni vSech deformacénich zmén
zpusobenych v dusledku jakychkoliv stavebnich praci.

Automatické 3D monitorovaci systémy byly vybaveny vyso-
ce presnymi totdlnimi stanicemi TM30 — 0.5 firmy Leica
Geosystems, potom byly pripojeny na pocita¢ pres automaticky
systém pro fizeni a prenos dat (LAN, WLAN nebo UMTS)
a nasledné byla data vloZena do databize KRONOS. Doposud
bylo soucasné nasazeno aZz sto kusu totdlnich stanic TM30.
Automatické 3D monitorovaci systémy byly provozoviny bud
jako jedind stanice (napf. na dvore za domem), nebo i jako
systémy slozené az z 8 pristroju (napt. na monitorovani kostela
Marmorkirken a prilehlych budov). VSechny totani stanice byly
fizeny aplika¢nim systémem ,,OBSERVER®, ktery byl vyvinut
a udrzovdn béhem celého projektu firmou ANGERMEIER
INGENIEURE GmbH. Kromé provadeéni vlastnich méfeni
systém Observer také umoznil prijimdni dalSich informaci
o stavu celého monitorovaciho systému, naptiklad:

* ndsledné doméfeni bodu, které nebylo moZzno méfit v rdmci

jednoho cyklu méfent;

e trvalé méfeni kompenzdtoru totdlni stanice béhem cyklu

méreni;

e preruseni komunikace s totalni stanicf;

* kontrola automatického vyrovnani dat s ohledem na pres-

nost jednotlivych parametra.

Na obr. 2 je letecky pohled na mérické primky z totdlnich sta-
nic v riznych mistech v blizkosti kostela Marmorkirchen.

Po prevzeti podkladi k monitoringu se zdkresem predpokld-
danych deformacnich z6n byla provedena predbéznd prohlidka
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e filing the information about those specific buildings
which are located directly next to the new structures of
the station pits, or under which the tunnelling machines
pass, including various technical data (like the fabric of
the buildings, dimensions, number of stories, etc.) and
general data like information about the owners, uses, etc.

The KRONOS tunnel-information system was able to com-
prehensively fulfil the client's requirements. The KRONOS
database system was developed by Geodata Ziviltechni-
kergesellschaft mbH, which also operates it.

2.3 Automatic 3D monitoring systems

These systems were installed and put into operation in each
of the 17 stations and 3 shafts, as well as on the ramped ent-
rance to the CMC for the tunnels, before the main constructi-
on works started, where settlements can occur. The monito-
ring instruments were commissioned on time, which enabled
all of deplacements that were caused by any construction
work to be detected comprehensively.

The automatic 3D monitoring systems have been equipped
with Leica Geosystems highly precision TM30 - 0.5 total sta-
tions and then were connected to a PC via an automatic sys-
tem for controlling and data transmission (LAN, WLAN or
UMTS) and subsequently upload the data into the project's
KRONOS database. Up to one hundred TM30s total stations
have been used simultaneously meanwhile. The automatic 3D
monitoring systems were operated as a single station (e.g. in
backyard) or even as networks with up to 8 devices (e.g. for
monitoring the Marmorkirken and the adjacent buildings).
The entire total stations were controlled by the “OBSERVER”
application system which was delevoped and maintained
during the whole project by ANGERMEIER INGENIEURE
GmbH. Besides performing the actual measuring routine the
Observer system also enabled additional information about
the entire system's conditions to be received, for example:

e subsequently measuring the points that could not be mea-

sured within one measuring cycle;

e permanently measuring the total station’s compensator
during the measuring cycle;

e breakdown of communication to a total station;

e monitoring the automatic adjustment regarding the accu-
racy of various parameters.

On Fig. 2 is an aerial view of the surveying sights from the
total stations at various locations in the vicinity of
Marmorkirken.

After hand over of the monitoring design with predicted
settlement curves a preliminary site inspection was made;
during which the best possible locations were investigated for
the total stations in order to be able to optimally monitor all
of the buildings which were situated within the zone of settle-
ment. A detailed plan for aproval by CMT monitoring depart-
ment and for validation through the client monitoring depart-
ment was handed over after finishing the site visit.

The CMT Communication Department made contacts in
parallel with the individual owners or adminstration compani-
es of the buildings in order to obtain the consents for setup
brackets on buildings' facades and for connecting the neces-
sary power-supply cables.
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Obr. 3 Totdlni stanice na fasadé budovy
Fig. 3 A total station with its bracket on the building's facade

staveniSte; v jejim prubéhu byla prozkoumdna nejlep$i mozna
mista pro umisténi totdlnich stanic, aby byly schopné optimélné
monitorovat vSechny budovy, které se v téchto zénach nachaze-
ji. Po navstévé stavenisté byl predan podrobny plan rozmistén{
prvku systému k odsouhlaseni oddélenim monitoringu zhotovi-
tele stavby CMT a ke schvéleni oddélenim monitoringu inves-
tora.

Odbor komunikace CMT soubézné kontaktoval jednotlivé
vlastniky budov nebo spole¢nosti zajistujici jejich spravu, aby
ziskal souhlasy pro osazeni konzol na fasdddch budov a pfipo-
jeni potiebnych napéjecich kabelu.

Souhlas k postaveni méfickych pilifi na verejnych plochdch
vné stavenist, jako jsou parkovaci plochy a chodniky, byly zis-
kdvény od piislusnych odbort kodaniskych a frederiksbergskych
mistnich dfada. Potom, co byly vSechny tyto souhlasy ziskdny
a konzoly instalovény, ndsledovala instalace odraznych hranolo-
vych ter¢a. Tento postup zajiStoval, Ze byl vZdy volny vyhled
mezi odraznym hranolem a totdlni stanici. Zvlastni péce byla
vénovana zajisténi dostate¢ného poctu referencnich bodu pro
kazdy monitorovaci systém vné ovlivnénych zén, tak aby byl
umoznén spolehlivy vypocet souradnic pfi vyrovnani méfeni za
ucelem vytvoreni stabilni sité. Kdekoliv to bylo zapotfebi, byly
automatické monitorovaci systémy doplnény dal$imi totdlnimi
stanicemi. Nakonec byla provedena pocdte¢ni méfeni vSech
odraznych hranolu a spolu s nastavenim automatického systému
monitoringu véetné matematického vyrovnani dat a automatic-
kym prenosem dat byla méfeni zavedena do databize KRONOS.

Idedln{ zplisob umistovéan{ totdlnich stanic byl bud instalov4-
ni konzoli na fasdddch budov nebo postaveni méfickych pilita
primo na povrsich zafizeni staveni$té nebo na verejnych plo-
chach (obr. 3, 4).

Pfi tak rozsahlém projektu s mnoha individudlnimi stavenis-
ti se ukdzalo, Ze rozhodnuti investovat do automobilové zdvi-
haci ploSiny bylo velmi praktické a nezbytné. S ohledem na
skuteCnost, Ze tato vysokozdvizna ploSina byla trvale k dispo-
zici, mohly byt provadény instalace, demontdZe a predevsim
tdrzba komponenta systému velmi rychle a s vysokou spoleh-
livosti. Na instalaci, ddrzbé a demontdzi automatickych 3D
monitorovacich systému trvale pracovaly tymy tfi aZ péti pra-
covniku. Vét§inu funk&nich poruch bylo mozné odstranit dél-
kové pres ovlddaci pocitace. Teprve poté, co vSechny pokusy
s ddlkovym ovladanim selhaly, byl vysldn na prislusné stave-
niste€ servisni tym.

V obdobi poslednich péti let bylo instalovdno a provozovano
pfes 250 totdlnich stanic a kolem 10 000 odraznych hranolu.

Obr. 4 Totdlni stanice na mérickém pilifi uvniti staveniste
Fig. 4 A total station on the measuring pillar inside a building site

Consents for erecting the monitoring pillars in public areas
outside the construction sites — such as parking spaces or
walkways — were obtained from the appropriate departments
of Copenhagen's and Frederiksberg's local authorities. All of
the consents were obtained and then the monitoring pillars
and brackets were installed, followed by the prisms. This
work sequence ensured that there was always a line of sight
between prism target and total station. Special care was taken
to ensure that there were always enough reference points for
every monitoring system outside the zones of influence to
enable a reliable coordinates calculation in the adjustment, in
order to create a robust network. The monitoring systems
were supplemented by additional total station locations whe-
never needed. Finally the initial measurement of all prism tar-
gets were taken and the setting up of the automatic 3D moni-
toring system with adjustment, automatic data-transmission
and filed in the KRONOS database.

The ideal way of locating 'total stations' was either to install
the brackets on the buildings' facades or to erect the monito-
ring pillars directly on the surface of the building sites or in
the public area (Fig. 3, 4).

Such a large project with many individual construction sites
confirmed that the decision to invest in a truck with a lifting
platform was very practical and necessary. The lifting plat-
form was permanently available, which speeded up the instal-
lations and decommissioning, as well as the maintenance of
the system's components in particular; it also ensured high
reliability while doing so.

Teams of between 3 and 5 persons were permanently wor-
king on the automatic 3D monitoring systems for installation,
maintenance and decommissioning. The majority of the
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Systémy byly provozovany mezi tfemi mésici na tunelovych malfunctions were able to be remedied by via remote access
dsecich a nékolika 1éty na staveniStich. Mnoho systému ale the controlling PCs. In the end, after all of the remote attemp-
bylo v nasazeni trvale po dobu péti let. Prace na jejich demon- ts had failed a service team was sent to the appropriate con-
tazi dosud probihaji a oCekdva se, Ze budou pokracovat do struction site.
poloviny roku 2017. Systémy se mohou vypinat a demontovat, Over 250 total stations and about 10.000 prisms were instal-
pouze pokud jiZ byly oba tunely v dané oblasti dokonceny led and operated during the period of the last five years. The
a nové stani¢ni budovy dospély do stanovené fdze vystavby, systems were in operation between three months along the
kdy se jiz neocekdvalo zZadné seddni. tunnel stretches and several years on construction sites while
Automaticky monitorovaci systém provadi méreni zpravidla doing so, although many systems have already been in per-
v jedno- a7 dvouhodinovych intervalech. Intervaly méfeni byly manent use for five years. The decommissioning work is still
v obzvlaste kritickych pripadech zkracovany az na 10 minut. ongoing and expected to continue until the middle of 2017.
Pfi prachodu dvou stroju TBM pod stdvajici stanici a pod tune- The systems can only be switched off and dismantled when
lovym dsekem s provozovanymi trasami M1 a M2 byl interval both tunnels have been completed in the specific area and the
mereni dokonce zkrdcen na méné nez 2 minuty, aby byly kon- new station buildings have reached a specific phase of con-
tinudlné ziskdvdny informace o moZnych posunech tunelt. struction, so that no settlements should be expected to take
Obr. 5 vyobrazuje graf seddni jednoho ze sledovanych bodu ve place any longer.
stdvajici stanici v okamZiku priichodu jednoho TBM. Zluté The automatic monitoring system takes measurements at
a Cervené linie zndzornuji stavy pohotovosti (alert) a poplachu intervals of one to two hours as a rule. The measuring inter-
(alarm). Zelena koleCka predstavuji jednotlivdi méfeni v dané vals were also reduced down to 10 minutes in particularly cri-
intenzité opakovani. Z grafu je zfejmy minimdlni rozptyl nameé- tical cases. The measuring interval was even reduced to less
fenych hodnot — méfeni v tunelech metra mohlo byt provadéno than 2 minutes while 2 TBM’s passing under existing Metro
s presnosti lepsi nez 0,2 mm ve vyskdch diky velmi dobrym station and tunnel section with operating M1 and M2 lines, in
podminkdm pro méfeni v podzemi, i pres velmi kratké pravi- order to permanently obtain information about possible dis-
delné intervaly prujezdu vlaka. Mohla tak byt zachycena placements of the tunnels. Fig. 5 presents a graph of settle-
vyslednd hodnota vertikdlni deformace o velikosti do 1 mm. ment of one of the monitored points in the station at the
V této oblasti automaticky monitorovaci systém ve 3D nahradil moment of the passage of one TBM. The yellow and red lines
puvodné navrzené méfeni metodou hydrostatické nivelace (viz represent the states of alert and alarm. The green circlets
dale). represent individual measurements in the particular repetition
Do konce monitorovaciho obdobi v roce 2017 bude provede- intensity. The minimum dispersion of the measured values is
no pres 100 miliont méfeni. obvious from the graph - the measurements could be taken
Na v8ech dulezitych budovéch, na kterych jsou umistény within an accuracy better than 0.2mm in height, on account of
odrazné hranoly, byly navic osazeny i nivelacni body za uce- the very good measuring conditions in the underground exis-
lem vytvoreni dopliujictho monitorovaciho systému. Toto ting Metro tunnels despite the very high regular intervals of
dodate¢né nezavislé méreni umoznuje, aby byly budovy nada- the trains. The measured vertical displacement could be regis-
le sledovany, kdykoliv je provoz automatického monitorovaciho tered within 1mm. In this area the automatic 3D monitoring

—&= MT1704-RP102

T T T T T T T

svislé posunuti vertical displacement [mm]
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Obr. 5 Seddni stdvajici stanice Metra a tunelu p¥i priichodu tunelovaciho stroje TBM pod nimi
Fig. 5 Settlement of an existing underground Metro station and tunnel while the TBM was passing underneath
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Obr. 6 Sanaéni prdce na kopuli kostela Marmorkirken pred zapocetim vystavby
Fig. 6 Rehabilitation work on the Marmorkirken church dome before the
project commencement

systému krdtce preruSen, a zdroven bylo schopno potvrdit
mnoho piipadi méfeného nestandardniho deformaéniho chova-
ni budov.

V kritiét€jsich pripadech byl v budovdch kromé automatic-
kych monitorovacich systému a niveladnich bodu také instalo-
van systém hydrostatické nivelace. Tento dal§i monitorovaci
systém umoznuje provadét vysoce presnd méreni uvniti budov
nebo v jejich citlivych ¢dstech, kde nebylo mozno mefit pomo-
ci automatického monitorovaciho systému ve 3D a nivelace,
nebo by toto méreni bylo prili§ ndkladné a neekonomické [2].
2.4 Velmi piesna nivelace

Jak jiz bylo uvedeno, mnoho méfreni monitoringu se také pro-
vadélo pomoci klasické manudlni velmi presné nivelace. Tato
metoda byla pouzita k ziskdni vychozich dat na terénu nebo
budovach pred zahdjenim jakychkoliv stavebnich praci.
Analyzou takovych méreni se v urCitych oblastech daji zjistit
a monitorovat sezonni pohyby nebo dlouhodobé sedani. Na dru-
hou stranu se technika velmi presné nivelace pouZivala nejen
jako zdlozni systém pro automatické monitorovaci systémy 3D,
ale i jako jediny systém meéreni v takovych mistech, jako jsou
napriklad uzavrené dvory a interiéry budov. Kromé toho byla
nivelaéni méfeni uZivdna pro doprovodny monitoring pri kom-
penzacnich injektdzich. Méreni se provadéla kontinudlné podle
presné stanovenych pravidel pro nivelaci. Kdykoliv byly prekro-
¢eny mezni hodnoty (napf. zdvihnut{ o 2 mm), byla kompenzac-
ni injektdZ okamzit€ prerusena, aby podloZzi mélo ¢as na konso-
lidaci a prace mohly pokracovat na jiném misté. V obdobi od
roku 2012 do roku 2015 pracovalo v celé méstské oblasti Kodané
a Frederiksbergu soucasné az sedm geodetickych skupin.

2.5 Hydrostaticka nivelace

Nejcitlivéjsi stavbou, kterd se musela monitorovat v prubéhu
celé doby vystavby, byl témér 250 let stary kostel Marmorkirken
(obr. 6). M4 mohutnou kupoli s primérem 45 m a celkovou
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system replaced the originally designed measurement using
the hydrostatic levelling method (see below).

Over 100 Mio measurements will be taken until the moni-
toring period ends in 2017.

Levelling bolts were also being installed additionally on all
of the relevant buildings where the prisms are located, in
order to create a redundant monitoring system. The additional,
independent measurement enables the buildings to continue
being further observed whenever the automatic 3D monito-
ring system is briefly interrupted and even a lot of non-stan-
dard deformational behaviour of the buildings can be confir-
med in this way.

A liquid levelling system was also installed within the buil-
dings in quite critical cases, besides the automatic 3D moni-
toring systems and levelling bolts. This additional monitoring
system allows highly accurate measurements to be taken insi-
de a building or in sensitive parts of them, which were unme-
asurable by the automatic 3D monitoring system and level-
ling, or far too costly to be measured economically [2].

2.4 High precision levelling

Many monitoring measurements were also taken with the
classic, manual, high precision-levelling technique, as has
been mentioned already. This method was used to obtain base-
line data about surfaces or buildings on one hand, before any
construction works starts. Seasonable movements or long-
term settlements, can be detected and monitored in certain
areas by analysing such levelling measurements. On the other
hand, the high precision-levelling technique was utilized not
only as a redundant system for the automatic 3D monitoring
systems but also as the only measuring system in areas like
confined backyards and interiors of buildings for example.
Apart from that, the levelling measurements have been used
for supporting monitoring during the jet-grouting activities.
Measurements were permanently taken according to specific
levelling rulers and the jet-grouting was stopped immediately
whenever the specified threshold values (e.g. 2mm uplift) was
exceeded, so the subsoil has time for consolidation and to ena-
ble the work to be continued in another place. Up to 7 surve-
ying crew were working simultaneously within the entire
urban areas of Copenhagen and Frederiksberg during the main
construction phase between 2012 and 2015.

2.5 Liquid level systems (hydrostatic levelling)

The most sensitive structure that had to be monitored during
the complete construction period was the Marmorkirken that
is almost 250 years old (see Fig. 6). It has a monumental dome
of 45m in diameter and a total height of over 80m. The
church, which was built in the vicinity of the Royal
Amalienborg Castle, characterizes the city's skyline like no
other structure and it lies directly next to the new under con-
struction Metro station “Marmorkirken”. This building was
monitored by taking measurements inside it with liquid level
systems, besides the usual monitoring measurements like high
precision levelling and automatic 3D system. Before the start
of the construction activities at the station in 2012, a total of
4 measuring circuits with a total of 28 individual sensors were
installed in the basement and in old heating ducts located cir-
cularly under the church’s area (see Fig. 7).

Data has been recorded at intervals of two hours since April
2012 and the system provided information continuously via
700.000 measurements and documented the church's behavi-
our throughout the entire progress of the construction work.

Everything proceeded without problems during the whole
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vyskou pres 80 m. Kostel, ktery
byl postaven v blizkosti Royal
Amalienborg Castle (kralovsky
paldc Amalienborg), charakteri-
zuje panorama meésta jako zadna
jind stavba. LeZ{ pfimo vedle
nové budované stavby stanice
metra Marmorkirken. Tento
objekt byl v interiéru monitoro-
van méfenim hydrostatické nive-
lace soubézné s dal$imi monito-
rovacimi méfenimi, jako je velmi
presnd nivelace a automaticky
3D systém. Jeste€ pred zahdjenim
stavebnich praci na stanici v roce
2012 byly v suterénu a ve starych
topnych kandlech umisténych
v kruhovém usporadani pod kos-
telem instalovany celkem 4 méfi-
ci okruhy s 28 cidly (obr. 7).
Udaje se ve dvouhodinovych
intervalech zaznamendvaji od
dubna 2012; systém prubézné
poskytoval informace ve formé
700 000 mereni a dokumentoval
chovani kostela po celou dobu
vystavby.

Béhem celé doby vystavby

kabelovy pfenos dat
data transfer ;

monitorovaci stanice
monitoring station
referenéni stanice
@ refernce station
. trubka / kabel
tube/cable

zépadni okruh
west circle

vnitfni okruh
inner circle

| Aeturenns

vnéjsi okruh sever ég:’
outer circle north f 7

probihalo vSe bez problému
a vSechny druhy monitorovacich
systému, jako je nivelace, auto-
matickd 3D méfeni nebo hydro-
statickd nivelace, ukazovaly stejné chovani objektu. Vsechny
systémy se vzajemné kontrolovaly a byly pouzivany jako redun-
dantni monitorovaci systém.

3 ZAVER

Mamuti projekt monitoringu, jako je tento, muze byt realizo-
véan ke spokojenosti vech dcastniki vystavby pomoci dobie
organizovaného, motivovaného a zkuseného tymu, ktery doka-
7e instalovat a udrzovat systémy za podpory presnych kvalita-
tivnich a procesnich pokynu a provddét kazdodenni méfeni
s pozadovanou presnosti. Podporu, ktera byla poskytovdna az
jednomu stu 3D monitorovacich systému, bylo nakonec moZno
realizovat ekonomicky a efektivné také diky prubéZnému zlep-
Sovani programu OBSERVER vyvojovym oddélenim spolec-
nosti ANGERMEIER INGENIEURE GmbH a pouzivanim lep-
Sich a u¢innéjSich komponenta hardware v modulech rozhran{
a v ovlddacich pocitacich.

Dipl.-Ing. DIETER HEINZ,
dieter.heinz@smt-geomonitoring.dk, SMT Denmark ApS

Recenzovali Reviewed: Ing. Jaroslav Zlamal,
Ing. Tomds Zitko
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Obr. 7 Umisteni idel uvnitr kostela Marmorkirken
Fig. 7 Positions of the sensors inside the Marmorkirken

construction phases and all types of monitoring systems like
levelling, automatic 3D measurements or the liquid level sys-
tem shown the same behavior. So all systems control each
other and were used as a redundant monitoring system.

3 CONCLUSION

A mammoth monitoring project like this one can be imple-
mented to satisfy all of the project participants with a well-
organized, motivated and experienced team that can install
and maintain the systems with the support of strict quality and
process management instructions and by taking the daily mea-
surements with the required precision. However, the support
service that was provided for up to 100 of the 3D monitoring
systems could finally be maintained economically and effici-
ently too, thanks to the continuous improvement of the
OBSERVER software by the ANGERMEIER INGENIEURE
GmbH development department and also through utilizing
better and more efficient hardware components in the interfa-
ce modules and in the controlling PCs.

Dipl.-Ing. DIETER HEINZ,
dieter.heinz@smt-geomonitoring.dk, SMT Denmark ApS
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GEODETICKA ODCHYLKA NA PRORAZCE PODZEMNICH LINIOVYCH DEL

SURVEY DEVIATION AFTER BREAKTHROUGH OF UNDERGROUND
LINEAR WORKINGS

PETR HLAVACEK

ABSTRAKT

Geodetické prdce jsou nezbytnou soucdsti vystavby podzemnich liniovych dél a jejich vikolem je mimo jiné, aby se podzemni dilo
nachdzelo na spravném misté a melo sprdvny tvar. Pro zajisténi sprdvného umisténi stavby a vedeni razeb sprdvnym smérem
v souladu s projektovou dokumentaci za uicelem dosaZeni nejmensi mozné prordzkové odchylky je treba vytvorit a udrZovat zdklad-
ni vytycovact sit bodii na portdlech a provddeét usmérnovaci mérent, pri kterych jsou uréovdny souradnice bodu pomocné vytyco-
vaci site v podzemi. Tato ¢innost, kterd patii mezi nejndrocnéjsi geodetické prdce provddeéné s velmi vysokou presnosti, je zatize-
na objektivnimi negativnimi vlivy z nepresnosti mérického vybaveni a z méreni provddeného ve fyzikdlne nehomogennim prostre-
di. Cldnek tyto vlivy popisuje a pFedstavuje matematicky ndstroj, kterym je mozné predpovédét velikost prordzkové odchylky jiz
v pocdtecnich fdzich vystavby.

ABSTRACT

Surveying is a necessary part of the construction of underground linear workings. Its task is, among other things, to ensure that
the underground working is built in a correct place and has a correct geometry. It is necessary for the purpose of ensuring the
correct position and correct direction of the tunnel excavation in compliance with design documents so that as small as possible
breakthrough deviation is achieved to create and maintain the basic setting out network of points at portals and conduct orienta-
tion (guidance) measurements during which coordinates of the points of the auxiliary setting out network in the underground are
determined. This activity, which belongs among the most complex survey operations carried out with very high precision, is affec-
ted by objective negative effects associated with the precision of measurement equipment and measurement carried out in physi-
cally inhomogeneous environment. The paper describes those effects and introduces a mathematical tool, the use of which allows

for predicting the breakthrough deviation as early as the initial phases of construction.

1 NEJISTOTY INZENYRSKE GEODEZIE

Zemémeérické Cinnosti, které doprovdzeji inZenyrskou
vystavbu a vystavbu obecné, spadaji do oboru geodézie, ktery
se nazyva inzenyrskd geodézie. Jednim z nékolika zdkladnich
postupu pouZzivanych v inZenyrské geodézii je prace s uhly,
resp. sméry a délkami, které jsou ddle matematicky zpracova-
vané v euklidovském metrickém dvourozmérném prostoru
(klasicky pravothly souradnicovy systém). Vysledkem potom
miuZe byt bud jejich zpracovani do soufadnic a porovnani se
skutenosti — kontrolni méreni skuteCnosti, nebo naopak
vypocet téchto hodnot ze soufadnic a vytyeni onéch sourad-
nic pomoc{ sméra a délek v terénu. V dne$ni dobé je ,,mate-
maticka™ ¢ast zajisténa vypocletnimi programy, které se rozvi-
jeji jiz nékolik desetileti, a za posledni dvé dekady neustélé
akcelerace elektronizace a vyvoje vypocetnich komponenta,
ze kterych jsou dnes totdlni stanice vyrdbény, se staly béZnou
soucdsti kazdé kvalitni totdln{ stanice.

Vyse popsané postupy se jevi v teoretické roviné jako relativ-
né jednoduché, onu jednoduchost v§ak vyznamne naruSuji svym
vlivem minimdln¢ dvé skute¢nosti: nepresnosti (nejistoty, chyby)
dat a vé¢nd snaha o zmirnéni jejich vlivu na vysledky naSich &in-
nosti. Nejistoty, se kterymi se geodeti potkdvaji a jejichZ vznik se
pfipisuje ndhodnym jeviim, jsou statisticky popsdny Gaussovym
normdlnim rozdélenim pravdépodobnosti se svymi charakteristi-
kami: jednd se predev§im o stfedni hodnotu a smérodatnou
odchylku, ktera definuje jeji interval spolehlivosti [1].

1.1 Nejistota podkladu pro méreni
V soucasnosti je geodet bez referenéniho bodového pole

T3

naprosto ,,slepy“. Proto md kazda stavba k dispozici body

1 UNCERTAINTIES OF ENGINEERING SURVEYING

Land surveying activities attending the civil engineering
development and building in general come under the survey-
ing branch called the engineering surveying. One of several
basic procedures used in engineering surveying is the work
with angles or directions and distances, which are further pro-
cessed mathematically in the Euclidean metric two-dimensio-
nal space (the classical rectangular coordinate system). The
result can be either their processing into coordinates and the
comparison with the reality — check measurements of reality,
or vice versa, the calculation of those values from the coordi-
nates and setting out those coordinates by directions and
distances in the field. At present, the “mathematical” part is
ensured by mathematical programs, which have been develo-
ping already several decades. During the past two decades of
continual acceleration of computerisation and development of
calculation components from which the total stations are cur-
rently manufactured they have become parts of each good-
quality total station.

The above described procedures appear, at a theoretical
level, to be relatively simple, but the simplicity is significant-
ly disturbed by the influence of minimally two facts: inaccura-
cies (uncertainties, errors) of data and the eternal effort to
mediate their influence on the results of our activities. The
uncertainties surveyors encounter and the origination of which
is attributed to random events are statistically described by the
Gaussian normal probability distribution with its characteris-
tics, namely, in the first place, the mean value and the standard
deviation defining its confidence interval [1].




zdkladni vytyCovaci sité¢ (ddle ZVS) s jejich soufadnicemi.
Tyto souradnice, které jsou pro kazdou geodetickou ¢innost
zdsadnim podkladem pro prdci, jsou vidy zatiZené
uréitou nejistotou (presnosti) z jejich uréeni, charakterizova-
nou jejich smérodatnou polohovou odchylkou. Zde zalind
nejistota kazdého geodeta.

Pokud jsou k dispozici souradnice ,,pevného* bodu se smé-
rodatnou polohovou odchylkou (presnosti) o velikosti 5 mm,
znamena to, Ze kdyZ kolem pozice tohoto bodu vytvorime
kruznici o poloméru 5 mm (pramér 10 mm), tak tato kruZnice
definuje plochu, ve které se ten, venku se nachdzejici, redlny
bod miZe muZe ve skute¢nosti teoreticky v souradnicové sou-
stavé na hladin¢ pravdépodobnosti 68 % nachdzet. Jinymi
slovy to znamend, Ze jakékoli souradnice z této kruznice maji
na dané hladiné pravdépodobnosti pro tento bod stejnou plat-
nost. Pokud chceme zvysit hladinu pravdépodobnosti na 99,7
%, musime hodnotu smérodatné polohové odchylky (5 mm)
vyndsobit koeficientem 3 a ziskdvdame kruznici o poloméru
15 mm a praméru 30 mm.

Hodnotu 5 mm uvadime jako referencni, protoZe je mozno
dosdhnout ji i se stfedné kvalitnim merickym vybavenim
a spravnymi postupy. Pro tunelové stavby je vhodnéjsi hod-
nota relativni smérodatné polohové odchylky soufadnic boda
ZVS do 3 mm. Tento nepatrny rozdil 2 mm znamend ve sku-
te¢nosti vyznamny nérast poZadavka na vybaveni a peclivost
provddénych geodetickych praci.

1.2 Nejistota v mérickém vybaveni

Vsechny méfické pristroje bez ohledu na obor méri
s ur¢itou chybou (presnosti, nejistotou) a je tomu tak samo-
zfejme i u geodetického meérického vybaveni. I pres velky
rozvoj technologii, vyuZivajicich laserové skenovdni nebo
prijem satelitniho signdlu, je dosud nejcastéji pouZivanym
geodetickym méfickym vybavenim tzv. totdlni stanice,
velmi sofistikované elektrooptické zafizeni na méreni vzda-
lenosti a vodorovnych a vySkovych sméru, ze kterych je
moZno dopodcitat dhly. Pfesnost u totdlni stanice (obr. 1) je
uddvéna predevsim presnosti thlového méreni daného smé-
rodatnou odchylkou méreného sméru a presnosti méreni
délek, definovaného smérodatnou odchylkou rozdélenou na
dvé slozky a uddvanou tvarem napr. 2+1ppm, coZ znamen4,
ze kazdou zmeérfenou vzdalenost je treba zohlednit sloZkou
chyby az do vySe 2 mm bez ohledu na jeji délku a sloZkou
chyby, kterd je zdvisld na délce zmérené vzddlenosti, zde
1 mm na zméfenou délku 1 km. Tyto vyrobcem deklarované
hodnoty vsak plati pouze za ur¢itych podminek, predev§im

Obr. 1 Totdlni stanice
Fig. 1 Total station
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1.1 Uncertainty of the measurement basis data

A surveyor without reference geodetic control is currently
totally “blind”. For that reason each construction project has
the basic setting-out net (BSN) with the coordinates of points
available. These coordinates, which are the basic basis data
for the work for any surveying activity, are always affected by
certain uncertainty (inaccuracy) following from their determi-
nation, which is characterised by their standard positional
deviation. This is where the uncertainty of any surveyor
begins.

If the standard positional deviation of coordinates of
a “fixed” point available is equal to 5Smm, it means that if we
create a Smm radius (10mm diameter) circle around the point
in situ, this circle defines the area within which this point may
in reality theoretically lie at the probability level of 68%. In
other words, it means that the applicability of any coordinate
within this circle on the probability level determined for this
point is the same. If we want to increase the probability level
to 99.7%, we have to multiply the standard positional deviati-
on value (5mm) by the coefficient 3 and we will obtain
a 15mm radius (30mm-diameter) circle. We present the Smm
value as a reference value because it can be achieved even
using medium quality measurement equipment and correct
procedures.

For tunnel structures more suitable is the relative standard
positional deviation of coordinates of BSN points up to 3mm.
This slight 2mm difference means in reality a really significant
increase in requirements for the equipment and carefulness of
carrying out survey operations.

1.2 Uncertainty in surveying equipment

All measuring apparatuses, irrespective of the measure-
ment branch, measure with a certain error (accuracy, uncer-
tainty) and this fact certainly applies even to survey measu-
rement equipment. Even despite the major development of
technologies using laser scanning or satellite signal recep-
tion, the so far most frequently used survey measurement
equipment is the so-called total station, which is very sop-
histicated electro-optical equipment for measuring distan-
ces and horizontal and vertical directions, from which it is
possible to finish the calculation of angles. The accuracy in
the case of a total station (see Fig. 1) is determined first of
all by the accuracy of measuring of angles defined by the
standard deviation of the direction being measured and the
accuracy of the measurement of lengths, which is given by
the standard deviation divided into two components and
presented in the form of, for example, 2+1ppm, which
means that an error of up to 2mm has to be taken into
account for each of the measured distances, irrespective of
its length, as well as the error component depending on the
length of the measured distance, here 1mm per the measu-
red length of 1km. However, these values declared by the
manufacturer are applicable only under certain conditions,
first of all in a homogeneous laboratory optical environ-
ment (see below).

The measurement equipment can be purchased at various
levels of the accuracy of measured quantities which is guaran-
teed by the manufacturer. A correlation applies that the more
accurate equipment the higher the purchase price. Despite this
fact, even with the most accurate equipment, the surveyor has
to begin from the theory that no measured value agrees with
reality and, as mentioned below, increasing the quantity of
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http://fyzikajreichl in.articlelview/1620. icka-refrak
Obr. 2 Princip astronomické refrakce: P — pozorovatel, H — skutecnd pozice
Slunce, H' - zddnlivd pozice Slunce, éerné Sipky — lom svetelného paprsku
Fig. 2 Astronomic refraction principle: P — observer, H — actual position of
the Sun, H' — apparent position of the Sun, black arrows — light beam ref-
raction

pak v homogennim laboratornim optickém prostredi (viz
dale).

Meérické vybaveni je moZné poridit v ruznych tdrovnich
presnosti méfenych velicin, garantovanych vyrobcem a plati
uméra, Ze ¢im presnéjsi vybaveni je, tim je vyS$$i porizovaci
cena. Presto i s nejpresnéjSim vybavenim geodet musi vycha-
zet z teorie, Ze Zadnd zméfend hodnota neodpovidd skutec-
nosti a jak bude dédle zminéno, prichdzi na radu navySovani
opakovdani stejnych méfeni, jehoZ tcelem je hleddni co nej-
lep$i aproximace skute¢nosti s co nejmensi nejistotou (tedy
s co nejvysSi presnosti).

1.3 Nejistota z méieni ve fyzikalnim prostiedi

Geodézie vyuzivd pro své ucely predevs§im zdkony optiky.
V pripadé méfeni Ghla, resp. sméru, je pfijimén v totdlni sta-
nici svételny paprsek (elektromagnetické vinéni vnimatelné
lidskym okem) vyzarovany cilem. V pripadé mérfeni vzdéle-
nosti je méficim zarizenim elektromagnetické vinéni vyslané
k cili, tam se odrazi a je zpétné prijimdno a vyhodnoceno.

V obou piipadech se elektromagnetické vInéni pohybuje
v optickém prostredi. V ném obecné plati zdsada, Ze se optic-
ky paprsek $ifi z bodu A do bodu B tou nejrychlejsi cestou,
ktera ovSem nemusi byt totoZnd s tou geometricky nejkratsi —
primkou. Na trasu nejrychlejsi cesty optického paprsku maji
vyznamny vliv vlastnosti okolniho fyzikdlniho prostredi —
predevsim pak teplota vzduchu a atmosféricky tlak.

Pfi méfen{ Ghlu, resp. sméra, se tento vliv projevuje ohnutim
svételného paprsku, a tim i ur¢itym ,,znehodnocenim* mére-
nych hodnot a nazyva se refrakce. Zjednodusené je mozno jej
popsat situaci, kdy Slunce pfi jeho vychodu a zdpadu diky pru-
chodu svételnych paprsku nékolika vrstvami atmosféry o riz-
nych fyzikdlné-optickych vlastnostech na jejich cesté smérem
od Slunce k Zemi vnimame na jiné ,,vysce” nad horizontem,
neZ na jaké se ve skuteCnosti nachdzi (coz je obvykle nize).

TuofHel

repeated identical measurements comes into consideration. Its
purpose is to find the best approximation of the reality, with
the smallest uncertainty possible (i.e. with the highest accu-
racy).
1.3 Uncertainty from measuring

in a physical environment

Surveying uses primarily the optical laws for its purposes. In
the case of measuring angles respectively directions, a light
beam is received in the total station (electromagnetic waves
perceivable by a human eye) emitted from the target. In the
case of measuring distances, the measurement apparatus sends
electromagnetic waves toward the target, where it is reflected.
It is received back and assessed.

In both cases the electromagnetic waves move through an
optical environment. A principle generally applies in this envi-
ronment that an optical beam propagates itself from point A to
point B along the fastest route, which however does not have
to be identical with the geometrically shortest route — a stra-
ight line. The fastest route of the optical beam is significantly
affected by the properties of the surrounding physical environ-
ment — first of all air temperature and atmospheric pressure.

When angles or directions are being measured, this effect
manifests itself by bending the light beam, thus even by cer-
tain “devaluation” of the measured values. It is called the
refraction. In a simplified way it is possible to describe it as
a situation where we perceive the Sun during its rising and
setting at another “height” above the horizon than at which
it is in reality found, usually lower. It is so due to the passa-
ge of light beams through several layers of the atmosphere
featuring variable physical-optical properties on their way
from the Sun to the Earth. If we wanted to determine this
“height” from observer’s location, the determination would
be “devaluated” by refraction, which is in the case of objects
observed outside the atmosphere called atmospheric refrac-
tion (see Fig. 2).

Surveyors encounter the common terrestrial refraction,
which has one of the greatest negative effects on measure-
ments permanently during the surveys. It is true that its effects
can be in certain cases predicted or neglected, but unfortuna-
tely, just in the field of engineering surveying used in the con-
struction of tunnels, the refraction is one of the most malicious
parameters significantly affecting the uncertainty of results
(the magnitude and direction of its influence is nearly impos-
sible to reveal). Yet it is just during the construction of tunne-
Is where we can encounter it more frequently than anywhere
else, first of all in winter seasons, when its negative influence
is greatest:

* in the areas of tunnel portals when the surveying orienta-
tion measurements begin outside, in freezing conditions
with the temperature below the freezing point, and end at
the excavation face, where the temperature can be even
30°C; the shorter the distance of the face the greater influ-
ence of refraction threatens;

* in the areas of cross passages, where various temperature
air streams are mixed;

* in the surroundings of any construction equipment emit-
ting heat to its surroundings during the work;

e even in the areas where different temperature air, for
example from a damaged ventilation duct, freshly applied
shotcrete or newly opened massif (unsupported excavati-
on) is mixed with the warm air stabilised inside the tunnel.




Pokud bychom chtéli tuto ,,vy$ku* ur¢it z mista pozorovatele,
doslo by pri jejim urCeni k ,,znehodnoceni* refrakci, kterd se
v pripad€ objekti pozorovanych vné atmosféry nazyvd atmo-
sférickou (obr. 2).

S bézZnou terestrickou refrakci, kterd mé jeden z nejvét-
Sich negativnich vlivi na méfeni, se geodeti pfi svych
méfenich setkdvaji neustdle. Jeji ucinky je sice moZno
v urCitych pfipadech predvidat nebo zanedbat, ale bohuzel
prdvé v oblasti inZenyrské geodézie provozované pri
vystavbé tuneld je refrakce jednim z nejzékeinéjsich para-
metru vyznamné ovliviiujicich nejistotu vysledku (velikost
i smér jejiho vlivu je témér nemozné odhalit). A pritom
praveé pri vystavbé tunelu se s ni muZeme setkat Castéji, neZ
kdekoli jinde, predevs§im v zimnim obdobi, kdy je jeji nega-
tivni vliv nejvetsi:

e v oblasti tunelovych portdld, kdy geodetické usmértiova-
ci méreni za¢ind venku v mrazivych podminkéch s teplo-
tou pod bodem mrazu a konéf na &elbé, kde muze byt tep-
lota i pres 30 °C, ¢im kratsi vzddlenost k Celbé, tim veétsi
vliv refrakce hrozi;

e v oblasti propojek, kde se misi vzdusné proudy riznych
teplot;

e v okoli kazdé stavebni techniky, kterd pracuje a pritom
vyzaruje do svého okoli teplo;

e i v oblasti, kde se do teplého vzduchu, ktery je stabilizo-
vany uvnitf tunelu, misi vzduch jiné teploty napriklad
z poSkozené lutny, Cerstvé nastiikaného betonu nebo Cer-
stve otevieného masivu (nezajisténého vyrubu).

Pii prichodu optického paprsku popsanymi nahlymi tepel-
nymi zménami vzdusnych vrstev dochdzi k jeho nekontrolo-
vatelnému a pripadné i nékolikandsobnému ohnuti. Pro sniZe-
ni vlivu refrakce je moZné pouzit ur¢ité mérické postupy,
ovSem velky vyznam md predev§im zkuSenost mérice. Pri ¢in-
nostech provadénych nasi spolecnosti jsme se setkali i s ohnu-
tim paprsku o priblizné 8 cm na vzddlenosti cca 100 m.

Pro méfeni vzdalenosti je zase vyuZivdn princip méfeni ¢asu
mezi vysldnim a prijmem zpé€t odrazeného elektromagnetické-
ho vInéni, jehoZ rychlost je ovliviiovdna prdavé optickymi
vlastnostmi prostfedi, ve kterém méreni probiha. Plati, Ze ¢im
hustéjsi prostredi, tim pomalejsi je paprsek. O hodnotu vznik-
lou timto vlivem je tfeba naméfené vzddlenosti korigovat.

ProtoZe pri geodetickém méfeni na misté vystavby neni
nikdy k dispozici idedlni homogenni optické prostredi, ve kte-
rém by nedochdzelo k popsanym jevim, vysledkem téchto
méfeni potom bohuZel nejsou idedlni hodnoty twhlu, resp.
sméru a vzdélenosti, které jsou potfeba pro dal§i matematickd
zpracovani.

1.4 Celkova nejistota inzenyrské geodézie pfi vystavbé
podzemnich liniovych dél

Z uvedeného vyplyvd, Ze vysledek prace geodeta pri
vystavbé je zatizen nepresnosti souradnic bodi ZVS, nepres-
nosti méfického vybaveni deklarovanou vyrobcem a je$té
k tomu je ovlivnén vlastnostmi okolniho fyzikédlniho prostre-
di pfi méfeni. Vzhledem k témto negativnim vliviim na vysle-
dek méfickych praci, se z geodetu stdvaji predevsim statistici.
Proto jsou nutnou soucdsti inZenyrské geodézie znalosti
z oblasti, kterd se zabyva:

e zpracovanim dat opakovanych méfeni stejnych, prede-

v§im geometrickych prvki;

During the optical beam passage through the above-mentio-
ned abrupt changes in temperature of air layers, uncontrollable
or even multiple bending of the optical beam is encountered. It
is possible to use certain surveying procedures for reducing the
influence of refraction, but first of all the experience of the sur-
veyor is important. During the activities conducted by our com-
pany we have encountered the bending of the light beam even
by approximately 8cm over the distance of ca 100m.

Distances are measured using the principle of measuring the
time between sending of the electromagnetic waves and recei-
ving the rebound waves back. Their velocity is affected right
by the optical properties of the environment in which the mea-
surements are conducted. It is true that the denser environment
the slower the light beam. The measured distances have to be
corrected by the value originating in this way.

Because of the fact that an ideal homogeneous environment
where the above-mentioned phenomena do not exist is never
available on construction site during the in-situ surveying
measurements, those measurements unfortunately result into
non-ideal values of angles and distances required for subsequ-
ent mathematical processing.

1.4 Overall uncertainty of engineering survey during
the implementation of underground linear workings

It follows from the above-mentioned facts that the result of
surveyor’s work during the process of construction is loaded
by the inaccuracy of coordinates of the BSN points and by the
declared inaccuracy of the surveying equipment. In addition,
the result is affected by the properties of the surrounding phy-
sical environment during the survey. With respect to those
negative effects on the measurement results, surveyors become
first of all statisticians. For that reason the knowledge from the
fields dealing with the following activities is a necessary part
of engineering surveying:

e processing the data obtained by repeated measurements of

identical elements, mainly of geometrical ones;

e processing the data obtained by various measurement pro-
cedures leading to the same result — for example the deter-
mination of coordinates of one point using several diffe-
rent procedures, which are in addition based on different
basis data;

e combining the two above-mentioned procedures.

All of that is used for the minimisation of the negative
effects on the result and leads to obtaining a result with the
best approximation to the reality and with the lowest possible
uncertainty.

Compared to surveyors working on building sites, surveyors
participating on an underground working have another great
disadvantage: they have no certainty where the excavation is
really located until the breakthrough. The only thing they can
do until that time is to carry out guidance measurements with
the care which will allow them to be sufficiently convinced
within the framework of their experience and possibilities that
the coordinates of their points of geodetic point field in the
underground, thus also the real location of the mined working,
are determined with the highest possible probability and the
lowest possible uncertainty, in compliance with design docu-
mentation.

Taking into consideration the fact surveyors start the measu-
rements from one “fixed” place with some uncertainty (typi-
cally for portal BSN) and carry out measurements in the tun-
nel the results of which are not unambiguously verifiable at the
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e zpracovdnim dat ruznych postupu méfeni, vedoucich ke
stejnému vysledku — napriklad uréeni souradnic jednoho
bodu nékolika riznymi postupy, navic i vychézejicimi
z raznych podkladu;

* a kombinaci obou vySe uvedenych postupu.

To vSe pak slouzi k minimalizovdni negativnich vlivi na
vysledek a vede k ziskani vysledku s tou nejlepsi aproximaci
ke skute¢nosti s co nejmensi nejistotou.

Oproti geodetim pracujicim na pozemnich stavbiach ma
geodet tcastnici se vystavby podzemniho dila jesté jednu vel-
kou nevyhodu: az do okamZiku prorazky nema jistotu, kde se
vlastné razba ve skuteCnosti nachdzi. Jediné, co do té doby
muZe délat, je provadét jeji usmérniovéni s takovou peclivos-
ti, aby mohl v ramci svych zkuSenosti a moznosti byt dosta-
te¢né presvédceny o tom, Ze souradnice jeho bodového pole
v podzemi, a tim i skute¢nd poloha razeného dila jsou urceny
s tou nejvetsi moznou pravdépodobnosti a s nejmensi moznou
nejistotou v souladu s projektovou dokumentaci.

Vzhledem k tomu, Ze se svym mérenim vychazi z jednoho
,»pevného* mista s jistou nepresnosti (typicky portdlové ZVS)
a provadi méfeni do tunelu, jejichZ vysledky nejsou na dru-
hém konci az do prordazky jednoznacné ovéfitelné, je mozno
tuto situaci prirovnat k mirné elastické pdce (analogie
k usmérnovacimu meéfeni od portdlu aZz na ¢elbu) pripevnéné
elasticky na jednom konci (analogicky body ZVS), pricemz
jeji druhy konec visi volné ve vzduchu. Podle toho, kterym
smérem na tuto paku pusobi néjakd sila, tam se vychyli.
Navic, ¢im je pdka delsi, tim vice ,,bo¢nich sil“ (zde z nepres-
nosti méfenf) na ni maZe pusobit.

Vysledny tlak, dohromady se zminénymi elasticitami, od-
povidd postupnému hromadéni se nepresnosti z podkladu
a méfeni. Timto jevem se zabyva zdkon hromadéni smérodat-
nych odchylek, viz kapitola 2.

Jednou z moznosti, jak sniZovat celkovou nejistotu vysled-
ku, bez kterych se geodeti neobejdou, je provadeéni vySe zmi-
nénych opatfeni: opakovédni méfeni stejnych prvku, pouZivani
riznych postupt k ziskdni jednoho vysledku a kombinace
obojiho. Toto vede k redundanci, neboli k nadbytecnosti dat,
kterd vznika v okamZiku, kdy je k dispozici vice dat, nez kolik
jich je k danému tucelu potreba. Pro jednoduchost je mozno
pouzit pro vysvétleni v dal§im textu primku, v praxi se vSak
tento konkrétni priklad v podstaté nevyskytuje — pro matema-
tickou definici pfimky jsou nutné souradnice dvou bodu,
kazdy dal$i bod, ktery leZi na dané pfimce, je pro jeji definici
nadbytecny.

Avsak, jak jiz bylo zmin€no, v geodézii jsou souradnice
defini¢nich bodu primky ziskdvdny redlnym méfenim, které
je vzdy zatiZzeno urCitou nejistotou, kterd se prenasi na
vysledné souradnice, a tim vznikd nepresnost vysledku.
Pokud je nutné definovat z takto zamérenych bodu pfimku, je
naopak vhodné k jeji co nejpresnéjsi definici zaméfrit vice
takovych bodu, které jsou jeji souldsti. S ohledem na nepfes-
nost vysledku jejich souradnic tyto body nelezi exaktné na
dané pfimce a je potfeba nalézt pro ni jeji nejlepsi aproxima-
ci. Cim vice nadbyte¢nych bodi je k dispozici, tim vyS§i j
redundance systému, coZ vede k lep$i aproximaci skute¢nos-
ti (pro definici zddané pfimky). Pravé proto v geodézii
a v inzenyrské geodézii obzvlasté plati vice nez jinde tslovi
»dvakrdat mér a jednou rez*.

Dile plati, Ze ¢im presnéjsi md byt vysledek, tim vySsi
finan¢ni ndklady je potfeba na méfeni vynaloZit. Prestoze
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other end until the breakthrough, it is possible to compare this
situation to a moderately elastic lever (analogy to orientation
measurements from the portal up to the excavation face) elas-
tically fixed on one end (the BSN points analogically), while
the other end hangs freely in the air. The lever deflects in the
direction in which some force acts on it. In addition, the lon-
ger lever the higher “lateral forces” (here due to the inaccura-
cy of measurements) can act on it.

The resultant pressure, together with the above-mentioned
elasticity cases, corresponds to gradual propagation of inaccu-
racies from the basis data and measurements. This phenome-
non is dealt with by the Law of Propagation of Standard
Deviations, see the next chapter 2.

One of the possibilities how to reduce the overall uncertain-
ty of the result without which surveyors cannot cope is the
implementation of the above-mentioned measures: repeating
measurements of identical elements, applying different proce-
dures to obtaining one result and combining both options. This
system leads to redundancy of data, which originates at the
moment when more data than necessary for the particular pur-
pose is available. For simplicity it is possible to use a straight
line for explanation in the following text, but in practice this
concrete example essentially does not occur — coordinates of
two points are necessary for the mathematical definition of the
straight line and any other point lying on the particular straight
line is redundant for the definition.

But, as mentioned above, in the field of surveying the coor-
dinates of definition points of a straight line are obtained by
a real measurement, which is always loaded by some uncerta-
inty, which is transferred on the resultant coordinates; the ina-
ccuracy of the result originates in this way. If it is necessary to
define a line on the basis of the points surveyed in this way, it
is on the contrary appropriate to survey more such points
which are its components to define it as accurately as possib-
le. With respect to the inaccuracy of the resulting coordinates,
these points do not lie exactly on the particular straight line
and it is necessary to find its best approximation for it. The
more redundant points available the higher redundancy of the
system. This leads to better approximation to the reality (for
the definition of the required straight line). This is why the
saying “Measure twice and cut once” is more applicable to sur-
veying and especially engineering surveying than anywhere
else.

It further applies that the more accurate the result is to be,
the higher financial expenditures have to be invested into the
measurement. Despite the fact that costs of the measurement
components during the tunnel construction belong among the
less important items, surveyors are often forced to additional
reducing of costs, without the other parties to the construction
realising its significant influence on the surveying accuracy,
thus also on the final result of the underground working within
the framework of the required geometric tolerances.

The theory of all above-mentioned considerations is applied
to analysing the estimation of the deviation at the break-
through and is put into practice when the BSN points and their
coordinates are being established and maintained. Both cases
are described below.

In the conclusion of this chapter it is necessary to state that
the greatest contribution in the struggle with uncertainty is
first of all the experience and quality of surveyors carrying out
the guidance measurement, its preparation and assessment.
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ndklady na mérické slozky patii pri vystavbé tunelu mezi ty 2 THEORY - ANALYSIS OF THE ESTIMATION
méné vyznamné polozky, jsou méfi¢i Casto nuceni do dalsiho OF THE BREAKTHROUGH DEVIATION
sniZovani nédkladu, aniZz by si dcastnici stavby uvédomovali
jejich vyznamny vliv na presnost geodetickych praci, a tim
i na konecny vysledek podzemniho dila v rdmci pozadova-
nych geometrickych toleranci.

Teorie vSech predchozich dvah je uplatnovana pfi provadé-
ni analyzy odhadu velikosti odchylky na prorazce a do praxe
je tato teorie uvadéna pfi tvorb€ a ddrzbé bodu ZVS a jejich
soufadnic. Oba pripady jsou ddle popsdny.

Na zéavér kapitoly je tfeba uvést, Ze nejvetSsim prinosem
v boji s celkovou nejistotou je predevsim zkuSenost a kvalita
geodett, provddéjicich usmérfiovaci méfeni, jeho pifpravu
a vyhodnoceni.

2.1 General description

The analysis is a mathematical surveying tool allowing for
estimating in advance the magnitude of the deviation of the
actual location of the excavated working from the designed
breakthrough location caused only by survey operations, with
the influence of gross measurement errors excluded. The cal-
culation is carried out using a mathematical simulation of the
measurements carried out in the underground, which are based
on the BSN points. It is a document which is important from
the aspect of the geometrical configuration of the future
underground working.

This document is intended not only for information purposes
but can be used in various senses even as the protection of the
parties to projects.

2 TEORIE — ANALYZA ODHADU VELIKOSTI ODCHYLKY

NA PRORAZCE It can, for instance, inform the project owner and contractor
2.1 Obecny popis about the realistic possibility for surveyors, or it can inform
Analyza je geodetickym matematickym nastrojem, kterym je clients at various levels (project owner, contractor) about the
mozné dopredu odhadnout velikost odchylky skute¢né polohy reality, whether they are even capable of guaranteeing the
vyraZeného dila od polohy projektované v misté prorazky, zpi- required accuracy of the work. At last but not least, it informs
sobené pouze méfickymi pracemi za vyloudeni vlivu hrubych all participants in the tunnel construction that problems with

the actual location of the completed excavation in the area of
the breakthrough can be encountered.

It is possible to mention, as an example, the project for the
extension of metro line V.A in the area where the tunnel was
driven using a TBM from the assembled schaft on Vypich up
to the existing Dejvice station. It was necessary in the location
of the connection to existing structures of the operating metro
line A to continue on to a transition chamber, which already
had its real location and geometry. High costs of construction
repair work could be incurred in the case of missing this cham-
ber in the order of centimetres. The magnitude of the permit-
ted deviation up to 6cm was defined in this way and the ana-
lysis of the estimation of the magnitude of the deviation at the
breakthrough was intended to prove whether and under which
conditions the surveying unit is capable of achieving it.

The Ejpovice tunnel project can be used as another example.
In one of its preparation phases, it was assumed that two con-
nected tunnels, Chlum and Homolka, would be driven. The
two tunnels were to meet at a mid-point construction pit from
which the tunnel excavation was to be carried out. The access
to the excavation headings proceeding from this pit was, from
the surveying point of view, totally unsuitably. This fact was
proved by the analysis of the estimation of the magnitude of
the deviation at the breakthrough. In addition, in the case of

méfickych chyb. K vypoctu se pouzivda matematickd simulace
provadénych méfeni v podzemi, vychézejicich z bodu ZVS.
Jednad se o dokument, ktery je vyznamny z hlediska geometric-
kého usporadani budouciho podzemniho dila.

Tento dokument mé jak informacéni charakter, tak zdroven
muZe v raznych vyznamech slouZit i jako ochrana stran zicast-
nénych na vystavbe.

Informovat muZe napiiklad investora a dodavatele stavby
o tom, jaké jsou redlné moznosti geodet, nebo muze informo-
vat objednatele na riznych tdrovnich (napf. investor nebo doda-
vatel stavby) o skutecnosti, zda jsou vubec schopni zajistit
pozadovanou presnost dila. V neposledni fadé informuje vSech-
ny ucastniky stavby tunelu o tom, Ze mohou nastat problémy se
skute¢nym umisténim vyrazeného dila v oblasti prorazky.

Jako priklad je mozno uvést stavbu prodlouzeni metra V.A
v oblasti raZené pomoci razicich stroji od montdzni Sachty na
Vypichu aZ do stdvajici stanice Dejvickd. V misté napojeni na
stdvajici objekty provozované trasy metra A bylo nutno nava-
zat na prechodovou komoru, kterd jiZ ma své redlné umistén{
a tvar. V pripadé minuti této komory v fddu centimetrd by
mohly vzniknout vysoké ndklady na stavebni sanaéni prace.
Timto byla definovédna velikost povolené odchylky do 6 cm
a analyza odhadu velikosti odchylky na prordaZzce méla proka-

zat, zda toho je geodetickd slozka vibec schopnd a za jakych e Homolka tunnel with the assumed length of 2400m, the
podminek. geometrical situation at the eastern portal was significantly

Jako dalsi priklad poslouZzi vystavba tunelu Ejpovice. V jedné more advantageous. The analysis recommended that the bre-
z jejich pripravnych fdzi byla predpoklddand razba dvou na akthrough location be shifted from the tunnel middle farther
sebe navazujicich tuneld Chlum a Homolka. Oba tunely se from the eastern portal, in the direction of the mid-point pit, so

mély potkdvat u stfedové jamy, ze které mély také probihat | that the risk of the breakthrough deviation of the undesired
razby. Pristup na razby z této jamy byl z geodetického hlediska magnitude was reduced.

naprosto nevhodny. To bylo prokdzéano analyzou odhadu veli- The surveying unit uses the analysis as an element protec-
kosti odchylky na prordzce. Navic u tunelu Homolka s pfedpo- | ting against unrealistic accuracy requirements of the project
kladanou délkou 2400 m, v jehoZ piipadé byla geometricka owner, consulting engineer or contractor regarding the directi-
situace na vychodnim portdle vyrazné priznivéjsi, analyza onal guidance of the tunnel. In addition, the surveying unit and
doporucila posunout prordazku ze stfedu tunelu ddle od vychod- the construction contractor can protect themselves against the
niho portdlu smérem ke stredové jamé za ti¢elem zmensen rizi- provider of the BSN points coordinates if the provider hands
ka prorazkové odchylky nechténé velikosti. over coordinates of the points with a larger inaccuracy than
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Jako ochranny prvek pouzivd analyzu v prvni radé geodetic-
ka slozka pred neredlnymi pozadavky investora, projektanta
nebo dodavatele stavby na presnost smérového vedeni tune-
lu. Ddle se muZou geodetickd slozka a dodavatel stavby
chrdnit pfed dodavatelem souradnic bodu ZVS stavby, jest-
lize tento dodéd soufadnice bodu s vétSi nepresnosti, nez je
pozadovand (a to i v pripadech zaji§téni této Cinnosti inves-
torem).

Vysledkem analyzy by mélo byt minimédlné doporuceni
topografického rozmisténi bodi ZVS a pomocné sité v pod-
zemi, presnosti pouZzitého méfického vybaveni a zpusobu
méreni. Analyza odhadu velikosti odchylky na prordZzce by
méla byt v optimdlnim pripadé souldsti alespon realizalni
dokumentace stavby a méla by zohlednovat topografii okol{
vstupnich objektd tunelu (portdlt a Sachet) s ohledem na
moznost stabilizace pevnych bodu ZVS. V ideédlnim pripadé
by v ni melo byt zohlednéno zafizeni stavenisté (ddle ZS) tak,
aby nedochdzelo k preruseni primych optickych zdmér mezi
body ZVS nebo dokonce k pfimé likvidaci bodu stavbou dal-
Sich objektu ZS. Z analyzy také mohou vyplyvat problémy
geometrické ndvaznosti v budoucnu skute¢né vyraZeného
tunelového dila na stavebni objekty, které s tunelem sousedi
(napr. mostni konstrukce). Rédn)’lm preddnim a odsouhlase-
nim tohoto dokumentu se tento stdvd soucdsti dokumentace
stavby a vSichni dcastnici by méli vzit jeho obsah na védomi.

V praxi se tak bohuzel vétSinou nedéje. Analyza je obvykle
vytvédfena aZ po stabilizaci nevhodné umisténych bodu ZVS
a obcas dokonce az po urceni jejich souradnic s nedostate¢nou
presnosti.

Analyza odhadu velikosti odchylky na prordZce vychdzi
z nésledujicich podklada:

e soufadnice bodu ZVS a jejich presnost dand smérodatnou
polohovou odchylkou, které by mély byt soucdsti preda-
vaciho protokolu dodavatele soufadnic bodu ZVS — viz
kapitola 1.1;

¢ dosazitelnd presnost méfického vybaveni (v uvazovaném
pripadé totdlni stanice a satelitni prijimace) — viz kapito-
la1.2;

e geometrie razeného dila — sem patfi jak prvky jako trasa,
niveleta, Sitka tunelu a pocet tubusu, tak i napiiklad roz-
hodnuti o realizaci/nerealizaci propojek soub&zné s raz-
bou hlavnich tubusu (propojky jsou/nejsou k dispozici
pro usmérnovaci méreni).

K vypoc¢tu odhadu odchylky je vyuzivan zdkon hromadéni
(prendseni) smérodatnych odchylek. Zde tento zakon predpovi-
dd moZnou geometrickou formu obrazce vytvoreného geodetic-
kym usmérnovacim méfenim od portdlu az na ¢elbu na zaklade
nepresnosti vstupnich hodnot (danych smérodatnymi odchylka-
mi soufadnic boda ZVS a méfenych veli¢in). Témi jsou v pfi-
padé geodetickych méreni provadénych pri usmérnovani tune-
lovych raZeb dhly, resp. sméry a délky. ZkuSeny analytik je
navic schopen zohlednit alespon ¢aste¢né i vliv vlastnosti fyzi-
kdlniho prostredi — viz kapitola 1.3.

Souradnicim kazdého nové uréovaného bodu analyzované
sité je po vypoctu prirazena stiedni elipsa chyb, kterd definu-
je plochu, ve které se skute¢nd poloha bodu muze s ur¢itou
pravdépodobnosti nachdzet.

2.2 Parametry maijici vliv na velikost odchylky

Zasadni vliv na velikost odchylky na prordzce maji situace
popsané v nasledujicich bodech:
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required (it is so even in the cases where this activity is ensu-
red by the project owner).

The result of the analysis should minimally contain
a recommendation for the topographic distribution of the
BSN points and the points of auxiliary network in the
underground, the accuracy of surveying apparatuses to be
used and the measurement method. The analysis of the esti-
mation of the magnitude of the breakthrough deviation
should be, in an optimal case, at least part of the design of
means and methods and should take into consideration the
topography of the surroundings of tunnel entrance structures
(portals and shafts) with respect to the possibility of the sta-
bilisation of the BSN fixed points. In an ideal case the con-
struction site facilities (hereinafter referred to as the CSF)
should be taken into consideration in the analysis so that
interrupting the direct optical sight lines between the BSN
points or even direct liquidation of the points by the con-
struction of new CSF objects does not occur. Problems of the
geometrical connection of a tunnel really excavated in the
future to the structures existing in the tunnel neighbourhood
(e.g. bridges) can also follow from the analysis. By proper
handover and approval, this document becomes part of the
construction documentation and all participants should note
its content.

Nevertheless, this mostly does not take place in practice.
The analysis is usually created only after the monumentation
of improperly located BSN points and, sometimes, even after
the determination of their coordinates with an insufficient
accuracy.

The analysis of the estimation of the magnitude of the devi-
ation at the breakthrough is based on the following basis data:

e coordinates of BSN points and their accuracy given by the
standard positional deviation, which should be part of the
handover protocol issued by the supplier of the coordina-
tes of the BSN points — see Chapter 1.1;

e the achievable accuracy of the surveying equipment (in
our case total stations and satellite receivers) — see
Chapter 1.2;

e the geometry of the mined working — both the elements
such as the route, the alignment, the tunnel width and the
number of tunnel tubes as well as, for example, the deci-
sion on the realisation/non-realisation of cross passages
simultaneously with the excavation of the main tunnel
tubes (cross passages are/are not available for the guidan-
ce measurements), belong here.

The calculation of the estimation of the deviation is carried
out applying the Law of Propagation of Standard Deviations.
In our case this law predicts the possible geometrical form of
the pattern created by the orientation measurement survey
from the portal up to the excavation face on the basis of the
inaccuracy of input data (given by the standard deviations of
coordinates of BSN points and the measured quantities). In
the case of survey measurements carried out during the ori-
entation of the tunnel excavation, these quantities comprise
angles or directions and lengths. An experienced analyst is
in addition can at least partially take into account the influ-
ence of the properties of the physical environment — see
Chapter 1.3.

A medium ellipse of errors defining the area within which
the real position of the point may be found with certain proba-
bility, is after the completion of the calculation assigned to the




e Prvotni pristup do razenych prostor. Plati, Ze ¢im otevre-
néjsi je prostor portdlu, tim je také vétsi pravdépodobnost
malé odchylky na konci. K dosazeni mensi odchylky déle
prispivda moznost dlouhych orientaci pred portdlem, které
budou navic spravné rozloZzené vzhledem k trase budou-
ciho tunelu. Naopak odchylku zhorSuji pristupy pres
Sachty (obvykle malych priméru) a pristupové §toly kon-
Cici Casto navic ve sméru kolmém na hlavni tunel (roz-
razky — viz ddle). Zdvazny problém z geodetického hle-
diska nastal pfi razbé tunelu Povazsky Chlmec v Ziliné ve
Slovenské republice ze stfedového portdlu. Zde vznikla
situace pro geodeta naprosto nevhodnd: komplikovana
topografie stredového portdlu neumoznovala dlouhé ori-
entani zdméry, naopak k dispozici byly kratké klikaté
polygonové porady s kratkymi stranami a témer pravymi
thly mezi nimi (viz dal3i bod), ze kterych byly provadeé-
ny razby do &tyf sméru, kazdd o délce nékolika stovek
metra. Prordzkové odchylky na konci zde byly jedno-
znacné vetsi, nez by se dalo ocekavat u stejné délky razeb
s lepSi moznosti pristupu, nastésti vSak byly stdle v poza-
dovanych tolerancich.

¢ Geometrie trasy razeb. Nejoptimaln€j$im prvkem je trasa
v primé, zde je riziko velké chyby minimélni. S kazdym
obloukem a velikosti jeho kfivosti stoupd riziko velké
odchylky. Pro udrZeni spravného sméru razeb je potom
nejméné priznivé, pokud se smér razby ldme napriklad
v pravém thlu (opét rozrazky). A samoziejmeé se velikost
odchylky na prordzce primo dmérné avSak ne linedrné
zvétSuje s délkou razeného dila.

e Jiz popsané smérodatné polohové odchylky (presnost)
soufadnic bodi ZVS. Samoziejmé plati, &im vetsi je vza-
jemna relativni pfesnost boda ZVS, tim vétsi Sance ma
geodet pro dovedeni razby do prordzky s malou chybou.
Toto téma byvd Casto zdsadnim problémem. Pro dostatec-
nou presnost urleni soufadnic boda ZVS je tfeba provi-
dét méreni s drahym mérickym vybavenim a spravnymi
postupy. Praxe vSak ukazuje, Ze predevSim pouzivdnim
levnéjsiho (a tim méné presného) vybaveni néktefi doda-
vatelé soufadnic bodu ZVS ani nejsou schopni tuto pod-
minku naplnit.

e Podminka stejn¢ kvalitniho, a tim drahého vybaveni je
dualezitd i pro vlastni geodetickd usmérnovaci méfeni
v podzemi. Napriklad minimdlni pozadavky na presnost
totdlnich stanic by mély byt 0,3 mgon v dhlech a 1+1ppm
v délkdch. Dal${ moZnosti, jak muZe byt ovlivnéna veli-
kost prorazkové odchylky, je méfeni azimutu gyroteodo-
litem, které ma tu vyhodu, Ze azimut je pevné definovany
vzhledem k soufadnicové soustavé a je tak moZno porov-
nat azimut zméfeny mezi dvéma body v podzemi s azi-
mutem spocCitanym jako vysledek trigonometrickych
méreni. Nevyhodou gyroteodolitu je jeho nepfesnost, pre-
stoZe se za posledni dekddy zlepSila o fad, a vysokd cena
urceni azimutu jedné zdkladny v podzemi. Proto je také
predev§im u dlouhych nebo geometricky komplikova-
nych tuneld Gcelnost tohoto typu méfeni analyzou potvr-
zovdna, pripadné vyvracena (viz 2.3.3).

e Opét hraje zdsadni roli zkuSenost analytika pfi vytvaren{
forem a tvart méfenych siti v podzemi a pfi definovani
apriornich presnosti vstupujicich prvku s ohledem na
okrajové podminky tvaru dila (napt. geometrii nebo pred-
poklad vlivu fyzikalniho prostfedi).
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coordinates of each newly determined point of the network
being analysed.
2.2 Parameters influencing the deviation magnitude

The situations described in the following items have the fun-
damental influence on the magnitude of the breakthrough
deviation:

e The initial access to the mined spaces. It applies that the
more open portal space the larger probability of small
deviation at the end. To achieving a smaller deviation
further contributes the possibility of long orientation
distances in front of the portal, which will be in additi-
on properly distributed in relation of the alignment of
the future tunnel. On the contrary, the deviation is wor-
sened by accesses via shafts (usually small-diameter
ones) and access galleries frequently ending in the
direction perpendicular to the main tunnel tube (tunnel
side stubs — see below). A problem significant from the
surveying point of view occurred during the excavation
of the Povazsky Chlmec tunnel near Zilina in the Slovak
Republic from the mid-point portal. A situation absolu-
tely improper for a surveyor originated there: the com-
plicated topography of the mid-point portal did not
allow for long orientation sight lines, just to the contra-
ry, short zigzag traverses with short sides and nearly
right angles between them (see the next point) were ava-
ilable. The excavation proceeded from them to four
directions. Each of the excavation sections was several
hundred metres long. The breakthrough deviations at
the end were unambiguously larger than they could be
expected in the cases of identical excavation lengths
with better access possibilities; fortunately they still
complied with the required tolerances.

e Excavation route geometry. The most optimal element is
a route on a straight line, where the risk of a large error is
minimal. The risk of a large error grows with each curve
and the growing magnitude of its curvature degree. The
less favourable for maintaining the correct direction of
excavation is when the direction of excavation breaks, for
instance perpendicularly (again excavation side stubs). Of
course, the increase in the magnitude of the deviation at
the breakthrough positively correlates, but not linearly,
with the length of the mined working.

e The above-mentioned standard positional deviation (accu-
racy) of coordinates of the BSN points. Of course, it app-
lies that the greater mutual relative accuracy of the BSN
points the greater chance for the surveyor of guiding the
excavation up to the breakthrough with a small error. This
theme is frequently the fundamental problem. It is neces-
sary for the sufficient accuracy of the determination of
coordinates of the BSN points to carry out measurements
using expensive surveying equipment and correct proce-
dures. However, the practice shows that some providers of
coordinates of the BSN points are not able to meet this
condition first of all because of using cheaper (thus less
accurate) equipment.

e The condition of equal quality, thus expensive equipment
is important even for the orientation survey measure-
ments in the underground. For example, the minimum
requirements for the accuracy of total stations should be
0.3mgon for angles and 1+1ppm for lengths. Another
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Obr. 3 Situace tunelu Ejpovice
Fig. 3 Ejpovice tunnel situation

Jak jiz bylo napsano, analyza odhadu velikosti odchylky
na prordzce informuje o teoretickych mozZnostech pri
geodetickém usmérnovani razby na co nejpresnéjsi dovede-
ni razby do jejiho cile, pfi vylou€eni hrubych chyb, kterych
se geodeticka sluzba muze dopustit. I velikost této teoretic-
ké odchylky podléha vlivu ndhodnych chyb, a proto je jeji
hodnota, statisticky vidéno, také popsana Gaussovym nor-
malnim rozdélenim pravdépodobnosti. Hodnota odchylky,
kterd je vysledkem analyzy, tak odpovidd smérodatné
odchylce na hladiné pravdépodobnosti 68 %. Pouhym
vyndsobenim koeficientem 3 dostdvdme hodnotu moZné
odchylky na hladiné pravdépodobnosti 99,7 %. Hodnoty
potom definuji interval spolehlivosti na prislusné hladiné
pravdépodobnosti. Tato ¢isla mohou byt pomérné velka
(fddy centimetra aZ decimetru), presto ale popisuji skute¢-
nost, ze se tyto hodnoty na konci razby mohou vyskytnout,
aniZ by bylo mozno obvinit geodeta z hrubého zanedbani
jeho povinnosti. Pfi pouZiti spradvnych postupt usmérfiova-
ni raZby je dosaZeni puvodni hodnoty na hladiné pravdépo-
dobnosti 68 % velmi redlné.

2.3 Priklady z praxe
2.3.1 Tunel Ejpovice

Tunel Ejpovice patfi svou délkou 4150 m mezi nejdelsi
tunely, které kdy byly v Ceské republice raZeny. Stavba obsa-
huje vibec nejdeli dsek tunelu v Ceské republice, kde smé-
rové a vySkové vedeni raZzeb bylo zajiStovdno z jednoho por-
tdlu bez dal$tho kontrolniho pripojeni na polohovou ZVS
(dsek minimélné o délce 2850 m, viz ddle). Ndroky na pres-
nost prorazky zvysSuje skuteCnost, Ze se jedna o tunel zelez-
ni¢ni a navic razeny pomoci raziciho stroje. Z geodetického
hlediska ma tato metoda tu nevyhodu, Ze se zjednoduSené
feCeno, zdroven s razbou buduje i definitivni osténi. To zna-
mend, Ze v okamziku prordZky je tunel hotovy a jedinou
finanéné vhodnou moznosti ndpravy v pripadé prordazkové
odchylky nechténé velikosti muze byt v lep$im pripadé zména
trasy budoucich koleji.

Dysina vyroba segmentt .
segment production plant Dysina SN
NI B

zafizeni stavby
construction site facilities

. masiv Homolka
Homolka massif

b lom Kysice
Kysice quarry

7

Zdraj | Source [2]

possibility of influencing the magnitude of the break-
through deviation is to measure azimuths using a gyrot-
heodolite, the advantage of which is that the azimuth is
firmly defined in relation to the coordinate system and it
is therefore possible to compare the azimuth measured
between two points in the underground with the azimuth
calculated as a result of trigonometric measurements. The
disadvantages of a gyrotheodolite are its inaccuracy, des-
pite the fact that the accuracy has improved during the
past decades by one order, and the high cost of the deter-
mination of the azimuth of one base in the underground.
For that reason the usefulness of these types of measure-
ment is either confirmed or rebutted by the analysis, first
of all regarding long or geometrically complicated tunne-
Is (see 2.3.3).

e The experience of the analyst in creating forms and confi-
gurations of the networks measured in the underground
and defining apriori accuracies of input elements taking
into consideration the boundary conditions of the shape of
the workings (e.g. the geometry or assumption of the
influence of the physical environment) again plays the
crucial role.

As already mentioned above, the analysis of the estimation
of the magnitude of the deviation at the breakthrough informs
about theoretical possibilities during the orientation survey
designed to guide the excavation toward the target as accura-
tely as possible, with the gross errors the survey service may
commit excluded. Even the magnitude of this theoretical error
is subject to the influence of random errors, therefore its value,
viewed statistically, is also described by the Gaussian normal
distribution of probability. The deviation value resulting from
the analysis therefore corresponds to the standard deviation at
the probability level of 68%. We receive the value of the pos-
sible deviation at the probability level of 99.7% by simple
multiplying by a coefficient equal to 3. Then the values define
the interval of reliability at the particular probability level.
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Tab. 1 Odhadovand velikost polohové prordzky za vyuZiti moZnosti kontroly skrz Sachtu VZT (odchylky v pricném a podélném smeru)
Table 1 Estimated magnitude of the breakthrough positional (lateral and longitudinal) deviation using the possibility of checking through the ventilation shaft

typ sité, kontrola skrz VZT dQss dSes dQgq7 dSg7
network type, checking through ventilation shaft

bez méfeni azimutu 27 9 80 28
without azimuth measurements

s 1 mérenou zakladnou 22 8 65 23

with 1 measured base

Tab. 2 Odhadovand velikost polohové prordzky bez mozZnosti vyuziti kontroly skrz Sachtu VZT (odchylky v pri¢ném a podélném sméru)
Table 2 Estimated magnitude of the breakthrough positional (lateral and longitudinal) deviation without the possibility of the application of checking through

the ventilation shaft

typ sité, bez kontroly skrz VZT dQss dSes dQgg7 dSegs7
network type, without checking through ventilation shaft

bez méfeni azimutu 62 43 185 130
without azimuth measurements

se 2 méfenymi zakladnami 53 36 158 107

with 2 measured bases

V obr. 3 je zndzornéna situace vedeni trasy. Razba zalina
za vjezdovym portdlem Rokycany dlouhym pfimym tsekem,
ktery prechazi do oblouku s pomérné velkou krivosti. Na
tunelovém staniceni zhruba 2850 m se nachdzi objekt vzdu-
chotechnické (VZT) Sachty, kterym je moZné provést kon-
trolni méfeni za ucelem napojeni podzemni sité bodu na
povrchovou ZVS pred prordzkou na vyjezdovém portdle
Plzen, za predpokladu, Ze bude v¢as vyrazen. I takovato sku-
teCnost by méla byt zahrnuta do spravné provedené analyzy
odhadu velikosti odchylky na prorédzce.

Ucelem analyzy bylo zjistit redlné moZnosti geodetii razby
a tuto informaci predat ddle pro naplnéni uspésné realizace
celého projektu Modernizace trati Rokycany — Plzen.

V tab. 1 a 2 jsou vycisleny vysledné hodnoty odhadované
velikosti polohové prordzky v misté portalu Plzen za predpo-
kladu relativni pfesnosti bodu vychozich portdlovych ZVS
lep$i nez 3 mm. V tab. 1 jsou hodnoty odchylek pri vyuziti
moznosti geodetické kontroly skrz Sachtu VZT. Pro porovna-
ni v tab. 2 jsou uvedeny i hodnoty odchylek bez moznosti
vyuziti kontroly skrz Sachtu VZT, napiiklad z davodu Casové-
ho nesoubéhu obou raZenych stavebnich objekti. Hodnoty
jsou v mm.

Tabulky obsahuji hodnoty dQ a dS (odchylky v pri¢ném
a podélném sméru s ohledem na trasu) a indexy oznacuji hla-
dinu statistické pravdépodobnosti vyskytu.

Z hodnot Ize pfi respektovdni vysledkti na hladiné pravdé-
podobnosti 99,7 % vycist pro pri¢nou odchylku dQ nasleduji-
ci skutec¢nosti:

e Pfi moznosti pripojeni podzemni &asti ZVS na povrch
skrz Sachtu VZT probéhne korekce soufadnic boda pod-
zemni sit€¢ o skute¢nou odchylku zde zméfenou a je
mozné na vyjezdovém portdlu Plzen dosdhnout chybu na
prordzce velikosti = 8,0 cm.

e Pfi kontrolnim méfeni azimutd gyroteodolitem o velmi
vysoké presnosti je mozno velikosti této chyby jesté
zmenS$it na = 6,5 cm. ZlepSeni presnosti je zde pouze
v fddu jednotek cm.

e V pripad¢, kdy nebude zachovdna moZnost pripojeni pod-
zemni ¢dsti ZVS na povrch skrz Sachtu VZT, Ize ocekdvat
nértst chyby na konci tunelu na = 15,8 cm, a to dokonce

These figures can be relatively large (orders of centimetres up
to decimetres), still they describe the reality that these values at
the end of the excavation can occur without the possibility of
accusing the surveyor of gross negligence. When proper proce-
dures of the guidance of excavation are used, achieving the ori-
ginal value at the probability level of 68% is highly realistic.
2.3 Examples from practice

2.3.1 Ejpovice tunnel

The Ejpovice tunnel with its length of 4150m belongs
among the longest tunnels ever driven in the Czech Republic.
The project comprises the longest ever tunnel section in the
Czech Republic where the horizontal and vertical guidance of
the excavation was ensured from one portal without other
checking connection to the positional BSN (the section mini-
mally 2850m long, see below). The requirements for the bre-
akthrough accuracy are increased by the fact that it is a railway
tunnel and, in addition, a tunnel driven using the TBM method.
From the surveying point of view, this method has a disadvan-
tage that, simply said, the final lining is built concurrently with
the excavation. It means that the tunnel is finished at the
moment of the breakthrough and the only financially suitable
opportunity to rectify an undesired magnitude of the breakt-
hrough deviation can be, in the best case, a change in the align-
ment of the future tracks.

Figure 3 presents the route alignment situation. The tunnel
excavation starts behind the Rokycany entrance portal by
a long straight section, which passes into a curve with a relati-
vely great curvature. At chainage m ca 2850, there is a venti-
lation shaft structure, through which it is possible to carry out
the checking measurement for the purpose of connecting the
underground control network to the surface BSN before the
breakthrough at the Plzen exit portal, under the assumption
that it will be carried out on time. Even such the reality should
be incorporated into the correctly carried out analysis of the
magnitude of the deviation at the breakthrough.

The purpose of the analysis was to determine the realistic
possibilities of tunnel excavation surveyors and pass the infor-
mation on for accomplishing the successful realisation of the
entire Modernisation of the Rokycany — Plzen Railway Line
project.
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Obr. 4 Situace analyzy Helsinky Lansimetro
Fig. 4 Helsinki Linsimetro analysis situation

za vyuziti kontrolniho méfeni gyroteodolity. Zde dochdzi
az ke dvojndsobnému zhorSeni odchylky. Vyloucenim
azimutédlnich méreni jiZ v daném konkrétnim pripadé
dochdzi pouze k bezvyznamnému nérastu nepfesnosti na
+ 18,5 cm. Tyto hodnoty by jiZ mohly byt z ruznych
duvodu nepfijatelné.

Zajimavosti je v tomto konkrétnim pripadé i fakt, Ze se
odchylka ve staniceni, kterd vznikne na konci dlouhého rov-
ného tseku zhruba na drovni Sachty VZT, témér v plné veli-
kosti projevi po projeti oblouku na vyjezdovém portdlu jako
odchylka pri¢na.

Pii zhorSeni relativni pfesnosti bodu portidlovych ZVS na
smérodatnou polohovou odchylku horsi nez 3 mm by doslo
k vyraznému nérustu nepfesnosti na prordZce ve viech uvede-
nych prikladech.

Jizni tunelovy tubus byl jiz v dobé psani ¢lanku prorazen
a konecna vyslednd odchylka na prordzce byla urcena hodno-
tami 22 mm ve sméru pri¢ném, 6 mm ve sméru podélném (ve
stani¢eni) a 5 mm ve vySce. Takto nizké hodnoty byly dosa-
Zeny diky moZnosti kontroly sméru provedené skrz Sachtu
VZT a predev§im diky vynikajici spoluprdci mezi geodety
dodavatele a investora stavby.

2.3.2 Helsinky Linsimetro

Pro spole¢nost Metrostav a.s. byla vytvarena analyza odha-
du velikosti odchylky na prordzce na projektu Lénsimetro
v Helsinkdch. Tento priklad ukazuje projekt, ktery ma velké
pozadavky na usmérnovdni razeb z geodetického hlediska,
coZ s sebou prindsi vyS$si ndroky na geodetickou sloZku a na
jeji vzajemnou souhru s dodavatelem tunelového dila.

TuofHel

The tables 1 and 2 present the enumeration of the resultant
values of the assessed magnitude of the positional deviation in
the location of the Plzen portal under the assumption of the
relative accuracy of the initial portal BSN better than 3mm.
Table 1 presents the values of deviations when the possibility
of carrying out survey checking through the ventilation shaft is
used. For comparison, we present even the values of deviati-
ons without the possibility of checking through the ventilation
shaft, for example because of the nonexistence of the time
concurrence of the two mined structures, in Table 2. The valu-
es are in mm.

The tables contain the dQ and dS values (deviations in the
lateral and longitudinal direction, respectively, with respect to
the route) and the indices mark the level of the statistical pro-
bability of the occurrence.

The following facts regarding the lateral deviation dQ can be
read from the values while respecting the results at the proba-
bility level of 99.7%:

e When the connection of the underground part of the BSN
to the surface through the ventilation shaft is possible, the
coordinates of the underground network points are adjus-
ted for the actually measured deviation value and it is pos-
sible to achieve the error at the breakthrough of + 8.0cm
at the Plzen exit portal.

e When the checking measurement of azimuths using
a high-precision gyrotheodolite is carried out, it is possib-
le to reduce the magnitude of the error further to + 6.5cm.
The improvement of accuracy is in this case only in the
order of several cm.

e When the possibility of the connection of the underground
part of the BSN to the surface through the ventilation shaft
is not maintained, it is possible to expect an increase in the
error at the end of the tunnel up to + 15.8cm, even if the
checking measurements using a gyrotheodolite is carried
out. In this case the deviation is increased even twice.
Excluding the azimuth measurements in this concrete case
results only to an insignificant increase in the inaccuracy
equal to = 18.5cm. These values could already be una-
cceptable for various reasons.

A fact interesting in this concrete case is that the deviation
in the chainage which will originate at the end of the long stra-
ight section approximately at the level of the ventilation shaft
will appear after passing over the curve at the exit portal near-
ly full-size as a lateral deviation.

If the relative accuracy of the portal BSN points worsens to the
standard positional deviation worse than 3mm, the inaccuracy at
the breakthrough will increase in all above-mentioned examples.

The southern tunnel tube had already been broken through at
the moment of writing this paper and the final resultant devia-
tion at the breakthrough was determined by the values of
22mm in the lateral direction, 6mm in the longitudinal directi-
on (in the chainage) and 5mm in the level. Such the low valu-
es were achieved owing to the possibility of checking of the
direction carried out through the ventilation shaft and, first of
all, thanks to excellent collaboration between surveyors of the
contractor and the project owner.

2.3.2 Helsinky Liansimetro

The analysis of the estimation of the magnitude of deviation
at the Lénsimetro project in Helsinki was created for
Metrostav a.s. This example presents a project which poses




Na obr. 4 je zachycena situace bodi a méfeni tunelové sité
na povrchu a v podzemi a geometrie razeného dila. Razby jsou
zapocaty pristupovou Stolou s polomérem o velké kfivosti. Na
jejim konci je rozrdzka v pravém thlu od puvodniho sméru
razby obéma sméry. V obou smérech je razba vedena ,hrana-
tym esickem® (dal$imi dvéma kolmymi zlomy), kde se teprve
dostdvdme na droven hlavnich tunelu, které se po urcité délce
musi napojit na stavajici hotové tubusy.

Je vidét zfejmy rozvoj strednich chybovych elips s postupu-
jici vzddlenosti od portdlu a vyznamné zhorSeni presnosti
(skokovy ndrust velikosti elips chyb) na raZbéch po rozrdzce.

Utelem této analyzy bylo prokdzéni schopnosti naplnit
pozadavky investora na presnost prorazky tunelového dila [3].
2.3.3 Helsinky metro

Opét pro spoleCnost Metrostav a.s. byla vytvdrena analyza
odhadu velikosti odchylky na prorazce na projektu metro
v Helsinkdch. Chronologicky byla tato analyza provedena
pred analyzou z odstavce 2.3.2. Znovu se jednd o priklad,
ktery je z geodetického hlediska velmi ndro¢ny na spravné
usmeérnovani razeb.

Podle situace na obr. 5, kterd je v detailu podrobnéji vidét
na obr. 6, razby zacinaji opet v pristupové $tole, jejiz vstup se
nachdzi nad hlavnimi tubusy. Dvéma oblouky s polomérem
o velké krivosti se dostavame k rozrazce, odkud opét v pra-
vém thlu od puvodniho sméru pokraduji raZby obéma sméry
v jednom tubusu a o nékolik metru ddle potom i v druhém,
ktery je rovnobézny s prvnim. Na koncich bylo opét duleZité
napojit se na stavajici hotové tubusy.

Z tohoto obrdzku to neni zfejmé, ale situace rozmisténi
bodl ZVS na povrchu navic nebyla optimdlni. Opét je moZné
vidét rozvoj strednich chybovych elips s postupujici vzdale-
nosti razby. V tomto konkrétnim pripadé bylo analyzou
potvrzeno, Ze poZzadovanou presnost na prordZce je moZné
dosdhnout pouze za pomoci méfeni azimutu gyroteodolitem
na zakladné umisténé v hlavnim tunelovém tubusu na rozraz-
ce. Z obrdzku je ziejmé porovndni dvou vysledka odhadu
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great requirements for guidance of the excavation from the
surveying point of view, which fact carries higher demands on
the surveying unit and its coordination with the tunnel con-
struction contractor.

Figure 4 presents the layout of the points and measurements
of the surface and underground network and the geometry of
the mined working. The tunnel excavation started by driving
an access gallery with a large curvature radius. At its end, there
are side stubs heading in both directions at a right angle to the
original direction. In both directions the excavation is led
along an “angular ess” (other two perpendicular faults), where
we get to the correct to the level of the main tunnels, which
have to be connected after a certain length to the existing tun-
nel tubes.

The obvious development of mean error ellipses with the
distance from the portal growing and the significant worsening
of accuracy (step-wise increase in the sizes of the error ellip-
ses) during the course of the excavation after the completion
of the side stubs can be seen.

The purpose of this analysis was to prove the ability to ful-
fil project owner’s requirements for the tunnel breakthrough
accuracy [3].

2.3.3 Metro Helsinki

The analysis of estimation of the magnitude of the deviation
of the breakthrough on the Helsinki Metro project was carried
out again for Metrostav a.s. Chronologically the analysis was
carried out prior to the analysis described in paragraph 2.3.2.
It is again an example which is, from surveying point of view,
very exacting as far as the correct guidance of the excavation
is concerned.

According to the situation shown in Fig. 5, which can be
seen in greater detail in Fig. 6, the tunnel excavation starts
again in the access gallery the entrance to which is located
above the main tunnel tubes. We get to the side stubs along
two large curvature curves. From this location the excavation
proceeds in both directions, again at the right angle, through
one tunnel tube and, several metres further, also through the
other tunnel tube, which is parallel to the
first tube.
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It is not obvious from this picture, but
the situation of the distribution of the
BSN points on the surface was not opti-
mal. It is again possible to see the deve-
lopment of mean error ellipses with the
growing distance of the excavation face.
In this particular case, it was confirmed
by the analysis that the required breakt-
hrough accuracy could be achieved only
by measuring the azimuths using the
gyrotheodolite on the base located in the
main tunnel tube at the side stubs. The
comparison of the two results of the esti-
mation of the resultant breakthrough devi-
ation with the input configuration roughly
identical is obvious from the picture:

s ez | e In the southern tunnel tube, the

PROM G . ~
/ influence of the measurement at the

side stubs using a gyrotheodolite is
taken into account — the develop-

Obr. 5 Situace analyzy Helsinky Metro
Fig. 5 Helsinky Metro analysis situation

ment of the error ellipses is not at all
dramatic;
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¢ On the other hand, neit-
her gyrotheodolite mea-
surements nor the exca-
vation of tunnel cross
during the
course of the excavation

passages

of the main tunnel tubes
are taken into account in
the northern tunnel tube.
Owing to this fact the
survey connection to the
more accurately guided
southern tunnel tube is
impossible and the
resultant error ellipses
in the northern tunnel
tube are obviously seve-
ral times larger.
It can be seen from the pre-
sented example that even

a works schedule (for instan-

H.

ce the simultaneity of the

Obr. 6 Situace analyzy Helsinky Metro — detail pristupu do hlavnich tubusu

Fig. 6 Helsinky Metro analysis situation — detail of the access to the main tubes

vysledné prordzkové odchylky pri zhruba shodné vstupni
konfiguraci:

* v jiZznim tubusu je zapocitan vliv méfeni gyroteodolitem

na rozrdzce — rozvoj elips chyb nenf nijak dramaticky;

e na druhou stranu v severnim tubusu neni uvaZovdno ani

méfeni gyroteodolitem, ani razba tunelovych propojek
v prubéhu razeb hlavnich tubusu, ¢imZ neni umoZnéno
geodetické napojeni na presnéji usmérnovany jizni tubus
— vysledné elipsy chyb v severnim tubusu jsou tak zfetel-
né ndsobné vetsi.

Z uvedeného prikladu je vidét, Ze i harmonogram vystavby
(napriklad soubéznost razeb propojek) ma vliv na analyzu
a naopak, vysledek analyzy muZe ovlivnit Casové ndvaznosti
razeb.

3 PRAXE - VYTYCOVACI SITE NA POVRCHU
A V PODZEMI A JEJICH UDRZBA

Teorii popsanou v predchozim textu je nutné prevést do
praxe a v principu je duleZité vyhnout se v§em nepfiznivym
okolnostem, popsanym v dvodnich odstavcich, aby byla na
konci zajiS§téna co nejmensi prordzkovda odchylka s co
nejmensi nejistotou vysledku. VSechny chyby, kterych se geo-
deticka slozka pri usmérnovani razeb dopusti, se jasné proje-
vi po prordzce a tato skutecnost je navic nezavisle kontrolo-
vatelna.

ProtoZze v geodézii finan¢ni ndklady primo imérné stoupaji
s pozadovanou a provadénou presnosti vysledku, je Castou
Cinnosti odpovédnych geodett hleddni kompromisu mezi vysi
vynaloZenych financi a nasazenim meérické techniky, metod
méfeni a vlastniho persondlu za G¢elem naplnit pozadovanou
presnost co nejlépe v ramci danych finan¢nich moznosti. Toto
je Casto velice obtizné splnitelny ukol. Napiiklad jenom
v zdvislosti na presnosti deklarované vyrobcem je mezi cena-
mi méfického vybaveni rozdil v fadech statisicd korun
a samozfejmeé od levného vybaveni nelze ocekdvat zdzraky
v podobé méreni se submilimetrovou presnosti.

cross passage drives) influ-

ences the analysis and vice

versa, the result of the analy-
sis can influence the time sequence of the tunnel excavation.

3 PRACTICE - SURFACE AND UNDERGROUND SETTING
OUT NETWORKS AND THEIR MAINTENANCE

The theory described in the previous text has to be transfer-
red to practice and it is, in principle, important to avoid all of
the unfavourable circumstances described in the introductory
paragraphs so that as small as possible breakthrough deviation
with as small as possible uncertainty of the result is ensured in
the end. All errors the surveying unit commits during the exca-
vation guidance work clearly manifest themselves after the
breakthrough and, in addition, this reality can be independent-
ly checked.

Because of the fact in the field of engineering survey that
financial costs grow in direct proportion with the required and
realised accuracy of the result, a frequent activity of respon-
sible surveyors is to seek compromise between the amount of
the costs to be incurred and the application of surveying equ-
ipment, the measurement methods and own personnel for the
purpose of meeting the required accuracy best they can within
the framework of the given financial possibilities. It is often
a task very hard to fulfil. For example, only the differences
between the costs of survey equipment depending on accuracy
can amount to the orders of hundreds of thousands Czech
crowns and, of course, it is not possible to expect miracles in
the form of measurements with millimetre accuracy when
cheap equipment is used.

3.1 Basic setting out network

Any construction project, not only the construction of a tun-
nel, should commence by building BSN points and determi-
ning their coordinates, in the case of tunnels ideally according
to an in advance carried out analysis of the estimation of the
magnitude of the breakthrough deviation. At least some main
points of the portal BSNs should be founded using the system
of the so-called heavy monumentation with firm centring




Obr. 7 Kontrola usmérnovaciho méreni — tunel Ejpovice
Fig. 7 Checking on orientation measurements — Ejpovice tunnel

3.1 Zakladni vytyCovaci sit

Kazdd stavba, nejenom tunelovd, by méla byt zapocata
vybudovédnim boda ZVS a urcenim jejich soufadnic, idedlné
podle predem provedené analyzy odhadu velikosti odchylky
na prorazce. Alespon nékteré hlavni body tunelovych porta-
lovych ZVS by mély byt zaloZzeny takzvanou tézkou stabili-
zaci s pevnou centraci, kdy se vétSinou jednd o dlouhé vrty,
nejlépe az do pevného skalniho podloZi, vystrojené plastovou
trubkou vyplnénou betonem a zakonéenou ve spravné vysce
podlozkou na nucenou centraci (moznosti opakovaného pri-
pevnéni geodetické trojnozky pro osazeni totdlni stanice
a reflektoru na stejnou polohu). Body takto stabilizované, na
z geotechnického hlediska spravném misté, by mély zajistit
minimdlni vliv deformaci okoli na jejich polohu. Dalsi,
doplinkové body by mély byt stabilizovany minimdlné do
nezamrzné hloubky a podloZka na nucenou centraci jiZ neni
nutnd.

U tunelovych staveb je doporuceno provést tézkou stabili-
zaci minimdlné tyf bodu na kazdém portdlu, ze kterého bude
provadéna razba. Doplnkové body by mély zajistit dostate¢né
dlouhé orientace. Opét plati, ¢im delSi orientace s dostate¢nou
presnosti, tim vétsi nadéje na malou odchylku na prorazce.
Napriklad, pokud mdme pro razbu tunelu o délce cca 400 m
moznost orientaéni pifimky na body vzdédlené taktéZ 400 m,
pravdépodobnost docileni minimalni odchylky na prordzce se
jenom diky této skutecnosti blizi 100 %.

Obdobna situace nastala pri usmérnovani razeb Zelezni¢ni-
ho tunelu Veprek/Mlcechvosty, kde vyslednd prordzkova
odchylka méla velikost 4 mm a byla ovlivnéna predevsim
vlastnostmi fyzikdlniho prostredi (kapitola 1.3). V prostredi
homogennim by mohla byt blizka nule.

Bylo zminéno, Ze relativni smérodatnd odchylka souradnic
bodl ZVS by méla mit na podzemnich stavbach lep$i hodno-
tu nez 3 mm. Samoziejmé Ze s narustajici délkou tunelu a tim
vzdélenosti mezi portdlovymi ZVS je tuto hodnotu téz${
dosdhnout. Setkdvame se i s pripady, kdy vybrany dodavatel
ZVS toto kritérium neni schopen naplnit, a proto je vhodné jiz
pri vybéru dodavatele pozadovat kromé predloZeni referenc-
nich projektu i pfehled méfického vybaveni, které by mélo
odpovidat deklarovanou presnosti pozadavkim a potfebam
stavby na presnost soufadnic boda ZVS.
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where long boreholes are mostly carried out,
preferably up to the hard bedrock, with a plastic
tube filled with concrete in it terminated at
a proper level by a forced centring plate (allo-
wing repeated mounting of the centring plate for
mounting a total station and reflectors to the
identical position). The points monumented in
this way in a location correct from the surveying
point of view should ensure a minimum impact
of deformation of their surroundings on their
position. Other supplementary points should be
monumented minimally to the frost depth, then
the forced centring plate is no more necessary.

In the case of tunnel structures, it is recom-
mended that the heavy monumentation be carri-
ed out at least for four points at each portal from
which the tunnel will be driven. Supplementary
points should provide sufficiently long orienta-
tions. It again applies that the longer orientation
with sufficient accuracy the higher hope for a small deviation
at the breakthrough. For example, if we can have an orientati-
on line to points at a distance of 400m available for the exca-
vation of ca 400m long tunnel, the probability of achieving
a minimum deviation at the breakthrough approximates 100%
only thanks to this fact.

A similar situation occurred in the process of guidance of
the excavation of the Veprek/MI¢echvosty rail tunnel, where
the resultant breakthrough deviation amounted to 4mm. It
was affected first of all by the properties of the physical
environment (see Chapter 1.3). It could be near zero in
a homogeneous environment.

It has already been mentioned that the value of the relative
standard deviation of the BSN points should be better than
3mm on underground construction sites. Of course, this value
is harder to achieve with the increasing tunnel length, which
means with the increasing distance between portal BSNs. We
even encounter cases when the selected provider of the BSN is
not able to meet this criterion and it is for that reason advisab-
le already during the selection of the provider to require, apart
from submitting reference projects, even a list of surveying
equipment the declared accuracy of which should correspond
to the requirements and needs of the project regarding the
accuracy of coordinates of the BSN points.

3.2 Auxiliary setting out network points
in the underground

The network of “fixed” points of the portal BSN is followed
by the network of the auxiliary setting out network being cre-
ated in the underground, the length of which increases with
the progress of the excavation. These points have to be
successively surveyed point by point as new ones are being
added. In this way coordinates relating to the reference portal
BSN are assigned to them. These points are subjected to repe-
ated checking measurements starting from the reference por-
tal BSN. During these measurements the identity of the coor-
dinates of the already monumented points of the auxiliary net-
work is checked: in this way it is examined whether an unde-
tected gross error was not present in the previous measure-
ments or whether the position of the point being checked was
not changed in the meantime due to deformations of the
lining. In addition, coordinates of the newly monumented
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3.2 Body pomochné vytydovaci sité v podzemi

Na sit’ ,,pevnych® bodl portdlové ZVS navazuje sit’ bodu
pomocné vytyCovaci sité vytvarené v podzemi, kterd se pro-
dluzuje s postupem razeb. Tyto body musi byt postupné zamé-
feny tak, jak pribyvaji, ¢imz jsou jim prifazeny souradnice,
které navazuji na referenéni portdlovou ZVS. Na téchto
bodech se provadi opakovand kontrolni méreni, vychdzejici
z referenéni portdlové ZVS. Pri téchto méfenich je prekontro-
lovdna identita soufadnic jiZ stabilizovanych bodi pomocné
sité: zjiStuje se tak, zda v predchozich mérfenich nebyla pri-
tomna neodhalend hrubd chyba, pripadné zda se poloha kon-
trolovaného bodu mezitim nezménila z divodu deformaci
osténi. Ddle jsou ureny soufadnice nové stabilizovanych
bodu, které vznikly s dal§im postupem raZby.

Nutnost opakovani méfen{ vyplyva z poZadavku na minima-
lizaci v8ech vySe popsanych negativnich vliva. Pfi technologi-
ich raZeb tunelt, kdy je definitivni osténi budovéno s velkym
odstupem za Celbou (vétSinou konvenéni metody tunelovéni),
je doporuceno tato usmérnovaci méfeni provadét kazdych
200 m nové provedenych razeb. V pripadé mechanizovanych
razeb tuneld (predev§im TBM) jsou samoziejmé poZzadavky na
nejistotu vysledku, a tim i na provddénd usmérnovaci méreni
vyrazné vy$$i. Tomu by méla odpovidat i jejich intenzita
a kvalita.

Vsechna provdadénd opatfeni maji jediny cil — eliminovat zde
popsané negativni vlivy na méfeni a umoznit usmérnéni razby
s nejmensi nejistotou, to znamend s co nejvetsi presnosti.

3.3 Provadéni méieni

Geodetickd méfeni v podzemi, a nejenom ta usmérnovaci,
maji svd vyrazna specifika (obr. 7 a 8). Predev§im méricky
persondl svda méreni provadi v mistech s mnohem vét§im rizi-
kem vzniku drazu a tuto zdvaznou skuteénost musi pfi své
¢innosti zohlednit. Dale se musi vyporddat s nedostate¢nym
nebo dokonce uplné chybéjicim osvétlenim, s pritomnosti
prachovych &éstic ve vzduchu, s velmi omezenym prostorem,
s ruchem, ktery vznika stavebni ¢innosti ve velmi omezeném
prostoru a s dal§imi faktory, negativné ovliviiujicimi celou
jeho Cinnost.

Pii vlastnich usmérnovacich mérenich pripomenme jesté
nutnost vyporadat se s refrakci, kterd je v podzemi pritomna
témér vSude, neni zjistitelnd a md na vysledek méreni takovy
dopad, Z7e ho muze zcela znehodnotit. Dokonce muZe nastat
i varianta, Ze tento refrak¢ni vliv nebyl odhalen, a vysledek
celého méreni je znehodnoceny az zavddéjici, aniZ by tato
skuteénost byla mefickym persondlem zjisténa.

Obr. 8 Priprava usmerrniovaciho méreni — tunel PovaZsky Chlmec
Fig. 8 Preparation of orientation measurements — PovaZsky Chilmec tunnel
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points which originated with the new advance of the excava-
tion are determined.

The necessity of repeating the measurements follows from
the requirements for the minimisation of all the negative
effects described above. In the cases of tunnel excavation tech-
niques where the final lining is constructed at a great distance
behind the excavation face (mainly the conventional tunnel-
ling methods) it is recommended that this guidance measure-
ment be carried out every 200m of the newly excavated tunnel.
In the case of the mechanised excavation of tunnels (first of all
TBMs) the requirements for the uncertainty of the result, thus
also for the performance of the guidance measurements, are
certainly significantly higher. Their intensity and quality
should be adequate to it.

All of the measures being implemented have a single objec-
tive — to eliminate the negative impacts on the measurements
described in this paper and allow for the guidance of excavati-
on with as low uncertainty as possible, i.e. with the highest
accuracy possible.

3.3 Measurement procedures

Survey measurements in the underground, and not only
the guidance, have significant specifics of their own (see
Figures 7 and 8). It is first of all the surveying team carry-
ing out their measurements in places where the risk of inju-
ry is much higher and they have to take this serious fact into
consideration during their work. In addition, they have to
get over insufficient or even completely missing lighting,
the presence of dust particles in the air, a very limited space,
the hustle and bustle of construction activities in a very con-
fined space and other factors negatively affecting all of their
activities.

Let us remember the necessity of coping with refraction
during the guidance measurements themselves. The refraction
is present underground nearly everywhere, is undetectable and
its effect on the measurement results may even lead to com-
plete destroying them. Even the variant can happen that this
refraction influence is not revealed and the result of all mea-
surements is devaluated or even misleading, without detecting
this fact by the surveying team.

In this column it would be possible to repeat over and over
again that the experience of persons carrying out the measu-
rements is crucial. It is really so. Appropriate surveying equ-
ipment can be purchased, it is only the question of funds
available. At the same time, an analysis of the estimation of
the magnitude of the breakthrough deviation is available,
which at the same time provides the guidance — it is possib-
le to read in it at which place, on which neighbouring points
and with which accuracy the surveyor should focus the mea-
surements.

An experienced surveyor should, in the first place, be able
to take care of the complete surveying equipment set to be
functional without errors. To be able to carry out its own
measurements well and correctly, he/she has to be suffici-
ently conscientious and patient, has to know how to organi-
se the entire guidance measurement campaign and keep lots
of information concerning measurements in such an order to
be applicable in the subsequent phase, has to be capable of
understanding the analysis, orientating himself in it and has




V tomto odstavci by bylo mozno stdle dokola velkymi pis-
meny opakovat, Ze nejduleZit€jsi je zkuSenost persondlu,
ktery méfeni provadi. Je tomu skute¢né tak. Vhodné mérické
vybaveni je mozné poridit, je to pouze otdzka mnoZstvi
finan¢nich prostfedka. Zaroven je v lep§im pripadé k dispozi-
ci analyza odhadu velikosti odchylky na prordzce, kterd
poskytuje zdroven jakysi ndvod — je z ni mozné vycist, na
jakém misté, na jaké okolni body a s jakou presnosti by méri¢
mél méfrit.

ZkuSeny geodet by se mél v prvni fadé umét kompletne
postarat o mérické vybaveni, aby bylo bezchybné provozu-
schopné, aby mohl provadét vlastni méfeni dobfe a spravne,
musi byt vybaven dostate¢nou peclivosti a trpélivosti, musi
umét celou kampan usmérnovacitho méfeni zorganizovat
a udrzet mnozstvi informaci tykajicich se méfeni v takovém
porddku, aby bylo v dal$i fazi pouZzitelné, musi byt schopen
rozumét analyze, orientovat se v ni a musi byt schopen reago-
vat na nesrovnalosti, které se samoziejmé vyskytnou pri kon-
frontaci v analyze zachycenych teoretickych dvah s realitou
v terénu, aniZ by ohrozil Zddanou presnost vysledku.
Vzhledem k tomu, Ze usmérnovaci méreni se nejéastéji pro-
vadi za plného provozu v tunelu, musi presto umét zajistit pro
méreni co nejlep$i podminky, to znamend sniZeni intenzity
stavebniho ruchu v misté méreni pripadné jeho odklonéni, je-
li to mozné, napriklad u dvoutubusovych tunelu. V idedlnim
pripadé by mélo dojit a7 k zastaveni razeb na dobu nezbytné
nutnou pro méreni.

3.4 Vyrovnani méfeni

Z duvodu omezeni vlivu viech negativnich jevi popsanych
v predchozim textu jsou vSechna méreni provadéna tak, aby
cely systém zaméfenych prvka mél dostate¢nou redundanci.
Proto se provadi opakovand méfeni sméru a délek na jednom
stanoviSti a vzdjemné vztahy mezi body jsou mezi sebou
pevné provédzany dukladnym méfenim vSech moznych smért
a délek mezi nimi.

Dal$im zpracovanim téchto mereni vznikd soubor dat, ktery
se sklddé ze souradnic referenénich bodu a velkého mnoZstvi
zméfenych Ghld, resp. sméru a vzdélenosti. Kazdy z téchto
prvki md svoji nejistotu (nepfesnost), takZe prakticky nenf
mozné, aby fungovaly zakladni geometrické vztahy, které
jsou znamé. Pokud jsou zméfené vSechny vzdjemné vztahy
mezi tfemi body (vSechny dhly a vzdalenosti), z duvodu jejich
existujicich nepresnosti neni mozné, aby napriklad platil
axiom, Ze soulet méfenych Ghld v tomto trojihelniku mus{
byt 180 stupnu (200 gonu). V takovém piipad€ je potieba sou-
fadnice bodu, thly i vzddlenosti opravit naptiklad za podmin-
Ky, aby tvar puvodniho obrazce zustal zachovdn, ale pfitom
v ném zdroven fungovaly prdvé tyto zdkladni matematické
vztahy.

Tento matematicky postup se v geodézii nazyva vyrovnani
méfeni. V dne¥ni dobé osobnich po&itacu existuji geodetické
programy, které dokdZou relativné rychle provést vypocet
celého souboru namérenych dat. Ty kvalitni jsou vysoce spe-
cializované a také maji svoji finan¢ni hodnotu.

I pres jejich existenci je zde ovSem neustédle nutnd pritomnost
kvalitntho a zkuSeného, matematicky erudovaného geodeta.
Cely soubor vstupnich dat soufadnic pevnych bodi a naméfe-
nych dat je potfeba pripravit pro proces vyrovnani. Po provede-
ni vypoltu je nutné, aby doty¢ny geodet porozumél
programovym vystupum, dokdzal je interpretovat a nalézt
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to be able to respond to the discrepancies which certainly
appear when the theoretical contemplations contained in the
analysis is confronted with the in-situ reality, without com-
promising the required accuracy of the result. With respect
to the fact that the guidance measurements are most frequ-
ently carried out without interruption to the work operations
in the tunnel, he/she has to know how to ensure the best con-
ditions for the measurements, which means how to reduce
the intensity of construction activities in the location of the
measurements or to divert them, if possible, for instance in
the case of twin-tube tunnels. In an ideal case, the excavati-
on operations should even be suspended for the time neces-
sary for the measurements.

3.4 Adjustment of measurements

All measurements are carried out in a way guaranteeing that
the redundancy of the entire system of measured elements is
sufficient so that the influence of all negative effects described
in the text above is restricted. For that reason the measure-
ments of directions and lengths from one station are repeated
and mutual relationships between the points are firmly inter-
connected by thorough measurements of all directions and
lengths between them possible.

A database consisting of coordinates of reference points
and a large amount of measured angles or directions and
distances originates by the subsequent processing of those
measurements. Each of those elements has its own uncer-
tainty (inaccuracy). For that reason it is practically impos-
sible for the basic geometrical relationships known to us to
function. If all interrelationships between three points (all
angles and distances) are measured, it is impossible becau-
se of their existing inaccuracies that, for example, the
axiom that the sum of angles measured in the triangle must
be 180 degrees (200 gons) effects. In such a case it is
necessary to rectify all coordinates of the points, angles
and distances, for example under the condition that the
geometry of the original diagram remains preserved and, at
the same time, exactly these basic mathematical relations-
hips work in it.

In the field of surveying, this mathematical procedure is cal-
led the adjustment of measurements. Nowadays, in the period
of personal computers, surveying programs capable of the
relatively quick processing (calculating) of the entire file of
measured data exist. The good quality ones are highly specia-
lised and have their financial value.

In spite of their existence, the presence of a good quality
and experienced and mathematically erudite surveyor is still
necessary. The entire input data file concerning the coordi-
nates of fixed points and measured data has to be prepared
for the adjusting process. It is necessary for making the cal-
culation that the particular surveyor understands the pro-
gram outputs, is able to interpret them and find contingent
errors and, after excluding or rectifying them, to carry out
the subsequent calculation until the moment when the out-
put data set is in good order. Even the decision that the result
is in order is in his/her competence and on his/her responsi-
bility, whilst no fixed rules for this decision exist. In additi-
on, there is the possibility for the above-mentioned pro-
grams to set various parameters relevant to the calculation
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pripadné chyby a po jejich vylouceni nebo ndpravé provést dalsi
vypocet, a to az do okamzZiku, kdy vystupni data jsou v poradku.
I rozhodnuti, Ze vysledek je v poradku, je v jeho kompetenci
a na jeho zodpovédnost, pri¢emz pro toto rozhodnuti neexistuji
pevné dand pravidla. Navic uvedené programy maji moznosti
nastaveni ruznych parametri relevantnich pro vypolet, které
sice nebyly zminény v tomto textu, ale maji velky vliv na
vysledné hodnoty. Ruznd nastaveni téchto parametrti a zmény
v konfiguraci vstupnich hodnot dokazou napriklad na razbé
tunelu o délce 1 kilometru posouvat vysledné souradnice bodu
pomocné sit€ vpredu na Celbé v pricném sméru o hodnotu ve
velikosti v fddu centimetra.

4 ZAVEREM

Usmérnovaci méfeni raZzeb tunelt nenf soucdst{ denni geo-
detické Cinnosti provadéné na razbach v rdamci vystavby,
a proto je to ¢innost, kterou nemusi vSichni ucastnici vystav-
by, ktefi se na ¢elbach pohybuji, béZné vnimat. Velkd Cast této
¢innosti se navic odehrdva v kanceldrskych prostorach, dost
Casto dokonce tiplné mimo prostory zarizeni staveniSté.

Clanek chtél ukazat, Ze tym geodetil, ktery zajistuje usmér-
novani razeb a snaZi se o co nejmensi odchylku na prordzce,
je ohrozovan ve svém snaZeni okolnostmi, které nelze plné
kontrolovat a eliminovat, pouze je mozné cilené sniZovat
jejich vliv na nejmensi moZnou miru. Z toho davodu je nutné,
aby Cést Clena tohoto tymu byli zkuSeni pracovnici.

Z toho samého davodu je v kazdém piipadé vitdna kontrola
usmérfiovacich méfeni nezavislymi geodety. Cim vétsi naroky
na minimalizaci prordzkové odchylky (kvuali délce tunelu
nebo z jakychkoli jinych duvodu), tim je tato kontrola duleZi-
téjsi. Takova kontrola je i v zdjmu investora, protoZze ani on
neni univerzdlné chrdnén pred tlakem vys3ich ndklada zpuso-
benych tim, Ze tunel byl vyraZen chybou usmérnovacich
méreni ,,jinam®, a jsou investori, ktefi si této skute¢nosti jsou
védomi.

A jesté jednou z toho samého duvodu je vhodné doporudit
vedeni tunelové stavby, aby vy$lo v co nejvetsi mozné mife
vstfic svému merickému oddeleni, pokud obdrzi pozadavek
na zajisténi co nejlepSich podminek pro provedeni kampanée
usmeérnovaciho mereni. Odménou by mohla byt mala odchyl-
ka na prordzce tunelu, kterého se méfeni tykd, a neni cilem
tohoto textu analyzovat potiZe, které mohou nastat v pripade,
7e odchylka je neprijatelné velka.

V ¢&lanku popsand problematika neni podrobné probirdna
v osnovach vzdéldvacich instituci, a zkuSenosti jsou preddva-
ny v ramci firemniho interniho Skoliciho systému ,,z generace
na generaci.

Ing. PETR HLAVACEK, hlavacek.petr@angermeier.cz,
Angermeier Engineers, s.r.o.

Recenzovali Reviewed: Ing. Karel Kiemen,
Ing. Michal Gramblicka
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which have not been mentioned in this text but have signifi-
cant influence on the resultant values. Various settings of
these parameters and changes in the configuration of input
data are able, for example, to shift the resultant coordinates
of the auxiliary network at the excavation face in the trans-
verse direction by a value in the order of centimetres in the
case of the excavation of a 1km long tunnel.

4 CONCLUSION

The tunnel excavation guidance measurements are not part
of daily surveying activities performed at tunnel excavation
within the framework of the construction. For that reason it is
an activity all participants to the construction moving on the
site do not normally have to perceive. Major part of this acti-
vity in addition takes place in office rooms, quite often even
completely outside the construction site facilities

The paper wanted to show that a team of surveyors provi-
ding the guidance of excavation headings and striving for as
small breakthrough deviation as possible is threatened in its
efforts by circumstances which cannot be fully controlled and
eliminated and it is only possible to purposefully reduce their
influence to the lowest possible level. It is for that reason
necessary that some of the members of the team are experien-
ced workers.

For the same reason, checking of the guidance measure-
ments by independent surveyors is in any case welcomed. The
higher requirements for minimising the breakthrough deviati-
on (because of the tunnel length or for any other reason) the
higher importance of this checking. Such the checking is even
in the interest of project owners because even they are not uni-
versally protected against the pressure of higher costs incurred
by the fact that the tunnel was driven to “another point” due to
an error in the guidance measurements. There are project
owners who are aware of this fact.

And once more for the same reason, it is appropriate to
recommend the management of a tunnel construction project
that it should meet the needs of the survey department as much
as possible if it receives a requirement for ensuring the best
possible conditions for conducting the guidance measurement
campaign. A small deviation of the breakthrough of the tunnel
the survey is related to could be the reward. Analysing the pro-
blems which can be encountered in the case the deviation is
unacceptably large is not the aim of this text.

The problems described in this paper are not discussed in
detail on curriculums of educational institutes. The experience
is passed on within the framework of internal corporate trai-
ning systems “from generation to generation”.

Ing. PETR HLAVACEK, hlavacek.petr@angermeier.cz,
Angermeier Engineers, s.r.o.
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FORBIFART STOCKHOLM - PROJEKT FSE210
FORBIFART STOCKHOLM - FSE210 PROJECT

TOMAS NEMECEK, MICHAL PRENOSIL

ABSTRAKT

FSE210 (tzn. FORBIFART STOCKHOLM ENTREPRENAD 210) je oznaceni projektu, kterym byla zahdjena vystavba vychod-
niho obchvatu hlavniho mésta Svédska, Stockholmu. Timto projektem se v roce 2014 Subterra a.s. uvedla na $védsky trh. V cel-
kovém objemu praci na obchvatu tvori FSE210 pouze malou &dst. Trafikverket, jakoZto zadavatel, mozZnd 7 tohoto duivodu a také
z diivodu, Ze se jednd o uvodni projekt, vybral neobvyklou smluvni formu tzv. ,,Cost&Fee“ s fixni cilovou cenou. To je za pred-
pokladu pouze drobnych odchylek od puvodniho projektu funkéni, transparentni a férovy model. Jak se ale béhem realizace ukd-
zalo, prdce v podzemi je téZko predvidatelnd a tak nejen projekt, jak je ddle v ¢ldnku okrajovée zminéno, ale i smlouva proSla mno-
hymi zménami.

ABSTRACT

FSE210 (FORBIFART STOCKHOLM ENTREPRENAD 210) is the designation of the project by which the development of the
eastern bypass of Stockholm, the capital of Sweden, began. It was the project through which Subterra a.s. a. s. introduced itself
onto the Swedish market in 2014. In the total volume of the work on the bypass the FSE210 project forms only a small part.
Trafikverket, in the position of the client, might take this fact and the fact that it is an initial project as the reason why it chose an
unusual contract form, the so-called ,,Cost&Fee“ with a fixed target price. Assuming only minor deviations from the preliminary
design, this form of contract is functional, transparent and fair. However, as it turned out during the realisation, the work in the
underground is hard to predict and the design, as marginally mentioned further in the paper, as well as the contract has under-

gone numerous changes.

1 0voD

1.1 Udel Forbifart Stockholm

Celd Evropa v poslednich letech &eli problémum migraéni
krize. Svédsko je svym postojem vi¢i migrantéim jiZ historicky
jednou z nejvstricnéjSich zemi unie, coz v kombinaci s celko-
vou atraktivitou zemé zpusobuje skokovy nérust populace, a to
zejména ve velkych méstskych aglomeracich jako jsou
Goteborg, Malmo a Stockholm. Pro predstavu, podle uddaju
Migrationsverket (Svédsky migraéni tfad), ofekdvd stock-
holmsky region do roku 2030 nérast populace ze soucasnych
2 mil. na 2,4 mil. obyvatel. Bez funk¢ni infrastruktury nebude
redlné takovyto prirustek zvlddnout. To je moZzné pozorovat jiZ
dnes, kdy prujezd méstem z jihu na sever muZe trvat aZ néko-
lik hodin.

Rozdé€leni Stockholmu zpusobené nedostateGnou dopravni
infrastrukturou je limitem pro dal$i rozvoj mésta i celé zemé.
Vystavba novych stockholmskych staveb doposud probihala na
okrajich mésta, pricemz jeho hlavni sluzby a funkce byly sou-
stredény v jeho centru a toto v podstaté plati pro cely region.
S nérastem populace vyvstala potfeba vytvorit vice méstskych
center s jejich rezidenénimi ¢dstmi, sluzbami i pracovnimi pri-
lezitostmi, a tak bylo vytipovano devét lokalit v regionu s tako-
vym potencidlem (obr. 1). Co vSak chybi, je propojit tyto regi-
ony a vybudovat efektivni silni¢ni sit’ a systém hromadné
dopravy.

V souvislosti s vySe uvedenym roste pocet pracovnich mist
na severu regionu a to zpusobuje, Ze lidé stdle Castéji cestuji
pres jezero Milaren (tieti nejvétsi jezero Svédska) rozdélujict
stockholmsky region a Stockholmem pouze projizdéji.
Alternativ pro takovouto trasu ma i tak velké mésto, jako je
Stockholm, velmi mélo. Soustfedime-li se na automobilovou
dopravu, existuji pouze tfi, z toho dvé maji na celou situaci

......

(obr. 2 A) je souldsti vnéjstho mestského okruhu a zdroven

1 INTRODUCTION

1.1 Férbifart Stockholm purpose

In recent years the whole Europe has been facing problems
of the migration crisis. Through its approach to migrants,
Sweden has historically been one of the most accommodating
to migrants in the European Union. This fact, in combination
with the overall attractiveness of the country, causes the
abrupt increase in population, in particular in large urban
agglomerations such as Goteborg, Malmo and Stockholm.
Just for idea, according to data published by Migrationsverket
(the Swedish migration office) the Stockholm region popula-
tion is expected to grow from the current 2 million to 2.4 mil-
lion by 2030. Without a functional infrastructure, such growth
cannot be sustained. This fact can be noticed even today,
when the way across the city from the south to the north can
take up to several hours.

The division of Stockholm due to insufficient transport
infrastructure poses a limit for future development of the
whole city and the entire country. The development of new
Stockholm projects has so far proceeded on the outskirts of
the city, whilst the main services and functions were concent-
rated in its centre. This is in fact applicable to the entire regi-
on. The necessity of developing more urban centres with their
residential areas, services and employment opportunities
emerged with the population growth. For that reason nine
localities with such potential (see Fig. 1) were identified in
the region. Nevertheless, what is missing is interconnecting
those regions and developing an effective road network and
a mass transit system.

In connection with the above-mentioned process, the
quantity of jobs in the north of the region grows, causing that
people travel more and more frequently across Milaren Lake
(the third largest lake in Sweden) dividing the Stockholm
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region. They only pass throu-
gh Stockholm. Alternatives to
such a route are too few even
in such a large city as Stock-
holm. If we focus ourselves
on automobile traffic, there
are only three alternatives
available, two of which can
only minimally influence
the whole situation. The
most important of them is
the so-called Essingeleden
route (see Fig. 2A). It is part
of the outer city ring road
and, at the same time, it is
part of the nationwide E4
road. The next one is the 73
road (see Fig. 2B) crossing

’Flemingsberg the Stockholm centre, the

. capacity of which is signifi-

Sﬁdertﬁlja" ’Hanlnge Sy cantly lower. The third
route, for which it is neces-

Obr. 1 Vytipované lokality novych méstskych center ve Stockholmském regionu
Fig. 1 Localities tipped for new urban centres in the Stockholm region

celostdtni silnice E4. Dale kapacitné vyrazné slabsi silnice 73
(obr. 2 B), protinajici centrum Stockholmu. A tfeti, pfi niz
je nezbytné vyuzit lodni prepravu, vede pres ostrov Ekore
(obr. 2 C).

Essingeleden je hlavnim ¢lankem severojizniho spojeni a je
situaci ve Stockholmu pfimo ovlivnéna. Jeji kapacita 80 000
vozidel/den nebyla zménéna od roku 1967, kdy byla oteviena.
V soucasné dobé je jeji zatéZz 160 000 automobila v typickém
pracovnim dni. Vjezdy do mésta jsou v dusledku aut, kterd
pouze projizdéji, pretiZeny a cely dopravni sytém je nachylny
ke kolapsu z duvodu nedostatku alternativnich tras. Proto byl
Forbifart Stockholm vybran jako klicovy projekt pro zvySeni
kapacity silnic, vedoucich

sary to use ship transportati-
on, leads across Ekore
island (see Fig. 2C).

The Essingeleden route is
the main component of the north-south link and is directly
affected by the situation in Stockholm. Its capacity of 80,000
vehicles per day has not changed since 1967 when it had been
opened to traffic. Currently the traffic volume in a typical
working day amounts to 160,000 vehicles. Because of the
only transiting vehicles, the entry routes to the city are con-
gested and the entire transportation system is prone to a col-
lapse due to the lack of alternative routes. This is why the
Forbifart Stocholm was chosen as a key project for increasing
the capacity of roads leading across Milaren Lake for auto-
mobile, bus and commercial transportation. It should relieve

pres jezero Milaren pro
automobilovou, autobuso-
vou i komer¢ni dopravu,
coZ by melo ulevit tlaku na S
Zelezni¢ni spojeni a zejmé- Far";?m_-
na na zminovanou trasu \A
Essingeleden.

Pilotni studie spojeni me-
zi severni a jizni Casti mésta
byla provedena v roce 2001.
Zaveér této studie potvrdil,
Ze stavajici spojeni potrebu-
je nevyhnutelné posilit. Bé-
hem let 2002 az 2005 se
pracovalo na studii provedi-
telnosti, béhem niz se po-
rovnavaly tfi varianty, resici
dopravni spojeni pres jezero
Milaren:

Projekt Forbifart Stock-
holm - prevazné tunelovy

=

Brovi Kummelnas
Orminge Kil
Biorknas
NACKA—— | | _Bdo
st
Aa
Tyresd

TrollbAcken Knusboda

obchvat, zacinajici na silni-
ci E4/E20 v jizni ¢asti mésta

Obr. 2 Existujici trasy pres jezero Miileren (A — Essingeleden, B - silnice 73, C — trasa pres ostrov Ekire)
Fig. 2 Existing routes across Mdleren Lake (A — Essingeleden, B — the 73 road, C — route across Ekore island)
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. _ o the pressure on the railway connection and, in particular, the
zvané Kungens Kurva, pokraCujici na sever pres Cdsti Sitra,

Kungshatt, Lovon, Vinsta, Lunda, Hjulsta a pak dile na E4
smér Hiaggvik.

Projekt Diagonal Ulvsunda — obchvat vedeny bliZze méstu,
zacinajici na silnici E4/E20 v ¢asti Kungens Kurva, pokracuji-
ci pres Vistertrop, Ulvsundaplan, Kvarnbacken, Solvalla,
Enkopingsvigen, Kista a napojujici se na E4 pod méstem
Higgvik. Vyhodou tohoto feseni bylo napojennf na stdvajic sportation connection across Milaren Lake were being compa-
tunelovou stavbu, tvorici jizni obchvat mésta zvanou Sodra red during the work:

above-mentioned Essingeleden route.

The pilot study on the connection between the northern and
southern parts of the city was carried out in 2001. The conclu-
sion of the study confirmed that the existing connection inevi-
tably needs strengthening. The work on the feasibility study
proceeded from 2002 to 2005. Three variants solving the tran-

Linken. The Forbifart Stockholm project — a bypass route mostly
Kombinac¢n{ alternativa — pokus o spojeni novych silni¢nich running through tunnels, beginning on the E4/E20 road in the
projekti a projektu vefejné hromadné dopravy (Zeleznice, southern part of the city called Kungens Kurva, continuing
tramvajové spoje apod.) se stavajici infrastrukturou. northward across the districts of Sitra, Kungshatt, Lovon,
V roce 2006 bylo rozhodnuto realizovat variantu Forbifart Vinsta, Lunda and Hjulsta and further to the E4 in the directi-
Stockholm a po letech pldnovani, projektovani a pripominko- on of Higgvik.
van{ ji v roce 2014 vldda definitiné schvalila. The Diagonal Ulvsunda project — a bypass route running
1.2 Zakladni informace o Forbifart Stockholm closer to the city, beginning on the E4/E20 road in the Kun-
Jednd se o jeden z nejvétsich infrastrukturnich projektu ve gens Kurva region, continuing across the regions of Vis-
Svédsku, ktery podle vyjadfeni zadavatele Trafikverket zéro- tertrop, Ulvsundaplan, Kvarnbacken, Solvalla, Enkopingsvi-
ven patfi mezi nejvetsi tunelové stavby sveta, realizované gen and Kista and connecting to the E4 under the town of

v méstské oblasti. Trasa obchvatu je dlouhd 21 km, z ¢ehoz
18 km je vedeno tunely. Dva paralelni tubusy tuneld hlavni
trasy obchvatu povedou z méstské ¢dsti Skirholmen pod jeze-
rem Milaren az do ¢asti Lunda, coz je trasa dlouhd 16,5 km
(33 km razeb). Soucdsti tunela hlavni trasy obchvatu v tomto
useku jsou ndjezdové a vyjezdové rampy v podobé mensich
tuneld s profilem okolo 100 m? v celkové délce cca 20 km, dédle
pak tunelové propojky a pracovni tunely rizného tGcelu. V &dsti
Lunda vychazi trasa na povrch do kfizeni Hjulsta, ze kterého

Héggvik. The advantage of this solution lied in the connecti-
on to Sodra Linken, the existing tunnel structure forming the
southern bypass of the city.

A combinational alternative — an attempt to combine new
road construction projects and public transportation projects
(railways, tramway lines etc.) with the existing infrastructure.

The decision to realise the Forbifart Stockholm variant was
made in 2006, and was definitively approved by the govern-

pokracuje do dal$iho tunelového dseku zvaného Akalla dlouhé- ment in 2014, after years of planning, designing and com-
ho 1,8 km. Ten zahrnuje razbu dvou tubusu tuneld hlavnf trasy menting.

a mensiho pristupového tunelu. Celd trasa obchvatu je zndzor- 1.2 Basic information on Forbifart Stockholm

néna na podélném fezu trasy (obr. 3). It is one of the largest infrastructure projects in Sweden,

Zadavatelem je stdtni organizace Trafikverket (obdoba Ces-
kého RSD), kterd bude cely projekt realizovat pomoci az dvou
desitek hlavnich dodavateld s kontrakty v hodnoté 500 aZ 3 000
mil. SEK v obdobi nésledujicich deseti let. Prdce na razbich
tuneld jsou kritickou ¢&ésti celého projektu a jejich celkovy
objem je roven bezmdla 6 500 000 m> vytéZené horniny. Tyto
prace jsou rozdéleny do osmi dil¢ich projekta ruzné velikosti
a charakteru (tab. 1 a obr. 4). Obchvat bude v Sesti svych mis- district. This route is 16.5km long (33km of tunnelling work).

which, according to a statement of Trafikverket, the project
owner, belongs among the world’s largest tunnelling projects
executed in an urban area. The bypass lenght is 21km long
and 18km of this length are led through tunnels. Two parallel
tunnel tubes of the main bypass route will lead from the
Skédrholmen district under Mailaren Lake up to the Lunda

tech na povrchu napojen na existujici silni¢ni sit, a to skrze The tunnels of the main bypass route in this section even com-
noveé vybudovand kfiZeni, mosty, zdfezy a hloubené i razené prise on ramps and off-ramps in the form of smaller tunnels

stavajici silnice E18 stavajici silnice E4

current road E18 Stockholm City currentroad 4
Sollentuna o
\\ - - < B e kfizeni Kungens kurva
m.n.m.| kiizeniHaggvik | Kfizeni Akkalla [=— ——————""" Valingby e - .| Kungens kurva intersection
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Obr. 3 Podélny profil trasy obchvatu
Fig. 3 Longitudinal profile of the bypass alignment
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Tab. 1 Rozdeéleni praci na razbdch tuneli obchvatu do jednotlivych projektit

TuHel

Table 1 Division of the work on driving the bypass tunnels into individual contracts

oznaceni projektu  nazev projektu popis objem vyrazené hor. [m3] doba realizace

identification no. name description excavated volume [m3] construction time

FSE209 Bergtunnlar Skarholmen hlavni tunel a najezdové rampy 1400 000 2016-2022
main tunnel and approach ramp tunnels

FSE210 Arbetstunnel Skarholmen pracovni tunely a najezdové rampy 91 000 2015-2016
access tunnels and approach ramp tunnels

FSE302 Bergtunnlar Norra Lovd pfistupovy tunel, hlavni tunel 1060 000 2015-2022
access tunnel, main tunnel

FSE308 Bergtunnlar Sédra Lovo pfistupovy tunel, hlavni tunel 1544 000 2015-2022
a najezdové rampy
access tunnel, main tunnel and
ramp tunnels

FSE403 Bergtunnlar Johannelund hlavni tunel a najezdové rampy 1500 000 2015-2022
main tunnel and approach ramp tunnels

FSE410 Bergtunnlar Lunda hlavni tunel 416 000 2016-2021
main tunnel

FSE607 Arbetslunnel Akalla pfistupovy tunel 12 000 2015-2016
access tunnels

FSE613 Bergtunnlar Akalla hlavni tunel 400 000 2017-2021
main tunnel

Vo

tunely. Dvé velkd kfiZzeni vzniknou pobliz E4 na zacatku
a konci obchvatu v oblastech Kungens kurva a Higgvik, déle
pak v oblasti Hjulsta se silnici E18, se silnici 275 ve Vinsté
a silnici 261 na ostroveé Love (obr. 3).

Kapacita obchvatu je projektovdna na 140 000 aut/den ve
tfech pruzich v kazdém sméru. Doba prijezdu celé trasy je 15
min. Forbifart Stockholm tim prisp€je k rozvoji celého regionu,
zajisti alternativni spojeni pres jezero Milaren, ¢imZ se zvysi
komfort stockholmského automobilového provozu. V nepo-
sledni fadé poskytne dal$i moZnosti cestovani méstkou hro-
madnou dopravou.

1.3 Zakladni informace o FSE210

Jak je patrné z obr. 4, dil¢i projekt obchvatu znaceny FSE210
je jednim z prvnich na celém Forbifart Stockholm. Tento maly
projekt obsahuje raZbu tfi piistupovych tunelt ve dvou lokali-
tach, od sebe vzdalenych priblizné 3 km, a to v méstskych &ds-
tech Sitra a Skdrholmen. Soucdsti projektu je také stavba pro-
vizorniho pfistavu na jezefe Milaren, pobliZ tunelu v Sitfe.

Tunel v Sitfe (obr. 5), oznaCovany jako AT292 (Arbets Tunnel
292), je pracovni tunel ustici do stfedu tvodni ¢tyrkilometrové
&4sti tunelt hlavni trasy, kterd je naplni navazujiciho projektu
FSE209. Béhem realizace obchvatu bude slouzit jako pristupovy
tunel pro razbu hlavnich tuneld a také skrze néj bude odtéZena
zna¢nd Cdst rubaniny, kterd bude ddle prepravovana po vode, aby
bylo mésto co nejméné piepravou zatéZovano. Z tohoto davodu
bude v této lokalité vybudovdn provizorni pristav a systém pdso-
vych dopravnikt, zacinajici na 150 tm tunelu AT292 a kon&ici na
plovoucich pontonech pristavu. Lodni prepravou bude preveze-
no 4,5 milionu tun horniny. Po dokonceni raZeb tuneli na hlavni
trase obchvatu bude tunel AT292 souldsti ventilatniho systému
a bude v ném vybudovana pozarni stanice.

with the profiles about 100m? at the total length of 20km, tun-
nel cross passages and various purpose working tunnels. In
Lunda, the route emerges to the surface in the Hjulsta inter-
section, from which it continues into the next 18km long tun-
nelling section called Akalla. This section comprises driving
two main route tunnel tubes and a smaller access tunnel. The
whole bypass route is displayed in the longitudinal section in
Fig. 3.

Trafikverket government-owned organisation (analogy to
the Czech Road and Motorway Directorate) is in the role of
the contracting entity. It will manage the entire project using
up to twenty main contractors with contract values of SEK
500 to 3000 million during the following ten-year period.
The tunnel driving work is the critical part of the whole pro-

ject and the total volume of excavated ground reaches near-

ly 6,500,000m3. This work is divided into 8 partial projects
with various sizes and characters (see Table 1 and Fig. 4).
The bypass will be connected to the existing at grade road
network at six points of its route, through newly built inter-
sections, bridges, cuttings and cut-and-cover and excavated
tunnels. Two large intersections will originate near the E4 at
the beginning and the end of the bypass, in the districts of
Kungens Kurva and Hédggvik, another one in the district of
Hjulsta (an intersection with the E18 road, an intersection
with the 275 road in the district of Vinsta and with the 261
road on Love island (see Fig. 3).

The bypass capacity is designed for 140,000 vehicles per
day driving along three lanes in each direction. The time of
travel along the whole route amounts to 15 minutes. In this
way Forbifart Stockholm will contribute to the development
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FSE62 kfizeni Haggvik
Haggvik intersection 2016-2022

"~ FSE502 kiizent Hiulsta - sever
Hjulsta - north intersection 2015-2021
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main tunnel Lunda 2016-2021
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doCasny pfistav temporary port

FSE403 hlavni tunel Johannelund
main tunnel Johannelund 2015-2022

FSE401 kfizeni Vinsta Vins-
ta intersection 2017-2021

FSE302 hlavni tunel Norra Lovd
main tunnel Norra Lovd 2015-2022
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FSE209 hlavni tunel Skérholmen
main tunnel Skdrholmen 2016-2022
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FSE101 silnice a mosty Varby backe
roads and bridges Viarby backe 2018 - 2021

Hallunda

FSE309 krizeni Lovo Lovo.
intersection 2015-2020

FSE210 pristupovy tunel Skarholmen
accestunnel Sk&rholmen 2017-2021

Huddinge

Sundbyberg

Stockholm

FSE215 hloubeny tunel Skarholmen cut-
and-cover tunnel Skérholmen 2017-2021

FSE105 hloubeny tunel Kugens kurva cut-
and-cover tunnel Kugens kurva 2015-2021

Obr. 4 Trasa obchvatu s rozdélenim do dilcich projektu
Fig. 4 Bypass alignment division into partial projects

V oblasti Skdrholmen (obr. 6) za¢inaji dvé ndjezdové rampy
RT213 a RT214 (Ramp Tunnel), spojujici povrchovou silni¢ni
sit’s tunely hlavni trasy obchvatu. Jejich razba méla byt pre-
vazné soudldsti projektu FSE209, ale po dohodé s Trafikverket
byla &dst téchto praci zahrnuta do projektu FSE210 z duvoda

of the whole region and will provide an alternative connecti-
on across Milaren Lake, thus increasing the comfort of vehi-
cular traffic in Stockholm. Last but not least, it will provide
other opportunities for travelling using the urban mass transit
system.
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Obr. 5 Situace Sdtra
Fig. 5 Sdtra map

efektivnéj$iho vyuZiti stdvajicich zdroju Subterry. Primdrnim
ukolem FSE210 v této lokalité je vyrazit ivodnich 70 m RT213
a z n¢j navazujici pracovni tunely AT1 a AT2. AT1 je pracovni
tunel zpfistupnujici tunelové rampy RT211 a RT212 (nejsou
soucdsti FSE210), které budou napojovat silnici E4/E20 na
tunely hlavni trasy ve sméru na centrum Stockholmu. Pracovni
tunel AT2 vede z prvniho pracovniho tunelu do staniceni km
10,520 tunelu hlavni trasy obchvatu (raZzené tunely hlavni trasy
zacinaji ve stani¢eni km 9,940) a bude tedy slouZit jako dalsi
misto, z néhoZ bude hlavn{ tunel raZen.

Po uvodnim pozastaveni projektu v druhé poloviné roku
2014, které trvalo 6 mésicu, zahdjila Subterra a.s. price na jate
2015. Samotné razby zacaly 11. ledna 2016, kdy probéhl prvni
odpal na tunelu RT213 v oblasti Skidrholmen. Nasledoval tunel
RT214 a jako posledni, 17. bfezna 2016, byla odstartovana
razba tunelu AT292 v Sitfe.

2 TECHNICKY POPIS STAVBY A ZMENY V PROJEKTU

2.1 Lokalita Sétra

Trasa tohoto tunelu je dlouh4 600 m. Uvodnich 82 m zabird
hloubeny tsek nepravidelného tvaru, jelikoZ v ném trasa
uhybd smérem doprava ve sméru stanieni. Za projekt zajiste-
ni stén portdlu az po droven skalniho masivu je zodpovédny

Sk4rholmen

\\ '/

els

» @
Y] t

Obr. 6 Situace Skdrholmen
Fig. 6 Skirholmen map

TuHel

1.3 Basic information on the FSE210

As seen from Fig. 4, the partial bypass project marked
FSE210 is one of the first ones on the Forbifart Stockholm.
This small contract contains the excavation of three access
tunnels in two localities distant approximately 3km from each
other, namely in the districts of Sidtra and Skédrholmen. The
construction of a temporary port on Milaren Lake near the
tunnel in Sitra is also part of the project.

The tunnel in Sétra (see Fig. 5), marked as AT292 (Arbets
Tunnel 292), is a working tunnel having its mouth in the midd-
le of the initial four kilometre part of the main route tunnels
forming the content of the connecting FSE209 project. During
the course of the works realisation it will be used as an access
tunnel for the excavation of the main tunnels and, at the same
time, a significant proportion of muck will be removed
through it to be transported on water so that city is burdened
by traffic as little as possible. For that reason a temporary port
and a system of belt conveyors will be established in this loca-
lity. The conveyors will begin at the AT292 tunnel chainage m
150 and will end on floating pontoons in the port. About 4.5
million tonnes of ground/rock will be transported by ships.
When the excavation of tunnels on the main route of the
bypass is finished, the AT292 tunnel will become part of the
ventilation system and a fire station will be built in it.

Two access ramp tunnels RT213 and RT214 begin in the
Skédrholmen district (see Fig. 6). They connect the at-grade
road network with the main bypass tunnels. Driving these tun-
nels was mostly part of the FSE209 project, but in agreement
with Trafikverket, part of this work was incorporated into the
FSE210 project for the reasons of the more effective use of
Subterra a. s. resources. The primary task of the FSE210 in this
locality is to excavate initial 70m of the RT213 and to excava-
te the following working tunnels AT1 and AT2 from it. The
AT1 is a working tunnel providing access to the RT211 and
RT212 ramp tunnels (they are not parts of the FSE210 con-
tract), which will connect the E4/E20 road to the main route
tunnels in the direction of the Stockholm centre. The AT2 wor-
king tunnel leads from the initial working tunnel to the chai-
nage km 10.520 of the main route tunnels on the bypass (the
excavated main route tunnels begin at chainage km 9.940),
therefore it will be used as another place from which the main
tunnel will be driven.

After the initial suspension of the project in the second half
of 2014, which lasted 6 months, Subterra a. s. started to work
in the spring of 2015. The excavation itself commenced on
11th January 2016, when the initial blast took place on the
RT213 in Skdrholmen. The excavation of the AT292 tunnel in
Sitra started on 17th March 2016 as the last one.

2 TECHNICAL DESCRIPTION OF THE CONSTRUCTION
AND DESIGN CHANGES

2.1 Sétra locality

The alignment of this tunnel is 600m long. The initial 82m
long section is designed as a cut-and-cover tunnel with the
irregular geometry because of the fact that the route turns in it
right in the direction of the chainage. Responsible for the
design for the stabilisation of portal walls down to the rock
mass level is the contractor, whilst the remaining part found
in the rock environment is already solved by the design




Tab. 2 Zdkladni informace o AT292
Table 2 Basic information on AT292

Sétra AT292

26. rocnik - €. 172017

razena ¢ast mined tunnel

hloubena ¢ast Cut&Cover

délka trasy length 518 m 82m
teoreticky profil tunnel profile 77-93 m? -
objem vytéZzené horniny excavated volume 46 800 m® 4670 m?

Obr. 7 Tésnici zdmek RD Piles
Fig. 7 RD Piles sealing lock

dodavatel a zbylou ¢dst ve skalnim prostredi uz fesi projekto-
va dokumentace. Subterra a.s. ve spoluprdci s mistnim projek-
tantem zpracovala projekt na zajistén{ stén stavebni jamy, spo-
Civajici v kombinaci dvou reSeni. JelikoZz se hloubend Cast
nachdzi v tésné blizkosti jezera Milaren a dodate¢ny geolo-
gicky pruzkum prokdzal v této oblasti znacné rozruSenou pro-
pustnou morénovou vrstvu, bylo potfeba co moznd nejlépe sta-
vebni jamu utésnit. Mezi stani¢enimi km 0,000 az km 0,044
byla po obvodu instalovdna paZzici konstrukce v podobé pred-
vrtdvanych ocelovych pilot typu RD Piles (Ruukki’s drilled
piles) pruméru 400 mm, spojenych vodotésnym té€snicim zadm-
kem, jak je videét na obr. 7. Technologie spocivd ve vrtani
korunkou o néco vétsi neZ je prumér piloty, metodou DTH
(Down the Hole), kter4 je vhodna do prostredi skalnich hornin,

s oMz

a soucasném vibrovdni piloty do vrtu. Zbyld cdst stavebni

pazici konstrukce tvofena zaporami @ 200 mm
a pazenim z ocelovych platd kotvena do skalniho
podlozi pres vnéjsi roznasec prah
bracing structure consisting of soldier beams
@ 200mm anchored to the bedrack through -
external spreading beam

pazicf konstrukce z piedvrtdvanych RD
piles pre-bored RD pile bracing structure

Obr. 8 Stavebni jama v Siitie
Fig. 8 Construction pit in Séitra

documentation. Subterra a.s., in collaboration with a local
consulting engineer (designer), carried out the design for sta-
bilising the walls of the construction pit. The design lied in
a combination of two solutions. Because of the fact that the
cut-and-cover part is located in close proximity to Milaren
Lake and a supplementary geological survey proved a signifi-
cantly disturbed moraine layer in this area, it was necessary to
seal the construction pit as best as possible. Bracing structu-
res in the form of 400mm-diameter pre-bored steel piles of the
RD Piles type (Ruukki’s drilled piles), interconnected by
means of a watertight sealing lock, as shown in Fig. 7, were
installed around the circumference between chainages km
0.000 and 0.044. The technology lies in drilling with a bit
slightly bigger than the diameter of the pile using the Down
the Hole method, which is suitable for the environment for-
med by rock, and concurrent vibrating the pile into the bore-
hole. The remaining part of the construction pit at the soil
environment level was stabilised using 200mm-diameter sol-
dier beams embedded in the bedrock along the portal. They
were installed at 1.5m spacing. The bracing itself is formed by
Smm thick steel plates welded to the soldier beams. The
whole structure is supplemented by anchoring into the bed-
rock at the level of 0.5m under the upper edge, which is instal-
led through an external spreading beam (see Fig. 8). The
remaining levels were excavated in stages by blasting and
were stabilised with shotcrete in combination with SN rock
bolts.

The following 518m of the alignment are formed by the
AT292 mined access tunnel. In this section the alignment des-
cends along with the growing chainage on a 12-percent grade.
The tunnel cross-section geometry is rather rectangular with
a slightly rounded vault and straight walls. It is 10 to 12m wide
and its height on the tunnel axis reaches 8.14m. The theoreti-
cal cross-sectional area of the tunnel varies from 77m? to
93m?. Part of the AT292 working tunnel is a large chamber
between chainages km 0.236 and 0.300 (see Fig. 9), in which
a stone crusher and the beginning of the belt conveyor for tran-
sporting the excavated material will be placed during the cour-
se of the excavation of the main tunnel. At chainage km 0.260
the chamber reaches the maximum dimensions, 47m wide and
14.2m high.

2.2 skdrholmen locality

In this locality, several tunnels are being driven simultane-
ously from one construction pit. The primary FSE210 contract
task lies in the construction of the AT1 and AT2 working tun-
nels and the initial part of the RT213 ramp tunnel. The length
of the ramp will correspond to the length required for the rea-
lisation of the excavation to the AT1. All other work on the
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Tab. 3 Zdkladni informace o tunelech v oblasti Skirholmen
Table 3 Basic information on tunnels in the region of Skdrholmen

Skarholmen - puvodni zadani earlier placing

Tuel

RT213 AT AT2 hloubena ¢ast
Cut&Cover
délka length 70 m 196 m 250 m 100 m
teoreticky profil tunnel profile 77-93 m? 91 m? 77-91 m? -
objem vyt&7ené horiny excavated volume 5410 m® 17 840 m® 19 550 m® 31 000 m?

Obr. 9 Komora v AT292
Fig. 9 Chamber in the AT292

jdmy v drovni zeminového prostredi byla zajisténa zdporami
pruméru 200 mm vetknutymi do skalniho podloZi po obvodu
portdlu ve vzddlenosti 1,5 m od sebe. Vlastni paZeni tvor{
5 mm silné ocelové platy navarené na zdpory. Celd konstrukce
je v drovni 0,5 m pod horni hranou doplnéna kotvenim do
skalntho podlozi, provedeného pres vnéjsi rozndSeci prdh
ci trhacich praci a byly zajistény stiikanym betonem v kombi-
naci s SN kotvami.

Naslednych 518 m trasy tvori razeny pristupovy tunel AT292.
V tomto tseku trasa klesd s narustajicim stani¢enim ve sklonu

RT213 and RT214 exceeds the framework of the original
design.

The cut-and-cover part is a little larger here than in Sétra.
The left-hand wall is approximately 100m long and its height
reaches 20m. The original design of the stabilisation of the
construction pit walls was similar to that in Sitra, but the geo-
logical conditions encountered required new measures. The
originally braced construction pit is now partially provided
with slopes and a loading berm is left along a large part of its
left-hand wall.

There will be a cut-and-cover tunnel here in the future, the-
refore the above-mentioned measures are of a temporary cha-
racter.

The RT213 access ramp is 1420m long. Up to chainage km
0.205 its alignment runs partly at grade and partly through
a cut-and-cover tunnel; the following 1215m run through
a mined tunnel. The contract originally comprised only the
excavation of initial 70m and, at the moment, the excavation
of 190m is assumed. The geometry and dimensions of the tun-
nel cross-section many times change along the route, but wit-
hin the scope of the project are similar to those existing in the
case of the above-mentioned Sitra.

Because of worsened geology, the A1 working tunnel ope-
ning was moved by 30m to the chainage km 0.265 of the
RT?213 tunnel alignment. The tunnel is led downhill from this
location at a gradient of 8—12% and is 196m long. Another
point of attack is at chainage km 0.117 of the AT1 alignment.
It is designed for the other working tunnel, AT2, which will get

Tab. 4 Ukdzka rozdilu mezi progndzou a vystupy z geologického mapovdani béhem razby
Table 4 Example of differences between the prognosis and outputs of geological mapping during the course of the tunnel excavation

RT213

staniceni

chainage popis pfedpokladana horninova tida zastizend horninova tfida
od do description forecasted rock class encountered rock class
from| to

65 100 stavebni jama — zeminové prostfedi open cut — soll - -

100 | 200 stavebni jama — skalni prostfedi open cut — rock | 11}

200 | 210 portdl portal face Il v

210 | 215 tunelova rampa ramp tunnel Il v

215 | 245 kiizeni s AT1 crossing with AT1 Il 1%

245 | 265 tunelova rampa ramp tunnel I 11}




12 %. Profil tunelu ma spiSe obdélnikovy tvar s mirné zakula-
cenou klenbou a rovnymi sténami. Siroky je 10 a% 12 m a v ose
tunelu dosahuje vysky 8,14 m. Teoretickd plocha profilu tune-
lu je 77 m? a7 93 m?. Soud4sti pracovniho tunelu AT292 je roz-
sahld komora mezi stani¢enimi km 0,236 az km 0,300 (obr. 9),
ve které bude béhem razby hlavniho tunelu umisténa drti¢ka
kamene a zacédtek pasového dopravniku pro prepravu vytéZené-
ho materidlu. Ve stani¢eni km 0,260 dosahuje komora svych

A

maximalnich rozméru, a to 47 m §itky a 14,2 m vysky.

2.2 Lokalita Skarholmen

V této lokalité se z jedné stavebni jamy razi nékolik tunelt
soucasné. Primdrnim ukolem projektu FSE210 jsou pracovni
tunely AT1 a AT2 a tvodni ¢ast tunelové rampy RT213. Ta
bude dlouhd pouze tak, aby bylo mozné realizovat razby do
AT1. Veskeré dal$i prace na RT213 a RT214 jsou nad rdmec
puvodniho projektu.

Hloubend ¢dst je zde o néco rozlehlejsi nez v Sitfe. Levd
sténa je dlouhd cca 100 m a dosahuje vySky 20 m. Pivodni
projekt zajistén{ stén stavebni jamy byl obdobny jako v Sitre,
avSak zastizené geologické podminky si vyzddaly nova opat-

sz

feni. Pivodné paZend stavebni jdma je nyni ¢dste¢né svahova-
nd a podél velké Casti jeji levé stény je ponechdna prit€Zovaci
lavice.

V budoucnu zde bude hloubeny tunel, a proto jsou vyse
popsand opatreni doc¢asného charakteru.

Néjezdova rampa RT213 je dlouhd 1420 m. Jeji trasa vede az
do stani¢eni km 0,205 ¢dste¢né na povrchu a ¢dste¢né hloube-
nym tunelem, dalSich 1215 m raZenym tunelem. Projekt
FSE210 puvodné zahrnoval razbu pouze tivodnich 70 m, v sou-
Casné dobé se predpokldadd vyrazeni 190 m. Tvar i rozmery
tunelu se v celé trase mnohokrdt méni, ale v rozsahu projektu
jsou podobné jako v pripadé vySe popsané Sitry.
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after 250m to the location from which the excavation of the
main tunnel will proceed.

3 GEOLOGICAL CONDITIONS

The Stockholm region is located on the edge of the morpho-
logical unit called Svekofennium. The dominant rock material
in this area is represented by gneiss and fine-grained granite
called Stockholm granite. The rock is usually grey and locally
up to reddish. The terrain of the region is characterised by
numerous elevations and erosion valleys leading mostly in the
east-western direction.

The engineering geological survey of the entire bypass was
divided into six areas in total. The FSE210 project with its
two underground works falls within the partial areas I —
Skédrholmen and II — Sitra. The survey in these areas was
based on the rock formations accessible from the surface, rock
furrows, existing underground spaces, cored boreholes and
geophysical methods for determining the bedrock level and
locating likely weakness zones.

The rock mass was categorised on the basis of the data obta-
ined by the geological survey according to the Q index of
ground quality (Barton) and was divided into five quasi homo-
geneous rock classes. The prognosis of geological conditions
in the Skédrholmen area predicts mostly classes I and II,
i.e. very good and good rock quality. Category III (acceptable
rock quality) was predicted only for the portal section and
several sections in the RT213 and AT1 tunnels. Category IV
was predicted for a 60m long section. The AT292 tunnel in
Sitra, with the exception of the portal section, is expected to
be found in very good quality rock environment formed by the
Stockholm granite environment and sedimentary gneiss, rock
class I.
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projektované prostfedi grouted area
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Obr. 10 Schéma tésnici injektdze predpoli vyrubu v celém obvodu

Fig. 10 Chart of sealing grouting into the face advance core around the whole circumference
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Tab. 5 Klasifikace horniny a vyztuZeni vyrubu podle PD
Table 5 Rock mass classification and excavation reinforcement according to the design

horninova tfida | index Q kotvy stiikany beton kategorie vyztuzeni
rock class rock quality bolts vyztuzeny dratky reinforcement class
steel fibre reinforced
shotcrete
rozmisténi [m] délka [m] tloustka [mm]
spacing [m] length [m] thickness [mm]
kalota Opéri kalota Opéri kalota Oopéri
roof wall roof wall roof wall
| Q>10 selektivni selektivni 3 3 50 0 I-A
selective selective
I 4<Q<10 selektivni selektivni 3 3 50 0 [I-A
selective selective
I 1<Q4 1,7x1,7 1,7x1,7 3,4,5 3,4,5 75 50 lI-A
v 0,1<Q<1 1,5x1,5 1,5x1,5 3,4,5,6 3,4,5,6 75 50 IV-A

Z davodu zhorSené geologie byla zardzka pracovniho tunelu
AT1 premisténa o 30 m do stani¢eni km 0,265 trasy tunelu
RT213. Tunel je z tohoto mista veden tipadné ve sklonu 8-12 %
a je dlouhy 196 m. V misté km 0,117 trasy AT1 se nachdz{ dalsi
rozrazka, a to pro druhy pracovni tunel AT2, ktery se po 250 m
dostane do mista, odkud bude déle probihat razba hlavniho
tunelu.

3 GEOLOGICKE POMERY

Stockholmsky region se nachdzi na jiznim okraji morfologické-
ho celku zvaného Svekofennium. Dominantnim horninovym ma-
teridlem této oblasti jsou ruly a jemné ¢i stfedné zrnité Zuly, zvané
stockholmsky granit. Hornina je zpravidla Sedd a misty aZ naCer-
venald. Terén regionu se vyznacuje ¢etnymi elevacemi a eroznimi
tdolimi vedoucimi prevazné smeérem z vychodu na zapad.

InZenyrskogeologicky pruzkum celého obchvatu byl rozdé-
len celkem do Sesti oblasti. Projekt FSE210 se svymi dvéma
podzemnimi dily spadd do dil¢{ oblasti I — Skédrholmen a II —
Sitra. Zakladem prazkumu v téchto oblastech byly skaln{ dtva-
ry pristupné z povrchu, skalni ryhy, existujici podzemni pro-
story, jadrové vrty a geofyzikdlni metody pro uréeni drovné
skalniho podlozi a lokalizaci pravdépodobnych mist oslabe-
nych zén.

Na zédkladé tdaju ziskanych geologickym pruzkumem byl
horninovy masiv klasifikovdan podle indexu kvality horniny Q
(Barton) a rozdélen do péti kvazihomogennich horninovych
tiid. Progndza geologickych pomért v oblasti Skédrholmen pre-
dikuje prevazné tfidu I a II, tzn. velmi dobrou a dobrou kvalitu
horniny. Pouze v portdlovém useku a na nékolika dsecich
v tunelech RT213 a AT1 byla predpokldddna kategorie III (pfi-
jatelnd kvalita horniny). Kategorie IV byla predikovdna
v dseku 60 m. Tunel AT292 v Sitfe se md, az na portdlovy usek,
nachdzet cely ve velmi kvalitnim horninovém prostredi stock-
holmského granitu a sedimentdrn{ ruly v horninové tridé I.

Tato prognéza se skuteéné zastiZenou horninou zatim Casto
nesouhlasi, prikladem je tabulka 4. V nékterych oblastech se
li$1 natolik, Ze neexistuje projektem predepsand trida zajistén{
vyrubu, jako tomu bylo v tvodu tunelové rampy RT213. Zde se
na nékolika mistech pristoupilo k dodate¢nému zesileni osténi,
pomoci Zeber z vyztuZeného stiikaného betonu (armovaci
vyztuz v podobé prutu &i siti a stifkany beton).

For the time being this prognosis often does not agree with
the actually encountered ground/rock, as shown as an example
in the table below. In some areas it differs so much that an
excavation support class prescribed by the design does not
exist, as it was at the beginning of the RT213 ramp tunnel. In
this case additional reinforcing of the lining was undertaken at
several places using reinforced shotcrete ribs (steel rebar or
mesh and shotcrete reinforcement).

4 TUNNELLING TECHNOLOGY

The Scandinavian tunnelling method called Drill&Blast
with the continual injection of sealing grout into the face
advance core was selected for the excavation of all tunnels on
the bypass. This method, respectively its advance rate and
safety, is well proven in the Stockholm region on many other
infrastructure projects.

The tunnel excavation operations were preceded by sealing
a 24m long advance core throughout the excavation circumfe-
rence by means of low-pressure grouting with the pressure
varying from 20 to 35bar. These 24m long sealing fans are
installed repeatedly every 18m so that 6m overlapping of indi-
vidual grouting steps develops, as shown in Fig. 10. In the case
of the FSE210, microfine cementitious grout is used. The
grouting at a common cross-section size of 90m? is carried out
through 25-35 boreholes 64mm in diameter; the cement con-
sumption amounts to 1.5-4t, depending on ground mass per-
meability. The grouting is carried out by means of the
Unigrout Smart M2 grouting unit manufactured by Atlas
Copco.

Drilling holes for blasting is carried out using a Boomer
WE3 C3 three-boom drill rig, also manufactured by Atlas
Copco, equipped with a system of controlled drilling accor-
ding to a pattern shown on the display in the machine cabin
and a system of navigation through a total station. The cut is
cylindrical and is carried out by four dummy holes 102mm in
diameter, which are placed in a vertical or square arrange-
ment. The other boreholes are 48mm in diameter. The rock
massif is disintegrated using emulsion explosives mixed from
two components at the place of consumption and pumped
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4 TECHNOLOGIE RAZEB

Pro razbu vSech tunelt na obchvatu byla zvolena skandinav-
skd metoda vystavby zvand Drill&Blast s kontinudlni tésnici
injektdz{ predpoli. Tato metoda, respektive jeji rychlost a bez-
pecnost, je ve stockholmském regionu dobfe provérena na
mnoha jinych infrastrukturnich projektech.

Razicim pracim predchdzi utésnéni predpoli tunelu v délce
24 m po celém obvodu vyrubu pomoci nizkotlaké injektaze, tla-
kem 20-35 bar. Tyto 24 m dlouhé t€snici véjife se opakuji kaz-
dych 18 m, aby vzniklo 6 m prekryti jednotlivych injektazi, tak
jak je vidét na obr. 10. V pripadé FSE210 se jednd o cemento-
vou injektdZni smes na bdzi mikromletého cementu. Injektdz
bézného profilu velikosti 90 m? se provadi prostiednictvim
25-35 vrtd praméru 64 mm, a je spotiebovano 1,54 t cementu,
v zéavislosti na permeabilit¢ masivu. InjektdZe jsou provadény
injektaZzni stanici Unigrout Smart M2 od Atlas Copco.

Vrtdni vyvrta pro trhaci prace se provadi kolovym tfilafeto-
vym vrtacim vozem Boomer WE3 C3, rovnéz od firmy Atlas
Copco, s Fizenym vrtanim podle schématu, zobrazeného na dis-
pleji v kabiné stroje a s navigaci pres totdln{ stanici. Zdlom se
vrtd valcovy se ¢tyfmi volnymi vrty priméru 102 mm, umisté-
nymi ve vertikdlnim nebo ve &tvercovém uspordddni. Primér
ostatnich vrti je 48 mm. Pro rozpojovani masivu je pouZita
emulzni trhavina, michand ze dvou sloZek na misté spotieby
a strojné Cerpand z nabijeci ploSiny. Rozbusky jsou neelektric-
ké, Indetshock TS, spojované do ,.bunchu“ 6 g/m bleskovici
Riocord, na kterou je pripojena elektricka rozbuska pro roznét.
Trhaci prace se provadi na plny profil se zabérem 5,9 m, s pou-
Zitim f{zeného vylomu na obrysu. Celkovy podet vrti v jedné
Celbe se lisi podle velikosti profilu a byva standardné 170 az
200 ks, celkovd spotfeba trhaviny na odstfel s délkou zabéru
5,9 m byva v rozmezi 1000 az 1300 kg se specifickou spotfebou
trhaviny 2,2 kg/m3. Kazdy odstiel je pfed svym provedenim evi-
dovan v systému NCVIB, ktery je ddlkové napojen na seizmo-
grafy, osazené na vytipovanych mistech v okoli stavby. Po
odstrelu je tak mozné zhlédnout vlnovy diagram a skute¢nou
hodnotu zatiZzeni objektu technickou seizmicitou.

Vétrani kazdého z tunell je zajiSténo axidlnim ventildtorem
Atlas Copco Svedvent AVH125 o praméru 1250 mm, spojenym
redukénim dilcem s nevyztuZzenou lutnou pruméru 2000 mm.
Ventilatory maji frekvenéni méni¢, ktery umoznuje plynulou
regulaci otdcek a vykonu.

Odvoz rubaniny je na kazdém tunelu organizovan jinak, a to
z diivodu nedostatku prostoru pro docasnou sklddku v oblasti
Sétry. Rubanina je v tunelu nakldddna nakladacem CAT 980H
primo na nédkladni vozy, které ji prepravuji na sklddku odbéra-
tele kameniva. V oblasti Skidrholmen funguje odvoz mnohem
efektivnéji, jelikoZ je zde mozné vyuzit dumpery a docasnou
sklddku primo ve stavebni jame.

Pred kazdym novym postupem je nutné obtrhat vyrub
a odstranit kusy horniny rozvolnéné po odpalu. Obtrhanf se pro-
vadi nahrubo mechanicky pomoci skalntho bagru Liebherr
A924C, osazeného hydraulickym kladivem Atlas Tex 552.
Nasleduje ruéni obtrhéni lice vyrubu, provadéné z pracovni plo-
Siny a zalisténi pocvy.

Vzhledem ke kvalité horninového masivu je béZné vyrub
zajistovat kazdych 18 m, coZ pri teoretické zabirce 6 m dovolu-
je provést 3 postupy bez zajisténi vyrubu. Mira zajisténi je ure-
na geologem na zdkladé geologického mapovani. Projekt udava
Ctyfi vyztuZovaci kategorie I-A az IV-A, (tab. 5), které jsou
voleny geologem na zdklade klasifikace horniny podle indexu Q
a prislusné horninové tfidy. Jednotlivé kategorie zajisténi prede-
pisuji tloustku a rozsah stiikaného betonu a hustotu sité kotev
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mechanically from a charging platform. Indetshock TS non-
electric detonators interconnected into bunches with Riocord
detonating cord with an electric firing detonator connected to
it are used. The blasting is carried out full-face with the
excavation round 5.9m long, using the contour blasting sys-
tem. The total number of blast holes in one excavation face
varies depending on the cross-section size, usually 170 to
200 pieces; total explosive consumption for one blasting
event with the round length of 5.9m usually varies from 1000
to 1300kg, with the specific explosive consumption of
2.2kg/m3. Each blasting event is registered before its execu-
tion in the NCVIB system, which is remotely connected to
seismographs installed at points tipped in the construction
site surroundings. The blast-wave diagram and the actual
value of the load acting on the building due to technical seis-
micity can therefore be seen after the blasting.

The ventilation of each of the tunnels is provided by
1250mm-diameter Atlas Copco Svedvent AVH125 axial fans
connected to a 1250mm-diameter non-reinforced ventilation
duct through a reduction segment. The fans are equipped
with frequency converters allowing fluent regulation of
revolutions and outputs.

Because of the lack of space for a temporary muck stock-
pile in the area of Sitra, removing excavation muck is orga-
nised differently in each of the tunnels. Muck is loaded in the
tunnel using a CAT 980H loader directly on trucks, which
transport it to a stockpile owned by the processor of aggre-
gates. The muck removal systems works much more effecti-
vely in the  Skdrholmen area because of the fact that it is
possible there to use dumpers and a temporary stockpile
directly in the construction pit.

Before each new excavation advance, it is necessary to
scale the excavated opening and remove rock blocks loose-
ned after blasting. The rough scaling is carried out mechani-
cally using a Liebherr A924C excavator with an Atlas Tex
552 hydraulic breaker mounted on it. Manual scaling of the
excavation surface from a working platform and scaling of
the bottom is carried out subsequently.

With respect to the rock mass quality it is common to
install the excavation support every 18m, which, at the the-
oretical excavation round length of 6m, allows to excavate
three rounds without supporting the excavation. The sup-
port degree is determined by a geologist on the basis of
geological mapping. The design specifies four categories of
reinforcement, I-A to IV-A (Table 5), which are chosen by
the geologist on the basis of the rock mass classification
according to the Q index and the respective rock mass
class. Individual excavation support categories prescribe
the thickness and scope of shotcrete and the density of the
grid of 3—6m long rock bolts. The C 35/45 steel fibre rein-
forced shotcrete with the prescribed 55kg/m? density of
steel fibres is applied using a concrete spraying machine
and a Meyco Potenza manipulator. The application is pre-
ceded by clearing the surface with high pressure water to
remove dust and small fragments. Galvanised SN rock bolts
with epoxy coating are mostly used for anchoring the exca-
vation.
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dlouhych 3-6 m. Strikany dratkobeton tridy C35/45, s prede-
psanym mnoZstvim dratki 55 kg/m3, je aplikovan strojem na
stifkani betonové smési a manipuldtorem Meyco Potenza.
Aplikaci predchdzi o¢isténi tlakovou vodou pro odstranéni pra-
chu a drobnych tlomku. Ke kotveni vyrubu se pouZivaji pre-

vazné galvanizované SN kotvy s epoxidovym ndtérem.

5 GEOTECHNICKY MONITORING

Pavodni projektovd dokumentace nepoZadovala provadéni
geotechnického monitoringu v Zddném z tunelt, pouze geodetic-
ké sledovéni pazici konstrukce stavebni jamy v Sitfe. V dusled-
ku zhorSené geologie v tunelech AT292, RT213 a RT214 se pri-
stoupilo ke konvergenénimu sledovdni osténi a horninového
masivu. Méfenf je realizovdno na stabilizovanych bodech umis-
ténych v osténi, v profilech kolmych na osu tunelu. Kazdy profil

sestdvé z péti bodu (tfi v kalot€ a dva v opéfi).

6 ZAVER

Ke konci tijna 2016 bylo celkem v&etné vicepraci vyraZeno
1,1 km tunelt a vytéZeno pies 100 000 m3 horniny. Primérny
postup na jedné celbé byl 16 m/tyden v plném profilu tunelu.
Dile bylo nainstalovdno pres 6,5 tis. kotev v celkové délce té-
méf 29 km a spotieboviano 3 200 m? stffkaného betonu. Pivodni
termin ukonceni projektu FSE210, 8. ledna 2017, byl posunut
na konec ledna 2017 a to z duvodu plynulého navdzani na pro-
jekt FSE209, ktery Subterra a.s. po nékolika mésicich prutaht
ziskala. Veskeré razby v oblasti Skédrholmen byly dokonceny
v prosinci 2016 a béhem ledna zde budou probihat pouze
dokoncovaci prace. V oblasti Sitra se bude razit behem celého
mésice ledna, priCemz je pldnovano dosdhnout stani¢eni km
0,500. I presto, Ze se z objektivnich pri¢in nepodari dosdhnout
konce tunelu v Sitre, je v celkové sumé vyraZeno vice, neZ co
projekt puvodné zaddval.

Béhem uplynulych dvou let méla Subterra a.s. moznost se
detailné seznamit se skandindvskou tuneldiskou praxi pod vede-
nim klienta, kterym je stdtni organizace Trafikverket.
Tunelarska historie je zde velmi dlouhd, coZ dokazuje odbornost
vSech, ktefi se projektu ticastni. Velmi profesiondlni pfistup kli-
enta, ktery se nesnazi drzet dodavatele pod tlakem, ale naopak
mu poskytnout v§emoZnou podporu, ukazuje na zna¢nou vyspé-
lost zdejsiho stavebnictvi.

ZkuSenosti ziskané na tomto projektu se bude Subterra
a.s. snazit vyuzit na dalSich tunelovych c¢astech Forbirat
Stockholm, o kterych se v sou¢asné dobé jednd, a také na jinych
projektech ve Svédsku, do jejichZ soutéZi se v soutasné dobé
dafi kvalifikovat.

Be. TOMAS NEMEC’EK, tnemecek@subterra.cz,
Ing. MICHAL PRENOSIL, mprenosil@subterra.cz,
Subterra a.s., SBT Sverige AB

Recenzovali Reviewed: prof. Ing. Jifi Bartdk, DrSc.,
Ing. Pavel Poldk
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5 GEOTECHNICAL MONITORING

The original design did not require geotechnical monitoring
to be carried out in either tunnel. It only required survey obse-
rvation of the structure bracing the construction pit in Sétra.
The convergence monitoring of the lining and rock mass was
undertaken due to worsened geology in the AT292, RT213 and
RT214 tunnels. The measurements are conducted on stabilised
points fixed in the lining, in profiles perpendicular to the tun-
nel centre line. Each profile consists of five points (three in the
roof and two in side walls).

6 CONCLUSION

As of the end of October 2016, driving of 1.1km of tunnels
had been finished and over 100,000m? of rock had been exca-
vated. The average full-face excavation advance rate at one
heading amounted to 16m per week. Further, over 6.5 thou-
sand rock bolts at the aggregate length of nearly 29km were
installed and 3200m? of shotcrete were consumed. The origi-
nal 8th January 2017 deadline for the completion of the
FSE210 project was shifted to the end of January 2017. The
reason was the need for fluent continuation of the works on
the FSE209 project, the contract for which Subterra a.s. was
awarded after several months of delays. All tunnel excavation
in the Skédrholmen area were finished in December 2016 and
only finishing operations will take place there during January.
In the Sitra region the excavation will continue during the
whole January, while it is planned to reach chainage km
0.500. Despite the fact that the effort to reach the end of the
tunnel in Sitra will fail for objective reasons, the aggregated
excavated length is higher than the project originally required.

During the course of the past years, Subterra a.s. had the
opportunity to get acquainted in detail with Scandinavian tun-
nelling practice under the guidance of government-owned
organisation Trafikverket, the project owner. The tunnelling
history is here very long, which fact has been proved by the
expertise of all participants of the project. The highly profes-
sional approach of the project owner, which does not try to
keep the contractor under pressure, and just opposite, provi-
ding all possible support, proves a significant degree of matu-
rity of the local construction industry.

Subterra a.s. will try to apply the experience gained from
this project to other tunnel parts of the Forbirat Stockholm
projects which are at the moment being negotiated, even on
other projects in Sweden the tenders for which Subterra
a.s. has currently been successfully qualifying itself.

Bc. TOMAS NE'MEC‘EK, tnemecek@subterra.cz,
Ing. MICHAL PRENOSIL, mprenosil@subterra.cz,
Subterra a.s., SBT Sverige AB
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SEKUNDARNI OSTENI TUNELU POVAZSKY CHLMEC, KONSTRUKCNI
RESENI, PROVADENI A OSETROVANI
SECONDARY LINING OF THE POVAZSKY CHLMEC TUNNEL,
STRUCTURAL SOLUTION, CONSTRUCTION AND CONCRETE CURING

LIBOR MARIK

ABSTRAKT

Koncepce sekunddrniho osténi musi byt jasnd jeSté pred zahdjenim raZeb. V reZimu stavby ,,navrhni a postav“, kdy projektovd-
ni realizacni dokumentace probihd s minimdlnim predstihem pred realizaci a mnohdy dokonce paralelné, je domysleni vSech detai-
lii a provedeni optimalizace reseni sekunddrniho osténi zdkladnim predpokladem technicky i ekonomicky tispéSného provedeni dila.
Cldnek popisuje jednotlivé etapy projektovdni i realizace sekunddrniho osténi ddlnicniho tunelu Povazsky Chlmec od volby délky
bloku betondzZe a optimalizace blokového schématu, pres dimenzovdni osténi na zdkladé skutecné zastiZenych geotechnickych pod-
minek, zvldsini pripady bednéni hloubenych tunelii ve stredni stavebni jame aZ po problematiku vlastni betondZe vyztuZenych
i nevyztuZenych usekii osténi a jeho oSetfovdni po odbednéni. V dobé psani Eldnku jsou betondZe definitivniho osténi v obou tune-
lovych troubdch ukonceny a je mozZné rekapitulovat.

ABSTRACT

The concept of a secondary lining has to be clear before starting tunnel excavation oper-ations. In the “Design and Build” regi-
me, where the process of designing the construction means and methods takes place in a minimum advance of the realisation and
often even in parallel, thorough thinking out of all details and optimising the solution to the secondary lin-ing is a basic condition
for technically and economically successful execution of the works. The paper describes individual stages of designing and reali-
sing the secondary lining of the PovaZsky Chlmec tunnel, starting from the selection of the concrete casting block length and opti-
misation of the flow chart to structurally analysing the lining on the basis of actually en-countered geotechnical conditions, speci-
al cases of formwork for the cut-and-cover tunnels in the mid-point construction pit, up to the problems of casting concrete in the
reinforced as well as unreinforced lining sections and curing concrete after stripping of the formwork. At the time of writing this

paper the casting of the final lining concrete in both tunnel tubes is al-ready finished and it is possible to recapitulate.

uvoD

Zikladni informace o projektovdni a vystavbé tunelu
Povazsky Chlmec na délnici D3 v tseku Zilina (StriZov) — Zi-
lina (Brodno) poskytuje ¢ldnek uverejnény v Cisle 3/2015 Caso-
pisu Tunel. Vystavba tunelu pokratuje podle predpoklada
a v dobé vyddni tohoto ¢&isla je v obou tunelovych troubéach
dokonc¢ena betondz sekundarniho osténi. Dalsi prace v tunelu jiz
budou spojené s vystavbou kabelovodul, vozovky, chodniki
a vnitrniho vybaveni tunelu. Spravna volba typu konstrukce
a hospodarny ndvrh sekunddrniho osténi ovliviiuje vysi inves-
ti¢nich ndkladu stejné, jako optimalizace postupu razby tunelu,
nebo obecné §itka komunikace a volba pri¢ného fezu tunelu.
Proto jsou v ¢ldnku zminény faktory, které pfimo nebo nepiimo
ovliviuji ekonomiku ndvrhu sekundérniho osténi tunelu a mini-
malizuji rizika pfi provadéni i provozovani tunelu.

Vzhledem k reZimu vystavby ,,navrhni a postav* podle Zluté
knihy FIDIC je optimalizaci technického feSeni jak ve fazi pro-
jektu, tak realizace vénovdna mimorddnd pozornost. Sekun-
dérn{ osténi predstavuje vyznamnou &éast z celkové ceny dila,
pri¢em?z jeji vysi ovliviiuje i rychlost provadéni a minimalizace
rizik spojenych s moznymi vadami pfi vystavbe, které je nutné
v zdrucni dobé na ndklady zhotovitele sanovat. Betonaz prvni-
ho bloku osténi byla zahdjena 21. 12. 2015, posledni kubik
betonu byl do portdlového bloku uloZen 30. 11. 2016. BetondZz
osténi v celkové délce 4435,5 m trvala se dvéma bednicimi
vozy necely rok.

OPTIMALIZACE TECHNICKEHO RESENI

Realizace sekundérniho osténi tunelu pfichdzi v harmonogra-
mu praci na fadu aZ po vyhlouben{ a zaji§téni svaha stavebnich

INTRODUCTION

Basic information about designing and realising the con-
struction of the Povazsky Chlmec tunnel on the D3 motorway
in the Zilina (StraZov) — Zilina (Brodno) section is available
in a paper published in issue No. 3/2015 of TUNEL journal.
The tunnel construction proceeds according to the expectati-
ons, at the moment of the publication of this issue the casting
of the secondary lining concrete is finished in both tunnel
tubes. Other work in the tunnel will already be associated with
the construction of cableways, the roadway, walkways and
internal equipment of the tunnel. The correct selection of the
structure type and economical design of the secondary lining
influence the amount of investment costs in the same way as
the optimisation of the tunnel excavation procedure or, in
general, the roadway width and choice of the tunnel cross-sec-
tion geometry. For that reason the paper mentions the factors
which directly or indirectly influence the economy of the tun-
nel secondary lining design and minimise the risks encounte-
red during the construction and operation of the tunnel.

With respect to the “Design and Build” construction regime
according the FIDIC Yellow Book, the optimisation of the
technical solution carried out in the phases of designing as
well as realising the structures is paid special attention. The
secondary lining represents a significant proportion of the
total cost of the works, while its amount is affected even by
the speed of the works and the minimisation of the risks asso-
ciated with potential defects during the course of the con-
struction works which have to be made good during the war-
ranty period at contractor’s cost. Casting of the first block of
the concrete lining started on 21st December 2015; the last
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jam, vyrazeni tunelu a zaji$téni jeho stability primdrnim osténim
a provedenim hydroizola¢ni félie. Projektant realizacni doku-
mentace tunelu musi vSak myslet pfi ndvrhu technického feseni
komplexné a sekunddrnim osténim se zabyvat jiz na samém
pocdtku projekénich praci. Prvnim v poradi je ndvrh tvaru pric-
ného fezu tunelu, ktery vychdzi z geometrickych a geotechnic-
kych pozadavku. Ke geometrickym poZadavkim patii prede-
v3fm kategorie tunelu a prujezdny prufez.

V piipadé tunelu Povazsky Chlmec se jednd o kategorii tune-
lu 2T-8,0 a prujezdny prurez s vySkou 4,8 m podle STN
737507. Kategorii tunelu 2T-8,0 se rozumi dve tunelové trouby
s Sitkou vozovky mezi obrubniky 8 m, tj. dva jizdni pruhy
o Sifce 3,75 m a dva vodici prouzky o Sifce 0,25 m. Spole¢ne
s minimdln{ Sitkou chodniku 1 m jsou celkovd pozadovana
Sitka a vyska tunelu zakladnimi parametry pro navrh pri¢ného
fezu tunelu. Lic tunelového osténi je pfi tomto poméru vysky
a Sitky idedln¢ tvoren jedinou kruznici, nebot pravé tvar blizici
se kruhu ve vétsin¢ pripadi nejlépe vzdoruje horninovému
tlaku, md pozitivni dopad na prubéhy vnitinich sil v osténi
a pfimo souvisi s moznostmi jeho dimenzovani. VEtsi §itka
vozovky mezi obrubniky jiz vede bud k velkému vzepéti klen-
by v pripadé kruhového tvaru pri¢ného rezu, nebo ke staticky
nevyhodnému zplos§téni klenby v jeji horni ¢asti. To md v prv-
nim pripadé za ndsledek zvétSeni plochy vyrubu, ve druhém
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cubic metre of concrete was cast behind the formwork of the
portal block on 30th November 2016. The casting of the conc-
rete lining at the total length of 4435.5m using two travelling
tunnel formwork units lasted for less than one year.

OPTIMIZATION OF THE TECHNICAL SOLUTION

The construction of the secondary lining takes a turn on the
works schedule only after the completion of the excavation of
construction pits and stabilisation of their slopes, the comple-
tion of the tunnel excavation, stabilisation of the excavation
by the primary lining and installation of a waterproofing
membrane. Despite this fact, the author of the design of
means and methods has to think comprehensively when pro-
posing the technical solution and deal with the secondary
lining as early as the beginning of design work. First in line is
the proposal for the tunnel cross-sectional geometry, which is
based on geometrical and geotechnical requirements. Among
the geometrical requirements there are first of all the tunnel
category and the clearance profile.

In the case of the Povazsky Chlmec tunnel it is the 2T-8.0
category and the 4.8m high clearance profile according to the
STN 737507 standard. The tunnel category 2T-8.0 means two
tunnel tubes with the kerb-to-kerb width of 8m, i.e. two 3.75m
wide traffic lanes and two 0.25m wide marginal strips.
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Obr. 1 Porovndni puvodniho a optimalizovaného tvaru tunelu
Fig. 1 Comparison of the original and optimised tunnel geometry




pripadé vetsi namdhdni konstrukce. Spole¢nym jmenovatelem
obou pifpadu je negativni dopad do ceny dila.

Vzhledem k tomu, Ze stavba tunelu PovaZsky Chlmec probi-
hd v reZimu ,,navrhni a postav* podle zluté knihy FIDIC, doslo
v prvni fdzi optimalizace k tpravé tvaru pri¢ného fezu tunelu
s cilem minimalizace plochy vyrubu a vySe uvedenému zaoble-
ni klenby, jak ukazuje obr. 1. Sedy stav predstavuje tvar tunelu
ze zaddvaci dokumentace, Cerveny stav tvar tunelu po optima-
lizaci, kdy je lic osténi tvoren jedinou kruZnici o poloméru
5,35 m.

Sekundarni osténi se betonuje po blocich betonaze o délce
max. 12,5 m. V tunelu se kromé standardnich blokt betondze
pouze klenbového tvaru bez zvlaStnich tprav vyskytuji i dalsi
typy bloku s vyklenky na &isténi drendZe, vyklenky pozéarniho
hydrantu, vyklenky kabin SOS, vyklenky s prostupem do tune-
lovych propojek a bloky betondze v misté nouzovych zélivu.
Rozmistén{ téchto prvku v tunelu je svdzdno normami a pied-
pisy a vytvoreni optimélniho blokového schématu minimalizu-
je rizika provadéni i zjednoduSuje ddrzbu za provozu. Pro ridi-
&e znamend snaz§i orientaci v tunelu v pfipadé mimoradné udd-
losti. Spole¢nou snahou vSech ucastnika vystavby je proto
minimalizace po¢tu atypickych bloka betonéze.

Pro vzdélenosti vyklenku plati nasledujici pravidla:

vzdélenost vyklenkd na Cisténi drendZe max. 50 m;
vzdélenost vyklenkt poZdrniho hydrantu max. 150 m;
vzdélenost vyklenku kabin SOS max. 150 m;
vzdalenost nouzovych zdliva max. 750 m;
vzdalenost tunelovych propojek max. 300 m.

Vsechna tato ¢isla umoznuji s vyhodou pouZit blokové sché-
ma s délkou bloku betondZe bud 10 m, nebo 12,5 m. Z hledis-
ka minimalizace poctu do jisté miry rizikovych spar mezi bloky
betondze i z hlediska rychlosti vystavby je vyhodnéjsi pouziti
bloku betondze délky 12,5 m. Délka bloku betondZe 10 m se
pouzivd zpravidla u osténi z betonu odolného proti prusakiim
s ohledem na omezen{ vzniku trhlin v osténi. To vSak nenf pri-
pad tunelu Povazsky Chlmec, kde se s ohledem na prognézu
geotechnickych poméra spise o¢ekdvalo nasazeni nevyztuzené-
ho sekunddrniho osténi.

V prvni fazi optimalizace doslo ke sloucen{ vyklenku na Cis-
téni bo¢ni tunelové drendze, vyklenku pozdrniho hydrantu
a kabiny SOS do jednoho bloku betondZe. Dalsi zdsadou bylo
umisténi kabiny SOS vzdy proti dsti tunelové propojky
a v poloviné vzdalenosti mezi propojkami. Ridi¢ tak mé jisto-
tu, Ze v misté dniku do vedlejsi tunelové trouby najde i misto
s moznosti nahldSeni poruchy vozidla na tunelovy dispecink.
Diky zvétSeni délky bloku betondZe z 10 m na 12,5 m, sjedno-
ceni vyklenki a optimalizaci jejich vzdjemné vzddlenosti se
podafilo sniZit pofet nouzovych zdlivi ze 3 na 2, zmenSit
vyrazné pocet atypickych bloku betondZe s vyklenky a sjedno-
tit jejich délku tak, aby kromé portdlovych bloku betonaze
délky 12 m byly vSechny ostatni bloky délky 12,5 m. VSechny
vyklenky, véetné zadsténi tunelovych propojek, byly situovany
v ose bloku betondZe a kolmo na osu tunelu.

NRTM JAKO OBSERVACNI METODA
PRI NAVRHU SEKUNDARNIHO OSTENI

Novd rakouskd tunelovaci metoda (NRTM) je oznafovédna
jako observacni metoda, kterd umoznuje operativné reagovat
postupem razby a zpusobem zaji§téni stability vyrubu na sku-
te¢né zastizené geotechnické podminky. Pokud to spravné defi-
nované smluvni podminky dovoluji, jsou pfi razbé vynakladany
jen takové finanéni prostredky, které jsou z hlediska zajisteéni
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Together with the minimum width of 1m for the walkway, the
total required width and height of the tunnel are the basic para-
meters for the design of the tunnel cross-section. At this pro-
portion of the height to width, the contour of the inner surface
of the tunnel lining is ideally formed by a single circle, becau-
se of the fact that a shape approximating a circle in the majori-
ty of cases best resists the ground pressure, has a positive
impact on the variation of internal forces in the lining and is
directly related to the possibilities of designing the dimensions.
The greater kerb-to-kerb width results either to a great height of
the vault in the case of a circular geometry of the cross-section
or to statically disadvantageous flattening of the vault in its
upper part. As a consequence, the cross-sectional area of the
excavation increases in the first case, whilst the stress in the
structure is higher in the latter case. A negative impact on the
works cost is a common denominator of both cases.

With respect to the fact that the Povazsky Chlmec construc-
tion is carried out in the Design and Build regime according
to the FIDIC Yellow Book, the tunnel cross-section was chan-
ged in the first phase of optimisation with the objective to
minimise the excavated cross-sectional area and round the
vault as mentioned above (see Fig. 1). The grey state repre-
sents the tunnel geometry from the tender design, while the
red state represents the tunnel geometry after the optimisati-
on, where the internal surface of the lining is formed by
a single circle with the radius of 5.35m.

The casting of the lining concrete proceeds in casting
blocks with the maximum length of 12.5m. Apart from stan-
dard vaulted concrete casting blocks without special modifi-
cations, even other types of the blocks exist, namely blocks
with recesses for clearing the drainage, recesses for fire
hydrants, recesses for SOS cabins, recesses with openings to
tunnel cross passages and concrete casting blocks used in the
locations of emergency lay-bys. The arrangement of these ele-
ments along the tunnel length is determined by standards and
regulations and the creation of an optimal scheme minimises
the construction risks and simplifies maintenance without
interruption to traffic. For drivers it means easier orientation
in the tunnel in the case of an extraordinary event. For that
reason the minimisation of the number of atypical concrete
casting blocks is a common effort of all parties to the con-
struction.

The following rules are applicable to the spacing of recesses:

spacing of recesses for clearing drainage (manholes) max. 50m;

spacing of recesses for fire hydrants max. 150m;
spacing of recesses for SOS cabins max. 150m;
spacing of emergency lay-bys max. 750m;
spacing of tunnel cross passages max. 300m.

All of these figures allow for the advantageous use of
a block scheme with the concrete casting block lengths either
10m or 12.5m. From the aspect of the minimisation of the
number of the to some extent risky joints between concrete
casting blocks and from the aspect of the speed of constructi-
on it is more advantageous to use 12.5m long blocks. The 10m
length of the concrete casting block is usually applied to
lining concrete from the water seepage resistant concrete with
respect to the restriction on the creation of cracks in the
lining. But this is not the case of the Povazsky Chlmec tunnel,
where the application of unreinforced concrete secondary
lining was rather expected with respect to the predicted geo-
technical conditions.
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bezpecné razby a pii dodrzeni pozadované kvality provadéni
nezbytné nutné. V prabéhu raZeb je provddén geotechnicky
monitoring a kromé geotechnickych méreni je na kazdé Celbé
hodnocena i kvalita horninového masivu. Vysledky geotechnic-
kého monitoringu vSak neslouzi pouze pro optimalizaci razby,
ale i jako podklad pro dimenzovéani sekunddrniho osténi. Po
vyrazeni tunelu projektant vyhodnotil vysledky geotechnického
monitoringu a horninovy masiv v razené Casti tunelu rozdélil
z hlediska dimenzovéni sekundarniho osténi do tri geotechnic-
kych typua (kvazihomogennich celkt).

V nejhorSich podminkdch predev§im v oblasti zdpadniho
a vychodniho portdlu, nebo v misté tektonické poruchy mezi
stfednfi stavebni jamou a vychodnim portdlem byla pouZita ,,té7ka
vyztuz©. V lepSich geotechnickych podminkdch byla pouZzita
,lehkd vyztuz* a v misté dobrych geotechnickych podminek bylo
pouZzito nevyztuZené sekunddrni osténi. Bez ohledu na geotech-
nické podminky byly vZdy vyztuZeny bloky betondZe v misté
napojeni tunelovych propojek a v misté nouzovych zalivu.

Zvlastni pripad predstavuji useky tunelu razené pod Zelvou,
kde je tloustka sekunddrniho osténi zvétsena z 300 mm na min.
400 mm a osteéni je vyztuzené. S ohledem na skute¢né zastize-
né geotechnické podminky neni nikde v tunelu pouZit profil se
spodni klenbou a tunel je zaloZen na pasech. Pouze jediny blok
betondze v severni tunelové troub€ na vychodnim portile, ktery
je zatiZen vyrazné asymetrickym zatiZenim, je zaloZzeny z divo-
du nutného rozepreni zékladovych pdst na zédkladové desce.
NRTM je tak jako observacni metoda pouZita nejen k optimali-
zaci postupu razby tunelu a bezpe¢nému zajisténi vyrubu pri-
mérnim osténim, ale i v oblasti ndvrhu a dimenzovani sekun-
dérniho osténi.

PARAMETRY A TYPY KONSTRUKCI
SEKUNDARNIHO OSTEN(

Z hlediska konstrukéniho feseni je monolitické osténi tunelu
Povazsky Chlmec moZzné rozdélit na osténi hloubenych dsek
tunelu a tsekd raZenych bud pomoci NRTM, nebo raZenych
pod klenbovym zastropenim. Tento zpusob vystavby je zndmy
jako metoda Zelva. Zdsadni rozdil v technickém feSeni osténi
hloubenych a raZenych tunell je ve zpusobu napojeni klenby
tunelu na zdkladové pdsy a v tloustte konstrukce. V pripadé
hloubenych tunelt je vyztuZ zdkladovych pédst propojena
s vyztuzi klenby, v raZenych tsecich tunelu jsou zvlast vyztu-
Zeny zdkladové pasy a zvlast klenba tunelu s tim, Ze vyztuz
neni propojena. [ v raZzenych usecich tunelu s nevyztuZenym
osténim klenby jsou zdkladové pdsy vzdy vyztuZzené.

Nepropojovdni vyztuZe zdkladovych pdst a vyztuZe klenby
tunelu ma mnoho vyhod. Patfi k nim snadné provadéni bo¢nich
tunelovych drendZi i ukonceni hydroizola¢ni félie, sniZenf rizi-
ka poSkozeni hydroizola¢nf félie o tréici vyztuz, snaz§i montaz
vyztuze klenby ve vyztuZenych dsecich tunelu a lep§i mozZnost
rektifikace vyztuZze klenby neZz v pripadé provdzani s vyztuzi
zdkladového pésu. Na tunelu Povazsky Chlmec je osténi navr-
zeno ve trech zdkladnich tloustkdch. V hloubenych dsecich
tunelu je teoreticka tloustka konstrukce min. 600 mm, v dsecich
razenych pod Zelvou min. 400 mm a v razenych tdsecich tunelu
min. 300 mm. Jednd se o tloustku osténi ve vrcholu klenby,
kterd se smérem k bokum tunelu zvétiuje. Vnitini lic osténf je
ve vSech usecich geometricky shodny. Sekundérni osténi tune-
Iu razeného pod Zelvou na zdpadnim portdle ukazuje obr. 2.

Razba tunelu probihala v geologicky pestrém prostiedi od
zvétralych piskoveu aZ po velmi pevné slepence. Tomu odpo-
vidal zpusob rozpojovani horniny a délka zabéru. V mék&ich,

TuHel

In the first phase of the optimisation, the recess for clearing
the tunnel side drains, the recess for fire hydrant and the SOS
cabin were merged into one concrete casting block. Another
principle lied in locating the SOS cabin always across the
mouth of the tunnel cross passage and in the middle of the
distance between cross passages. Thus drivers can be sure that
they will find a place where they can report a vehicle defect
to the tunnel traffic management centre in the location of the
escape exit to the neighbouring tunnel tube. Owing to increa-
sing the concrete casting block length from 10 to 12.5m, mer-
ging the recesses and optimising their spacing, the number of
emergency lay-bys was successfully reduced from 3 to 2, the
number of atypical casting blocks containing recesses was
significantly reduced and their length was unified so that,
apart from 12m long portal blocks, all other blocks were
12.5m long. All recesses, including the mouths of tunnel cross
passages, were located in the middle of the concrete casting
block and were positioned perpendicularly to the tunnel cent-
re line.

THE NATM AS THE OBSERVATIONAL METHOD
APPLIED TO THE SECONDARY LINING DESIGN

The New Austrian Tunnelling Method (NATM) is described
as an observational method allowing for operative responding
to actually encountered geotechnical conditions by adjusting
the excavation procedure and the system of securing the sta-
bility of the excavation. If properly defined contract conditi-
ons allow it, only such financial means are expended which
are necessary from the aspect of ensuring safe excavation and
adhering to the required quality of works. Geotechnical moni-
toring is carried out during the course of the excavation and,
apart from geotechnical measurements, even the rock mass
quality is assessed at each heading. However, the results of
the geotechnical monitoring are used not only for the optimi-
sation of the excavation procedure, but also as source docu-
ments for designing dimensions of the secondary lining. After
the completion of the tunnel excavation the designer assessed
the geotechnical monitoring results and divided the rock mas-
sif in the mined part of the tunnel from the aspect of the struc-
tural analysis of the secondary lining into three geotechnical
types (quasi-homogeneous units).

“Heavy concrete reinforcement” was applied to the worst
conditions, first of all in the area of the western and eastern
portals or in the location of the tectonic fault between the mid-
point construction pit and the eastern portal. “Lightweight
concrete reinforcement” was applied to better geotechnical
conditions, whilst unreinforced secondary lining was used in
good geotechnical condition locations. Concrete casting
blocks in the locations of the connections of tunnel cross pas-
sages and in locations of emergency lay-bys were always rein-
forced, irrespective of geotechnical conditions.

The sections excavated under the “tortoise shell”, where the
thickness of the secondary lining is increased from 300mm to
the minimum of 400mm and the concrete is reinforced, are
special cases. With respect to the actually encountered geo-
technical conditions, profiles with an invert are not designed
and the tunnel is founded on footings. Only the concrete cas-
ting block behind the eastern portal of the northern tunnel
tube, which is loaded significantly asymmetrically, is founded
on a base slab with respect to the necessity for bracing the
footings. The NATM is used as an observational method not




Obr. 2 Sekunddrni osténi tunelu raZeného pod Zelvou
Fig. 2 Secondary lining of the tunnel excavated under the tortoise shell

tunelovym bagrem snadno rozpojitelnych hornindch, kde se
délka zaberu pohybuje do cca 1,5 m, se darilo pomérne presné
drzet projektovany teoreticky tvar vyrubu bez vét$ich nadvyru-
bu. U rozpojovani horniny pomoci trhacich praci s délkou zabé-
ru presahujici 3 m jiz dochazelo k technologicky i geologicky
podminénym nadvyrubum. Z hlediska rychlosti vystavby i ceny
dila je dulezité, do jaké miry je nutné takto vzniklé nadvyruby
vyplnit a zda jsou vyplnény draz§im a pomaleji aplikovatelnym
stifkanym betonem, nebo pri betondZi sekundédrniho osténi lev-
néj$im monolitickym betonem. Na tuto skutecnost zahrani¢n{
predpisy pamatuji [2] a podminka pro povolenou odchylku od
projektované tloustky sekundarniho osténi se objevila i v zada-
vaci dokumentaci ve ,, Zvldstnich technicko kvalitativnich pod-
minkdch“ (ZTKP). Monolitickym betonem sekundédrniho osté-
ni tak je mozné vyplnit nadvyruby az do hodnoty 100 % pro-
jektované tloustky sekundarniho osténi. V pripadé teoretické
tloustky osténi 300 mm muZe mit konstrukce skutenou tloust:
ku az 600 mm.

Tunel je izolovan pomoci mezilehlé hydroizolacni félie.
Protoze zdvazné predpisy [1] i pozadavky vyrobce hydroizo-
la¢n{ félie predepisuji maximdlni moZznou krivost povrchu pri-
madrniho osténi (pomér priméru nerovnosti k jeji vySce nesmi
byt mensi nez 10:1), tato podminka zdroven zaruCuje, aby se
tloustka sekundarniho osténi nemeénila skokem. To by mohlo
mit negativni vliv na vznik trhlin jak z davodu nerovnomérné-
ho otepleni pfi hydrataci betonu, tak z davodu rozdilné tuhosti
konstrukce. V pripadé nevyztuzeného osténi zadavaci doku-
mentace pripousti lokdlni oslabeni jeho tloustky o 50 mm v roz-
sahu maximalné 5 % povrchu pfislu§ného bloku betonéze.

Osténi hloubenych tsekd tunelu je s ohledem na zatiZeni
ndsypem a omezené moznosti bo¢niho rozepreni zdsypovym
materidlem navrZeno z betonu C30/37. Ze statického hlediska
by bylo mozné v raZenych tusecich tunelu osténi navrhnout
z betonu C25/30 a ve vétsi Cdsti tunelu to tak skutecné je.
Vyjimkou jsou priportdlové useky tunelu, ve kterych je zada-
vacimi podminkami i zdvaznymi predpisy [1] pozadovéano pou-
ziti betonu C30/37 XF4. Nazor na délku takto exponovaného
tseku se v prubéhu vystavby ménil. V zaddvacich podminkéch
byla pozadovédna délka tseku 150 m. PoZadavky ZTKP pro-
dlouzily délku dseku na 300 m a v revizi TKP26 z roku 2015 se
jiz objevuje délka 600 m od kazdého portdlu. Pro vystavbu
tunelu je postupovano podle ZTKP stavby, a to zejména s ohle-
dem na pouziti nevyztuZeného sekunddrniho osténi, kde by
pouziti betonu C30/37 s vyS§im obsahem cementu vedlo ke
zvyseni rizika vzniku trhlin.
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only for optimising the tunnel excavation procedure and safe
support of the excavation by a primary lining, but also in the
area of designing the secondary lining and its dimensions.

PARAMETERS AND TYPES OF SECONDARY LINING
STRUCTURES

From the structural solution point of view, the cast-in-place
lining of the Povazsky Chlmec can be divided into liners of
cut-and-cover tunnel sections and liners of sections excavated
using the NATM or excavated under a vaulted roof. The latter
construction technique is known as the “Tortoise Shell
Method”. The fundamental difference between the technical
solution to cut-and-cover and mined tunnels lies in the system
of connecting the tunnel vault to the footings and in the thick-
ness of the structure. In the case of cut-and-cover tunnels, the
concrete reinforcement of footings is interconnected with the
vault reinforcement, whilst in mined tunnel sections the foo-
tings and the tunnel vault are reinforced separately, without
interconnecting the reinforcement. The concrete of footings is
always reinforced, even in mined tunnel sections with unrein-
forced concrete vaults.

The system where the reinforcement of footings is not inter-
connected with the reinforcement of tunnel vaults has many
advantages. Among them there are the easy execution of tun-
nel side drains and termination of the waterproofing membra-
ne, as well as the reduction of the risk of damaging the mem-
brane by piercing with sticking up reinforcement bars, easier
installation of vault reinforcement in reinforced concrete sec-
tions of the tunnel and better possibility of rectifying the vault
reinforcement than in the case of the interconnection with the
reinforcement of footings. Three basic thicknesses are desig-
ned for the PovaZsky tunnel lining. In cut-and-cover sections
the minimum theoretical thickness of the structure is 600mm;
in sections excavated under the tortoise shell the minimum is
400mm and in mined tunnel sections the minimum is 300mm.
It is the thickness of the lining at the crown of the vault, which
grows toward the tunnel sides. The contour of the internal sur-
face of the lining is geometrically identical. The secondary
lining of the tunnel excavated under the tortoise shell at the
western portal is presented in Fig. 2.

The tunnel excavation proceeded through a geologically
variable environment, ranging from weathered sandstone up
to very hard conglomerates. The rock disintegration technique
and the length of excavation rounds corresponded to this fact.
In weaker rock easy to disintegrate by a tunnel excavator,
where the excavation round length fluctuates up to ca 1.5m,
the designed theoretical excavation contour was maintained
without larger overbreaks. In the case of the rock disintegrati-
on by means of blasting with the excavation round length
exceeding 3m, technologically and geologically conditioned
overbreaks already occured. It is important from the aspect of
the construction speed and the cost of the works to which
extent it is necessary to fill such overbreaks and whether they
are to be filled with more expensive shotcrete, the application
of which is slower, or they are to be filled with cheaper cast-
in-place concrete during the casting of the secondary lining
concrete. Foreign regulations remember this fact [2] and the
condition for the permissible deviation from the designed
thickness of the secondary lining appeared even in the tender
documents in the ,,Special technical and qualitative specifi-
cations“ (STQS). The overbreaks up to the value of 100% of
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Obr. 3 Vzddlenost portdlu severni trouby ve stiedni stavebni jamé
Fig. 3 The distance between portals in the mid-point construction pit

V oblasti stfedni stavebni jamy prechdzi obé tunelové trouby
z razenych useku do krdtkych hloubenych useku. V pripadé
severni tunelové trouby (STT) odpovidd délka hloubeného
dseku jednomu bloku betondze, tj. 12,5 m, jak ukazuje obr. 3,
na kterém je vpravo vidét Zelva jesté pred vybetonovdnim
sekundarniho osténi. V jizni tunelové troubé (JTT) odpovida
délka hloubeného dseku tfem blokum betondze, tj. 37,5 m.
Vzdalenost portdli JTT ukazuje obr. 4. Do stredni stavebni
jamy je situovana tunelova propojka a proti usti propojky do
tunelovych trub sdruzeny vyklenek pozdrniho hydrantu, kabiny
SOS a Sachty na Cisténi bo¢ni tunelové drendze. Z hlediska
rubového bednéni znamend prunik propojKky s tunelovymi trou-
bami i sdruzené vyklenky geometricky sloZity tvar.

Vzhledem k malé délce hloubenych tseku tunelu se zhotovi-
tel rozhodl nevyrabét systémové rubové bednéni, jaké je pouzi-
to na lici osténi ze strany dopravniho prostoru tunelu, a pouZzil
konstrukci vytvofenou z vyztuznych ramu, ocelovych siti a stif-
kaného betonu, kterd je oznacovdna jako ,faleSné primdrni
osténi“. Faze vystavby této konstrukce ukazuji obr. 5 a 6. Na
obr. 5 probihd montaz vyztuznych siti na prihradové nosné ramy
a upevnovani geotextilie na vnéjsi stranu konstrukce. Obr. 6
ukazuje fale$né primdrni osténi po provedeni prvni vrstvy
néstiiku betonu. Tato konstrukce byla pouzita i pro rubové bed-
néni jediného bloku betondZe hloubeného useku severni tune-
lové trouby na zdpadnim portéle. Jako prvni jsou postaveny pri-
hradové nosné ramy, které jsou vzdjemné zajistény rozpinkami

Obr. 5 MontdZ vyztuzZe faleSného primdrniho osténi
Fig. 5 Installation of the false primary lining concrete reinforcement

Obr. 4 Délka hloubeného iiseku jizni trouby ve stredni stavebni jamé

Fig. 4 The length of the cut-and-cover tunnel section in the mid-point con-
struction pit

the designed thickness of the secondary lining can be filled
with cast-in-place secondary lining concrete in this way. In
the case of the 300mm theoretical thickness of the lining the
actual thickness of the structure can reach up to 600mm.

The tunnel waterproofing is carried out using an intermedi-
ate waterproofing membrane. Because binding regulations [1]
and waterproofing membrane manufacturer’s requirements
prescribe the maximum allowable curvature of the primary
lining surface (the proportion of an irregularity to its height
must not be less than 10:1), this condition at the same time
secures that the secondary lining thickness does not change by
jump. It could negatively influence the origination of cracks
both due to uneven heating during the concrete hydration pro-
cess and the different stiffness of the structure. In the case of
the unreinforced lining the tender design accepts the local
reduction of its thickness by 50mm within the maximum
extent of 5% of the surface of the respective casting block.

The C30/37 concrete grade is designed for the lining of cut-
and-cover sections of the tunnel with respect to the loads
generated by embankments and the limited possibilities of
bracing the sides with the backfill material. From the structu-
ral point of view it would be possible to propose concrete
grade C25/30 for mined tunnel sections and it really is so in
a larger proportion of the tunnel length. The portal sections of
the tunnel where the use of C30/37 XF4 grade concrete is
required by the tender conditions and binding regulations [1]
are exceptions. The opinion on the length of such an exposed
section varied during the construction works. The tender con-
ditions required the section length of 150m. The STQS condi-
tions increased the length of the section to 300m and the
length of 600m from each portal appeared in the Technical
Specifications from 2015. The length specified in the STQS is
applied, first of all with respect to the application of the unre-
inforced secondary lining concrete, where the application of
C30/37 grade concrete with a higher content of cement would
lead to increased risk of the creation of cracks.

In the area of the mid-point construction pit both tunnel
tubes pass from mined sections to short cut-and-cover secti-
ons. In the case of the northern tunnel tube (NTT), the length
of the cut-and-cover section corresponds to the length of one
concrete casting block, i.e. 12.5m, as shown in Fig. 3, where
the tortoise shell can be seen even before the secondary lining
concrete was cast. In the southern tunnel tube (STT), the
length of the cut-and-cover section corresponds to the length




Obr. 6 Prvni ndstrik betonu falesného primdrniho osténi
Fig. 6 Application of the initial shotcrete layer of the false primary lining

Vv,

a vnéjsi vrstvou siti KARI. Na vrstvu siti se pripevni ocelové
pletivo B-SYSTEM, nebo geotextilie, aby bylo mozné provést
néstiik betonu.

Prvni vrstvou stifkaného betonu se vytvori skofepina, na kte-
rou se postupné nanaseji dalSi vrstvy stiikaného betonu. Po
navazani druhé, vnitini vrstvy siti se provede dostfikani kon-
strukce do projektované tloustky 300 mm, jak ukazuje obr. 7.
PouZitim vyztuZnych rdmu, siti a stiikaného betonu se podafilo
vymodelovat vSechny sloZité prostupy i vyklenky hloubenych
tuneld. Na vytvorené fale$né primdrni osténi se upevni hydroi-
zolacni f6lie, smontuje se samonosnd vyztuz sekundarniho
osténi a pro bednénf lice osténi je pouZit stejny bednici viz,
jako v razenych udsecich tunelu. Pohled na faleSné primarni
osténi v misté kiiZeni s tunelovou propojkou ukazuje obr. 8.

Pri ndvrhu technologického postupu praci je nutno zohlednit
tnosnost falesného primdrniho osténi na zatiZeni zasypem
i smési betonu pri betonazi osténi tunelu. V pripadé hloubené-
ho dseku na zapadnim portdle byl zasyp proveden predrcenou
rubaninou z tunelu. Z hlediska tnosnosti bylo faleSné primarn{
ostén{ zasypdno jen do cca 3 m, horni ¢4st klenby falesného pri-
marniho osténi bylo nutné vzhledem k zatiZeni betonovou
smési rozeprit do stén stavebni jamy. Fale$né primarni osténi na
zdpadnim portdle ukazuje obr. 9, ze kterého je patrnd konstruk-
ce osténi, troven zdsypu i ocelové prevazky pro rozepreni kon-
strukce pri betondZi sekundarniho osténi.

V pripadé stfedni stavebni jamy se v prvni fazi rovnéz predpo-
klddalo zasypdani rubaninou. Od pocatku stavby vSak vzbuzovala
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of three concrete casting blocks, i.e. 37.5m. The distance bet-
ween the STT portals is presented in Fig. 4. A tunnel cross
passage is located in the mid-point construction pit and the
combined recesses for the fire hydrant, SOS cabin and tunnel
side drainage clearing manhole are located across the mouths
of the cross passage to the tunnel tubes. From the aspect of the
external formwork, the intersection of the cross passage with
tunnel tubes and the combined recesses represent a complex
geometrical shape.

With respect to the small depth of the cut-and-cover tunnel
sections, the contractor decided not to produce the external
formwork system which is used for the lining installed from
the side of the tunnel roadway space. Instead they used
a structure formed from support frames, welded mesh and
shotcrete, which is labelled as a “false primary lining”. The
phases of the construction of this structure are shown in
Figures 5 and 6. The installation of welded mesh on lattice
girders and the geotextile is fixed on the external side of the
structure in Fig. 5. Fig. 6 presents the false primary lining
after the application of the first layer of shotcrete. This struc-
ture was used even for the external formwork of the only
concrete casting block of the cut-and-cover section of the
northern tunnel tube at the western portal. In the first step the
lattice girders are erected. They are secured by braces and an
external layer of KARI mesh. B-system steel fabric or geo-
textile is fixed on the mesh layer so that the application of
shotcrete is possible.

The initial shotcrete layer creates a shell, which is subsequ-
ently, step by step, covered with other layers of shotcrete.
When the installation of the second, inner layer of mesh is
finished, concrete is sprayed up to the full designed thickness
of 300mm, as shown in Fig. 7. All complicated openings and
recesses in cut-and-cover tunnels were successfully modelled
by using lattice girders, mesh and shotcrete. Subsequently the
waterproofing membrane is fixed to the false formwork, the
self-supporting reinforcement of the secondary lining is
assembled and the same tunnel form traveller is used for for-
ming the inner surface of the lining as that used in the mined
tunnel sections. A view of the false primary lining at the inter-
section with a tunnel cross passage is presented in Fig. 8.

When the method statement for the work is being designed,
it is necessary to take into account the load-bearing capacity
of the false primary lining loaded by the backfill and concre-
te mixture during pouring of the tunnel lining concrete. In the

Obr. 7 Lic falesného primdrniho osténi po dostiikdni betonu
Fig. 7 Internal surface of the false primary lining after completion of spraying
concrete

Obr. 8 Fale$né primdrni osténi v misté napojeni tunelové propojky
Fig. 8 False primary lining in the location of the connection of the tunnel
cross passage
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Obr. 9 Zasyp a prvky rozepreni pred betondzi sekunddrniho osteni
Fig. 9 Backfill and bracing elements before casting of secondary lining concrete

obavy moZnost obtizné odhadnutelnych piitoku vody do staveb-
ni jamy jednak z ddoli nad jémou, jednak z okolnich svahu.
Hydrotechnické vypocéty na normové hodnoty desté provadéné
v souvislosti s dimenzovanim odvodnéni jamy po dobu vystavby
tyto obavy potvrdily. Zdplavy spojené s privalovymi desti, které
oblast v prubéhu vystavby postihly, viak ukazovaly, Ze skutec-
nost muze byt jeSté mnohem hor$i neZ normové vypolty.
Vzhledem k destnikovému systému hydroizolace by nepredsta-
voval hydrostaticky tlak bezprostfedni ohroZeni statické funkce
osténi, doslo by vSak ke znaénému zvySeni piitokt vody do tune-
lovych drendZi s nebezpecim vyluhovéani jemnych ¢astic ze zdsy-
pového materidlu. Proto navrhl projektant realiza¢ni dokumenta-
ce po dohodé se zhotovitelem zaplaven{ stavebni jamy do vysky
vrcholu klenby tunelu popilkem, coZ oblast hloubenych tunelt
utésni a prosakujici povrchovou vodu prevede pres stavebni
jdmu tdolim dolt tak, jako pred vyhloubenim stavebni jamy.

Po kladném projednani navrhu se zastupci investora zacaly pri-
pravy na zaplavovani stavebni jamy popilkem. Je$t¢ pred zahdje-
nim praci se v8ak priroda postarala o redlnou simulaci vyse popi-
sovaného stavu. Ve stavebni jame bylo provedeno fale$né primér-
ni ostén{ a jama byla pro potfeby zaplavovani prehrazena tésnymi
prepdzkami. V tomto okamziku pfiSel piivalovy dést’a voda sté-
kajici ddolim i protékajici sutovymi kuZzely na svazich okolnich
hor vyplnila prostor mezi faleSnym primarnim osténim a svahy
stavebni jamy zhruba do vySky 4 m, jak ukazuje obr. 10. Pokud
by jiz byly nainstalovdny drendze, proniklo by toto obrovské
mnozstvi vody do drendzniho systému tunelu a odtékalo smérem
k zdpadnimu portdlu. V pfipadé zasypéni stavebni jamy vysoce
propustnou rubaninou by se tato situace opakovala pii kazdém
privalovém desti, nebo v obdobf jarniho tani. Ndhoda ukdzala, ze
mySlenka utésnéni stavebni jamy popilkem je spravna.

= L o= A

Obr. 10 Zaplaveni stiedni jamy po privalovém desti
Fig. 10 Flooding of the mid-point construction pit after torrential rains
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case of the cut-and-cover tunnel at the western portal, crus-
hed muck from the tunnel was used for backfilling. With res-
pect to the load-bearing capacity, the false primary lining was
backfilled only up to the level of ca 3m and it was necessary,
taking into consideration the load induced by the concrete
mixture, to brace the upper part of the false primary lining
vault against the walls of the construction pit. The false pri-
mary lining at the western portal is presented in Fig. 9. The
lining structure, the backfill level and the steel walers allo-
wing the bracing of the structure during the casting of the
secondary lining concrete.

In the case of the mid-point construction pit, backfilling
with muck was also planned for the first phase. However, the
possibility of hard-to-guess water inflows to the construction
pit from the valley above the pit and from surrounding slopes
gave rise to concerns from the beginning of the works. The
hydrotechnical calculations using standardised precipitation
rate values which were conducted in the context of designing
the construction pit drainage during the course of the con-
struction confirmed the concerns. However, the flooding
associated with torrential rains which affected the area during
the course of the construction indicated that the reality could
be much worse than according to standardised calculations.
With respect to the umbrella-type waterproofing system, the
hydrostatic pressure did not represent a major threat to the
structural function of the lining, but the water inflows to tun-
nel drainage would significantly grow, with the danger of
leaching of fine particles from the backfill material. For that
reason the author of the design of means and methods, in
agreement with the contractor, proposed flooding of the con-
struction pit with fly ash up to the level of the top of the tun-
nel vault. This measure would seal the area of the cut-and-
cover tunnels and would transfer the seeping surface water
over the construction pit, down the valley, as it flew before
the excavation of the construction pit.

After a positive discussion of the proposal with representa-
tives of the project owner, preparations for flooding the con-
struction pit with fly ash commenced. But the nature took
care of the real simulation of the above-mentioned state even
before the commencement of the work. The false primary
lining was completed in the construction pit and sealed bulk-
heads were carried out in the pit for the needs of flooding. At
this moment a torrential rain arrived and water flowing down
the valley and through talus cones on the slopes of surroun-
ding mountains filled the space between the false primary
lining and the slopes of the construction pit approximately up
to the level of 4m, as shown in Fig. 10. If the installation of
the drains had been finished, this huge amount of water
would have got into the tunnel drainage system and would
have been drained away toward the western portal. In the
case of filling the construction pit with the highly permeable
muck, this situation would be repeated during each torrential
rain or during the spring thawing period. An accident showed
that the idea of sealing the construction pit with fly ash was
good.

It was necessary for the determination of the time schedu-
le for flooding to know the fly ash strength build-up rate
because the false primary lining structure was not able to
transfer the hydrostatic pressure without taking the gradual
setting of individual fly ash layers into account. When the
proposal was being prepared, it was based on the assumption
that the fly ash would reach the strength of 0.3MPa and
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Pro stanoveni ¢asového postupu zaplavovani bylo nutné znét 3MPa after two days and 28 days, respectively. Under these
nabeh pevnosti popilku v ¢ase, protozZe zatizeni hydrostatickym assumptions, the maximum rate of 0.5m per day was prescri-
tlakem bez zohlednéni postupného tuhnuti jednotlivych vrstev bed for flooding the pit. The method statement permitted the
popilku nebyla konstrukce falesného primarniho osténi schop- maximum contingent asymmetry between flooding of the
na prenést. Pfi ndvrhu se vychézelo z predpokladu, Ze popilek right-hand and left-hand parts of the structure of 0.5m. It was
dosdhne po dvou dnech pevnosti 0,3 MPa a po 28 dnech 3 MPa. further proved by a structural analysis that, with respect to
Za téchto predpokladii byla predepsdna maximdlni rychlost the loads on the lining of the cut-and-cover tunnels by conc-
zaplavovdni jémy 0.5 m/den. Pfipadnou nesymetrii zaplavova- rete mixture, it was necessary to flood the construction pit up
ni mezi pravou a levou &asti konstrukce pripoustél technolo- to the level of 2.5m above the bottom, thus to support the
gicky postup praci max. 0,5 m. Statickym vypoctem bylo dale false primary lining. The working phases of the gradual flo-
prokdzéno, Ze s ohledem na zatiZzeni betonovou smési osténi oding of the construction pit with fly ash are presented in
hloubenych tuneld je jdmu nutno zaplavit a tim fale$né primér- Figures 11 and 12. When the casting of the lining concrete of

ni osténi podeprit min. do vysky 5,5 m nad jejim dnem.
Pracovni faze postupného zaplavovani stavebni jamy popilkem
ukazuji obr. 11 a 12. Po vybetonovani osténi hloubenych tune-
14 zaplavovéni pokracovalo min. do drovné vrcholu klenby dél-
ni¢nich tunelu.

the cut-and-cover tunnels was finished, the process of floo-
ding continued minimally up to the level of the top of the
vault of the motorway tunnels.

CONCRETE REINFOREMENT SYSTEM AND CASTING
OF LINING CONCRETE

With the exception of atypical concrete casting portal
blocks, the concrete of all tunnel blocks is poured behind
12.5m long traveller formwork. A proposal for a correct
concrete formulae is the first step to success. It has to cor-
respond to the tunnel lining specifics. Other requirements are
imposed on concrete for cut-and-cover tunnels, other ones on
reinforced concrete liners, other on unreinforced linings of
mined tunnels. An important role in this field is played by the
build-up of strength during the initial phase after casting the
concrete and the development of hydration heat. Portal conc-
rete casting blocks are not at all supported after stripping of
the formwork and the concrete is always reinforced. The
design prescribed the stripping strength of 10MPa at the top
of the vault so that the self-supporting capacity of the struc-
ture is guaranteed and the bond between concrete and steel is
not corrupted or excessive deformations do not develop.

A better situation from the aspect of boundary conditions
can be expected in the case of cut-and-cover tunnels where
concrete is cast behind a false primary lining which is braced
by muck backfill or even flooded with fly ash. In this way of
bracing the cut-and-cover tunnels are already approaching
the boundary conditions in the mined sections of the tunnel,
where the lining vault is “inserted” into the primary lining,
respectively into the excavated opening, along the entire cir-
cumference. According to the conditions of the tender
MR design, the casting of secondary lining concrete is permitted
po at the moment when the rate of the primary lining deformati-
ons does not exceed 2mm per month. The stripping strength
of 6MPa at the top of the vault is prescribed for the reinfor-
ced concrete lining of mined tunnel sections, whilst the mini-
mum stripping strength of 4.5MPa had to be applied accor-
ding to the TKP26/2015 specifications to unreinforced conc-
rete linings despite the fact that the project STQS permitted
: the stripping strength of 3MPa. According the Austrian regu-
mn . 5 lation [2] this value is already identified as risky from the
aspect of the creation of cracks. It recommends the strength
value within the interval between 2MPa up to 3MPa.

4% The secondary lining concrete casting rate varies between
: 4 to 5 blocks per week (7 days), i.e. 50m to 62.5m of the tun-
B ' : FERORY nel. The most complicated element of the formwork is a spe-
= cial extension of the traveller form in the location of an emer-
gency lay-by. This so-called “backpack” is assembled in the

ZPUSOB VYZTUZOVANI A BETONAZ OSTENI

Kromé atypickych portdlovych bloku betonédZe jsou vSechny
bloky tunelu betonovany do posuvného bednéni délky 12,5 m.
Névrh spravné receptury betonu je prvnim krokem k tdspéchu
a musi odpovidat specifikim tunelového osténi. Jiné naroky

1
i

¥ 'rHE'[

FEERFCEETET LT
TrEEET R T

Obr. 11 Prvni fdze zaplavovdni stredni jamy popilkem
Fig. 11 First phase of flooding of the mid-point construction trench with fly ash
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Obr. 12 Zaplaveni faleSného osténi pod vrchol klenby tunelové propojky

Fig. 12 Flooding the false lining under the top of the tunnel cross passage vault

jsou kladeny na beton hloubenych tunelu, jiné na vyztuZené,
jiné na nevyztuZené osténi raZenych tuneld. Vyznamnou roli
pfitom hraje nérust pevnosti v pocdtedni fdzi po betondZi
a vyvin hydrata¢niho tepla. Portdlové bloky betondZe nejsou po
odbednéni ni¢im podepreny a jsou vidy vyztuZeny. Aby byla
po odbednéni zaruena samonosnost konstrukce a nedoslo vli-
vem deformace k poruseni soudrznosti mezi betonem a oceli
nebo nedoslo k nadmérné deformaci, byla projektem stanovena
odbednovaci pevnost ve vrcholu klenby na 10 MPa.

Lepsi situaci z hlediska okrajovych podminek lze ocekavat
u hloubenych tunelii betonovanych do fale$ného primérniho
osténi rozepreného zdsypem z rubaniny nebo dokonce zaplave-
ného popilkem. Timto zpusobem rozepieni se jiz konstrukce
hloubenych tunelt bliZi okrajovym podminkdm v raZenych
usecich tunelu, kdy je klenba osténi po celém obvodé uloZena
do primarniho osténi, resp. do vyrubu. Betonaz sekundarniho
osténi smi byt podle poZzadavki zaddvacich podminek zahdje-
na v okamziku, kdy rychlost deformace primarniho osténi
neprekro¢i 2 mm/mésic. Pro vyztuZené osténi raZenych tseka
tunelu je predepsdna odbednovaci pevnost ve vrcholu klenby
6 MPa, pro nevyztuzené osténi bylo nutné podle TKP26/2015
pouzit odbednovaci pevnost min. 4,5 MPa, ackoli ZTKP stav-
by pripoustély odbednovaci pevnost min. 3 MPa. Podle rakous-
kého predpisu [2] je tato hodnota jiz oznaCena jako rizikova
z hlediska vzniku trhlin a doporucuje hodnotu pevnosti v inter-
valu mezi 2 MPa aZ max. 3 MPa.

Rychlost betondze sekunddrniho osténi se pohybuje 4 az 5
bloku za tyden (7 dni), coZ predstavuje 50 m aZ 62,5 m tunelu.
Nejkomplikovanéj$im prvkem bednéni je specidlni ndstavba
bedniciho vozu v misté nouzového zdlivu. Tento tzv. ,,ruksak* je
v zdlivu smontovdn po montdZi samonosné vyztuze a po prijez-
du bednictho vozu do zdlivu je k nému pripevnén. Nouzovy zdliv
Sitky 14,5 m a vySky témérf 9 m je v misté zausténi tunelové pro-
pojky nejndro¢néj$im mistem jak z hlediska bednéni, tak i z hle-
diska montdze vyztuze. Do néj se v ose bloku betondze zatstuje
tunelovd propojka o §ifce 6 m a vySce 5,2 m. Na obr. 13 je samo-
nosnd vyztuz nouzového zdlivu se zadsténim do tunelové pro-
pojky a vynechanim vyztuze v mist¢ Cela bloku betondze.
Vpravo stoji nastavec bedniciho vozu pro bednéni zélivu.

Zvlastni kapitolou v postupu betondze osténi jsou chranicky,
které slouZi pro vedeni kabeld k jednotlivym prvkum technologic-
kého vybaveni tunelu. Chranicky jsou nejvyse v trojicich vedeny
z kabelovych Sachet umisténych pod tunelovym chodnikem do
osténi bo¢nich stén tunelu. Chranicky jsou ve vyztuZenych dse-
cich tunelu upevnény na vyztuz osténi. V nevyztuZenych dsecich
tunelu jsou upevnény k specidlné instalovanym ocelovym ra-
mum. Alternativné je mozné chrani¢ky umistit do ,,rukdvu*

emergency lay-by after the installation of the self-supporting
reinforcement and is mounted on the traveller formwork
after its arrival. The 14.5m high and nearly 9m wide emer-
gency lay-by at the mouth of the tunnel cross passage is the
most complicated place both from the aspect of formwork
and from the aspect of the installation of concrete reinforce-
ment. The 6m wide and 5.2m high mouth of the tunnel cross
passage is connected to the lay-by on the block axis. The
self-supporting reinforcement of the emergency lay-by with
the connection to the tunnel cross passage and the reinforce-
ment omitted in the location of the casting block stop end is
presented in Fig. 13. The traveller lay-by formwork extensi-
on piece stands on the right side.

A special chapter in the lining concrete casting procedure
is dedicated to protective pipes used for cable lines leading
to individual elements of the tunnel equipment. The protecti-
ve pipes are led at the most in triads from cable shafts placed
under the surface of tunnel walkways and run in the lining
around the whole circumference of the tunnel. In the reinfor-
ced concrete tunnel sections the protective pipes are fixed to
the lining concrete reinforcement. In unreinforced concrete
tunnel sections they are fixed to specially installed steel fra-
mes. It is alternatively possible to place the protective pipes
into waterproofing membrane “sleeves” torched on the tun-
nel waterproofing layer. In this way the quantity of concrete
reinforcement is further minimised.

UNREINFORCED CONCRETE LINING, DESIGN
AND CONTRACTUAL RELATIONSHIPS

Unreinforced concrete secondary lining has a long tradition
in Slovakia. It was already used at the first motorway tunnel
driven using the NATM, the 4975m long Branisko tunnel,
which was opened to traffic in 2003. The geotechnical condi-
tions encountered along the route of both tunnel tubes allo-
wed for using unreinforced concrete linings even in the
Povazsky Chlmec tunnel, in sections featuring minimum
deformations and good quality ground conditions. The condi-
tion survey of each excavation face was carried out in each
excavation round during the course of the tunnel excavation,
with drawing the dips of geological layers and their interfa-
ces, describing water inflows and their yields and describing
the quality of the ground mass encountered. In the NTT and
STT, 894 headings and even 1112 headings, respectively,
were documented in this way in the top heading. According to
the tunnel chainage, the corresponding condition survey was
assigned to the secondary lining concrete casting blocks and




Obr. 13 Samonosnd vyztuz a bednéni nouzového zdlivu
Fig. 13 Self-supporting reinforcement and formwork of an emergency lay-by

z hydroizola¢ni félie natavené na tunelovou izolaci. Tim se déle
minimalizuje mnoZzstvi vyztuze v osteéni.

NEVYZTUZENE OSTENI, PROJEKT, PROVADENI
A SMLUVNI VZTAHY

Nevyztuzené sekunddrni osténi mé na Slovensku dlouholetou
tradici a bylo pouzito jiz na prvnim ddlnicnim tunelu raZzeném
pomoci NRTM, tunelu Branisko délky 4975 m, uvedeném do pro-
vozu v roce 2003. Geotechnické poméry zastizené v trase obou
tunelovych trub umoznily i v tunelu Povazsky Chlmec v dsecich
s minimdlnimi deformacemi vyrubu a kvalitnim horninovym pro-
stfedim pouZiti nevyztuzeného osténi. Pfi razbe tunelu byla v kaz-
dém zabéru provddéna pasportizace elby se zakreslenim sklonu
geologickych vrstev a rozhrani, popisem pritoku vody a jejich
vydatnosti a popisem kvality zastizenych hornin. V severni tune-
lové troubé bylo timto zpusobem v kalot€ tunelu zdokumentova-
no 894 Celeb, v jizni tunelové troubé dokonce 1112 Celeb. Podle
tunelového stani¢eni byla odpovidajici pasportizace eleb prifaze-
na blokim betondZe sekundérniho osténi a razend &ést tunelu roz-
délena na kvazihomogenni celky.

O pouziti nevyztuZzeného osténi rozhodl projektant realizacni
dokumentace na zdkladé vyhodnoceni kvality masivu v daném
bloku betondZe, podle vysledki méfeni deformace vyrubu
a vysledku statickych vypoctu. V jizni tunelové troubé s délkou
razeného dseku 2120,5 m je nevyztuzené osténi pouZito v celkové
délce 1262,5 m (59,5 %), v severni tunelové troubé s délkou raze-
ného dseku 2200 m je nevyztuzené osténi pouZito v celkové délce
1325 m (60,2 %).

Na rozdil od Zelezobetonu, kde je mozné vznik trhlin regulovat
zpusobem vyztuZeni prufezu, jsou u prostého betonu néstroje
k omezeni vzniku i vyvoje §itky trhlin znaéné omezené. Jedn4 se
o vhodny ndvrh betonové smési, spravny technologicky postup
provadéni a vhodné zvoleny okamzik odbednéni a oSetfovani
betonu po odbednéni. Nédvrh betonové smési je znaéné zavisly na
moZnosti vyuZiti mistnich zdroju a vyladéni receptury po stréance
reakce cementu a chemickych prisad. V pripadé betonu pevnostni
tiidy C25/30 XF2 se podafilo Ing. Mikovi z firmy Beton Bohemia
nalézt recepturu s pozadovanym hydrataénim teplem i narustem
pevnosti betonu v pocatecni fazi po betondzi. V pripadé betonu
C30/37 XF4, ktery je predepséan do vzdalenosti 300 m od portélu,

Opatfenim k omezeni vzniku trhlin byla vénovédna pozornost
zejména ve fazi po odbednéni pii oSetrovani konstrukce proti
tepelnému Soku a vysychdni. Jako zdsadni se ukdzalo rozhodnut{
zhotovitele pouZit pro omezeni tepelného Soku oSetfovaci viz
délky 25 m (dva bloky betondZe), ktery je taZen bezprostredné za
bednicim vozem a chrani konstrukci v okamziku, kdy hydratacn{
teplo dosahuje maximélnich hodnot. O3etiovaci viiz tvorii ocelova
konstrukce, na kterou je pripevnéna tepelné izolacni félie. Na
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the mined tunnel section was divided into quasi-homogene-
ous units.

The author of the design of means and methods decided on
the use of the unreinforced concrete lining on the basis of the
assessment of ground mass quality in particular concrete cas-
ting blocks, according to the results of measurements of
deformations of the excavated opening and results of struc-
tural analyses. In the STT, where the mined section is
2120.5m long, the unreinforced concrete lining is used at the
total length of 1262.5m (59.5 %), in the NTT, where the
mined section is 2200m long, the unreinforced concrete
lining is applied to the total length of 1325m (60.2 %).

In contrast with reinforced concrete, where the origination
of cracks can be regulated by the design of the cross-section
reinforcement, the tools for restricting the origination and
development of the width of cracks are significantly limited.
They comprise an appropriate design of concrete mixture,
a correct technological procedure of works, an appropriately
chosen moment of stripping and curing the concrete after
stripping. The concrete mixture design is significantly
dependent on the possibility of using local sources and
tuning the formulae from the aspect of the reaction of cement
and chemical agents. In the case of the C25/30 XF2 concrete
grade, Ing. Mika from Beton Bohemia managed to find for-
mulae with required hydration heat and concrete strength
build-up in the initial phase after casting the concrete. In the
case of the C30/37 XF4 concrete grade, which is prescribed
up to the distance of 300m from the portal, the situation was
more complicated due to the necessary amount of cement.

Measures designed to restrict the origination of cracks
were paid attention mainly in the phase after stripping the
formwork, during curing of the concrete structure designed
to prevent thermal shocks and drying out. Contractor’s deci-
sion to use a 25m long concrete curing travelling scaffold
which was towed immediately behind the traveller formwork
and protected the structure at the moment when the heat of
hydration reached maximum values, turned out to be crucial.
The concrete curing travelling scaffold is formed by a steel
structure with a thermally insulating membrane attached to
it. At the beginning, in the middle and at the end of the scaf-
fold there are inflatable collars installed around the whole
circumference (see Fig. 14). When the curing scaffold setting
is finished, the collars are inflated, thus the space between
the thermally insulating membrane and the tunnel lining is
sealed. The microclimate created in this way protects the
structure against rapid cooling and drying out. Taking into
consideration the fact that one concrete casting cycle from
setting the travelling formwork into position through casting
concrete, the required strength build-up and formwork strip-
ping takes ca 30-35 hours, each concrete casting block is pro-
tected for 60 to 70 hours after stripping.

Even though unreinforced linings have already been used in
Slovakia in several tunnels, no rules exist yet to define the
conditions when the structure is handed by the contractor over
to the client as far as the origination and development of
cracks is concerned. With respect to the fact that the measu-
res designed to restrict them are limited, their origination is,
for the above-mentioned reasons, virtually unavoidable. Their
existence is in the majority of the cases without negative
impacts on the load-carrying capacity or the utility function
of the Ilining. Defining the rules for the structure
handover/takeover represents rather making administrative
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Obr. 14 OSetiovaci vuz pro sniZeni teplotniho Soku
Fig. 14 Concrete curing travelling scaffold for reducing the thermal shock

zalatku, v prostiedku a na konci vozu jsou po celém obvodé nain-
stalovdny nafukovaci manZety, jak ukazuje obr. 14. Po ustaveni
oSetrovaciho vozu jsou manZety nafouknuty, a tak ut€snén prostor
mezi tepeln¢ izolacni folif a osténim tunelu. Vzniklé mikroklima
chrani konstrukci jak pfed rychlym ochlazenim, tak pred vysy-
chanim. Vzhledem k tomu, Ze jeden cyklus betondZe od ustaveni
bedniciho vozu pres betondz, pozadovany ndbéh pevnosti
a odbednéni trvd cca 30-35 hodin, je kazdy blok betonédZe chranén
60 az 70 hodin po odbednéni.

I kdyz je nevyztuzené osténi na Slovensku pouZito jiz na na vice
tunelech, neexistovala az do konce roku 2016 pravidla, kterd by
definovala podminky pfi pfevzeti konstrukce mezi objednatelem
a zhotovitelem z hlediska vzniku a rozvoje §itky trhlin. Vzhledem
k tomu, Ze opatfeni k jejich omezeni maji své limity, jejich vznik
je z difive uvedenych divodu prakticky nevyhnutelny a jejich exi-
stence je v prevazné vétsiné pripadl bez negativniho dopadu na
nosnou ¢i uzitnou funkei osténi, predstavuje definovani pravidel
pro preddni/prevzeti konstrukce spiSe administrativni zpruhledné-
ni vztaht ve vystavbé. Kritéria pro pripustnou §itku trhliny nevyz-
tuZeného ostén{ lze najit i v zahrani¢nich smérnicich pro projekto-
vani a provadéni tunelu [3], [4], [6], [7], [8], [9]. Zadavatel témi-
to kritérii deklaruje, Ze mu je problematika vzniku trhlin zndma
a jejich existenci v definovaném rozsahu pripousti. Zhotovitel tim
bere na védomi, Ze je povinen v mozné mite vznik a vyvoj trhlin
pomoci opatfeni pii vystavbé omezit a v piipadé jejich nadlimit-
niho mnoZstvi ¢i Site provede na své ndklady jejich sanaci.

V Ceské republice tato diskuse probéhla v souvislosti s prové-
dénim nevyztuzeného osténi na tunelu Libouchec na délnici D8,
ktery byl uveden do provozu v roce 2006. Kritéria vzniku a vyvo-
je trhlin nevyztuzeného ostént, kterd tehdy vznikla jako konsenzus
projektanta realizatni dokumentace a zéstupcu RSD CR, byla
v obdobném znéni implementovana do revize technicko-kvalita-
tivnich podminek TKP18 Beton pro konstrukce z ledna 2016 [5].

ZAVER

Sekundédrni osténi tunelu Povazsky Chlmec je navrZeno na
zdkladé vyhodnoceni informaci o geotechnickych pomérech
v trase tunelu ziskanych po jeho vyraZeni. Sitkové usporadani
tunelu kategorie T2-8 s $itkou komunikace 8 m, optimalizace tvaru
tunelu provedend v pocdtcich projekénich praci a s ni spojené priz-
nivéjsi namahdni tunelového osténi zvysilo Sanci na pouZiti nevyz-
tuzeného osténi, které je v tunelu nasazeno na 60 % délky jeho
razenych useku. I pies velké obavy zéstupcu stavebniho dozoru ze
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relationships in construction more transparent. Criteria for the
allowable width of a crack in an unreinforced concrete lining
can be found even in foreign directives on designing and con-
structing tunnels [3], [4], [6], [7], [8], [9]. Through these cri-
teria the contracting entities declare that the problems of the
origination of cracks are known to them and their existence
within the defined scope is acceptable for them. By accepting
the criteria the contractors note that they are obliged to
restrict the origination and development of cracks during the
course of the construction to the extent possible and, in the
case of their amount or width exceeding the limits, to repair
them at their own cost.

In the Czech Republic this discussion took place in the
context of the construction of the unreinforced concrete
lining in the Libouchec tunnel on the D8 motorway, which
was opened to traffic in 2006. The criteria for the origination
and development of cracks in unreinforced concrete liners
originated then as a consensus between the author of the
design of means and methods and representatives of the
Road and Motorway Directorate of the Czech Republic. They
were implemented in similar wording into the review of tech-
nical and quality specification TKP18 for structural concrete
from January 2016 [5].

CONCLUSION

The Povazsky Chlmec tunnel secondary lining is designed
on the basis of the assessed information on geotechnical con-
ditions along the tunnel route gathered after the completion
of the tunnel excavation. The tunnel roadway configuration
T2-8 with the roadway width of 8m, the optimisation of the
tunnel cross-sectional geometry carried out at the beginning
of the work on the design and the more favourable stressing
of the tunnel lining associated with it increased the chances
of using the unreinforced concrete lining, which has been
implemented to 60% of the length of the tunnel length.
Despite the great concern of representatives of the Engineer
of the formation of cracks in the unreinforced lining, cracks
in the lining have been successfully virtually eliminated
during the initial months after casting the concrete owing to
the correctly designed concrete formulae and adherence to
the construction procedure.

The cracks in the lining may have even a structural cause.
The secondary lining concrete is cast after the stabilisation of
the deformations of the primary lining. The tunnel lining is
designed for the rock pressure which is currently transferred
by the primary lining and which would start to act on the
lining in the case of the degradation of the primary lining and
anchors reinforcing the rock ring in the excavation surroun-
dings. The primary lining quality tests conducted on samples
taken from linings of Austrian tunnels in the context of the
construction of second tunnel tubes show that sprayed conc-
rete is in very good condition even after 30 years after the
tunnel opening to traffic [10] and the primary lining is still
capable of transferring rock pressures. It is therefore a ques-
tion when the secondary lining will really be loaded by the
combinations of the loads assumed in structural analyses.

After the optimisation of the technical solution the number
of concrete casting blocks in the STT was reduced from 222
to 175 and in the NTT from 229 to 180. The number of emer-
gency lay-bys was reduced from three to two. The experien-
ce of HOCHTIEF CZ a. s. with constructing tunnels abroad
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vzniku trhlin v nevyztuzeném osténi se dari diky spravné navrzené
recepture betonu a dodrzovani technologického postupu vystavby
trhliny v ostén{ v prvnich mésicich po betonazi prakticky eliminovat.

Trhliny v osténi mohou mit i statickou pfi¢inu. Betonaz probiha
po ustdleni deformaci primarniho osténi. Osténi tunelu je dimen-
zovéano na horninovy tlak, ktery je v sou¢asné dob¢ prendsen pri-
mdrnim osténim a ktery by na osténi dolehl v ptipadé degradace
primarniho osténi i kotev vyztuzujicich nosny horninovy prstenec
v okoli vyrubu. Zkousky kvality primédrniho osténi provadéné na
vzorcich odebranych z osténi rakouskych tunelt v souvislosti
s vystavbou druhych tunelovych trub ukazuji, Ze stifkany beton je
i po 30 letech po uvedeni tunelu do provozu ve velmi dobré kon-
dici [10] a primdrni osténi je schopné horninovy tlak prenaset. Je
proto otdzkou, kdy bude sekunddrni osténi skute¢né zatiZeno
kombinacemi zatiZeni predpoklddanymi ve statickém vypoctu.

Po optimalizaci technického feSeni se oproti zaddvaci doku-
mentaci sniZil pocet bloki betondZe v JTT z 222 ks na 175 ks
a v STT z 229 ks na 180 ks. Poet nouzovych zaliva se sniZil ze
tii na dva. Pf vystavbé jsou uplatiiovany zkuSenosti firmy
HOCHTIEF CZ a. s. s provadénim tuneld v zahrani¢i a pri navr-
hu technologickych postupt projektant i zhotovitel spolupracuji se
specialisty z matefské firmy v SRN.

Tunel Povazsky Chlmec realizuje pro investora NDS a. s. firma
HOCHTIEF CZ a. s.. Geotechnicky monitoring po dobu vystavby
provadi firma ARCADIS CZ a.s., stavebni dozor investora zaji$-
tuje sdruZeni firem EUTECH&ESP&MULLER&API-D3. Geo-
detické price pri razb¢ i betondzi sekunddrniho osténi provadi
firma Angermeier Engineers, s.r.o. a ndvrh betonové smesi i kon-
zultace pri realizaci poskytuje firma BETON Bohemia ZL
s. 1. 0. Realiza¢ni dokumentaci zpracovava projek¢ni slozka firmy
HOCHTIEF CZ a. s. Funkci geotechnického dozoru na stavbé
béhem razeb provadéla firma 3G Consulting Engineers
s.r.o. Pohled pres portdlovy blok smérem k estakddeé pres
Hricovskou vodni nddrz (obr. 15) ukazuje ndrocnost staveb na
tuseku délnice D3 Zilina (Strazov) — Zilina (Brodno) a je symbo-
lickym prislibem zdarného dokonéeni dila.

Ing. LIBOR MARIK, Libor.Marik@hochftief.cz,
HOCHTIEF CZ a. s.

Recenzovali Reviewed: prof. Ing. Jifi Bartdk, DrSc.,
prof. Ing. Matous Hilar, MSc., Ph.D.
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Obr. 15 Portdl tunelu a ndvaznost na estakddu pres Hricovskou vodni nddri
Fig. 15 The tunnel portal and continuation to the viaduct over Hricov water
reservoir

was applied during the construction and the designer and the
contractor collaborate with specialists from the mother com-
pany in the FRG.

The Povazsky Chlmec tunnel is realised by HOCHTIEF
CZ a. s. for the project owner, NDS a. s. (National Motorway
Company). Geotechnical monitoring during the construction
works is carried out by ARCADIS CZ a.s., client’s site super-
vision is ensured by a consortium of companies
EUTECH&ESP&MULLER&API-D3. Surveying is carried
out during the excavation and casting of secondary lining
concrete by Angermeier Engineers, s.r.o. and concrete mix-
ture is designed and consultancy during the realisation is pro-
vided by BETON Bohemia ZL s. r. 0. The design of means
and methods is carried out by the designing organisational
unit of HOCHTIEF CZ a. s. The function of geotechnical
supervision on the site during the tunnel excavation was per-
formed by 3G Consulting Engineers s.r.o. A view through the
portal block toward the viaduct over HriCov water reservoir
(see Fig. 15) documents the demands of structures on the
Zilina (Strdzov) — Zilina (Brodno) section of the D3 motor-
way and is a symbolic promise of the successful completion
of the works.

Ing. LIBOR MARIK, Libor.Marik@hochtief.cz,
HOCHTIEF CZ a. s.
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FOTOREPORTAZ ZE SLAVNOSTNIHO OTEVRENI DALNICE
D8 LOVOSICE - REHLOVICE

PICTURE REPORT FROM D8 LOVOSICE - REHLOVICE
MOTORWAY INAUGURATION

Obr. 1 Slavnostni prestiiZeni pdsky
Fig. 1 Ribbon cutting ceremony
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Obr. 3 Dokonceny tunel Radejcin
Fig. 3 Completed Radejcin tunnel

Obr. 2 Pozvand verejnost pri prohlidce dila
Fig. 2 The invited public during the visit to site

Obr. 4 Pohled na portdly tunelii Prackovice a Radejéin propojené mostem
Fig. 4 Views of the Prackovice and Radejc¢in tunnel portals interconnected by
the bridge

Obr. 5 Prazisky portdl tunelu Radejcin
Fig. 5 Prague portal of the Radejcin tunnel

Obr. 6 Pohled na cdst dokonceného dila
Fig. 6 A view of the completed working
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FOTOREPORTAZ Z VYSTAVBY TUNELA OVCIARSKO

PICTURE REPORT FROM THE CONSTRUCTION
OF THE OVCIARSKO TUNNEL

ey

Obr. 1 Armatiira hornej klenby

. .. Obr. 2 Armovanie priecneho prepojenia PP1
Fig. 1 Upper vault concrete reinforcement p prepoj

Fig. 2 Cross passage PPI1 — installation of concrete reinforcement
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Obr. 3 Betondz hfbenej Casti spodnej klenby (juznd tunelovd rira)
Fig. 3 Casting of the cut-and-cover part of the concrete invert (southern
tunnel tube)

Obr. 4 Hydroizoldcie hornej klenby
Fig. 4 Waterproofing of the upper vault

Obr. 5 Montdz armatiiry hornej klenby Obr. 6 SOS vyklenok
Fig. 5 Installation of concrete reinforcement of the upper vault Fig. 6 SOS niche
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FOTOREPORTAZ Z VYSTAVBY TUNELOV POLANA A ZILINA

PICTURE REPORT FROM THE CONSTRUCTION OF THE POLANA
AND ZILINA TUNNELS

e LA e &
Obr. 1 Tunel Polana — pohlad na vychodny portdl
Fig. 1 Poluna tunnel — a view of the eastern portal

Obr. 3 Tunel Zilina - pohlad na vychodny portdl
Fig. 3 Zilina tunnel — a view of the eastern portal

Obr. 5 Tunel Zilina, juznd tunelovd riira — profilovanie tunela
Fig. 5 Zilina tunnel, southern tunnel tube — tunnel excavation profiling

Obr. 2 Tunel Polana — pohlad na zdpadny portal
Fig. 2 Poluna tunnel — a view of the western portal

Obr. 4 Tunel Zilina - sldvnostnd prerdzka juinej tunelovej riry dria 5. 12.
2016

Fig. 4 Zilina tunnel — southern tunnel tube breakthrough celebration on 5%
December 2016

Obr. 6 Tunel Zilina, JjuZnd tunelovd rira — sekunddrne ostenie (armovanie
spodnej klenby)

Fig. 6 Zilina tunnel, southern tunnel tube — secondary lining (placing the
invert concrete reinforcement)
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Modernizace trati Rokycany-Plzei
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B Tunel Kiiblis otevien

V Cervnu 2016 byl po osmi letech vystavby otevien 3350 m
dlouhy silniéni obchvat méstecka Kiiblis, jehoZ souldsti je
2255 m dlouhy obousmeérny tunel. Jde o vyznamné opatieni,
disek Kloster a Davos.

Razby tunelu probihaly od roku 2008 do brezna 2013. Tunel byl
raZzen konvenéné s vyjimkou hloubenych dseku u portélu celkové
délky 265 m a useku, kde trasa tunelu kiiZi erozni ryhu vytvore-
nou mistni vodote¢i. Ryha je zaplnéna nesoudrznym materidlem
a nadlozi tunelu zde klesa az na 5 m. Prostor raZzby zde byl zabez-
pecen dvéma fadami pilot, na kterych byla uloZena monoliticka
Zelezobetonova deska, pod kterou pak probihala razba.

Ve vzdélenosti 30 m od hlavniho tunelu byla soubézné vyra-
Zena tnikova Stola délky 2015 m, jeji razba v kfiZeni s erozni
ryhou byla zabezpelena stejnym zpusobem jako u hlavniho
tunelu.

B Posledni prorizka na prvni etapé tunelu metra v Doha

Prvni etapa metra v hlavnim mésté Kataru Dohd zahrnuje
111 km tunelt a jejich razba byla zakonCena posledni prordZkou
dne 25. zari 2016 na Cervené trase. Celkovy pocet prorazek na
trech soucasné budovanych trasich (zelend, Zlutd, Cervend) tak
dosdhl poctu 76. Razby probihaly od srpna 2014 do zari 2016
a bylo pfi nich nasazeno 21 tunelovacich stroju dodanych

firmou Herrenknecht. V Guinnessové knize rekordi mohlo byt
zapséano, Ze nejvetsi podet strojui soucasné na stavbé pracujicich
byl 20 a béhem jednoho tydne vyrazily a7 2,5 km tunelt metra.

Uvedeni do provozu prvni etapy se planuje v roce 2020.

B ITA-AITES WG 19: Konven¢ni tunelovani

Dvé upozornéni tykajici se vyse uvedené ITA pracovni skupi-
ny: predevsim z funkce dlouholetého vedouciho (animateura)
této skupiny odstoupil Dipl.-Ing. Heinz Ehrbar, jeho pozici zau-
jal Mr. Nasri Munfah z USA.

Dale — ITA WG 19 vydala v dubnu 2016 spole¢né s ITA WG
14 (Mechanizované tunelovani) svoji treti publikaci v posled-
nich deseti letech: Recommendations on the Development
Process for Mined Tunnelling (Doporuceni pro uplatnéni metod
razby tunelii). Dokument je zpracovan s ohledem na investory,
ktefi nemaji hlubsi zkusenosti s pfipravou a provadénim tunelo-
vych staveb. Ukazuje jim, jak multidisciplindrni je problemati-
ka pripravy podzemnich staveb a jak muze byt nevhodné ovliv-
néna rozhodnutimi prijatymi v pocatecni fdzi pripravy stavby,
kdy jesté chybi rada dulezitych ddaja o prostoru, ve kterém bude
podzemni stavba umisténa.

B Svétla barva povrchu vozovky v tunelu zvySuje bezpec¢nost

V Lucemburku byly v minulém roce dva méstské tunely vyba-
veny vyrazné sveétlym povrchem vozovky, coz vedle zvySeni
bezpecnosti provozu také vede k udspordm elektrické energie



26. rocnik - €. 172017

potiebné pro tunelové osvétleni. V tunelu Grouft délky 3 km bylo
béhem &ty dni poloZeno 59 tis. m? vrstvy svétlého asfaltu tl. 3 cm
a v tunelu Stafelter bylo béhem dvou dnii poloZeno 30 tis. m.

Zakladnim materidlem pro svétlou vrstvu je uréity druh kre-
mence rozdrceny a vytfidény do zrnitosti 5/8 mm. Ten tvori
58 % smési, do které se ddle priddava svétly pisek a titanova
béloba coby pigment (kysli¢nik titaniity).

Poklddka probihd za pouZiti béZnych finieru, valcu a dalSich
néstroju ¢i zafizeni, pfi¢emZ v8echno véetné obuvi pracovniku
musi byt pe€livé pred pouzitim vyc¢isténo.

Pri pouziti tmavé Zivice se efekt bilé vozovky projevi aZ po
nékolika mésicich provozu, protoZe povrchova vrstva musi byt
obrousena provozem automobilt. Proto jako pojivo byl vybrdn
bezbarvy materidl na bazi pryskyfice.

B Rekonstrukce osténi tunelu Zuben v sedle Grimsel

Na komunikaci pres sedlo Grimsel ve vySce pres 2100 m
n. m., kde se stykaji Svycarské kantony Bern a Walis, byl v Sede-
satych letech 20. stoleti postaven tunel Zuben. Jeho betonové
osténi bylo jiz znacne poskozené, a proto se pristoupilo k zdsad-
ni rekonstrukei, pri které se pouzil vldkny vyztuZeny beton,
z Vetsi Casti stifkany.

Nejprve byly odstranény degradované Cdsti starého osténi,
jehoz vyztuz byla oCiSténa a oSetfena nebo v pripadé nutnosti
nahrazena vyztuzi novou. Soucasné byla instalovdna nova vodo-
nepropustnd membréna.

Pro vyztuz strfikaného betonu byla pouZzita synteticka vlakna,
kterd jsou rezistentni proti G¢inkim podzemni vody obsahujici
soli. Vlastnosti pouZitych vldken byly podrobeny komplexnim
zkouSkdm, které prokdzaly odolnost proti koroznimu namahéni,
kterému bude nové osténi tunelu vystaveno. PouZita byla také
samozhutnitelnd betonovd smés vyztuzend vldkny pruméru
pouze 0,5 mm, kterou bylo mozné Cerpat za tunelové bednéni
pro vytvoreni licové vrstvy osténi minimdlni tloustky 6 cm.

B Opét rekord firmy Herrenknecht

Firma Herrenknecht pokracuje v konstrukci tunelovacich stro-
ju rekordnich priméru fezné hlavy. Po EPBS o priméru 15,62 m,
ktery byl nasazen na tunelu Sparvo na délnici mezi Florencii
a Bolognou, byl na konci srpna 2016 italskym investorem pre-
vzat ve Schwanau stroj o pruméru 15,87 m, ktery by mél béhem
tii let vyrazit 7528 m dlouhy tunel Santa Lucia v Apeninach
pobliz Florencie.

TuHel

Tunel patii mezi 44 novych tunelt, které budou souddsti nové
trasy ddlnice Al. Ta zkrdti jizdni dobu mezi Florencii
a Bolognou 0 30 % a s jejim otevienim se pocita v roce 2019.
B Izrael stavi ,,protitunelovou sténu

Izrael chce zabranit, aby Hamas ohrozoval izraelské tzemi
pomoci tuneld budovanych pod spole¢nou hranici. Proto se roz-
hodl, Ze vybuduje podél ni 59 km dlouhou betonovou podzem-
ni sténu hlubokou nékolik desitek metra. Sténa bude vybavena
senzory schopnymi detekovat pripadnou raZbu novych tunelu.
B Letity TBM tunelovaci stroj firmy Robbins stale pracuje

Zacatkem zari 2016 zahdjil TBM o profilu 6,2 m vyrobeny
firmou Robbins v roce 1980 razbu prvniho 8,5 km dlouhého
tseku nové sité kmenovych stok v podlozi mésta Indianapolis
v USA. Celkové se bude ve vdpencich a dolomitech razit
28 km tunelu.

Poprvé byl stroj nasazen v roce 1980 na stavbé metra v New
Yorku, pak pracoval napriklad v Massachuttes nebo v Kanadé.
AZ TBM dokonéi soucasny projekt v Indianapolis, coZ se pred-
pokladd v roce 2024, bude mit za sebou razbu celkem 51 km
tunelt ve skalnich horninéch.

V obdobi od prvniho nasazeni bylo TBM samozrejmée nékoli-
krat rekonstruovdno a modernizovano.

B Postup razby Zelezni¢niho tunelu Rastatt u Karlsruhe

Jak jsme informovali v Tunelu ¢. 3/2016, razba prvniho ze
dvou jednokolejnych Zelezni¢nich tunelu Rastatt byla zahdjena
koncem kvétna 2016. Tunely se razi ve velmi nepfiznivych pod-
minkdch nejen geotechnickych, ale i mistnich — podchazi se
zastavba, délnice, Zelezni¢ni trat’i prirodni rezervace.

V poloving zér{ bylo na prvnim tunelu vyrazeno 1000 m z cel-
kové délky 4270 m pii prumérném dennim vykonu 11 m.

Po startu stroj prosel blokem zeminy zpevnéné tryskovou
injektdz{ a pak po 100 m tispésné podtuneloval ddlnici ¢. 36. Od
TM 380 do TM 580 zdarné podesel prostor prirodni rezervace
Federbach, kterou tvori terénni deprese s hladinou podzemni
vody vétSinou v urovni terénu. Nadlozi tunelu zde klesd aZ na
42 m. V tomto dseku byla razba chrdanéna ,,stfechou* vytvore-
nou zmrazenim zeminy. Vrty pro zmrazovéni byly provadény
z povrchu nad osou tunelu. Vrty byly vedeny Sikmo na obé stra-
ny pod tklonem asi 45°, takZe vysledné zabezpeceni nadlozi
tunelu mad tvar sedlové strechy.

Ing. MILOSLAV NOVOTNY,
mila_novotny@volny.cz

TUNEL KARL-FRIEDRICH-STRASSE V KARLSRUHE — RAZBA TUNELU V PRETLAKU
KARL-FRIEDRICH-STRASSE TUNNEL IN KARLSRUHE — COMPRESSED AIR TUNNELLING

The work on the project to relocate tramway routes in the
central part of the city has been underway since 2010. The
construction has been realised by BeMo Tunnelling GmbH.
The works completion is planned for the end of 2017; the
project owner is Karlsruher Schieneninfrastruktur GmbH
(KASIG). The project comprises seven underground stops,
eight at-grade stops and 4.6km of mostly double-track tunne-
Is. Of the total length of the tunnelling work, 2050m have
been finished under Kaiserstrale Street using a 9.3m-diame-
ter TBM and a segmental lining system. The remaining secti-
ons are being realised as cut-and-cover structures, with one
exception — the tunnel under Karl-Friedrich-Strale Street.
The profile of the mined tunnel is irregular (a funnel). The
purpose is to provide the expansion of the profile allowing

the entrance to Marktplatz station. It will be a cut-and-cover
station of the underground tramway under the central histo-
ric square in Karlsruhe. The whole length of the mined secti-
on amounts to 250m. The excavation is being carried out
through saturated gravel-sand; the overburden is a mere
3.50m high. A masonry sewer 1.6m high runs along the
length of ca 150m at a minimum distance above the tunnel
top heading crown. The tunnel excavation is carried out
using the NATM. With respect to the above-mentioned extre-
me conditions, the compressed air tunnelling system is app-
lied during the excavation of the top heading (0.9bar) and
during the excavation of the bottom (1.25bar). The whole
working forms one caisson/pressurised section throughout its
length. The purpose of creating the overpressure is, apart




Obr. 1 Tunel Karl-Friedrich-Strasse v Karlsruhe
Fig. 1 Karl-Friedrich-Strasse Tunnel in Karlsruhe

from other things, even to prevent, respectively control the
groundwater ingress into the excavation. On the other hand,
it is necessary to maintain capillary water in the surrounding
gravel-sand massif so that its load-carrying capacity is not
reduced. Apart from BeMo miners, even a mining crew and
a technical supervision team from Subterra a.s. participate in
the tunnel excavation. The end of the tunnel excavation acti-
vities is planned for the end of March 2017. The installation
of the secondary lining in this section is planned to commen-
ce from April 2017.

V Karlsruhe probihd od roku 2010 vystavba preloZzeni
tramvajovych tras v centralni ¢dsti mésta do podzemi. Stavbu
realizuje firma BeMo Tunnelling GmbH. Ukonceni projektu
je pldnovano ke konci roku 2017, investorem stavby je
Karlsruher Schieneninfrastruktur GmbH (KASIG).

Stavba je tvorena celkem sedmi podzemnimi a osmi nad-
zemnimi zastdvkami a 4,6 km prevazné dvoukolejnych tune-
la. Z celkové délky razeb bylo jiz 2050 m pod ulici
KaiserstraBe dokonéeno za pomoci TBM o primeéru 9,3 m pfi
pouZiti osténi z tubingu. Zbyvajici dseky jsou realizovdny
jako hloubené s jednou vyjimkou.
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Tuto vyjimku tvori tunel pod ulici Karl-Friedrich-StraBe,
kde kvuli mistnim podminkdm neni moZné realizace hloube-
ného tunelu a tunel se aktudln¢€ razi v pretlaku za pouZiti
NRTM. Profil razeného tunelu je nepravidelny (trychtyr) —
jedna se o roz$iteni pro vjezd do stanice Marktplatz, coZ bude
hlouben4 stanice podzemni tramvaje pod centrdlnim historic-
kym ndméstim v Karlsruhe. RaZeny tunel se z jedné strany
téméf dotykd zédkladu historické budovy hotelu Kaiserhof
a z druhé strany zdkladu budovy policejniho feditelstvi spol-
kové zemé Badensko-Wiirtembersko. Délka celé razené ¢asti
je 250 m, razba je provadéna ve zvodnélych Stérkopiscich,
vysSka nadloZi je pouhych 3,50 m. S minimalnim odstupem od
vrcholu kaloty tunelu je v délce cca 150 m uloZen zdény
kanalizaéni tad o vySce 1,6 m (obr. 1).

Razba za pouZiti NRTM probihd kvili témto extrémnim
podminkdm v pretlaku, pti razbé kaloty s hodnotou 0,9 bar
a pri razbé dna s hodnotou 1,25 bar. Celé dilo je tak v celé své
délce jeden kesonovy/pietlakovy tsek. Ugelem vytvoreni pre-
tlaku je mimo jiné i zabranéni, resp. kontrola vnikdni vody do
dila, zdroven je ale nutno zachovat kapildrni vodu v okolnim
Sterkopiskovém masivu tak, aby nedoslo ke ztrdté jeho tnos-
nosti.

Razba je provadéna pod ochrannym pilotovym destnikem
z injektovanych ocelovych pilot délky 19 m a pruméru
14 cm. Razba probiha strojné a je délena pri postupu na levou
kalotu, levou spodni ldavku, zpétny zdsyp levé spodni lavky,
pravou kalotu a pravou spodni ldvku. Délka zdbéra je 1 m.
Celba je kotvena 11 m dlouhymi IBO kotvami, které jsou
vzdy po odtézeni zabéru kraceny a znovu aktivovany, pripad-
né doplnény o dalsi kotvy. Min. tlou$tka primérniho osténi ze
stifkaného betonu a dvou vrstev KARI siti je 40 cm. Z duvo-
di vysokého pozdarniho nebezpeli pracovisté v pretlaku
nejsou povoleny ani dieselové motory a veSkerd mechaniza-
ce ma pohon vyhradné na elektricky proud.

Vedle razi¢u z BeMo se na razbédch v pretlaku podili i osdd-
ka razicu a technicky dozor ze spole¢nosti Subterra a.s. Konec
razeb je pldnovan na konec bfezna 2017, od dubna 2017 je
ndsledné v tomto useku pldnovdna realizace sekundarniho
osténi.

Ing. JIRI PATZAK, Subterra a.s., Divize 1

OFICIALNI SVYCARSKA PAMETNI MINCE NA ZAHAJENI PROVOZU

GOTTHARDSKYM BAZOVYM TUNELEM

OFFICIAL SWISS COMMEMORATIVE COIN DEDICATED TO THE INNAUGURATION

OF THE GOTTHARD BASE TUNNEL

The Swiss mint in Bern strikes every year a small amount of
official commemorative coins with carefully selected themes.
On the basis of this principle, it was not possible to disregard
such an important event as the inauguration of the Gotthard
Base Tunnel in 2016. On the averse of this coin in silver, there
is the northern portal of the tunnel (Erstfeld) with a train exi-
ting from it, whilst the southern portal (Bodio), again with an
exiting train, is depicted on the golden coin. The nominal
value, the year of issue and the name and symbol of the Swiss
Confederation are imprinted on the reverse of both coins.

Kazdym rokem vyrazi Svycarskd mincovna v Bernu malé
mnozstvi oficidlnich pamétnich minci s peclivé vybranymi
naméty. Na zdkladé této zdsady nebylo mozné pominout tak

Obr. 1 Svycarskd pamétni mince
Fig. 1 Swiss commemorative coin
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vyznamnou udélost, jakou bylo uvedeni Gotthardského bdzo-
vého tunelu do provozu v roce 2016. Mince vyrazené k této
prilezitosti maji nasledujici parametry:
design: Fredy Triimpi, Binz
datum vyddni: 28.ledna 2016 (Ag)
26. kvétna 2016 (Au)

nominal: 20 Svycarskych franki (Ag)
50 Svycarskych franku (Au)
material: Ag 835
Au 900
hmotnost: 20 g (Ag)
11,29 g (Au)
pramér: 33 mm (Ag)
29 mm (Au)
mnozstvi: 30 000 ks + 5 000 ks ve Spickové (proof)

kvalité v etui (Ag)
4 500 ks proof (Au)

Na aversu Ag mince je zobrazen severni portdl tunelu
(Erstfeld) s vyjizdéjici vlakovou soupravou, u Au mince je to
jizni portdl (Bodio) opét s vyjizdéjici soupravou. Na reverzu
je u obou minci vyrazena nomindlni hodnota, rok vydani
a ndzev a symbol Svycarské konfederace.

Mimoradny zdjem o nejdel§i svétovou podzemni stavbu
vedl k tomu, Ze se po edici téchto minci (s cenami: Ag —
30 SFR, proof 60 SFR, Au — 580 SFR) v pravém slova
smyslu ,,jen zapraSilo“ — vydani je v soucasnosti jiz zcela
roze-brano.

Zdroj: https://www.swissmintshop.admin.ch/cshop_smt/b2c/start.do

doc. Ing. VLADISLAV HORAK, CSc.,
Ing. VLASTIMIL HORAK

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

44. ROCNIK KONFERENCE ZAKLADANI STAVEB BRNO 2016
44™ ANNUAL FOUNDATIONS BRNO 2016 CONFERENCE

The Foundations Brno 2016 conference was held in Brno
on 14th — 15th November 2016. The conference is organised
annually by the Czech Geotechnical Society of the Czech
Institution of Structural and Civil Engineers. The technical
programme was divided into five thematic circles: Geo-
technical investigation, Ground improvement for Earth
structures, Ground improvement for Foundation structures,
Ground improvement for Underground structures and Sig-
nificant geotechnical structures realised in the Czech
Republic and abroad. Invited lecture presented Dr. Ana Pet-
kovSek from Univerzity in Lublan with the topic ,, Me-
chanically Treated Soils: Test Method Validity and Re-
liability. A large number of interesting lectures and themes
could be heard in each section. The results of two competiti-
ons were traditionally announced during the course of the
conference. Prof. Zdenék Bazant award for the contribution
to the development of geotechnics was presented to Jan
Faltynek and Jaroslav Beno. The student competition of dip-
loma and bachelor theses, which was organised by FINE and
Mott MacDonald CZ, was won by Tomas Philipp and Toma4s
Urbanek.

Ve dnech 14.-15. listopadu 2016 se v brnénském hotelu
VoronéZ uskutecnila konference Zaklddani staveb Brno 2016,
kterou kaZdoroéné pordda Ceska geotechnicka spolenost CSSI.

Odborny program byl rozdélen na pét tematickych okruhu:
Geotechnicky prizkum, Zemni konstrukce, Zdkladové kon-
strukce, Podzemni konstrukce a Vyznamné geotechnické kon-
strukce. V kazdé sekci bylo k vidéni velké mnozstvi zajima-
vych predndsSek a témat. Kompletni predstaveni prispévku by
vydalo na dlouhy ¢lanek, ze kterého by si stejné kazdy vybral
jen kréatkou &dst, kterd ho zajimd. Proto Ctendre se zdjmem
o podrobné informace odkazujeme na internetové strdnky
poradatele www.cgts.cz, kde lze nalézt seznam piispévka
véetné sborniku.

Vyzvané predndsky se letos uspé$né zhostila Dr. Ana
PetkovSek z univerzity v Lublani na téma , Mechanically

Konference Zakldddni staveb Brno 2016
Foundations Brno 2016 Conference

Treated Soils: Test Method Validity and Reliability“.
Utastniky konference podrobné sezndmila s vyzkumem
porovnani efektu riznych metod mechanického zlepSovani
kyprych zemin pro budovdni ndsypu kolem feky Savy
v oblasti hydroelektrarny BreZice ve Slovinsku.

Soucasti konference je i spolecensky vecer, ktery kazdoroc-
né zakoncuje jeji prvni den. Letos se konal ve vinarné U kra-
lovny Elisky. Uvolnénd atmosféra opét vybizela k pratelské-
mu posezeni a nejen odbornym diskusim mezi kolegy
z oboru.

Béhem konference byly tradi¢né vyhlaSeny i dvé soutéze.
Cenu prof. Zdenka J. Bazanta za pfinos k rozvoji geotechni-
ky, kterd je uréend absolventim a studentim doktorského stu-
dia, ziskali Ing. Jan Faltynek a Ing. Jaroslav Beno, Ph.D.
Studentskou soutéz diplomovych a bakalarskych praci orga-
nizovanou spolec¢nostmi FINE a Mott MacDonald CZ, spol.
s 1.0. vyhréli Ing. Tomds Philipp a Bc. Tomas Urbanek.

Ing. JAN KOREJCIK, Jan Korejcik@mottmac.com,
Mottt MacDonald CZ, spol. s r.o.
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TUNELARSKE ODPOLEDNE 2/2016

TUNNEL AFTERNOON 2/2016

The Tunnel Afternoon 2/2016 on Railway tunnels, the present Ing. Bohuslav Steéinsky (SZDC, s. 0.) pripravil prednasku
and future was held on 9th November 2016. Eight lectures dedi- Zelezniéni tunely v souéasné siti SZDC, s. 0. Pfipomnél VYVOj
cated to the history of the construction of railway tunnels and Zelezni¢ni sité a pocty tuneli v jednotlivych obdobich — od 17
the current condition of the tunnels were delivered during the tuneli v roce 1850, az po 162 tuneld v roce 2016. V soudasné
seminar. In addition, railway tunnel construction projects in dobé je jeden tunel ve vystavbé (Ejpovicky) a v pokrocilej$im
various preparation phases were introduced. stadiu pfipravy se nachdzi dalSich sedm projekti tunelt.

Po prestavce vystoupili Ing. Jaroslav Lacina (AMBERG
Dne 9. listopadu se konalo Tunelarské odpoledne 2/2016 na Engineering Brno, a. s.) a Ing. Martin Zldmal Ph.D. (VUT Brno
téma Zeleznicni tunely, soucasnost a budoucnost. Zahdjil jej FAST) s tématem Sanace tunelii — technologie a materidly,

predseda Ceské tuneldrské asociace Ing. Ivan Hrdina. Béhem spdrovaci hmoty pro osténi. Seznamili posluchade s technologi-
semindre zaznélo celkem osm prednasek, které se vénovaly jak

minulosti vystavby Zelezni¢nich tuneld, tak jejich souc¢asnému
stavu. Ddle byly predstaveny projekty Zelezni¢nich tunelu
v ruzné fézi pripravy.

Jako prvni vystoupil Ing. Michal Gramblicka (SUDOP
PRAHA a. s.), ktery také celé Tunelarské odpoledne organizo-
val. Jeho prednaska s ndzvem Strucnd historie vystavby Zelez-
ni¢nich trati na iizemi Cech a Moravy a dilezité milniky jejich
rozvoje se tykala historie Zelezni¢ni dopravy na naSem Uzemi.
Pfipomnél, 7e prvni trati na tzemi Ceska byla konéspreznd
zeleznice Linec — Ceské Bud&jovice, zkusebné uvedena do pro-
vozu v zari 1827. Dalsi rozvoj se jiZ ubiral smérem k parostroj-
ni Zeleznici, kdy v roce 1839 byly zprovoznény prvni dva dseky
— Viden — Breclav a Breclav — Brno. Tato sit' byla postupné roz-
Sifovdna a jeji souddsti se stalo mnoho tunelt. Dal§{im milnikem
byl rok 1855. Po vydani koncesniho zdkona zapocalo budovéni
trati soukromymi téZarskymi spole¢nostmi, které zna¢n¢ stiva-
jici Zelezni¢ni sit’ rozsifilo. V roce 1906 a 1909 doslo k zestat- e
néni soukromych drah a k dal3f vystavbé (napf. prvni elektrifi- =~ VYstavbe Ejpovického tunelu.
kovand netramvajovd trat Tdbor — Bechyné&). Pro obdobi prvni Posledni spolecné pfipravend pfedndska Ing. Michala
republiky je typické propojovéni smérem na Slovensko. Za Gramblicky a Ing. Jitiho Velebila (SUDOP Praha a. s.) m¢la téma

emi a materidly pouZivanymi pro rekonstrukce tunelu (sparova-
cf hmoty) a uvedli jejich praktické vyuziti.

Ing. Jaroslav Lacina v druhé ¢&asti hovoril o rekonstrukci
Bohuslavického a Sedlejovického tunelu, o sanaci jejich zdiva
a také zminil netypicky priklad rekonstrukce, kdy pro drenaz za
rubem nové opéry byla pouzita sldma.

Ing. Michal Gramblicka pokracoval s t€ématem Rekonstrukce
tunelu, kdy na trati Stribro — Pland byly rekonstruovdny tunely
Pavlovicky a Oselinsky. Dale zminil rekonstrukci Rigelského
tunelu na trati Liberec — Cernousy, kde se vyskytly problémy
s podzemni vodou, a proto bylo pristoupeno k sanaci odvodno-
vacich systému nejkriti¢téjsich tunelu na této trati.

Ing. Bohuslav Stec¢insky spolu s Ing. Grambli¢kou pripravili
téma Vystavba Zelezniénich tunelii razenych NRTM a tunelo-
vacimi stroji. Na promitnuté mapé tranzitnich Zelezni¢nich kori-
dort si mohli posluchaci prohlédnout aktuédlni a pripravované
stavby Zelezni¢nich tunelti. Nejvetsi pozornost byla vénovéna

druhé svétové vilky drahy vyrazné slouzily vojenskym Gcelim. | Priprava vysokorychlostnich trati v CR z pohledu tuneli,
Po druhé svétové vélce opét nastalo rozsifovani trati, naopak | odprezentoval ji Ing. Gramblicka. Tyto traté jsou vedeny pres
v 70. letech minulého stoleti 1ze na nékterych mistnich drahdch | celé Gzemi CR a jsou navrhovany v n€kolika variantdch s riznym
spi§ hovofit o jejich ttlumu. mnoZzstvim tuneld, v soucasné dobé je v8e ve fazi projektové pri-
Nasledovala prednéska prof. Ing. Jiriho Bartdka, DrSc. (FSv pravy.

CVUT Praha) Popis nejpouzivanéjsich ,klasickych“ metod Celkem se Tuneldrského odpoledne ziicastnilo pres 110 osob.
vystavby tunelii. Posluchaci si mohli osvéZit své znalosti v ob- Jednotlivé prezentace jsou umistény na webovych strankdch
lasti historickych i soucasnych tunelovacich metod i jednotli- CzTA www.ita-aites.cz.

vych tunelovacich soustav. Pan profesor uvedl i priklady tunelu

vztahujicich se vZdy k jednotlivym metodam. Ing. MARKETA PRUSKOVA, Ph.D., CzTA ITA-AITES, z. s.

KONFERENCE BETONARSKE DNY 2016 V LITOMYSLI
CONCRETE DAYS 2016 CONFERENCE IN LITOMYSL

The 23rd annual conference Concrete Days 2016, which is Jiz 23. ro¢nik konference Betonéarské dny 2016, kterou porada
organised by the Czech Concrete Society of the Czech Ceskd betonafska spolecnost CSSI, zafadil do svého programu
Institution of Structural and Civil Engineers, traditionally inc- tradi¢né sekci tunelu a podzemnich staveb. Poradatelé zvolili pro
luded the tunnels and underground construction section into konani konference osvédéenou lokalitu v aredlu zdmku
the programme. The tunnel-relating block of lectures contai- Litomys$l. Tunelovy blok predndSek obsahoval kromé Ctyf
ned, among others, even an invited foreign lecture by Dipl.- zékladnich predndsek i vyzvanou zahraniéni predndsku
Ing. Dr. mont. Robert Galler from the Montan university in prof. Dipl.-Ing. Dr. mont. Roberta Gallera z Montan univerzity
Leoben, Austria, on the theme “Dimensioning of tunnel linings v rakouském Leobenu (obr. 1). Tématem predndsky s ndazvem
based on the results of flat jack tests” The selection of the ,,Dimenzovdni tunelovych osténi na zdkladé vysledki Flat Jack
other lectures mirrored the state of the construction industry in testu“ bylo sezndmeni ucastniki konference s poslednimi
the Czech Republic, where the majority of the new constructi- vysledky méfeni napjatosti sekunddrniho osténi dalni¢nich tune-
on of bridges or tunnels related to projects realised in Slovakia It uvedenych do provozu pred 30 az 40 lety. V ramci vystavby
or other European countries. druhych tunelovych trub probihd v Rakousku rozsahly vyzkum
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zaméfeny na Zivotnost primarniho osténi, hydroizola¢nich félif
i kotev vyztuZzujicich horninovy prstenec v okoli vyrubu. Diky
vystavbé tunelovych propojek mezi nove razenymi a jiz provo-
zovanymi tunely je mozné odebirat vzorky materiali primérni-
ho ostén{ a laboratorné zkoumat jejich kvalitu. V pfipade tunelu
Bosruck na ddlnici A9 dokonce doSlo v rdmci rekonstrukce staré
tunelové trouby k jejimu prerubéni v tseku poskozeném horni-
novym tlakem. K ovéreni dnosnosti primarniho osténi jsou pro-
vadény specidlni testy méfeni napjatosti sekundarniho osténi.
Podle vysledku vyzkumu pravdépodobné v Rakousku dojde ke
zméné pristupu k dimenzovani sekundarniho osténi a v ndvrzich
bude zohlednéna i dlouhodoba tinosnost primarniho osténi.

Prvni prednéaska s ndzvem ,, Tunel PovaZsky Chlmec — pro-
jekt a realizace definitivniho ostéeni“ Ing. Marika z firmy
HOCHTIEF CZ a. s. informovala o optimalizaci a principech
navrhu sekundarniho osténi tunelu Povazsky Chlmec na délnici
D3 na Slovensku. Dimenzovani osténi probihalo na zdklade
vysledktl geomonitoringu provadéného pfi razbé a v 60 % délky
raZzenych dsekd tunelu bylo pouZito nevyztuZené osténi.
Prispévek pojednaval i o priprave a realizaci sekundarniho oste-
ni a porovnaval predpoklady projektu se skute¢nosti.

Druhou predndsku s nazvem ,, Hloubené Cdsti tunelu Sibenik
na ddlnici D1, Slovensko“ prednesl Ing. Bulejko z firmy ABM
Mosty a tykala se moZznosti pouZiti prefabrikovanych dilcu pro
vystavbu hloubenych tseku délni¢nich tunelu. Konstrukce hlou-
benych &asti nového tunelu Sibenik pobliz mésta Levola je
prvni realizaci ddlni¢niho tunelu na Slovensku z prefabrikova-
ného klenbového systému. Prispévek uvadél obecné informace
o tunelu a detailnéji se pak zabyval predevsim realizaci hloube-
nych &asti tunelu Sibenik z prefabrikitii. Stavba tunelu stejné
jako celého tseku D1 Janovce — Jablonov probihala v reZimu
Zlutého FIDIC, tedy stylem ,,navrhni a postav®, ktery v Ceské
republice neni pro tento typ staveb obvykly.

Treti prispevek s ndzvem ,,Aplikace betonu vyztuZeného roz-
ptylenou vyztuZi, experimenty a modely“ Ing. Vitka z firmy
Metrostav a.s. jiZz nepfimo pojedndval o problematice spojené
s Zelezni¢nim tunelem Ejpovice. Beton s rozptylenou ocelovou
vyztuzi kromé podruznych konstrukei (zejména podlah) nachdz{
uplatnéni i v nosnych konstrukcich a s vyhodnou jej 1ze vyuZzit
pro segmenty tunelového osténi. Pro efektivni navrhovéni kon-
strukci je potrebné sestavit dostateCné vystizny numericky
model. Nové sestaveny algoritmus modeluje beton s rozptylenou
vyztuzi jako dvoufdzové prostfedi, do néhoz vstupuji charakte-
ristiky betonu a rozptylené vyztuze oddélené. Materidlové

foto | photo courtesy of Milan Senko
Obr. 1 Prof. Robert Galler predndsi na Betondrskych dnech 2016
Fig. 1 Professor Robert Galler delivering his lecture at the Concrete Days
2016 conference

charakteristiky pro numericky model lze ziskat z experimentu.
Vhodny je zejména test vytahovani dratku z betonové matrice —
tzv. pull-out test. V ramci vyzkumu popsaném v prispévku byly
realizovédny experimenty s dritky zabetonovanymi na ruznou
hloubku a rovnéZ s ruznym odklonem. Realizované experimen-
ty, které jsou velmi ojedin€lé, prinesly zajimavé vysledky, jeZ se
vyuZziji jako vstup do dvoufdzového numerického modelu.

V posledni prednasce ,, ZkuSenosti z vyroby prefabrikovanych
vidknobetonovych tunelovych segmentii pro Ejpovické tunely
Ing. StaSe a Schneidera se zastupci firmy Metrostav a.s. podéli-
li s ucastniky konference o zkuSenostech s prefabrikovanymi
segmenty tunelového osténi poprvé v Ceské republice vyztuze-
nymi pomoci rozptylené vyztuze. Prednaska ukdzala a popsala
specifika vyroby prefabrikovanych dilcu osténi, se kterymi se
musel zhotovitel béhem témér trileté vyroby vyporadat.

Skladba prednések nejen v tunelové sekci konference zrcadli
stav stavebnictvi v Ceské republice. Pfevaznd vétsina prezento-
vanych novostaveb mostu ¢i tunell se tykala staveb realizova-
nych na Slovensku, nebo v dalSich statech Evropy. Tak nezbyva
neZz doufat, Ze profese spojené s vystavbou dopravni infrastruk-
tury v dalSich letech preziji i diky stavbam realizovanym v nas{
republice a CeSti odbornici nebudou odkdzani pouze na ziskdni
prace v zahranici.

Ing. LIBOR MAI?I’K, marik@hochtief.cz,
HOCHTIEF CZ a. s.

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA
MODERNIZACE TRATI ROKYCANY - PLZERN

Od posledni zminky o razbach Ejpovickych tunelt urazila
., Viktorka* slusny kus cesty ke svému cili. Ode dne 27.9.2016,
kdy byly pIné zahdjeny razby severni tunelové trouby, zvlddla
do konce ledna 2017 jiz prekonat metu ve vzdalenosti 1500
metrd. Po prekondni dvodni geologicky komplikovanéjsi ¢dsti se
tunelovaci stroj rozjel k tctyhodnym vykonum, které v mnoha
pripadech presahovaly hranici 30 metri za den. Doposud nej-
vyS8i dosazeny denni postup byl pak dokonce 38 metra. S pfi-
hlédnutim k planovanym prestivkam, kdy se vétSinou jednalo

THE CZECH REPUBLIC

MODERNISATION OF ROKYCANY - PLZEN RAILWAY
TRACK SECTION

Since the previous mention of the excavation of the
Ejpovice tunnels, “Viktorka” TBM has covered a decent part
of its way to the aim. Since 27th September 2016, when the
excavation of the northern tunnel tube fully started, the TBM
managed to overcome the target distance of 1500 metres by
the end of January 2016. After overcoming the initial geolo-
gically more complicated part, the tunnel boring machine
started moving to reach respectable excavation rates, which
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o kontrolu fezné hlavy a feznych ndstroji nebo nastavovani many times exceeded the bound of 30 metres per day. The

médii a dopravnikového pasu, tak dosahovaly mési¢ni pramér- until now highest daily excavation rate of 38 metres was even
né vykony hodnot okolo 400 metra. achieved. Taking into consideration the planned interruptions
Momentaln¢ ¢ekd razice nejrizikovejsi usek razeb s velmi niz- mostly required for the inspection of the cutterhead and cut-
kym nadloZzim v geologické depresi mezi kopci Homolka ting tools or extension of media lines and the conveyor belt,
a Chlum. the average monthly advance rates amounted approximately
V prubéhu prosince byla také zahdjena betondZ dna v jiZni jiZ to 400 metres.
vyraZené tunelové troub€ a v prubéhu dnora leto§niho roku bude At the moment the miners are awaited by the most risky
zahdjena také razba propojek mezi severni a jiZzni tunelovou excavation section with very low overburden in the geologi-
troubou. cal depression between Homolka and Chlum hills.
In addition, the bottom concrete casting commenced during
DALNICE D8 - 0805 LOVOSICE — REHLOVICE December in the southern tunnel tube, where the excavation

has already been finished, and the excavation of cross passa-
ges between the northern tube and southern tunnel tube will
start this year in February.

Dne 16. prosince obdr7el stavebnik Reditelstvi silnic a ddlnic
CR od Méstského tiadu Lovosice, odbor stavebniho tfadu
a tzemniho pldnovani a od Ministerstva dopravy, odbor infra-
struktury a dzemniho planu rozhodnuti o povoleni pred¢asného
uZivani stavby dalnice D8 — 0805 Lovosice — Rehlovice.
Nasledujici den, 17. 12. 2016, byla stavba slavnostn¢ oteviena

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE - REHLOVICE

a uvedena do provozu za G&asti prezidenta CR Milo$e Zemana, On 16th December 2016, the Road and Motorway
ministra financi Andreje BabiSe, ministra dopravy Dana Toka, Directorate, the developer, received the decision to authorise
ministra Zivotniho prostfedi Richarda Brabce, hejtmana | the early use of the D8 motorway construction lot 805
Usteckého kraje Oldficha Bubenicka a dalsich politikii. Lovosice — Rehlovice. The decision was issued by the

Zprovoznénim posledni &asti stavby délky 16,4 km je tak jiz | Building Control and Land-Use Planning Department of the
k dispozici pro motoristickou verejnost celd dalnice Praha — stat- Municipal Office in Lovosice and by the Department of
ni hranice CR/SRN v celkové délce 92 km. Souédsti stavby ddl- | Infrastructure and Land-Use Plan of the Ministry of
nice jsou i dva dédlni¢ni tunely Prackovice (270 m) a Radejéin | 1ransport. Next day, the 17th December 2016, the celebration
(pravd tunelov4 trouba 620 m, levé trouba 600 m). Cestu z Prahy | ©f the motorway section opening and bringing into service
do Drézdan tak lze nyni po dlnici absolvovat za normalniho was held in the presence of Milo§ Zeman, the President of the
provozu jiz za hodinu a pil. (vlzech Republic, Andrej Babi§, the Minister of Finance, Dan

Pfed vlastnim uvedenfm do predtasného uZivani byly v tune- Tok, the Minister of Transport, Richard Brabec, the Minister

of Environment, Oldfich BubeniCek, the president of the regi-
onal council of Usti nad Labem and other politicians.

By bringing the last 16.4km long part of the motorway into
service, the entire motorway from Prague to the state border
between the CR and the FRG at the total length of 92km
became available for the motoring public. The motorway
construction project even contains two motorway tunnels, the
Prackovice (270m) and the Radej¢in (the right-hand tunnel
tube 620m, the left-hand tube 600m). Now it is possible
during normal traffic to complete a journey from Prague to
Dresden even in an hour and a half.

Prior to the opening for early use, technical inspections of
individual construction objects and tunnel equipment com-
plexes were carried out in the tunnels, a tactical exercise of
fundamental components of the integrated rescue system
(IRS) took place and the first IRS alarm was raised. The
affected administration bodies received the required docu-
ments, first of all the tunnel fire safety design, the fire danger
assessment, documents on fighting the testing fire and the
fire-safety equipment documents in the meaning of the requ-
irements of the Regulation No. 246/2001. Even the individu-
al, operational and comprehensive tests of the tunnel equip-
ment and the main tunnel inspections passed off successfully.
In addition, the contractor handed over to the project owner
contractor’s reports on the quality of all construction and
operating objects.

The trial operation with the public began on the day of

lech provedeny technické prohlidky jednotlivych stavebnich
objektu a technologickych provoznich souboru tunelu, probéhlo
taktické cviceni zdkladnich slozek integrovaného zachranného
systému s vyhldSenim prvniho poplachu IZS. Dotéenym orga-
num byla predloZena poZadovand dokumentace, kde se jednalo
hlavné o pozdrné-bezpecnostni reseni stavby, posouzeni pozar-
niho nebezpeci, dokumentace zdoldni pozaru a doklady pozar-
né-bezpecnostnich zaffzeni ve smyslu pozadavku vyhldsky
&. 246/2001. Uspésné probéhly i individudlni, provozni a kom-
plexni zkousky technologického vybaveni a hlavni tunelové
prohlidky v obou tunelech. Zhotovitel také predal objednateli
souhrnné zaveére¢né zpravy zhotovitele o jakosti vSech staveb-
nich a provoznich objektu.

V den uvedeni ddlnice do provozu byl tak zahdjen zkuSebni
provoz v tunelech s vefejnosti, ktery bude trvat 12 mésicu. Byla
ustanovena technicka rada a ridici pracovni skupina zkuSebniho
provozu v tunelech. Cilem zkuSebniho provozu bude ovéfeni
spravné funkce bezpe&nostnich a pozarnich systému a ziskavani
dat pro jejich findlni parametrizaci.

Zévérem tak muZeme jiZz jenom nové ddlnici a jejim uZivate-
lum poprat mnoho pokud moZno bez nehod ujetych kilometru.

Ing. BORIS SEBESTA, boris.sebesta@metrostav.cz,
Metrostay a.s.

PRUZKUMNA STOLA PRO RADLICKOU RADIALU
JZM-SMICHOV, ROZSIRENI DO JTT

Prace na Radlické radidle, kterd spoji Prazsky a Méstsky sil- bringing the motorway into service. It will last 12 months.
ni¢ni okruh, pokracuji. K dosud vyrazené prazkumné §tole, sou- A technical council and a working group for managing the
asti komplexniho inZenyrskogeologického pruzkumu, pribude trial operation in the tunnels were established. The objective
dalsich 180 metru. of the trial operation will be to verify the correct function of
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Obr. 1 Pruzkumnd $tola pro Radlickou radidlu
Fig. 1 Exploratory gallery for Radlice radial road

Prvni etapa inZenyrskogeologického pruzkumu zacala v kvétnu
2015 a skonéila zaverem lonského roku. Spole¢nost Subterra a.s.
realizovala v oblasti Zlichova téZni Sachtu a z ni vyrazila $tolu
s délkou 850 metru, jeZ vede prevdzné v budouci trase severni
trouby tunelu Radlick4 radidla.

Soucasnd etapa, kterd se nyni provadi, zahrnuje rozsifeni zhru-
ba 14 m dlouhého dseku puvodni $toly, ndslednou novou razbu
0 délce 180 metrt v trase budouct jiZni tunelové trouby a rovnéZ
90metrovy pruzkumny vrt z povrchu. Novéd $tola je vedena
Sikmo ve sméru od jizniho k severnimu tubusu dovrchné tak, aby
veskeré podzemni vody prosakujici do dila volné odtékaly.

Cely projekt, jehoz investorem je hlavni mésto Praha, se déli
do dvou césti. Na stavebni prace, které byly zahdjeny pracovni-
ky Subterra a.s. v fijnu 2016 a aktudlné bylo k 17. 1. 2017 vyra-
Zeno 160 m v&etné rozsifeni puvodni §toly, a na soubéznou pru-
zkumnou ¢innost dodavatele PUDIS a.s., kterd bude pokracovat
jesté dva mésice po dokonceni razeb. Nésledné bude dilo pro-
vozovéno az do rozhodnuti o jeho likvidaci.

Razba s vyuzitim observace probihd Novou rakouskou tunelo-
vaci metodou. Hornina je rozpojovdna pomoci trhacich praci,
primérni osténi tvofi pfihradové vyztuzné ramy s KARI sitémi
a stiikany beton (obr. 1). Nedilnou souédsti postupu praci jsou
dvacetimetrové jadrové predvrty, jejichZ tcelem je zvySeni bez-
pecnosti pri razbé $toly prochédzejici oblasti s vysokym rizikem
vyskytu krasovych jevu.

Razbu pruzkumné $koly provazeji hornické tradice. Na bez-
pecnost pracovnikui dohliZi soSka svaté Barbory a pocdtkem
listopadu dostala stavba, jeZ se nachdzi v oblasti prirodni pamat-
ky Ctirad, rovnéZ své jméno — Sarka.

Ing. JAN VINTERA, JVintera@subterra.cz, Subterra a.s.

KOLEKTOR HLAVKUV MOST

Vystavbou kolektoru ,,Hldvkuv most* dojde k dal§imu
vyznamnému rozsiteni prazské kolektorové sité. Jednd se
o kolektor 2. kategorie, ktery umozni provedeni jednordzové
definitivni prelozky vSech inZenyrskych siti vedenych v télese
Hldavkova mostu tak, aby nebyla ovlivnéna jeho konstrukce.
Stavba se nachdzi v oblasti Hldvkova mostu, ¢dste¢né zasahuje
na jeho té€$novské a holeSovické predmosti. Vystavbou nového
kolektoru dojde k propojeni dvou stavajicich provozovanych
kolektora, kterymi jsou kolektor ,,Nébrezi Ludvika Svobody*
a kolektor ,,Severni predmosti Hldvkova mostu®, kterymi jiz
dnes prochdzeji nékteré sité sméfujici na Hldvkuv most. Razba
kolektoru bude provadéna ze Sachet oznaCenych J101 az J104
s cilem minimalné ovlivnit povrch tdzemi. Vstupni Sachta J101
je situovdna v oblasti objektu Ministerstva zemeédelstvi na
Tésnové (obr. 2). Na Sachtu J101 v podzemi navazuje technicka

TuHel

safety and fire-protection systems and to gather data for their
final parameterisation.

To conclude, we can only wish the new motorway and its
users many kilometres travelled, if possible, without acci-
dents.

Ing. BORIS SEBESTA, boris.sebesta@metrostav.cz,
Metrostay a.s.

EXPLORATORY GALLERY FOR RADLICE RADIAL ROAD IN THE
SOUTH-WESTERN SATELLITE TOWN; EXPANSION TO STT

The work on the Radlice Radial Road, which will intercon-
nect the Prague City Ring Road (outer circle) and the City
Circle Road (inner circle) continues. Other 180 metres will
be added to the completed exploratory gallery, which is part
of the comprehensive engineering geological survey.

The first stage of the engineering geological survey started
in May 2015 and ended at the end of the past year. Subterra a.s.
realised a hoisting shaft in the area of Zlichov and drove an
850m long gallery from it, which leads mostly along the futu-
re alignment of the northern tube of the Radlice Radial Route
tunnel.

The currently performed stage comprises the expansion of
the roughly 14m long section of the original gallery, the sub-
sequent 180 metres long new excavation along the alignment
of the future southern tunnel tube and also a 90m deep explo-
ratory hole bored from the surface. The new gallery leads
obliquely in the direction from the southern tube toward the
northern tube, inclined upwards so that all groundwater see-
ping into the excavation can freely flow away.

The entire project, the investor for which is the City of
Prague, is divided into two parts. The construction work
which was started by employees of Subterra a.s. in October
2016 (as of 17th January 2017, 160m of the excavation inclu-
ding the expansion of the original gallery have been finished)
and the parallel exploratory work of PUDIS a.s., which will
continue additional two months after the completion of the
excavation. The working will be subsequently operated until
the decision on its liquidation.

The excavation is carried out using the observational New
Austrian Tunnelling Method. Rock is disintegrated by blas-
ting, the primary lining is formed by lattice girders with
KARI welded mesh and sprayed concrete. Twenty metres
long cored holes bored ahead of the excavation face are an
inseparable part of the work procedure. Their objective is to
increase safety during the excavation of the gallery passing
through an area with a high risk of the occurrence of karst
phenomena.

The excavation of the exploratory gallery is accompanied
by mining traditions. The safety of miners is overseen by
a statuette of Saint Barbara and, at the beginning of
November, the construction got its name — Sérka — in conne-
ction with the area of the natural monument Ctirad (the myt-
hic partner of Sarka) it is located in.

Ing. JAN VINTERA, JVintera@subterra.cz, Subterra a.s.

HLAVKA BRIDGE UTILITY TUNNEL

The construction of the “Hlavka Bridge” utility tunnel will
result into another important expansion of the network of
Prague utility tunnels. It is a category 2 utility tunnel, which
will allow for providing a one-shot definitive diversion of all
utility networks existing in the Hldvka Bridge structure
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Obr. 2 Vstupni Sachta J101 na TéSnove
Fig. 2 The entrance shaft J101 in the area of Tésnov

komora TK101, kterd umozniuje budouci propojeni s kolektorem
Centrum I. a propojeni do trasy vyvodovych kabelovych tunelt
PRE. Ze Sachty J101 o pruméru 6 m a hloubky 324 m trasa
kolektoru pokra¢uje pod fekou dale na ostrov Stvanice do Sachty
J102 o pruméru 8 m a hloubky 37,8 m situované pred restauraci
byvalého zimniho stadionu Stvanice. Z této Sachty razba déle
pokracuje na levy breh Vltavy do Sachty J104 elipsovitého tvaru
6.4x5,7 m a hloubky 32 m, kterd je situovand za rubem opérné
zarubni zdi pobliz mimotdroviiové krizovatky na ndbreZi
Kpt. JaroSe. Z této jadmy bude provedeno napojeni na stdvajici
kolektor ,,Severni predmosti Hlavkova mostu®. Na ostrove
Stvanice je souldsti kolektoru i jeho hloubend vétev sméfujici
kolmo na razeny tsek kolektoru smérem k tenisovému stadionu.
Odboceni vétve je provedeno z technické komory razeného tseku
kolektoru oznalené TK103 pres Sachtu J103 o pruméru 6,7 m
a hloubky 29,4 m. RaZzeny usek mezi Sachtami J101 a J102 ma
délku 167 m. Usek mezi Sachtou J102 a technickou komorou
TK103, ze které odbocuje kolektor k tenisovému stadionu, ma
délku 79 m. Posledni razeny dsek z TK103 do Sachty J104 ma
délku 139 m. Hloubens odbo&nd vétev na ostrové Stvanice ma
délku 100 m. Klenbovy profil razenych dsekt ma $itku 4 m,
vysku 5,6 m a plochu vyrubu cca 21 m?. Razba kolektoru pomo-
ci NRTM se zajisténim vyrubu stiikanym betonem se siti a pri-
hradovymi rdmy a systémovym kotvenim probihd v letenskych,
vinickych a zdhoranskych bridlicich. Monolitické definitivni
osténi z betonu C30/37 tloustky 350 mm je navrzeno jako odolné
proti prasakum s tésnénim pracovnich a dilatadnich spdr vnitini-
mi tésnicimi pasy. Mezilehld hydroizola¢ni f6lie neni navrZzena.
V prostoru Sachty J101 byly v predstihu provedeny prelozky
siti vCetné nové kanaliza¢ni Sachty. V rdmci objektu Sachty bylo
provedeno zajidténi jamy prevrtdvanymi pilotami. Sachta je
vyhloubena na troven dna kaloty kolektoru do hloubky 31,2 m
a bude ndsledné prohloubena na 32,24 m. V sou¢asné dob¢ pro-
bihd razba kaloty kolektoru ve sméru k Sachté J102. Na Sachté
J102 byly v predstihu provedeny prelozky siti. Déle bylo prove-
deno zaji$téni jamy prevrtavanymi pilotami. Sachta je vyhloube-
na na droven dna kaloty kolektoru do hloubky 33 metra a bude
nasledné prohloubena na 36,96 m. V soucasné dobé probihd razba
kolektoru smérem k Sachté J101. Na Sachté J103 bylo provedeno
zajisténi jamy prevrtavanymi pilotami. Sachta je vyhloubena na
uroven kaloty propojeni do technické komory TK103 v hloubce
26,1 m z celkové hloubky Sachty 29,3 m. Je vyrazeno propojeni
do technické komory TK103 a komora je vyrazena v profilu kalo-
ty. Na objektu hloubené odbo¢né vétve ze Sachty J103 je prove-
deno zajisténi $té€tovnicemi a ndsledné vyhloubeni. Zaroven
s hloubenim byly instalovany ocelové rozpéry. V soucasné dobé
probihd betondz dna a stén vykopu (podkladni beton). Hlouben{
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without affecting it. The construction is located in the area of
the Hldvka Bridge, partially reaching into the TéSnov and
HoleSovice bridge heads. Two existing operating utility tun-
nels will be interconnected by constructing the new utility
tunnel, namely the “Ludvik Svoboda Embankment” utility
tunnel and the “Northern Bridge Head of the Hlavka Bridge”
utility tunnel, through which some networks heading toward
the Hldvka Bridge run already today. The utility tunnel will be
driven from shafts marked as J101 through to J104, with the
objective to minimally influence the surface of the area. The
entrance shaft J101 is located in the area of the Ministry of
Agriculture building in TéSnov (see Fig. 2). Shaft J101 is follo-
wed in the underground by the service chamber TH101, which
allows for the future interconnection with the Centrum I utility
tunnel and for the connection to the route of outlet cable tunne-
Is of the Prague Energy Company (PRE). From the 6m-diame-
ter and 32.4m deep shaft J101, the utility tunnel route proceeds
under the river further to the 8m-diameter and 37.8m deep shaft
J102. The shaft is located on Stvanice Island, in front of the for-
mer Stvanice winter stadium. From this shaft, the excavation
proceeds further to the left bank of the Vltava River, to the
elliptic (6.4x5.7m), 32m deep shaft J104, which is located
behind the external surface of a revetment wall near the grade-
separated interchange on the Kpt. Jaro§ Embankment. From
this shaft the tunnel will be connected to the existing “Northern
Head of the Hldvka Bridge” utility tunnel. On Stvanice Island,
a cut-and-cover branch of the utility tunnel heading perpendi-
cularly to the mined tunnel section toward the tennis stadium is
part of the utility tunnel. The branching is carried out from the
service chamber of the mined section marked as TK103 over
the 6.7m-diameter and 29.4m deep shaft J103. The mined sec-
tion between shafts J101 and J102 is 167m long. The section
between shaft J102 and service chamber TK103, from which
the utility tunnel diverges toward the tennis stadium, is 79m
long. The last mined section from TK103 to shaft J101 is 139m
long. The cut-and-cover branch on Stvanice Island is 100m
long. The vaulted profile of the mined sections is 4m wide,
5.6m high and its cross-sectional area is ca 21m?. The utility
tunnel excavation is carried out using the NATM with the exca-
vation support consisting of lattice girders, welded mesh, shotc-
rete and systematic anchoring. It passes through Letnd, Vinice
and Zahorany Shales. The 350mm thick cast-in-situ final lining
is made of C30/37-grade concrete. It is designed as a structure
resistant to seepage, with construction and expansion joints sea-
led by inner waterstops. No intermediate waterproofing mem-
brane is proposed.

Diversions of utility networks, including a new sewerage
shaft, were carried out in advance in the area of shaft J101.
The pit was stabilised within the framework of the construc-
tion of the shaft by secant bored piles. The shaft was sunk up
to the level of the utility tunnel top heading bottom, up to the
depth of 31.2m and will be subsequently deepened to
32.24m. The excavation of the top heading is currently pro-
ceeding toward shaft J102. Utility networks installed on shaft
J102 were relocated in advance. In addition, the pit was sta-
bilised by secant bored piles. The shaft was sunk up to the
level of the utility tunnel top heading bottom, up to the depth
of 33.0m and will be deepened to 36.96m. At the moment, the
utility tunnel excavation is proceeding toward shaft J101.
The pit for shaft J103 was stabilised by secant bored piles.
The shaft was sunk up to the level of the top heading of the
connection to service chamber TK103 at the depth of 26.1m
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Sachty J104 bylo zahdjeno v poloviné dnora 2017. Stavbu prova-
di sdruZenf firem Subterra a.s. a HOCHTIEF CZ a. s.

Ing. LIBOR MARIK, HOCHTIEF CZ a.ss.

SLOVENSKA REPUBLIKA
TUNELY DIEL A MILOCHOV

V septembri 2016 sa zacCala realizovat’ dlho oCakdvand stavba
modernizécie Zelezniénej trate Plichov — Zilina na dseku Pichov —
Povazska Bystrica. Ide o morfologicky a inZiniersko-geologicky
najzlozitejsi tsek Zelezni¢nej trate od Bratislavy po Zilinu. Smerovo
vedie trat’ od novej ZelezniCnej stanice v Pichove cez Nosicky
kandl, Nosicky ostrov, riecku Viah, tunel Diel, cez Nosickd vodnd
nédrz, tunel Milochov do Zelezni¢ne;j stanice Povazska Bystrica.

Tunel Diel prechddza masivom vrchu Diel, ktory tvori central-
nu ¢ast' meandru Vahu v tomto useku jeho toku. Tunel dlhy 1081,7
metrov bude razeny v masive popod kiipele Nimnica. Zapadny
portdl je situovany na okraji obce Nimnica, vychodny portdl bude
realizovany v zalesnenom tzemi nad cestou druhej triedy 11/507,
ktora vedie z Pichova do PovaZskej Bystrice po pravom brehu pri-
ehrady. Tunel Diel bude mat dnikovd $t6lnu, ktord bude ustit’do
priestoru vychodného portdlu. Momentélne sa na stavbe realizuji
odvodnovacie vrty na zdpadnom portéli, ktoré budd slizit' na sta-
bilizovanie portdlového svahu, a zacalo sa s hibenim portélove;j
oblasti z povrchu terénu nad tunelom po droven, z ktorej bude
budovand pil6tova stena (obr. 3).

Na preklenutie dpétia vrchu Stavnd, juzne od miestnej Casti
Horny Milochov — mestskej casti Milochov mesta Povazskd
Bystrica, je navrhnuty novy tunel Milochov. Projektovana dizka
tunela je 1861 metrov. Tunel bude mat’ jednu tnikovi §tolnu.

Obr. 3 Odvodriovacie vrty na zdpadnom portdli tunela Diel
Fig. 3 Drainage boreholes at the western portal of the Diel tunnel

Obr. 4 Oblast’vychodného portdlu tunela Milochov
Fig. 4 Area of the eastern portal of the Milochov tunnel

TuHel

of the total shaft depth of 29.3m. The excavation of the con-
nection to service chamber TK 103 and the excavation in the
top heading profile have been finished. Regarding the cut-
and-cover branch from shaft J103, the excavation support
was carried out by sheet piles and the excavation depth was
subsequently increased. Steel braces were installed concur-
rently with the growing excavation depth. At the moment,
the bottom concrete (blinding concrete) and the excavation
walls concrete is being cast. The sinking of shaft J104 started
in the middle of February 2017. The construction has been
carried out by a consortium consisting of Subterra a.s. and
HOCHTIEF CZ a. s.

Ing. LIBOR MARIK, HOCHTIEF CZ a. .

THE SLOVAK REPUBLIC
DIEL AND MILOCHOV TUNNELS

The work on the long-awaited project on the modernisation
of the Piichov — Zilina railway line in the Plichov — Povazska
Bystrica section commenced in September 2016. This section
of the railway track is the most complicated in terms of the
morphology and engineering geology between Bratislava and
Zilina. The horizontal alignment runs from the new railway
station in Puichov, across the Nosice canal, Nosice island, the
Vih River, through the Diel tunnel, across the Nosice waterm
reservoir, through the Milochov tunnel to the Povazska
Bystrica railway station.

The Diel tunnel passes through the massif of Diel Hill,
which forms the central part of the Vdh River meander in this
section of its flow. The 1081.7m long tunnel will be driven
through the massif under Spa Nimnica. The western portal is
located on the edge of the municipality of Nimnica, while the
eastern portal will be realised in a wooded area above the
11/507 secondary road leading from Puchov to Povazska
Bystrica, along the right bank of the water reservoir. The Diel
tunnel will have an escape gallery, which will discharge in the
area of the eastern portal. At the moment, drainage boreholes
are being carried out at the western portal, serving to stabilise
the portal slope. The excavation commenced in the portal area,
from the surface of the terrain above the tunnel down to the
level from which a pile wall will be constructed (see Fig. 3).

The purpose of the newly designed Milochov tunnel is to
allow the route to pass under the foot of Stavna Hill, south
of the local part of Horny Milochov (the town of Povazska
Bystrica, the municipal district of Milochov). The tunnel
design length amounts to 1861 metres. The tunnel will have
one escape gallery. The western portal of the tunnel will be
realised in a wooded area above a tertiary road linking the
municipality of Dolny Milochov with the municipality of
Horny Milochov. The eastern portal is located in the muni-
cipality of Horny Milochov, where family houses were
redeveloped and utility networks are being relocated so that
the excavation of the portal pit can commence (see Fig. 4).

The entire project will be realised by the Nimnica
Consortium consisting of Doprastav — TSS Grade — Subterra
— EZ Praha. The Diel tunnel will be driven by Tubau, a. s.,
whilst Subterra a.s. will drive the Milochov tunnel. Reming
Consult a. s. is the general designer for the project owner, the
Railways of the Slovak Republic.

Ing. JAN KUSNIR, kusnir@reming sk,
REMING CONSULT a. s.
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Zépadny portdl tunela bude realizovany v zalesnenom tzemi nad POLANA AND SVRCINOVEC TUNNELS

ce.stou tretej triedy spdjajicej .DOIFU/’ Milochov s Hornym Parts of the construction of the Svréinovec — Skalité section
Mﬂochovom. Vy.chodny portdl e situovany df’ (?bce Horny of the D3 motorway are also the Pol'ana tunnel (890m) and the
Milochov, kde boli asanované rodinné domy a realizuji sa preloz- Svréinovec tunnel (445m), being realised as single-tube struc-

ky inzinierskych sieti, aby bolo mozné zacat’s hibenfm portdlovej
jamy (obr. 4).

Celu stavbu bude realizovat zdruzenie Nimnica zloZené zo spo-
loénosti Doprastav — TSS Grade — Subterra — EZ Praha. Tunel Diel
bude razit’ spolo¢nost’ Tubau, a. s. a tunel Milochov spolo¢nost’
Subterra a.s. Generdlnym projektantom pre investora Zeleznice
Slovenskej republiky je spolo¢nost Reming Consult a. s.

Ing. JAN KU.SV'NI’R, kusnir@reming.sk,
REMING CONSULT a. s.
TUNELY POLANA A SVRCINOVEC

Na stavbe tseku dialhice D3 Svr¢inovec — Skalité stcastou stav-
by st aj tunely Polana (890 m) a Svréinovec (445 m), ktoré sa rea-
lizuja ako jednorurové s obojsmernou prevadzkou a samostatnou
tnikovou §t6lnou.

Tunel Polana je 898 m dlhy jednordrovy tunel na dialnicnom
useku D3 Svréinovec — Skalité.

S razenim sa zacalo 31. 7. 2014 a razilo sa najskor len zo zdpad-
ného portdlu. V dosledku nepriaznivych geologickych podmienok
doslo k spomaleniu razenia, a tak sa v rdmci akceleracnych opat-
reni zacalo razit’ aj z vychodného portdlu. Tunel bol slavnostne
prerazeny 7.9.2015. Nésledne sa zrealizovalo sekunddrne ostenie
tunela a betondz CB krytu vozovky, ktord sa ukoncila dna 16. 7.
2016. SubeZne sa zacalo aj s montdZou technologického vybave-

tures with bidirectional traffic and a separate escape gallery.

The Polana tunnel is an 898m long, single-tube tunnel loca-
ted in the Svréinovec — Skalité section of the D3 motorway.

The tunnel excavation began on 31st July 2014. In the
beginning it proceeded only from the western portal. The
excavation rate decreased as a consequence of adverse geolo-
gical conditions. For that reason the excavation commenced
even from the eastern portal, in the context of acceleration
measures. The tunnel breakthrough ceremony took place on
7th September 2015. Subsequently, the secondary lining of
the tunnel was realised and the concrete roadway cover was
cast. It was finished on 16th July 2016. The installation of
tunnel equipment commenced concurrently.

The Svrc¢inovec tunnel is a 420m long, single-tube tunnel
located at the beginning of the Svrc¢inovec — Skalité section
of the D3 motorway, just behind the Svréinovec interchange.
The tunnel excavation started from the western portal on 30th
December 2014. The tunnel breakthrough ceremony was held
on 23rd June 2015. The secondary lining of the tunnel has
been finished and the installation of the tunnel equipment is
currently being completed.

The two tunnels are at the moment at the stage of functional

nia tunela. testing and preparation for bringing the tunnel into service.
Tunel Svr&inovec je 420 m dlhy jednordrovy tunel, situovany na The construction of the motorway section is carried out by

zaciatku dialni¢ného useku D3 Svréinovec — Skalité tesne za krizo- a consortium consisting of four companies: Vahostav — SK,

vatkou Svréinovec. S jeho razenim sa zatalo 30. 10. 2014 arazilosa | a.s., Doprastav, a.s., Strabag, a. s., and Metrostav SK, a. s.

zo zdpadného portdlu. Tunel bol sldvnostne prerazeny 23. 6. 2015. ~
V sicasnosti je uz kompletne zrealizované aj sekunddrne ostenie | OVCIARSKO AND ZILINA TUNNELS
tunela a momentdlne sa ukoncuje montdz technologickych zariadeni. There are two twin-tube motorway tunnels in the 13.2km

Obidva tunely su v stcasnosti v Stadiu funkénych skisok a pri- long Hri¢ovské Podhradie — Lietavskd Lucka section of the

pravy na uvedenie do uifvanvia: . o D1 motorway: the Ovéiarsko and the Zilina.
Vystavbu tseku zabezpeCuje zdruZenie Styroch spolocnosti: The excavation of the 2367m long Ovéiarsko tunnel started
Viahostav — SK, a. s., Doprastav, a. s., Strabag, a. s., a Metrostav on 12th September 2014.

sl The northern tunnel tube is 2360m long. The breakthrough

celebration was held on 29th April 2016. In the present peri-

TUNELY OVCIARSKO A ZILINA . . .
p od, the secondary lining of the tunnel is under construction.
Na dseku D1 Hri¢ovské Podhradie — Lietavska Liicka s dlzkou As of 17th January 2017, 95 blocks of the upper vault in the

132 km sa nachddzaji dva dialni¢né dvojrirové tunely: | ineq part of the tunnel (184 blocks in total in the mined part

Oveiarsko awZilina. . . . of the tunnel) have been finished. It means that ca 52% of the
Tunel Ov¢iarsko s dlzkou 2367 m sa zacal razit' 12. 9. 2014. secondary lining of the upper vault have been finished.

SeVFr;; tjfnezlg\l/g rlga r{lva dliton 2?)30;{1 a s};wcrllo'stne EOIZPm_ The 2367m long southern tunnel tube was broken through on
razend 7. . -/ sucasnom obdobl sa buduje sekundarne 12th July 2016. The work on the secondary lining started on 29th

Ef)tr?lnel?ktll:: Illl‘zla.vlil;zilrlll::' ia-stli.tigel:;a J:z iﬁig‘;ﬁiﬂyggtssl ;‘1‘0;(:) \_/ September 2016. As of 17th January 2017, 44 blocks of the upper
! y ! p vault in the mined part of the tunnel (187 blocks in total in the

kov v razenej Casti tunela), to znamena, Ze je zrealizovanych cca . .
{ ) ! f mined part of the tunnel) have been finished. It means that ca 24%

52 % hornej klenby sekundarneho ostenia. o . .
Jusna tunelové rira diiky 2367 m bola prerazend diia 12. 7. of the sevcondary lining of the upper vault have been finished.
The Zilina tunnel is a 687m long tunnel realised in the

2016. Realizcia sekunddrneho ostenia sa zacala 29. 9. 2016. . . . punc iy )
K 17. 1. 2017 je zabeténovanych 44 blokov hornej klenby Hricovské Podhradie — Lietavska Lucka section of the DI
(z celkového poitu 187 blokov razenej Gasti), to znamend, ze je | Motorway project. The excavation of the tunnel commenced

zrealizovanych cca 24 % hornej klenby sekundérneho ostenia. on 5t November 2014. The direct contractor for the con-
Tunel Zilina je 687 m dlhy dvojrirovy tunel realizovany na struction of the tunnel is a consortium formed by Doprastav,

stavbe D1 Hri¢ovské Podhradie — Lietavskd Licka. S razenim a.s. Bratislava and Metrostav a.s.

tunela sa zacalo 5. 11. 2014. Priamym zhotovitelom tunela je spo- The southern tunnel tube breakthrough took place on 3rd

lo¢nost’ Doprastav, a. s. Bratislava a Metrostav a.s.. November 2016 (in the top heading) and the complete final
Juzna tunelové rira bola prerazend 3. 11. 2016 (v kalote) akom- | lining was finished on 7th November 2016. The Zilina tunnel

plet primédrne ostenie bolo ukonené dna 7. 11. 2016. Sldvnostna STT breakthrough celebration took place on 5th December

prerazka JTR tunela Zilina bola 5. 12. 2016. Vzhladom na nepri- 2016. With respect to unfavourable geological conditions,
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aznivé geologické pomery sa dizka zéberu v celej razenej Casti
pohybovala od 0,8 do I m. V sicasnom obdobi prebieha realizdcia
sekunddrneho ostenia — spodna klenba.

K ddtumu 17. 1. 2017 je na severnej tunelovej rire vyrazenych
zo zapadného portalu 308,14 m a z vychodného portdlu 307,31 m.
Spolu je vyrazenych 61545 m, o predstavuje 94,9 % z razenej
Casti STR, ktora ma celkovu dizku 648.,5 m. Zostava vyrazit’ eSte
33,05 m.

Vystavbu tseku zabezpeCuje zdruZenie Styroch spolocnosti:
Doprastav, a. s., Strabag, a. s., Vdhostav — SK, a. s. a Metrostav
SK, a. s.

TUNEL POVAZSKY CHLMEC

Dvojrirovy dialhi¢ny tunel Povazsky Chlmec diiky 2186,5 m
(juznd tunelova rura) a 2249 m (severnd tunelova rdra) je sucas-
tou zdpadného dialniéného obchvatu mesta Ziliny, v asti dialni-
ce D3 (Strazov) Zilina — Zilina (Brodno). Sti¢asnd rozostavanost’
vSetkych stavebnych objektov zodpovedd pldnovanému uvede-
niu do prevadzky v tomto roku. V celom udseku tunela st dokon-
Cené betondZe definitivneho ostenia razenych tsekov tunela,
betondz hiben)’/ch dsekov tunela v stredovej jame i oboch porta-
lov. Stredovéd jama je Uplne zasypand a terén je uvedeny do
povodného stavu. Vsetky prdace v tuneli smeruju k doleZitému
milniku stavby, ktorym je zapocatie betondZe vozovky. Od
zapadneho portdlu smerom na vychodny portdl postupuji prace
na priprave a Cisteni podkladovych beténov pod konStrukéné
vrstvy vozovky, poklddka drendZi na odvodnenie pldne vozovky,
poklddka obrubnikova Strbinovych Zlabov. Bezprostredne za
tymito pracami postupuje montdZ a izolovanie potrubia poZiar-
neho vodovodu, betondz kdbelovodov, kdbelovych §acht a Sacht
na Cistenie drendzi situovanych v chodniku, aby bolo mozné
betondZou chodnikovej vrstvy pripravit'trasu na pojazd finiSera
vozovky v tuneli.

Situdciu v juznej tunelovej rire ukazuje obr. 5, na ktorej pre-
bieha Cistenie spadového beténu vozovky, obsyp poZziarneho
vodovodu inertnym materidlom a Sachovnicova betondZ chodni-
kov. Pod stropom je zavesnd lavka na uloZenie kablov.

V tunelovych prepojkdch st vymurované steny technologic-
kych miestnosti a do nich napdjané kdbelovody z hlavnych kédbe-
lovych trds vedenych v tuneli. Pod stropom tunela st montované
zdvesné lavky na vedenie kdblov technologického vybavienia
tunela. Povrch ostenia tunela je pripraveny na nanesenie zosve-
tlujiceho povlaku. Prace prebiehaji i v predportdlovych tisekoch
tunela na vychodnom i zdpadnom portdli. Ide ako o vystavbu
obidvoch prevddzkovych a technologickych objektov, tak i trds
inZinierskych sieti spdjajicich prevadzkové a technologické
objekty s tunelovymi rdrami tunela. Pre investora, ktorym je
Narodna dialni¢na spolo¢nost, dialni¢ny tusek, stavia zdruZenie
firiem EUROVIA SK, a.s. HOCHTIEF CZ a. s. a SMS a.s.

TUNEL VISNOVE

Razenie najdlhSieho slovenského dialhicného tunela Visnové
(7537 m), ktory je sicastou useku dialnice D1 Lietavska Licka —
Visnové — Dubnd Skala sa zafalo v aprili v roku 2015.
Zhotovitelom dialnicného udseku je zdruZenie firiem Salini
Impregilo S.p.A a Duha, a. s.

V stcasnosti pokracuje razenie od oboch portalov v oboch tune-
lovych rirach. Na konci janudra 2017 je od zdpadného portilu
vyrazenych 1618 m severnej tunelovej riry a 1497 m juznej tune-
lovej riry. Od vychodného portélu je vyrazenych 2138 m severnej
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the excavation round length in the whole mined section vari-
ed from 0.8m to 1m. In the present period the construction of
the secondary lining of the invert is underway.

As of 17th January 2017, the excavation of 308.14m of the
northern tunnel tube has been finished from the western por-
tal and 307.31m from the eastern portal, respectively. The
aggregate excavated length amounts to 615.45m, which repre-
sents 94.9% of the mined part of the NTT (the total length of
648.5m). The length of 33.5m still remains to be excavated.

The construction of the section is provided by a consortium
consisting of four companies: Doprastav, a. s., Strabag, a. s.,
Vahostav — SK, a. s. a Metrostav SK, a. s.

POVAZSKY CHLMEC TUNNEL

The 2186.5m long, twin-tube Povazsky Chlmec motorway
tunnel (the southern tunnel tube) and the 2249m long nort-
hern tunnel tube is part of the western motorway by-pass
around the city of Zilina in the Zilina (StrdZov) — Zilina
(Brodno) part of the D3 motorway. The current state of com-
pletion of all construction objects is adequate to the bringing
of the motorway into service planned for 2017. Concrete cas-
ting operations regarding the final lining in the mined tunnel
sections, the cut-and-cover sections of the tunnel in the mid-
point excavation pit and both portals have been finished. The
mid-point pit has been completely backfilled and the terrain
has been reinstated. All work activities are directed toward an
important construction deadline — commencing the casting of
the concrete pavement. The work on the preparation and cle-
aning the blinding concrete under the structural layers of the
roadway, placing of tubes draining the roadway sub-grade
and laying of kerbs and slot drains is proceeding from the
western portal toward the eastern portal. Immediately behind
these work items the following activities proceed: the instal-
lation and insulation of the fire main, casting of concrete cab-
leways, cable shafts and drainage manholes located in the
walkway. They have to prepare the route for the movement of
the concrete paver in the tunnel by casting the concrete walk-
way layer.

The situation in the southern tunnel tube is shown in Fig. 5,
where the cleaning of the sloped concrete roadway, the pad-
ding of the fire main with an inert material and the staggered
casting of concrete walkways are underway. A cable suppor-
ting structure is suspended from the roof.

The masonry walls of technical rooms with cableways from
the main cable routes running through the tunnel have been
completed in the tunnel cross passages. Supporting structures
for cables for the tunnel equipment are being suspended from
the tunnel roof. The tunnel lining surface is prepared for the
application of a lightening coat. The work proceeds even in
the pre-portal tunnel sections at the eastern and western por-
tals, namely the construction of both the operational and ser-
vice objects and the routes of utility networks connecting the
operationsaland service objects with the tunnel tubes. The
motorway section construction is carried out for the project
owner, Narodna dialni¢nd spolo¢nost’ (the National
Motorway Society of Slovakia) by a consortium consisting of
EUROVIA SK, a. s. HOCHTIEF CZ a. s. and SMS a. s.




Obr. 5 JuzZnd tunelovd rira tunelu PovaZsky Chlmec
Fig. 5 Southert tunnel tube of Povazsky Chlmec tunnel

tunelovej riry a 1865 m juznej tunelovej riry. Celkovo je teda
koncom janudra 2017 vyrazenych 7120 m, ¢o predstavuje priblizne
48 % z celkovej diiky razenych tunelovych rir. Met6da razenia je
plnoprofilové razenie podla principov ADECO — RS. Stucasne
s razenim tunelovych rur prebieha aj razenie priecnych prepojeni.
Na konci janudra 2017 bolo prerazenych celkom 10 priecnych pre-
pojeni z celkového poctu 29. Prebieha tiez realizacia sekundarneho
ostenia od oboch portalov. V janudri 2017 zacalo aj hibenie vetracej
Sachty hibky cca 100 m.

Zhotovitelom dialni¢ného tdseku je zdruZenie firiem Salini
Impregilo S.p.A a Duha, a. s.

Ing. MILAN MAJERCIK, milan.majercik@ndsas sk,
NDS, a.s.,

Ing. LIBOR MARIK, libor.marik@hochtief .cz,
HOCHTIEF CZ a. s.
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VISNOVE TUNNEL

The excavation of the longest Slovakian motorway tunnel,
the 7537m long Visnové tunnel, which is part of the
Lietavska Licka — Visnové — Dubna Skala section of the D1
motorway, started in April 2015. The contractor for the
motorway stretch is a consortium formed by Salini Impregilo
S.p.A and Duha, a. s.

The tunnel excavation currently continues from both por-
tals, in both tunnel tubes. As of the end of January 2017,
1618m of the excavation of the northern tunnel tube and
1497m of the southern tunnel tube has been finished from the
western portal. From the eastern portal, 2138m of the nort-
hern tunnel tube excavation and 1865m of the southern tun-
nel tube has been completed. In total, the excavation of
7120m has been finished, which represents approximately
48% of the total length of the mined tunnel tubes. The tunnel
excavation method is the full-face driving according to the
ADECO - RS principles. The cross passages are driven
simultaneously with the excavation of the tunnel tubes. As of
the end of January 2017, the excavation of 10 cross passages
of the total number of 29 has been finished. In addition, the
secondary lining is being constructed from both portals. The
excavation of the ca 100m deep ventilation shaft also com-
menced in January 2017.

The contractor for the construction of the motorway secti-
on is a consortium formed by Salini Impregilo S.p.A and
Duha, a. s.

Ing. MILAN MAJERC'fK, milan.majercik @ndsas.sk,
NDS, a. s.,

Ing. LIBOR MARIK, libor.marik@hochtief.cz,
HOCHTIEF CZ a. s.

VYROCI / ANNIVERSARIES

DEVADESAT LET ING. KARLA ZAVORY
ING. KAREL ZAVORA NONAGENARIAN

V dubnu letoSniho roku se
Ing. Karel Zavora dozivd dcty-
hodného Zivotniho jubilea 90. let.
Cely zivot pracoval a stile jeste
pracuje jako projektant zpocdtku
mostnich konstrukci a poté jako
projektant podzemnich staveb.
Publikoval v odbornych casopi-
sech, konzultoval a vychovaval
nové odborniky na podzemni
stavby.

Narodil se v Praze 20. 4. 1927
a po studiich na CVUT Fakulta inZenyrského stavitelstvi,
kterou dspesné€ absolvoval v roce 1951, nastoupil na Stavebni
spravu pro Zelezni¢ni trat’ Havli¢kav Brod — Plzen. Zde zacal
pracovat jako projektant mostnich objektu. Po navratu ze
zakladni vojenské sluzby pracoval od roku 1955 ve skupiné
tunelovych staveb v projektovém ustavu SUDOP. Zacinal
rekonstrukcemi ZelezniCnich tunelt naptiklad Blanenského,
HanuSovického, Vla§ského a mnoha dalSich. Pri delimitaci
ke stavebni firmé Stavby silnic a Zeleznic v roce 1958 byl

In April 2017, Ing. Karel Zdvora will live to see the respectable
90th anniversary of his birthday. He worked his whole life and still
works as a designer, in the beginning a designer of bridge structu-
res and then as a designer of underground structures. He published
in technical journals and consulted and educated new underground
construction professionals.

He was born in Prague on 24th April 1927. After studies at the
Faculty of Civil Engineering of the Czech Technical University, he
successfully graduated in 1951 and entered the company of Civil
Engineering Administration for the Havlickuv Brod — Plzen rail-
way line. He started to work there as a designer of bridge structu-
res. After returning from the compulsory military service, he wor-
ked from 1955 in the tunnel construction group of the SUDOP
designing institute (the State Railways and Transport Design
Institute). He started with the reconstruction of railway tunnels, for
example the Blansko, HanuSovice, ValaSsko and many other tun-
nels. In 1958, when he was delimited to the civil engineering com-
pany of Stavby silnic a Zeleznic (a road and railway construction
company) he became a member of the group carrying out designs
for the Baraba construction plant. He continued to work on designs
for reconstruction of many other railway tunnel structures. In1963,
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¢lenem projekcni skupiny, kterd zpracovavala projekty pro
zdvod Baraba. Pokracoval na projektech rekonstrukci mnoha
dalSich Zelezni¢nich tunelovych staveb. V roce 1963 se
Ing. Karel Zavora vrétil do projektového ustavu SUDOP. V té
dobé zde resil provadéci projekty novostavby dvoukolejného
tunelu pod Bilou skdlou v Praze.

V roce 1967 se zalalo v Praze stavét metro, trasa C
a Ing. Karel Zdavora jako uzndvany odbornik na tunelové
stavby se aktivné podilel na projektech. Dne 1. 5. 1971 byl
z projektového dstavu SUDOP delimitovédn 5. odbor a v rdm-
ci Dopravniho podniku hl. mésta Prahy vytvoren novy pro-
jektovy dstav DP METROPROJEKT, ktery uspésné zvladal
narocné projekty metra v Praze. Ing. Karel Zavora zde pra-
coval jako hlavni specialista na tunelové stavby. Podilel se na
projektech vétSiny raZenych tunelovych tsekd a raZenych
stanic metra. Soucasné vedl a vychovédval fadu mladych kole-
gu, tuneldra a intenzivné se vénoval ziskdvani novych zkuSe-
nosti a poznatku z celého svéta a prosazoval je do projekta
metra. Prazské metro se diky jemu a mnoha jeho kolegiim
stalo po zdsluze ,,stavbou 20. stoleti* Ceské republiky.

Odchodem do duchodu v roce 1992 neskoncila jeho odbor-
né aktivni ¢innost. Vyuziva své bohaté zkuSenosti, které stdle
uplatnuje pri své konzulta¢ni ¢innosti na projektech Zeleznic-
nich i ddlni¢nich tuneld v Ceské a Slovenské republice.
RovnéZ se aktivné zapojil do projektu a realizace trasy V.A
prazského metra, kterd je zatim posledni stavbou metra uve-
denou do provozu. Béhem svého profesniho Zivota je sveéd-
kem a aktivnim tcastnikem vyrazného rozvoje tuneldrského
stavitelstvi u nés.

Ing. Karel Zdvora se cely Zivot udrzoval v dobré fyzické kon-
dici. Ve svém volném ¢ase aktivné sportoval, hrdl i trénoval
kosikovou a i nyni se vénuje mimo jiné turistice a kynologii.
VSsichni mu prejeme, aby mu vydrZel jeho Zivotni eldn a opti-
mismus a hlavné, aby se ve zdravi dozil mnoha dalSich let.

Ing. MIROSLAV NOVAK, METROPROJEKT Praha a.s.

ZIVOTNE JUBILEUM ING. JOZEFA FRANKOVSKEHO

ING. JOZEF FRANKOVSKY'S ANNIVERSARY

Je pre mna velkou ctou byt jed-
nym z gratulantov k 80. narode-
nindm jedného z nestorov sloven-
ského tunelového stavitelstva,
Cestného Clena Slovenskej tune-
larskej asocidacie ITA/AITES
a dlhoro¢ného redaktora Casopisu
Tunel, a pre mna najmé izZasného
rozprdvaca s nekonec¢nou zdso-
bou odbornych, ale aj takych
obycajnejSich tém — Ing. Jozefa
Frankovského.

Narodil sa v marci 1937 v krdsnej podtatranskej dedinke na
Zamaguri — Velkej Frankovej — v blizkosti hranice s Polskom.
Po absolvovani banickeho udilista v Sirku a banickej priemy-
slovky v RoZnave nastipil Ing. Frankovsky v roku 1960 do
podniku Banské stavby Prievidza, s ktorymi az na kratke
intermezza su zviazané jeho Zivotné osudy aj profesiondlna
¢innost’az do odchodu do déchodku a je s nimi spojeny (teraz
uz v spolo¢nosti Skanska) az do dneSnych dni. V rokoch
1961 az 1967 vysStudoval popri zamestnani Banicku fakultu
VST v Kogiciach, odbor hlbinné dobyvanie loZisk a vystavba
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Ing. Karel Zavora returned to the SUDOP designing institute. At
that time he solved final designs for a new double-track tunnel
under Bild Skdla rock in Prague.

In 1967, the development of the metro line C commenced in
Prague and Ing. Karel Zdvora, as a renowned expert in the field of
tunnel construction, participated in the designing activities. On 1st
May 1971, the so-called 5th Department was delimited from the
SUDOP designing institute and the new designing institute, DP
METROPROIJEKT, was created within the framework of the
Prague Public Transit Company. It successfully coped with the
complex designs for the metro in Prague. Ing. Karel Zdvora worked
there in the position of the main specialist in the field of tunnel con-
struction. He participated in designing for the majority of mined
tunnel sections and mined metro stations. At the same time, he gui-
ded and educated many young colleagues, tunnellers, and intensely
dedicated himself to gathering new experience and knowledge from
around the world to implement it into designs for the metro. Owing
to him and many of his colleagues, the Prague metro deservedly
became the “project of the 20th century” of the Czech Republic.

His active technical work did not end by his retirement in 1992.
He uses the wealth of his experience and constantly applies it to his
consulting activities focused on designing railway and motorway
tunnels in the Czech and Slovak Republics. In addition, he active-
ly engaged himself in designing for and realisation of the Prague
metro Line V.A, which is, for the time being, the last metro project
brought into service. During his professional life he has been a wit-
ness and active participant in the significant development of the
tunnel construction engineering in the Czech Republic.

Ing. Karel Zavora has kept himself all his life in good physical
condition. In his leisure time he did active sports, played and trai-
ned basketball and even now dedicates himself, in addition to other
hobbies, to tourism and cynology. We all wish him that he keeps
his zest for life and optimism and, first of all, that he lives to many
more years in good health.

Ing. MIROSLAV NOVAK, METROPROJEKT Praha a.s.

It is a great honour for me to be one of the congratulants on
the occasion of the 80™ birthday of one of doyens of the
Slovakian tunnel construction engineering, a honorary member
of the ITA-AITES Slovak Tunnelling Association, a long-time
editor of TUNEL journal and, for me, mainly a fantastic debater
with a never ending store of professional, but also more ordina-
ry, themes — Ing. Jozef Frankovsky.

He was born in March 1937 in Velka Frankova, a beautiful
hamlet in Zamagurie, under the Tatras — near the border with
Poland. After completing his learning at the school of mining in
Sirk and graduating from the technical college in Roznava, he
entered in 1960 Banské Stavby Prievidza (construction of
mines), with which his fates and professional activities were
associated, with brief interludes, until his retirement. He is asso-
ciated with it (now already the company of Skanska) until today.
In the 1961 — 1967 period of time, during the employment, he
studied extramurally at the Faculty of Mining of the Technical
University in KoSice. He graduated with a degree from the
Department of Deep Mining and Development of Mines. During
the subsequent period until 1989 he worked in several positions
in the field of technical development. He participated in the
development of several technologies for the area of mining,
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bani. Poc¢as nasledujiceho obdobia az do roku 1989 pracoval mine transportation or underground excavation support (panel
vo viacerych funkcidch na useku technického rozvoja. support, sprayed concrete). Despite the adversity of that time,
Podielal sa na vyvoji viacerych technolégii, ¢i uz pre oblast’ | his technical competence together with his language skills allo-
razenia, banskej dopravy alebo vystrojovania (panelova wed him to actively participate in various remarkable workings

vystuz, strickany betdn). Napriek nepriazni vtedajsej doby not only in Slovakia. As examples of the projects he particvipated
mu jeho technickd kompetencia spolu s jazykovymi znalosta- | in, we can mention the Voznica new drainage gallery, the Cierny
mi umoznili aktivnu dc¢ast na viacerych pozoruhodnych die- Vih pump storage scheme or the development of the Cigel
lach nielen na Slovensku. Ako priklad stavieb, na ktorych sa | Mine. After political changes in November 1989, in 1990, he
podielal, mo6zeme uviest novi odvodfiovaciu $t6lfiu Voznica, worked in the position of the acting director of the company of
preGerpavaciu vodni elektraren Cierny Vah ako aj vystavbu Banské Stavby Prievidza. From 1991 to 1993 he was in the posi-
Bane Cigel. Po politickych zmendch v novembri 1989 praco- tion of the director of the Department of Exploitation of Mineral

val v roku 1990 ako povereny riaditel podniku Banské stavby. ReSQUfceS of the Ministry of ECOHme of th§ .Slovak Republic,
V rokoch 1991 a7 1993 posobil ako riaditel odboru tazby B_ratlslava, and from ’1993 to l99il_1n the position of the general
nerastnych surovin na Ministerstve hospoddrstva SR v Bra- dlrecto’r of Prefabetéon a. s. Kosice. In. 1995 he .rfzturned to
tislave a v obdobi 1993 a# 1994 ako generdlny riaditel Pre- | Danskeé Stavby as., where he worked in the position of the
fabetdén a. s. Kos. V roku 1995 sa vratil na Banské stavby, kde manager of the marke.tmg departrpent, later in the position of the
pracoval ako vedtci odboru marketingu, neskor ako veddci manager of general director’s office and a consultant to general
kanceldrie a poradca generdlneho riaditela. dlrect(?r. . . . . )

Poas svojej aktivnej kariéry publikoval v Casopisoch Dur‘mg his active career he published in the journals of
InZinierske stavby, Tunel, Rudy a uhlf a tieZ v zbornikoch In?emerske St,abe’ R e
2 t6znych odbornych podujati. Za vrchol publikatnej aktivity edings of various professional events. His book Popod hory
e poT ATt Jore I Peped fer o @y, wdam o a doly, which was published on the occasion of half a century of
prileZitosti polstoro¢nice podniku Banské stavby Prievidza the company of‘B'a nske §taYby Pn.e Yldza in 2001, can be consi-
v roku 2001 dered the top of his publishing activity. .

Pre miia osobne ie Tne. Jozef Frankovsk( iednvm zo zakla- For me personally Ing. Jozef Frankovsky is one of the foun-
datelov SI K J ‘ g'l' Kei . Y .y 4 kol ders of the Slovak Tunnelling Association and, first of all, a col-
Zar:d(:lléne(')\;zrclls zja s;lrlies;{;uije lasl?dcelac(lﬁeso?)l’nl?%n\l/?ac (;Efozrg league from the Editorial Board of TUNEL journal, where he
rokov ako ﬂedak};or . (deorn}'/ re(iaktorpMé svoj velky podiel has been working for over 20 years in the position of an editor

B oo ) . o ) / and technical editor. He has a large share of the quality of our
e Levalllie n?Sh? Casopvlsu a,Jvatzyl’(ove] s;ira}/nostl slovenskych journal and linguistic correctness of the Slovakian texts you can
tie:tr(:c]l’all((téonr:j T:(;; r;lszpnr(;;tym;it(; if(r)lla?:fr;’/?aczﬁ(géniazsijﬁiliz read. Travelling together to the Editorial Board meetings in

o g ~. N 3 Prague as well as away meetings with long debates in flawless
s dlhymi debatami b%zchybnou slovencinou na.vsetky ak.tual- Slovak on all current themes are an unrepeatable experience for
ne témy su pre mna neopakovatelnym zazitkom a inym

me and another view of our, today so hasty, world. As in the pre-

pohl’ad(.)m na nas, dpes tak upondhlany svet.. A t.ak. ako pred- vious years, his activities are not limited to the STA. He still
chadzajice roky ani teraz nezostdva len pri aktivitich STA, engages himself in events organised by the Slovak Mining
ale stéle sa zapdja do akcii v Slovenskej banickej spolo¢nos- Society and in the senior club of former employees of Banské
ti a v senior klube byvalych pracovnikov Banskych stavieb. stavby.

Pén inZinier, Zeldim Vdm v mene redak¢nej rady Casopisu Dear Mr. Frankovsky, I wish you on behalf of the Editorial

TUNEL, citatelov Casopisu Tunela, Slovenskej tunelarskej Board of TUNEL journal, the journal readers, the Slovak
asocidcie ako aj v mene svojom zdravie, neutichajicu chut’ | Tunnelling Association and myself great health, an unflagging

diskutovat, nddherné dni a spokojnost’ v kruhu svojich bliz- desire to discuss and beautiful days and contentment in the circ-
kych a pre nas ,,tuneldrov* este vela stretnuti na odbornych le of your friends. To us “tunnellers”, I wish many meetings with
a spolocenskych podujatiach. you at technical and societal events.

Ing. VIKTORIA CHOMOVA Ing. VIKTORIA CHOMOVA

75 LET ING. PETRA VOZARIKA
75™ BIRTHAY ANNIVERSARY OF ING. PETR VOZARIK

Byl jsem vyzvan redakéni ra- I have been asked by the editorial board of TUNEL journal to
dou Casopisu Tunel, abych pripo- ~ bring back to mind the anniversary of Ing. Petr Vozarik, who will
mnél Zivotni vyro&i Ing. Petra celebrate his 75t birthday on 16th April 2017. T am happy that
Vozarika, ktery se 16. dubna 2017 I can try to fulfil this pleasant task even because of the fact that
doziva 75 let. Rad se pokusim to- the editorial board’s request negates the Czech saying: Out of
hoto milého tkolu zhostit i proto, sight, out of mind.

Ze vyzva redakéni rady popird Petr has certainly been an outstanding personality in the Czech
Ceské prislovi: Sejde z oéi, sejde tunnel building community, always equipped with great ability to
z mysli. communicate and establish friendly relationships with many peo-

Petr byl v cCeské tuneldfské ple. We, members of his generation, can confirm it. For that rea-

pospolitosti jisté vyraznd osob- son, many colleagues and friends will certainly remember him in

nost vybavend velkou schopnost{ the context of his anniversary and will recall the moments or the
komunikovat a navazovat pratelské vztahy s mnoha lidmi. My, shorter or longer times we spent with him in the joint tunnel con-
piislusnici jeho generace, to miiZeme potvrdit. Proto si na n&j | struction profession or, as the case may be, in the Czech




26. rocnik - €. 1/2017

v souvislosti s jeho Zivotnim vyro¢im jisté vzpomene mnoho
kolegu a prdtel a vybavi si chvile, ¢i kratsi nebo del3i dobu,
kterou s nim stravili ve spole¢né tunelarské profesi, pripadne
v Ceské tunelérské asociaci nebo i ve volném &ase naplnéném
hlavné v8im, co souvisi s ldskou k hordm.

Bylo by toho mnoho, co bych mohl vzpomenout. Nejprve,
protoZe tento text Ctete v Cisle 1/2017 Casopisu Tunel, musim
s obdivem pripomenout, Ze Petr byl nejdéle pusobicim predse-
dou jeho redakéni rady. Bylo to plnych sedmndct let od roku
1993 a7 do roku 2009. Pro ¢asopis Tunel to bylo obdobi rustu,
zkvalitnil se a rozsifil se zdsadnim zpusobem jeho obsah, Caso-
pis presel na Cesko/slovensko anglickou mutaci a rostla jeho
prestiz. Je jasné, Ze Ing. Petr Vozarik na tom mél vyrazny podil.

Petr byl aktivnim &lenem Ceské tuneldfské asociace v pod-
staté od jejiho zaloZeni v devadesétych letech minulého stoleti
(tehdy oviem fungovala jako Ceskoslovensky tuneldisky
komitét). Podilel se prakticky na vSech jejich aktivitach, ale
zduraznil bych jeho prdci na pripravé semindit a konferenci,
které asociace porddala. Pracoval dokonce i v organiza¢nich
vyborech dvou svétovych tuneldrskych kongresu ITA-AITES,
které se prozatim konaly v Praze, hlavnim mésté Ceské repub-
liky, resp. Ceskoslovenska. Prvni kongres probé&hl v roce 1985
(0o ném mnoho mladsich kolegh moZnd ani nevi), byl dspésny
a jest¢ mnohem vysSi latky dosahl prazsky kongres ITA-
AITES WTC 2007.

Profesni pusobeni Ing. Petra Vozarika bylo nejprve spojeno
s podnikem VKD Kladno, v ramci kterého zacal naplnovat své
zivotni poslani, kterym bylo budovani prazského metra. Pracoval
tehdy na tunelovych tsecich C a II.A. KdyZ v roce 1975 prestou-
pil k firmé Metrostav Praha, v ruznych funkcich zajitoval pri-
pravu tras I.A, I.B, II.B a IV.B. V letech pred odchodem do
duchodu v roce 2011 pak uplatnil své zkuSenosti v pripraveé
a inzenyringu stavby prazského tunelového komplexu Blanka.

Povazuji za potrebné pripomenout, Ze Petr pochézi z razovi-
té oblasti Moravského Slovidcka, z kraje vina, slivovice
i merunkovice, kde roste strom jefdb oskeruSe a kde vznikly
strhujici lidové pisné. Ze je Petr znd a rad je zpiva, mohou
dosveddit vSichni, kdoz se s nim sesli u cimbalové muziky,
napriklad pri spolecenskych setkanich v Brevnovském kladstere
v ramci prazskych tunelarskych konferenci.

Petre jisté i jménem vSech Tvych tuneldiskych kolegu a spo-
lupracovnikt i &lena CzTA ITA-AITES Ti preji (vSichni Ti pre-
jeme) do dal$ich let pevné zdravi a prosime T¢, neztracej svou
vitalitu a Zivotni optimismus, abychom si s Tebou je$té nékdy
mohli u cimbélu zazpivat.

Ing. MILOSLAV NOVOTNY,
byvaly generdlni sekretdr CzTA ITA-AITES

TuHel

Tunnelling Association, or in the free time moments filled first of
all with everything associated with love for mountains.

There is so much I could recall. In the first place, with respect
to the fact that you are reading this text in issue No. 1/2017 of
TUNEL journal, I must bring back to mind the fact that Petr was
the longest-acting chairman of its editorial board. It lasted for full
seventeen years from 1993 to 2009. For TUNEL journal it was
the period of growth, the quality of its content increase and the
content expansion, switching of the journal to a Czech/Slovakian
English mutation and grows of its prestige. Of course, Ing. Petr
Vozarik had a significant share in the success.

Petr was an active member of the Czech Tunnelling
Association essentially from its foundation in the 1990s (at that
time it was called the Czechoslovak Tunnelling Committee). He
participated virtually in all of its activities, but I would like to put
stress on his work on the preparation of seminars and conferen-
ces organised by the association. He even worked in organising
committees of two ITA-AITES World Tunnel Congresses, which
were held in Prague, the capital of the Czech republic, respecti-
vely Czechoslovakia. The first Congress was held in 1985 (many
younger colleagues possibly do not know about it). It was
successful, but the Prague ITA-AITES WTC 2007 congress rea-
ched even a higher level.

The professional activity of Ing. Petr Vozarik was in the begin-
ning associated with VKD Kladno. Within this coal mining com-
pany he started to fulfil his life mission, lying in the development
of the Prague metro. At that time he worked on tunnel lines C and
II.A. In 1975, when he went over to Metrostav Praha, where he,
in various positions, carried out the planning and preparation of
the I.A, I.B, II.B and IV.B metro lines. During the years before
his retirement in 2011 he applied his experience to the enginee-
ring and preparation of the Prague Blanka complex of tunnels.

I consider it necessary to note that Petr was born in the distin-
ctive area of Moravian Slovakia, the region of wine, plum and
apricot brandy, where rowanberry shrubs grow and where spell-
binding folk songs originate. All those who met him at the cym-
bal music, for instance during the social gatherings at the
Brevnov Monastery held within the framework of Prague tunnel
conferences, can confirm that Petr knows and loves to sing the
songs.

Dear Petr, it is certainly on behalf of your tunnel construction
colleagues and collaborators, as well as the members of the ITA-
AITES CzTA that I (we all) wish you all the best for good health
in the coming years. Please, do not lose your vitality and life opti-
mism so that we can sing with you again at the cymbal.

Ing. MILOSLAV NOVOTNY,
Former general secretary of the CzTA of ITA-AITES

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S ZELEZNICNIMI TUNELY V SEVEROVYCHODNICH CECHACH
PICTURE POSTCARDS WITH RAILWAY TUNNELS IN NORTH-EASTERN BOHEMIA

The north-eastern part of the Czech Republic has got (similarly to
other regions of the Czech Republic) a relatively dense railway net-
work. With respect to the morphological conditions in the area, it was
necessary to build tunnels on railway tracks in this region. With res-
pect to the significant tourist attractiveness of the region, there are
numerous picture postcards in collections on which we encounter,

apart from other interesting things, even railway tunnels (the
Moravian Switzerland, with picture postcards presenting tunnels
which were introduced in TUNEL journal issue No. 2/2014 is a paral-
lel). The pictures from north-western Bohemia presented in the fol-
lowing contribution have one significant common feature. They
document for us mainly landscape sceneries, where railway tunnels
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Obr. I Partie ze Rik u Semil. Nakladatel K. Chaloupecky knihkupectvi a pa-
pirnictvi v Semilech. 1908. Kolorovand fotografie. [sbirka autogﬁ]

Na pohlednici je zobrazen vjezdovy, jihovychodni portdl tunelu Rikovského 1.
Fig. 1 A scenery from Riky near the town of Semily. Publisher K. Chalou-
pecky, Bookshop and Stationery shop in Semily. 1908. Coloured photo. [aut-
hors’ collection]

The picture postcard presents a view of the south-eastern entrance portal of the
Rikov I tunnel.

are often depicted on the edge of the postcard or somewhere in the
distance, as if they are a sort of an added value.

Severovychodni &4st Ceské republiky ma (obdobné jako fada dal-
Sich regionti CR) pomérné hustou Zelezni¢ni sit. S ohledem na mor-
fologické pomery tizemi zde musely byt na tratich zfizovany Cetné
tunely. Vzhledem k vyznamné turistické atraktivité tohoto kraje se ve
sbirkdch vyskytuje fada pohlednic, na kterych se setkdvame, krome
jinych zajimavosti, prave i s Zelezni¢nimi tunely (paralelou je
Moravské Svycarsko“, jehoZ tunely na pohlednicich byly predsta-
veny v casopisu Tunel ¢. 2/2014). Pohlednice ze severovychodnich
Cech prezentované v nasledujicim piispévku maji pritom jeden
vyrazny spole¢ny rys. Dokumentuji ndm prevazné krajinou scenerii,
pricemz Zelezni¢ni tunely jsou na nich zobrazovany Casto na okraji
pohlednice nebo nékde v ddlce, a to jen jako jakdsi pridand hodnota.

RIKOVSKE TUNELY

Prvni zdméry zfizeni Zelezni¢niho spojeni Pardubice — Liberec se
vazou k roku 1840. AZ v roce 1856 byla podnikatelim Liebigovi,
Kleinovi a bratfim Lannovym vydana koncese na vystavbu a provoz

Yozdrav z

Obr. 3 Pozdrav 7 Riegrovy stezky. Tunel od Semil. Ndkladem A. Baumgartnera
v Zel. Brodé. Pied 1914. Kolorovand fotografie. [sbirka autoru]

PFi levém okraji pohlednice se nachdzi, obdobné jako na predchozim obr. 2,
Jjizni portdl tunelu Rikovského Il pod Krkavei skdlou.

Fig. 3 Greetings from the Rieger Trail. The tunnel near Semily. At the expen-
se of A. Baumgartner in Zelezny Brod. Before 1914. Coloured photo. [aut-
hors’ collection]

The southern portal of the Rikov II tunnel under Krkav¢i Skdla rock can be seen
on the left-hand edge of the picture postcard, similarly to the previous Fig. 2.

Obr. 2 Partie z Riegrovy stezky a Krkavéi skdla. Nakladatel Karel
Chaloupecky, Km;hkupec v Semilech. 1927. Kresba (uhlem?). [sbirka autorii]
Jednd se o tunel Rikovsky Il. Na pohlednici je nepiilis patrny jeho vjezdovy —

Jizni — portdl pod vyraznou mistni dominantou zvanou Krkavéi skdla.

Fig.2 A scenery from the Rieger Trail and the Krkavéi Skdla rock. Publisher
Karel Chaloupecky, Bookseller in Semily. 1927. Drawing (charcoal?). [aut-
hors’ collecvtion]

This is the Rikov II tunnel. The southern entrance portal under Krkavei Skdla
rock, the local distinctive dominant feature.

Obr. 4 Pozdray z Riegrovy stezky. Tunel od Zelezného Brodu. Nikladem A.
Baumgartnera v Zel. Brodé. Pied 1914. Kolorovand fotografie. [sbirka autorii]
PFi pravém okraji pohlednice je opét vidét portdl tunelu Rikovského II pod
Krkavci skdlou, tentokrdte viak severni.

Fig. 4 Greetings from the Rieger Trail. The tunnel from Zelezny’ Brod. At the
expense of A. Baumgartner in Zelezny Brod. Before 1914. Coloured photo.
[authors’ collection]

The portal of the Rikov II tunnel is again seen on the right-hand edge of the pic-
ture card, but this time it is the northern one.
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Obr. 5 III. Tunel. Partie u Semil. Nakladatel K. Chaloupecky knihkupectvi
Semily. Pred 1914. Kolorovand fotografie. [sbirka autoru]

Jednd se o tunel Rikovsky III. Na pohlednici je jeho vyjezdovy, severni portdl.
Fig. 5 Tunnel III. A scenery near Semily. Publisher Karel Chaloupecky,
Bookshop in Semily. Before 1914. Coloured photo. [authors’ collection]

This is the Rikov III tunnel. Its northern exit portal is shown in the picture postcard.

parostrojni Zeleznice z Pardubic do Liberce a odbo¢nou uhelnou
drdhu z Josefova do Malych Svatonovic. Hlavnim zdmérem zming-
nych podnikateld bylo napojeni se na olomoucko-prazskou drahu
a spojeni Vidné s némecky hovoficimi oblastmi na severu Cech
a dale s Pruskem. Novd Zelezni¢ni spole¢nost byla pojmenovéna ,,K.
K. Priv. Siid-Norddeutsche Verbindungsbahn® — ve zkratce SNDVB
(Cesky ,,C. k. privilegovand Jiho-severonémeckd spojovaci drdha®).
Trasa nové Zeleznice byla podminéna vedenim v blizkosti pevnosti
Hradec Krélové a Josefov.

Stavba, fizend stavbyvedoucim Ing. Janem Sebkem, byla zahdjena
v Pardubicich v zarfi 1856. Tunely, jak byvalo v t¢ dobé bezné, sta-
veli ital$ti barabové, prisli z pravé dokoncené trate Rakouské jizni
drahy Viden — Terst. Mnozi z nich se méli posléze vyjadrovat, Ze tak
t€zké podminky, s jakymi se stretli v az 70 m hlubokém kanonu
Jizery mezi Semily a Zelezngm Brodem, nepoznali ani v Alpéch. Pfi
trhacich pracich byl stéle jest¢ pouZivéan Cerny stielny prach. Stavba
celé traté pak byla hotova za dnes neuvéfitelnych 27 mésicu. Dne
4. 11. 1857 byl otevren tsek z Pardubic do Josefova, 1. 6. 1858
pokraCovéni z Josefova na Horka u Staré Paky, 1. 12. 1858 vyjely
vlaky z Horek do Turnova a 1. 5. 1859 byla ddna do provozu cela trat’
z Pardubic az do Liberce.

Rikovské tunely — obr. 1 azZ 6 — se nachdzeji na tratovém tseku
Stard Paka — Liberec hl. n., mezi stanicemi Semily a Zelezny Brod.
Prvni z tunelu byl dokongen jiz v listopadu 1857 a posledni, &tvrty,
v dubnu 1859. Souborné pak byly uvedeny do provozu v roce 1859.
Vsechny tunely byly stavény pro dvé koleje, kdyZ v soucasnosti je

Obr. 6 Tunel v Rekdch na Riegrove stezce. Nakl. Karel Chaloupecky, knihku-
pec v Semilech. 1925. [sbirka autorii]

S vysokou pravdépodobnosti se jednd o vyhled ze severniho portdlu tunelu
Rikovského 11l na ndsledujict jizni portdl tunelu Rikovského IV, Velmi dobie Jsou
patrnd zdénd Zebra zajistujici prilehlou strmou skalni sténu.

Fig. 6 The tunnel in Reky on the Rieger Trail. Publisher Karel Chaloupecky,
Bookseller in Semily. 1925 [authors’ collection]

With high probability, this is a view of the southern portal of the Rikov IV tunnel
taken from the northern portal of the preceding Rikov III tunnel. Masonry ribs
supporting the adjacent steep rock wall are very well visible. '

v nich provozovdna kolej jedna. Jejich délky jsou ndsledujici:
Rikovsky I — 297 m, Rikovsky Il — 307 m, Rikovsky III — 264,85 m,
Rikovsky IV — 199,85 m.

V Sedesatych letech XX. stol. byly, s ohledem na bezpecnost,
u druhého, tretiho a &tvrtého tunelu ziizeny betonové galerie. [1, 2]

TUNEL NOVOPACKY

Tunel Novopacky se nachdzi na tratovém useku Chlumec
n/Cidlinou — Trutnov Pori¢i, a to mezi stanicemi Horni Novd Ves
a Nova Paka. Pfedmétnd trat’ byla zfizena spolecnosti ,,Rakouské
severozdpadni drahy” (ONWB = Osterreichische Nordwest Bahn).
Tunel stavéli rovnéz italsti délnici, a to jako jednokolejny.
Zprovoznén byl roku 1871, v délce 347,95 m.

Novopacky tunel je zajimavy nékolika svymi parametry. Jeho jizni
vyjezd (obr. 7) je v oblouku, takze tunelem, a¢ pomérne kratkym,
nenf vidét skrz. Déle se pfimo v tunelu méni sklon trati. A vibec nej-
zajimavéjsi je to, Ze kazdy z tunelovych portdld ndleZi do povodi jiné
feky — severni k Jizefe a jizni (na obr. 7) k Cidliné. [1, 3]

Tunel u Navé Paky.

\ 3 Wl A . ."?
Obr. 7 Tunel u Nové Paky. Josef Pech, knihkupec Novd Paka. Pied 1914.
Kolorovand fotografie. [sbirka autorii]
Na pohlednici je videt hluboce zafiznuty jiZni portdlovy iisek, nad portdlem jsou
v pozadi prvni domky obce Hefmanice.
Fig. 7 A tunnel Near Novd Paka. Josef Pech, bookseller in Novd Paka. Before
1914. Coloured photo [authors’ collection]
The deeply cut southern portal section can be seen in the picture postcard, the
Jfirst houses of the municipality of Hartmanice are visible in the background above
the portal.
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Obr. 8 Nddrazni tidoli s tunelem u Police n. Met. 1899. [Sbirka autoru]
Na pohlednici je velmi jednoduché piivodni nddrazi Police n/M. V ddlce je videt
jizni portdl tunelu i s ndznakem obce Petrovice.

Fig. 8 Railway station valley with a tunnel near Police nad Metuji. 1899. [aut-
hors’ collection]

The picture postcard presents the original very simple railway station in Police
nad Metuji. The southern portal of the tunnel with a trace of the municipality
of Petrovice is visible in the distance.
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TUNEL PETROVICKY

Tunel Petrovicky se nachdzi na tratovém dseku Tyni$té n/Orlic{
— Mieroszéw (PKP), mezi stanicemi Police n/Metuji a Zdir.
Pojmenovan je podle obce Petrovice, kterd se naléza primo nad
nim (obr. 8). Stavbu tunelu provadeli opét italsti délnici pod vede-
nim inZenyru Itala Bartolletiho a Slovince Kovacovice. ProraZen
byl, v délce 289,80 m, 7. 5. 1874. Tunel byl zfizen jako dvouko-
lejny, provozovéna je vSak kolej jedna. [1, 4]
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Z CINNOSTI PRACOVNICH SKUPIN CZTA / CZTA WORKING GROUPS

INFORMACE PRACOVNI SKUPINY MECHANIZOVANEHO TUNELOVANI

O TBM RAZBE TUNELU MTKVARI V GRUZII S CESKOU UCASTI(

INFORMATION OF CZTA WORKING GROUP MECHANIZED TUNNELING

ON THE MTKVARI TUNNEL TBM EXCAVATION IN GEORGIA WITH CZECH PARTICIPATION

An extensive investment unit, a hydropower plant on the
Mitkvari River, is under construction with the participation of
Czech companies SAMSON PRAHA, spol. s r. 0. and Skoda
Praha. At the full output, the power plant will generate approxima-
tely 55MW. The earthfill dam location is designed to be in a river
meander in a valley. The power plant is on the river, downstream
from a flown-along mountain massif. Water is carried to the power
plant from the reservoir over a mountain ridge through a tunnel.

Uvod

V jizni Gruzii se buduje rozsahly investicni celek hydroelektrarny na
fece Mtkvari s prispénim Ceskych firem SAMSON PRAHA, spol. s 1. 0.
a Skoda Praha. Elektrérna bude pfi plném vykonu dodévat priblizné
55 MW. Sypand hraz je navrzena v zahybu reky v udoli. Elektrarna je
na fece po proudu za obtékanym horskym masivem. K elektrarné je
privedena voda z prehrady tunelem pres horsky hieben.
Historie a vyvoj stavby tunelu

Puvodn{ projekt z roku 2009 predpoklddal realizaci tunelu konvenc-
né. Po vyrazeni tdseku v délce cca 300 m byly postupy nedostate¢né
vzhledem k pozadovanému terminu dokonceni tunelu za dva roky.

Skupina investoru se prostrednictvim svych experti rozhodla
navrh prepracovat a vyuzit nabidky spole¢nosti Herrenknecht na
dodavku repasovaného tunelovaciho stroje. Jednalo se o TBM
stroj double schield hard rock. Spolecnost pro vystavbu elektrarny
ovSem za stroj nezaplatila a cely projekt opustila, nebot’ i pres

A

Obr. 1 Reznd hlava stroje TBM double schield hard rock pred portdlem
Fig. 1 Cutterhead of the double shield hard rock TBM in front of portal
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Tab. 1 Piehled hornin podle geologického prizkumu
Table 1 Summary of ground types according to geological survey

skupina horniny dle vzniku podskupina

Tuel

litologicky typ horniny

intrusivni
(ztuhlé pod povrchem)

stfedné-krystalicky TeSenit

hrubé-krystalicky TeSenit

magmatické tmavé Sedy Diabas
L tmavé Sedy, Tmavé hnédy nebo Tmavé zelny Andesit
efusivni (vylité)
zeleny, hnédozeleny nebo Sedy hrubo- a jemnozrnny tuf
metamorfované kontaktné metamorfované Sedy kontaktni rohovec
hrubozrnné zeleng, Sedé, tmavo-Sedé brekcie s polohami Andesitu
sedimentarni soudrzné jemnozrnné Sedé, zeleno-Sedé nebo hnédé stfednézrnné Piskovce

Sedé, zeleno-Sedé nebo hnédé jemnozrnné Piskovce

prachovité a jilovité

investice 30 mil. dolari nedosédhla pokroku. Vyznamnym argu-
mentem rovn€Z bylo obrovské zpoZzdéni oproti harmonogramu.
Stroj zustal uskladnén po dva roky u spole¢nosti Herrenknecht.
Projekt byl nasledné prevzat investicnim fondem s podporou gru-
zinskych bank a soukromych investoru, ktery najal konzultani
spole¢nost Skoda Praha a. s. Teprve poté v roce 2015 se podafilo
znovu rozbéhnout hlavni stavebni prace a razbu tunelu.

Technicky dozor investora a geotechnicky dohled na stavbé
zajistiuje spolecnost SAMSON PRAHA, spol. s r.0. svymi 3 az 4
pracovniky.

Geologie

Tunel je veden v horninovém prostredi stiidajicich se sedimen-
tarnich, metamorfovanych a magmatickych hornin. Litologické
typy jsou piskovce, brekcie, andesit, tuf. Hlavni plochy vrstevna-
tosti jsou uklonény prevazné témér svisle, vzdélenost ploch cca
1 m. Hornina je suchd bez pritoki podzemni vody. Prehled hornin
podle geologického prizkumu je v prilozené tabulce.

Zakladni technické tdaje o tunelu

Pramér vyrubu tunelu je 6 m, délka tunelu cca 9,7 km. Smérové
je tunel témér piimy, vyskoveé ma spad 0,5 %. Razba tunelu pro-
bihd dovrchné od budouci elektrarny.

Dolni dsek tunelu v délce cca 300 m byl vyraZen konvencné
pomoci trhacich praci a skalni frézy. Vyrub je doCasné zajistén
pouze slabou vrstvou stfikaného betonu, ve vybranych mistech
navic s vyztuznymi sitémi a rdmy z ocelovych I-profila. Do

Obr. 2 Dobre patrné struktury horninového masivu v odrezu pobliZ portilu
tunelu

Fig. 2 Well apparent structures of rock mass in a side-hill cut near the tun-
nel portal

prokiemenély Argilit

Sedy, zelenoSedy, hnédoSedy, fialovy nebo tmavocerveny Argilit

Obr. 3 Hotovy tunel a posledni vozy zdvésu stroje TBM
Fig. 3 Completed tunnel and last trailers of the TBM trailing gear

definitivni monolitické tunelové obezdivky bude v tomto tiseku
instalovédno jesté ocelové svarované oplasténi — potrubi.

Ve vzdélenosti cca 200 m od portdlu je nad tunelem navrZena
Sachta délky 45 m a nad ni podpovrchovd vyrovndvaci nadrz hlu-
boka také cca 45 m.

Technické feSeni tunelu a postup razby TBM

Usek tunelu od km 0,300 a7 k hornfmu portdlu u vtokového
objektu v km 9,800 je nyni raZen tunelovacim strojem TBM doub-
le schield hard rock. Kruhové osténi je montovéano z Zelezobeto-
novych segmentt (5+1). Sty€nd spdra jednotlivych prstenca osté-
ni neni navrzena koénickd. Stroj je veden pouze nerovnomérnym
svirdnim gumového tésnéni mezi segmenty. Doprava rubaniny
z tunelu je zajiSteéna dopravnikovym pasem, segmenty osténi se
dopravuji kolejovou drdzkou, pri¢emz se na vlaku vezou vzdy
dilce pro dva prstence. Po kolejich se dopravuji také kacirek
a cement pro primdrni i systematickou sekundarni injektaz.
InjektdZni smes se michd az na stroji s priddvanim vody. Tloustka
osténi je 250 mm, délka jednoho prstence je 1,5 m.

Razba TBM byla zahdjena po obvyklych tvodnich komplika-
cich v srpnu 2016. Postupy razby jsou nyni az 900 m/mésic.
Rychlost razby jde vSak Casto na tkor kvality injektdZi. Dosud je
vyrazeno cca 4000 m.

Problémy vystavby tunelu

Hornina je tiplné sucha a to je pri¢inou velmi prasného prostre-
di ve stroji. V dilcich osténi se objevuji trhliny zpusobené zejmé-
na nevhodnym skladovdnim a manipulaci. Dilce s trhlinami je
nutno vyrazovat a likvidovat.
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Presnost smontovaného osténi je ¢asto nedostate¢nd a dilce mivaji mordalka a nedbaly pristup obvykly v tomto regionu. O to daleZi-
odstipnuté rohy. Je to z divodu nerovnomérného zatiZeni strojem, t¢jsi je zde tloha technického dozoru investora, kterd vyznamnym
vétSinou viak kvuli neopatrné manipulaci a nedodrZent technologické zpusobem prispiva k provedeni kvalitniho dila.
kdzné. Primérn{ injektdZ je nedostate¢na z divodu rychlého postupu.

Zavér Ing. OTAKAR HASIK, hasik@samsonpraha.cz,

Pres pocatecni problémy s rozbéhnutim vystavby celé hydroe- Ing. MARCEL RU CKL;: ruckl@samsonpraha.cz,
lektrarny se nyni realizuji stavebni prace i razba tunelu pomérné Ing. PETR JAKES, jakes@samsonpraha.cz,
rychlym tempem. Kvapnou préci ¢asto provazi nestdld pracovni SAMSON PRAHA, spol. s r. o.

ZPRAVODAJSTVI CESKE A SLOVENSKE TUNELARSKE ASOCIACE ITA-AITES
CZECH AND SLOVAK TUNNELLING ASSOCIATION ITA-AITES REPORT

www.ita-aites.cz www.sta-ita-aites.sk

OZNAMENI O KONANI VALNEHO SHROMAZDENI CESKE TUNELARSKE ASOCIACE ITA-AITES Z. S.

Vsem ¢&lentim Ceské tunelafské asociace ITA-AITES z. s. si dovolujeme oznamit, Ze jeji valné shromdZzdéni se bude konat ve
stredu 31. kvétna 2017. Bude to volebni valné shroméazdéni, protoZe jeho soucasti budou volby predsedy a ¢lent predsednictva
asociace na funkéni obdobi 2018 az 2020.

Vyzva k podédni ndvrha na predsedu a Eleny predsednictva i pozvdnka na valné shromdzdéni v&etné jeho programu bude viem
&lenuim asociace v souladu se stanovami zasldna.

Ing. MARKETA PRUS‘KOVA, Ph.D, pruskova@ita-aites.cz,
generdlni sekretdr CzTA ITA-AITES

SPRAVODAJSTVO STA/ITA-AITES

ITA-AITES STA NEWS
The regular General Assembly of the Slovak Tunnelling Rokovanie Valného zhromaZdenia otvoril predseda STA
Association was held on 19t January 2017. The General Ing. Miloslav Frankovsky, ktory v dvode privital tcastnikov
Assembly discussions were opened by Ing. Miloslav Frankovsky, a podakoval investorovi stavby, Ndrodnej dialni¢nej spolo¢nosti,
the Chairman of the STA, by the presentation of the programme, za poskytnutie priestorov a zhotovitelovi ZdruZeniu Salini
with its usual parts expanded by the addition of a technical lectu- Impregilo—Duha, za organiziciu exkurzie.
re on “Overbreaks at the Visnové tunnel during the excavation of Nasledne prezentoval program a organizacné pokyny stvisia-
the tunnel tubes from the eastern portal” delivered by Ing. Sobota, ce s priebehom VZ. U&astnici rokovania prijali navrh programu
the deputy site manager at the ViSnové tunnel construction, and an bez pripomienok a doplnenia. Do programu VZ okrem obligat-
excursion to both tunnel tubes driven from the western portal. The nych Ccasti bola zahrnutd odbornd prednaska na tému
STA Activity Report 2016 was presented by the STA chairman »Nadvylomy na tuneli Vi$nové pri razeni tunelovych rir od
Ing. Miloslav Frankovsky in the structure corresponding to the vychodného portdlu®, ktord predniesol Ing. Sobota, zdstupca
main circles of the STA activities. Regarding the STA member- stavbyvediiceho na stavbe tunela Visnové a exkurzia do obid-
ship, the chairman informed that the association has 52 members. voch tunelovych rir, razenych od zdpadného portalu.
In the context of the contents of TUNEL journal issue No. 4/2016, Spravu o ¢innosti STA za rok 2016 predniesol jej predseda
he noted that this issue was filled exclusively with technical Ing. Miloslav Frankovsky v Struktire podla hlavnych okruhov
papers from the excavation of tunnels in Slovakia. Of the confe- ¢innosti STA, ktorymi v roku 2016 boli:
rence related activities, he brought back to minds the TUNNELS e spoluti¢ast’pri vydavani ¢asopisu Tunel a priprave jeho obsa-
AND UNDERGROUND CONSTRUCTION conference held in hovej néplne;
Zilina in 2015 and the UNDERGROUND CONSTRUCTION e konferencné aktivity v spolupraci s CzTA;
PRAGUE 2016 conference, which was attended by more than 50 e spolupraca s vysokymi Skolami vo forme financovania
professionals from the STA member organisations. Further on, the a organizovania Gicasti Studentov Technickej univerzity Zilina
STA financial report was delivered. a Technickej univerzity KoSice, fakulta BERG na konferen-
In 2017, the activities will be oriented on several main circles: cidch a exkurzidch na stavbach dialhi¢nych tunelov v SR;
organising technical seminars focused on the construction of the e priprava novelizdcie technickych predpisov pre stavbu tune-
Povazsky Chlmec, Ovéiarisko and Zilina motorway tunnels and lov (Technicko-kvalitativne podmienky, Vzorové listy).
the construction of railway tunnels under preparation in the K clenskej zakladni predseda STA informoval, Ze 2 ¢lenovia
Slovak Republic, providing financial support for the excursion of vystupili a 4 nové Clenské organizacie boli prijaté, o znamend
university students to tunnels under construction and their atten- pocet ¢lenov 52 (z toho 5 individudlnych).
dance at conferences and seminars, preparing the TUNNELS V savislosti s obsahovou nédplnou ¢asopisu Tunel ¢. 4/2016
AND UNDERGROUND CONSTRUCTION 2018 conference zaznela pochvalnd pozndmka o tom, Ze po dlh§om obdobf{ absen-
and continuing the participation in publishing TUNEL journal. cie ¢lankov o razeni tunelov v SR je toto ¢islo naplnené exklu-
zivne odbornymi ¢ldnkami z razenia tunelov na Slovensku.
Riadne valné zhromaZdenie Slovenskej tuneldrskej asocidcie Konferen¢né aktivity boli pripomenuté pozitivnymi dozvukmi
sa konalo dna 19. janudra 2017 v zasadacej miestnosti Narodnej konferencie TUNELY A PODZEMNE STAVBY v Ziline
dialni¢nej spolo¢nosti na zdpadnom portdli tunela Visnové. v dnoch 11.-13. 11. 2015 a pozitivnymi ohlasmi slovenskych
Zucastnilo sa ho 30 zdstupcov ¢lenskych organizacii. t¢astnikov na konferencii PODZEMNI STAVBY PRAHA 2016
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v dnoch 23.-25. 5. 2016 ktorej sa zo Slovenska zicastnilo viac
ako 50 odbornikov z ¢lenskych organizacii STA a 10 Studentov
(po 5 z Technickej univerzity Zilina a Fakulty BERG Technickej
univerzity Kosice).

Spravu o hospodareni STA predniesol ¢len reviznej komisie
STA Ing. Michale. Pozitivnym faktom financnej situdcie STA je
okrem zvysenia disponibilného objemu prostriedkov aj to, Ze
platobna disciplina v plateni Clenskych prispevkov presahuje
95 %. Podrobny rozpocet na nasledujice obdobie bude predlo-
Zeny a prerokovany vyborom STA. Predpokladd sa vyrovnané
hospodarenie v roku 2017.

Spravu o planovanych aktivitich STA v roku 2017 predniesol
podpredseda STA Ing. FrantiSek Ockajak. Aktivity budd oriento-
vané na tieto hlavné okruhy:

e organizovanie odbornych semindrov zameranych na vystavbu
dialni¢nych tunelov Povazsky Chlmec, Ovciarsko a tunel
Zilina ako aj pripravovani vystavbu Zelezni¢nych tunelov
v SR;

* nadalej finanéne podporovat exkurzie vysokogkolskych Stu-
dentov na rozostavané tunely ako aj ich ucast'na tuneldrskych
konferenciach a seminaroch;

« priprava konferencie TUNELY A PODZEMNE STAVBY
2018;

* popri tychto aktivitich nadalej pokradovat’ v spolutiasti pri
vydavani ¢asopisu Tunel (aktivnou tcastou v ¢innosti redak¢-
nej rady ¢asopisu Tunel, publikovanim odbornych prispevkov
a poskytovanim sprav do jeho pravidelnych rubrik).

PodrobnejSiu informdciu o pldnovanej priprave konferencie
TUNELY A PODZEMNE STAVBY 2018 predniesla predsed-
nicka pripravného vyboru Ing. Viktéria Chomov4, ktord vyzvala
Clenské organizdcie STA aby ¢im skor prejavili zdujem o spon-
zorstvo konferencie.

Diskusia sa odvijala takmer vyluc¢ne na tému odbornej proble-
matiky priamo suvisiacej s razenim tunela Visnové, jeho para-
metrami, unikatnou technolégiou razenia a geologickymi a hyd-
rogeologickymi podmienkami, v ktorych razenie tunela prebicha.

CINNOST SEKCE TUNELY €SS V ROCE 2016

Cinnost Sekce tunely CSS pokratovala v roce 2016 v dlouhole-
tych aktivitdch &tvrtletniho informovani ¢lenu Sekee a cestou ¢ldnku
a zprav v asopisu Silni¢ni obzor v informovéni odborné silni¢arské
vefejnosti 0 souasné problematice tykajici se tunelovych dseka
pozemnich komunikaci.

Kromé tii obvyklych jednani pripravila Sekce v roce 2016 pro
leny navstévu tunelt stavby ddlnice D 805 pied jejich uvedenim do
provozu.

Bfeznové jednéni Sekce bylo pro jeho 16 tGcastniku organizovano
v zasedaci mistnosti velina Strahovského tunelu. Jedndni o ¢innos-
tech spole¢nosti CSS, spole¢nosti CzTA a piipravé této spoletnosti
na poradani mezindrodni tunelafské konference Podzemni stavby
Praha 2016 bylo ddle doplnéné zprdvou o jednani bezpecnostnich
technikt tunelti organizovaném spole¢nosti ITA-COSUF a o zahéje-
ni ¢innosti spole¢nosti PIARC v novém obdobi 2016-2019. Na
zévér jedndni byla jeho Gastnikim umoZnéna prohlidka dispeder-
ského pracoviste a strojovny velina TSK Praha Strahov.

Cervnové jedndni Sekce bylo uspoiddano ve spole¢nosti PRAGO-
PROJEKT, a.s. Kromé informaci o ¢innostech CSS a o dokon&eni
metody analyzy rizik CAPITA vytvofené pro tunely pozemnich
komunikaci Fakultou dopravni CVUT bylo 13 tcastnikd jedndni,
znovu po roce, podrobné informovéno o stavu pripravy vystavby
tunelii na trase ddlnice D 3 na tizemi Stfedo¢eského kraje. Ugastnici
jednéni byli rovnéZ sezndmeni s Gspé$nym prubéhem mezindrodni
tunelarské konference Podzemni stavby Praha 2016.

Tuel

Prvy privlastok tunela Vi§nové vyplyva z jeho diiky — bude to
najdlhsi tunel v SR a jeho dizka urcite nebude prekonana zrejme
v dost’dlhom Case. Trasa tunela je situovand v geologicky a hyd-
rogeologicky velmi komplikovanych pomeroch. Prieskumnou
$tdlnou vyrazenou v rokoch 1998-2002 v celej dizke trasy tune-
la sa pomerne presne zistila nielen skladba a vlastnosti hornino-
vého masivu, ale aj jeho vyrazné odvodnenie a tym aj zlepSenie
podmienok pri razeni tunelovych rir. (Tym sa potvrdila ¢asto
diskutovand opravnenost’ rozhodnutia o potrebe prieskumnej
Stolne).

Dal3ou vyraznou odliSnostou oproti ostatnym tunelom raze-
nym doteraz tak v SR ako aj CR je metéda razenia. Keby zhoto-
vitelom bola niektord slovenska alebo ceskd firma, tunel by sa
razil s vysokou pravdepodobnostou podla principov NRTM.
KedZe zhotovitelom stavby je taliansko-slovenské zdruZenie
Salini Impregilo—Ditha, vyber technolégie razenia urcil taliansky
partner. Razi¢skd metdda pouzitd prvykrat v SR nesie oznacenie
ADECO. Diskutujtci potvrdili vyhody i nevyhody tejto metody
a jeden zo zaujimavych zdverov bol ten, Ze metéda ADECO
s razenim na plny profil bez ¢lenenia ¢elby a dlhymi zabermi na
jeden odstrel je nesporne vyhodnejsia oproti NRTM vtedy, ked
razenie prebieha v geologicky homogénnom prostredi a bez
Castého striedania vlastnosti horninového masivu.

Predseda STA na zaver podakoval pritomnym za t¢ast’a aktiv-
ny pristup v priebehu valného zhromazdenia, odbornej prednas-
ky i exkurzie do tunelovych rdr tunela Visnové razenych zo
zapadného portdlu. KonStatoval tiez, Ze v obdobi oZivenia
vystavby tunelov v SR sa prejavilo aj ozivenim Cinnosti STA.
Terajsia pocetnost tunelovych stavieb dialni¢nych tunelov a pri-
pravované stavby Zelezni¢nych tunelov ndjdu pozitivny ohlas
v ¢innosti a aktivitich vyboru STA ako aj v zapojeni celej ¢len-
skej zékladne do pripravovanych okruhov &innosti v dalich
rokoch.

Ing. JOZEF FRANKOVSKY

Podzimni jedndni Sekce bylo usporadédno v poloviné fijna 2016
pro 12 ucastniku formou ndvstévy dokonfovanych tuneli stavby
dalnice D 805 véetné nové upraveného fidiciho strediska tunelt
Rehlovice.

Tradi¢ni prosincové jedndni Sekce bylo usporadano pro jeho 16
ti¢astniku u spole¢nosti METROPROJEKT Praha a.s. Program jed-
nani zahrnoval informaci o prabéhu a zédvérech Silni¢ni konference
2016, informaci MD CR o &nnosti jeho komise pro udélovani
opravnéni ke hlavnim prohlidkdm silni¢nich tunelt a informaci
o zahdjeni spoluprdce Clenu Sekce se spolecnosti PIARC pro obdo-
bi 2016-2019. Ing. Kadlec z TSK Praha prezentoval ro¢ni dopravni
hodnoceni provozu tunelového komplexu Blanka MO Praha,
prof. Bartak a Ing. Volek prednesli informace tykajici se stability
trasy dalnice D 805 a Ing. Stefan prezentoval priibéh a odstratiova-
ni ndsledkt mimoradnych uddlosti v tunelu Lochkov.

Sekce tunely pokracovala také v roce 2016 ve spoluprici s odbor-
nym Gasopisem CSS Silniéni obzor organizovanim &lénki pro &islo
3/2016 Casopisu vénované problematice tunelt pozemnich komuni-
kaci, uverejnovanim informaci o Cinnostech CzTA a informaci
o celosvétove vyznamnych stavbdch tuneltl pozemnich komunikaci.

Prvni jednani Sekce tunely CSS v bieznu roku 2017 bude pfipra-
vovano ve spolupraci se spolecnosti SATRA, spol. s r.0. S touto spo-
le¢nosti bude Sekce tunely rovnéZ spolupracovat pri organizovani
dvoudenniho jedndni pracovni skupiny WG 5 vyboru D 5 spolec-
nosti PIARC v ¢ervnu 2017 v Praze.

Ing. JIRI SMOLIK
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1. UOVODNIK B C310 Tunely pod Temzi
EDITORIAL Crossrail C310 Thames Tunnel
prof. Ing. Jif{ Bartdk, DrSc., Riku Tauriairol?lv, Rainer Rengshausen, Andreas Raedle,
predseda redakéni rady asopisu Tunel 12016 1 Ing. Pavel Razicka, Ph.D. 22016 33
Mgr. Lucie Bohétkovd, reditelka divize Geotechnika, B Nivrh a realizace rekonstrukce tunelu Sedlejovice
ARCADIS CZ as. 12016 2 Desi ) truction of Sedlejovice Tunnel
S, . . . esign and Realisation of Reconstruction of Sedlejovice Tunne
Ing. Martin Hofler, reditel a predseda predstavenstva PUDIS a.s. 1/2016 3 Ing. Miroslav Lipka 22016 66
doc. Ing. Matous Hilar, M.Sc., Ph.D., CEng., MICE,
¢len redakcni rady 2/2016 1 B Udrzitelnost tunelovych staveb — hodnocenf kvality dopravy
Ing. Ivan Hrdina, vyrobné-technicky feditel Metrostav a.s. v souvislosti s otevienim dali ¢dsti meéstského okruhu
a predseda CZTA ITA-AITES 2/2016 2 Sustainability of Tunnel Structures — Assessment of Traffic Quality
Ing. Tomds Bilek, pedseda predstavenstva in the Context of the Inauguration of another Part of the City Circle Road
spoleénostivHOCHTIEF CZa.s. 2/2016 3 prof. Ing. Pavel Pfibyl, CSc. 212016 74
Ing. Pavel Sourek, ¢len redakcni rady 3/2016 1
Ing. Ladislav Zajic, jednatel Promat s.r.o. 3/2016 2 B PoZzdrn{ ochrana tunelového ostén{
Ing. Ludvik Sajtar, jednatel a generdini Feditel SATRA, spol. s ro. 3/2016 3 Fire Protection of Tunnel Linings
Ing. Viktéria Chomov4, ¢lenka redakcni rady 42016 1 Ing. Libor Fleischer 32016 4
Ing. Juraj Androvi¢, predseda predstavenstva , . . o
a generdlny riaditel DOPRASTAV, a. . 42016 2 W Tunelovy komplex Blanka a vybrand pozdrmé bezpecnqstm zarizen{
Ing. Miloslav Frankovsky, predseda predstavenstva Blanka Com'ple,)vc of Tunnels — Selected Fire Safety Equipment
a riaditel’ Terraprojekt a. s. 4/2016 3 Ing. Petr Kejklicek 3/2016 14
2. PODZEMNI URBANISMU s, VYHLEDOVE ST, AVBY, NORMY u Srre:clzdz g(())iarmch zkousek v tunelu Runehamar v Norsku provadénych
UNDEGROUND CITY PLANNING, PROSPECTIVE PROJECTS, STANDARDS Summary of Fire Tests Conducted in Runehamar Tunnel, Norway 2003
B Geotechnické riziko: jak to vidi soudci? Ing. Libor Fleischer 3/2016 19
Geotechnical Risk: What Judges Think about it?
Mgr. David Hrugka, JUDr. Luké¥ Klee, Ph.D. 2/2016 20 B Prvni zkuSenosti ze zkuSebniho provozu Brusnického, Dejvického a Bubene¢ského
tunelu méstského okruhu v Praze
B UdrZitelnost tunelovych staveb — hodnoceni kvality dopravy Initial Experience from Trial Operation of the Brusnice, Dejvice and Bubene¢
v souvislosti s otevienim dals{ ¢dsti mestského okruhu Tunnels on the City Circle Road in Prague
Sustainability of Tunnel Structures — Assessment of Traffic Quality Ing. Alexandr Butovi¢, Ph.D. 3/2016 40
in the Context of the Inauguration of another Part of the City Circle Road
prof. Ing. Pavel Pribyl, CSc. 2/2016 74 B Razby v poruchovych zéndch — problémy a jejich feSent
Tunnelling in Fault Zones — Problems and Solutions
B Pozarni vétrani TKB — od projektu ke zprovoznéni prof. Wulf Schubert 3/2016 49
Fire Ventilation — from Design to Bringing into Service
Ing. Jifi Zdparka 3/2016 31 B Tunely pro némecké Zeleznice — tradice a inovace
. . . . Tunnels for German Railways — Tradition and Innovation
B Tunely pro némecké Zeleznice — tradice a inovace M. Sc. Heinz Ehrbar 32016 57
Tunnels for German Railways — Tradition and Innovation
M. Sc. Heinz Ehrbar 312016 57 B Razenie tunela Zilina — predpoklad verzus realita
B Tunel Presov. ied hbaidcich ) dialnici D1 Zilina Tunnel Excavation — Assumptions Versus Reality
W] LR 0p S0 3 Gy SEMEE ) (O 63 (T8 GV Ing. Martin Valko, Michal Fugik, Ing. Iveta Snaukov, Ph.D. 42016 4
PreSov Tunnel, One of the Tunnels Missing on DI Motorway
Ing. Roman §ély, Ing. Miloslav Frankovsky, Ing. Filip Jifi¢ny 4/2016 33 B Realizdcia sekundarného ostenia tunela Polana
_ Realisation of Polana Tunnel Secondary Lining
3. DOPRAVNI STAVBY Ing. Vladimir Dursa 4/2016 15
TRANSPORT-RELATED PROJECTS
W Tunel PreSov — interpretdcia vysledkov inZinierskogeologického prieskumu . Najd‘1h51'slovensk))/ (B Vinae e vystaybe
Presov Tunnel — Interpretation of Results of Engineering Geological Exploration Realzsthn of Polana Tufmel Secandar'y Lining
Mer. Michal Kubi§, Ph.D., Ing. Jozef Majercik, Ing. Miloslav Frankovsky, Ing. Petr Mitrenga 4/2016 23
Mgr. Jana Coplakovd, RNDr. Anna Grenéikova 112016 4 B Tunel PreSov, jeden z chybajticich tunelov na dialnici D1
B Uloha geotechnického monitoringu a inZenyrskogeologické dokumentace v rmci Prejov Tunngl: One of the Tunnels Missing on DI M,Om'_’t‘f[fy )
vystavby tunelu Povazsky Chlmec Ing. Roman Sily, Ing. Miloslav Frankovsky, Ing. Filip Jifi¢ny 4/2016 33
Qeozechmazl Aflomtorlng coial i meering Gty e Blatsintaition B Poznatky z adapticie razenia na in situ podmienky v tuneli Ov¢iarsko
in the Povazsky Chlmec Tunnel Construction Process Lessons Learned he Ad . Excavati
Mer. Jiif Tlamsa, Mgr. Anna Vojtéchovskd, Ph.D. 12016 13 essons Learned from the Adaptation of Excavation
& Mg ) ? to the In-Situ Conditions in Ovciarisko Tunnel
B Tunel Turecky vrch — sandcia krasovych javov Ing. Tgor Jurik, Ing. Martin Udic, Ph.D.,
Turecky Vich Railway Tunnel — Treatment of Karst Area Ing. Ladislav Grega, Ph.D., Ing. Jozef Valko, Ing. Peter Janega ~ 4/2016 41
RNDr. Tomas Mol¢an, Mgr. FrantiSek Teték, Ph.D. 12016 24
4. METRO
B Poznatky z inZenyrskogeologického pruzkumu pro tunel Radlice SUBWAY
glr;zgvledg QD Engmeﬁrmg Geologlca? Survgy for Radlice Tunnel B Zjisteni napjatosti horninového masivu metodou odlehéenti §tolou
r. Radovan Chmelar, Ph.D., Mgr. Libor Sila, . P
Mgr. Pavel Tiima, Ing. Boleslav Biezina 12016 40 pro prvr}1 p(?dtunelovam rekx Vltavy metrem v che 1973
Determination of Rock Massif State of Stress Using
B Aktudlni projekty Metrostavu a.s. v severskych zemich the Stress-Relief Gallery Method for the First Passage
Current Metrostav a.s. Projects in the Nordic Countries of Metro Tunnels Under the Vitava River in 1973
Ing. Ale§ Gothard, Ing. Pavel Biirgel, Ing. Ivan Pir§¢ 2/2016 4 Ing. Jifi Hudek, CSc. 12016 51
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5. KANALIZACE, KOLEKTORY, MALE PROFILY B C310 Tunely pod Temzi
SEWERAGE, UTILITY TUNNELS, SMALL PROFILE TUNNELS Crossrail C310 Thames Tunnel
B Geotechnicky monitoring pro ¢dst stoky CO3 raZenou Riku Ta““al{}?{’ Rainer Rengshausen, Andreas Raedle,
Ing. Pavel Ruzicka, Ph.D. 2/2016 33

mikrotunelovanim pod Krélovskou zahradou Prazského hradu
Geotechnical Monitoring for the Part of Sewer CO3 Driven under
Krdlovskd Zahrada Garden of Prague Castle Using Microtunnelling
Mgr. Libor Sila, Mgr. Pavel Tuma,

RNDr. Radovan Chmelat, Ph.D. 1/2016 29

B Poznatky z inZenyrskogeologického pruzkumu pro tunel Radlice
Knowledge from Engineering Geological Survey for Radlice Tunnel
RNDr. Radovan Chmelar, Ph.D., Mgr. Libor Sila, Mgr. Pavel Tuma,
Ing. Boleslav Bfezina 1/2016 40

B Navrh mikrotunelovani plynovodu pretinajictho environmentalné
citlivou oblast pobiezi v Australii
Design of a Utility-Micro-Tunnel for Crossing under
a Sensitive Shore Area
Taner Aydogmus, Carsten Schulte 2/2016 42
6. SANACE, REKONSTRUKCE, UDRZBA, OPRAVY
RECONSTRUCTION, REINSTATING, MAINTENACE, REPARATION

W Tunel Turecky vrch — sandcia krasovych javov
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