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Viézné Ctenarky a Ctendri,

dostévite do ruky jiz druhé &islo ¢asopisu TUNEL ro¢niku 2017. Aktudlni exempldr je pritom vénovan odbornym aktivitim
predev§im dvou organizaci, ¢lent CzTA ITA-AITES.

Jednou z nich je nejvétsi domdcf realizacni firma v oboru podzemniho stavitelstvi — Metrostav a.s. Svou ¢innost prezentuje tremi
odbornymi prispévky. Prvni je vénovén zprovozneni délnice D8 s dokoncenim jejiho posledniho tiseku Lovosice — Rehlovice, a to
predevsim z pohledu vystavby tunelt Prackovice a Radejcin. Autofi v rdmci svého ¢lanku zminuji, mimo jiné, také a7 ostudné
dlouhou historii vystavby této dopravni stavby. Ta zapocala v 2. polovine 80. let 20. stol. a tipIné zprovoznéna byla aZ koncem
roku 2016, coZ znamend po vice ne? triceti letech! Na D8 nicméné tuneldri obstéli vice nezli dobre — nachézeji se zde celkem Ctyfi
tunelové stavby, z nich tunel Panenskd je nejdelsim ddlni¢nim tunelem v CR a tunel Prackovice lze oznait za jeden z téch, které
byly realizovény, prinejmensim, ve velmi obtiznych podminkéch. Dalsi odborny prispévek kolegt z Metrostavu a.s. se obraci
k dspé$né Cinnosti firmy v zahraniéi, s pro nds pozoruhodnou problematikou — pojedndva o hydroizolacich tuneld budovanych
v Norsku a na Islandu. Autofi ndm piiblizuji mistni predpisy a technické postupy, jako i rizné typy pouZivanych systému ochrany proti vodé. Treti odborny
&lének pracovniki Metrostavu a.s. nds privadi na dnes probihajici nejvétsi podzemni stavbu v CR, kterou je nyni jiz druhd trouba Zelezni¢niho tunelu Ejpovice.
Uvadéji zde, jaké zkuSenosti ziskali pfi raZeni prvni — jizni tunelové trouby v riznych rezimech stroje a popisuji obtizné prace spojené s demontdzi razictho
mechanismu a s jeho premisténim na druhy — severni tunel se zahdjenim razby v z4ii 2016.

Druhou z odbornych organizact, kterym je vénovéno toto ¢islo ¢asopisu TUNEL, je, a to ponékud netradi¢né, katedra geotechniky a podzemniho stavitel-
stvi Fakulty stavebni VSB-TU Ostrava. Zamérem redakéni rady je v tomto pifpadé upozornit i na jiny piiklad odborné ¢innosti zasahujici do oboru podzem-
nich staveb. V prvnim prispévku je pfibliZena dlouh4 historie vysokoskolského pracovisté, s popisem velmi rozsahlych védecko-vyzkumnych aktivit a se zdu-
raznénim nékterych konkrétnich vystupt. Své misto v ¢ldnku md i orientace a zabér pedagogické ¢innosti katedry. Dali{ dva ¢lénky védecko-pedagogickych
pracovniki katedry geotechniky a podzemniho stavitelstvi FAST VSB-TU jsou vénovany analyze vlivu seismickych t¢inkd vyvolanych pouZitim trhacich
praci pii rozpojovéni hornin v podzemnim stavitelstvi (u tunel Jablunkov, Slivenec a Klimkovice), resp. moznostem, které se naskytaji pii statickém reSen{
dvouplastového tunelového osténi.

Obsah Casopisu TUNEL je, tak jak je i standardem, dopInén o pravidelné rubriky. Nicméné fada ¢tendru jisté musela zaznamenat, Ze jeSté zcela neddvno
byla &isla Gasopisu editovana s vy$sim pottem odbornych piispévki. Diivodem je i to, Ze v sougasné dobé nejsou v CR prakticky zahajovany nové podzem-
ni stavby. Jednou z hlavnich pricin tohoto stavu je bezesporu velmi tézkopadny a zdlouhavy systém projednavani a schvalovéni staveb. Souvisi to do znaéné
miry se stale komplikovandjiim pravnim systémem. Jen zcela aktudlné se kyberprostorem mihla (a vzapéti také zmizela) informace, podle které dnes v CR
patrné plati vice neZ 1,5 mil. zdkonnych predpisu, spiSe mozna az ke 2 mil. Stav je takovy, Ze se v ném nevyznajf ani naprosti specialisté! Z tohoto pohledu
se potom jevi spravnym krokem snaha o vyznamné legislativni zjednoduseni soucasného netinosného stavu (ktery je podle jinych informaci jednim z nej-
komplikovangjsich v EU), ventilovand aktudlné v Parlamentu CR. Snaha o zjednoduseni pfitom miiZe soucasné souviset i se zacdtkem predvolebni kampa-
né. Letos totiZ probéhnou jak volby parlamentni, tak i prezidentské. A je patrné jen pouhou néhodou, Ze také na tuneldre ¢ekd volba vedeni jejich profesni

VLADISLAV HORAK, élen redakéni rady casopisu

Dear readers,

arriving in your hand is already the second issue of TUNEL journal in 2017. The current exemplar is dedicated to professional activities, first of all of
two organisations, members of the ITA-AITES CzTA.

One of them is Metrostav a. s., the largest domestic realisation company in the field of underground construction engineering. It presents its activities by
three professional papers. The first one is dedicated to putting the D8 motorway into service after the completion of the last motorway section between the town
of Lovosice and the village of Rehlovice, first of all from the aspect of the construction of the Prackovice and Radej¢in tunnels. Within the framework of their
paper, the authors mention, among other things, the up to outrageously long history of the development of this transport-related project. It commenced in the
second half of the 1980s and the motorway was fully opened to traffic as late as the end of 2016, which means after more than thirty years! Nevertheless, tun-
nellers performed more than well — there are four tunnels on the D8 motorway. The Panensk4 tunnel is the longest motorway tunnel in the Czech Republic and
the Prackovice tunnel can be labelled as one of the tunnels carried out under at least very complicated conditions. Another technical paper by colleagues from
Metrostav a. s. turns to the successful activities of the company abroad, presenting for us interesting problems — waterproofing and frost protection of tunnels
carried out in Norway and Iceland. The authors outline local regulations and technical procedures and various types of waterproofing and frost protection sys-
tems used in those countries. The third technical paper by Metrostav a. s. employees brings us to the currently continuing largest underground construction site
in the Czech Republic, the driving of the today already second tube of the Ejpovice railway tunnel. They inform about the experience gathered during the cour-
se of driving the first (southern) tunnel tube using various modes of the tunnel boring machine. Further they describe the complicated operations associated
with the disassembly of the tunnel boring machine and moving it to the second (northern) tunnel to start the excavation in September 2016.

Somewhat untraditionally, the other professional organisation this TUNEL journal issue is dedicated to is the Department of Geotechnics and
Underground Engineering of the Faculty of Civil Engineering of the VSB — Technical University of Ostrava. In this case, the intention of the Editorial Board
is to point another case of professional activity extending into the field of underground construction engineering. The first paper outline the long history of
the epartment, describe the very extensive scientific-research activities and put stress on some specific outputs. Even the orientation and scope of the tea-
ching activities of the department have their place in the paper. The other two papers prepared by scientific and teaching employees of the Department of
Geotechnics and Underground Engineering of the Faculty of Civil Engineering of the VSB-TU are dedicated to the analysis of the impact of seismic effects
induced by the application of blasting to the process of rock disintegration in the underground construction engineering (at the Jablunkov, Slivenec and
Klimkovice tunnels), respectively to the options available for the structural design of a double-shell tunnel lining.

As it has become a standard, the TUNEL journal contents are supplemented by several regular columns. Nevertheless, many readers certainly must have noti-
ced that quite recently the journal issues contained a higher number of technical papers. The reason is even the fact that no new underground construction projects
are currently being started. One of the main causes of this state is undoubtedly the very clumsy and lengthy system of discussing and approving construction pro-
jects. It is due to the legal system, which is to a large extent more and more complicated. The information according to which over 1.5 million legal regulations,
possibly up to 2 million, scurried recently through the cyberspace (and immediately again disappeared). The state is so complicated that neither specialists are acqua-
inted with it! From this point of view, the effort to significantly legislatively simplify the current unbearable state (which, according to other information, is one of
the most complicated in the EU) which is currently being ventilated in Parliament of the Czech Republic seems therefore to be the right step. The reason is that
parliamentary as well as presidential elections will take place this year and it is probably only just a coincidence that the choice of the leaders of their professional
organisation — the ITA-AITES CzTA - is also waiting for the tunnellers. In this context it only remains to wish good luck to the voters.

VLADISLAV HORAK, a member of the Editorial Board




VAZENI CTENARI,

jsem velmi rdd, Ze mohu prispét do Casopisu
Tunel a uvést tak nase prispévky, které reprezentu-
ji souCasnou cestu tuneldrskou profesi.

K zamysleni mé vede, co vSechno se muselo stat
nejen ve spoleCenském vyvoji, abychom se dostali
od prohliZeni a ndsledného vystfihovani technicky
ohromujicich obrdzka z Casopisi Tunnels &
Tunneling pred 25 lety aZ po zvladnuti technologie
razby metodou Drill&Blast ve Skandindvii a meto-
du TBM v Cechich. Mezi tim jsme si osvojili a rozvinuli
v Cechich technologii vystavby podzemnich dél metodou
NRTM, a to pro vSechny zdkladni typy silni¢nich a Zeleznic¢-
nich tuneld a metra.

V soucasné dob¢ uplatnujeme NRTM pouze na Slovensku.
V zemi naSich nejbliZ§ich sousedu v poslednich letech roste
vystavba silni¢nich a Zelezni¢nich tuneld, zatimco u nas doma
klesl objem vSech razeb velkych profila za poslednich pét let
na tficet procent a nynéjsi prileZitost pro vyuZiti metody
NRTM je de facto nulova. Za této situace neni jednoduché pro-
sadit se na Ceském trhu a udrZet si pozici predniho dodavatele
podzemnich staveb.

Nase spole¢nost méla ve svém vyrobnim programu vzdy
zahrnuty i zahrani¢ni lokality. Soucasna bilance pres 20 km
vyraZenych tuneli ve Skandindvii a na Islandu je praktickym
vysledkem strategie firmy. Statisticky ,,strohy tdaj* — pocet
vyraZenych kilometrd je naplnén praci a Gsilim, o nichZ védi
své zejména lidé, ktefi u toho byli. Jak mnohdy nesnadnd cesta
to byla — od klimatickych podminek pres jazykové bariéry az
po komunikaci s investory nejlépe znalych svého doméaciho
podnikatelského prostredi. Témér pétadvacetileté pusobeni
Metrostavu v oblasti vystavby podzemnich d€l v zahraniéf je
doloZenim naSeho neustdlého rozvoje a dynamiky, jakoZto
i stabilizace na téchto trzich.

Jsem vskutku potéSen, Ze do naSich vyrobnich kapacit spadd
i technologie raZzeb metodou TBM. Neztracime tak kontakt
s nejmodernéjsi technologii vystavby tunelu, kterd je sice tech-
nicky ndro¢néjsi, vyzaduje vysoce kvalifikovany persondl, je
ale rychlejsi, efektivnéjsi a Setrné€jsi v danych podminkdch
zejména k Zivotnimu prostredi. Prvni zkuSenost z aplikace
technologie mechanizovaného tunelovani (TBM) vétsich pro-
fila byla ziskdna pfi vystavbé prazského metra s pomoci sovét-
ského mechanizovaného §titu TSEB-3 jiz v 70. letech minulé-
ho stoleti. OvSem s prihlédnutim k nové v pravdé jiZ pramy-
slové epose rozvoje této technologie to bylo opravdu prvné az
v letech 2011 a 2012 a to opét pri stavbe prazského metra ten-
tokrat trasy V.A. V soucasnosti touto technologii razime ejpo-
vické tunely, nejdelsi Zelezni¢ni tunely v Cechdch. Samoz-
fejmé sledujeme i dalsi technicky rozvoj v naSem oboru a neu-
stile se u¢ime né€emu novému.

Seznamte se tedy alespon s malym vyfezem nasi ¢innosti
v oblasti tunelovych staveb prostrednictvim ndmi zde aktudlné
priloZenych ¢lanka.

Zdaf Bih! Zdar Boh! Lykke til!

#
/
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DEAR READERS,

I'am very happy that I can contribute to TUNEL journal
and present our company’s contributions representing the
current way through the tunnel construction profession.

The thought-provoking question is what all had to
happen in our company to get from cutting out techni-
cally stunning pictures from Tunnels & Tunneling jour-
nal issues 25 years ago to mastering tunnel excavation
using the Drill&Blast technique in Scandinavia and the
tunnel driving technique using a Tunnel Boring Machine
in Bohemia. Between these two techniques we in addition acquired
and developed the NATM method in Bohemia for all basic types of
road, railway and metro tunnels.

Today we use the NATM only in Slovakia. The scope of the deve-
lopment of road and railway tunnels in the country of our closest
neighbours has been growing in recent years, whilst the volume of
all excavation of large profiles has dropped during past 5 years to
thirty per cent and de facto no opportunity for the application of the
NATM currently exists. In this situation it is not easy to break
through on the Czech market and maintain the position of a leading
contractor for underground construction projects.

Metrostav a.s. has always had even foreign markets contained in
its production programme. The current balance of over 20km of tun-
nels excavated in Scandinavia and in Iceland is a practical result of
the company strategy. The statistically “austere data” — the number
of completed kilometres of tunnel excavation is filled with the work
and effort the magnitude of which is known first of all to people who
made it. How difficult process it often was — from climatic conditi-
ons through language barriers up to communication with project
owners best cognisant of their home environment.

The nearly twenty five years of Metrostav a.s. in the field of underg-
round construction activities abroad is the proof of our company deve-
lopment and dynamics, as well as the stabilisation on those markets.

I am really delighted that the portfolio of our production capaciti-
es contains even the tunnel driving technique using TBMs. It means
that we do not lose contact with the up-to-date tunnel construction
technology, which is technically more difficult and requires highly
qualified personnel, but on the other hand, is faster, more effective
and more environmentally friendly in the current conditions. The
first experience of the application of mechanised tunnelling (TBM
technology) to driving larger cross-section tunnels was gained as
long time ago as the 1970s, during the construction of Prague metro,
using the Soviet tunnel boring machine TS¢B-3. However, taking
into consideration the new, truly already industrial epoch of the
development of this technology, the really first application took
place in 2011 and 2012, again during the construction of Prague
metro, this time the Line V.A. Currently we are using it for driving
the Ejpovice tunnels, the longest tunnels in Bohemia. Of course, we
also observe other technical development fields of our industry and
permanently learn new things.

Well, familiarise yourselves with an at least small cut out of our acti-
vities in the field of tunnel construction projects through the papers cur-
rently contained in the journal.

W) God speed you! Zdar Buh! Zdar Boh! Lykke til!

ING. ROMAN FUKSA

feditel divize 5, Metrostav a.s.
Director of Division 5, Metrostav a.s.
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MILI CTENARI,

Fakulta stavebni v Ostravé v tomto roce slavi své 20. vyro-
¢i. Jako oficidlni datum zaloZeni se podle zakladajici listiny
uvadi 1. 1. 1997. Dovolte mi proto ohlédnout se jak za minu-
losti, tak se i zamyslet nad budoucnosti dal§tho rozvoje a sme-
fovdni fakulty.

V prvé fadé je potieba vzpomenout a podékovat viem, kteri
se o zalozeni fakulty zaslouzili. Vznik Fakulty stavebni
v Ostraveé podporila fada celostitnich odbornych instituci
a jejich ostravskych pobocek. Obrovsky dik pti budovani nové
fakulty rovnéZ patif prvnim pracovnikim, kteff svym nadsenfm, erudici
a osobnimi kontakty poloZili prvni zdklady vyuky a vyzkumu na noveé
vzniklé ,,stavaiiné v Ostravé. Nechci zde vSechny vyjmenovavat, abych
na n¢koho nezapomnél. Podékovani za rozvoj fakulty v uplynulych 20
letech vSak patii viem jejim pracovnikum. Nékteff jiZ nejsou mezi ndmi,
fada z nich vSak stdle na fakulté ptisobf at’'uz formou vyuky, nebo tcasti na
feleni vyzkumnych projektu.

Aredl Stavebni fakulty je jiZ po tfech etapach rekonstrukci a pfistavby
byvalé zdkladni $koly k roku 2016 prakticky dostavén. V roce 2015 jsme
na fakult¢ dokon¢ili dlouho oCekdvanou experimentdlni zkusebni halu,
v roce 2016 byla dokoncena vyroba a montdZz technologického vybaveni
a letos pripravujeme zahdjeni provozu Experimentalniho stavebniho cent-
ra zaméfeného na statické a dynamické zkousky velkych stavebnich prvku
a konstrukei. Do feSeni vyzkumnych tloh se ndm daii zapojovat stale vice
studentu doktorského, ale i magisterského a bakaldiského studia. Studenti
se tak nejen sezndmi s vyzkumnou Cinnosti na fakulte, ale mohou si i pfi-
vydélat. T nds rovnéz nemalé dspéchy nasich studentt, kteff svymi zna-
lostmi a dovednostmi sméle souperf se studenty jinych stavebnich fakult
v ndrodnich i mezindrodnich studentskych soutézich a v poslednich letech
privazeji stéle vice prestiznich ocenéni.

Nase Technickd univerzita, jejiz soucasti je i Stavebn{ fakulta, je zaraze-
na v prestiznim britském Zebricku THE — Times Higher Education, ktery
obsahuje vybér nejlepsich univerzit na svéte. Je to pro nasi fakultu a celou
univerzitu obrovsky dspéch, ktery potvrzuje kvalitu studia, intenzivni spo-
luprdci s primyslem, uplatnéni absolventu v praxi a excelentni vysledky ve
vyzkumu. Uplatnitelnost nagich studentt v zahrani¢i umoZiiuje kromé kva-
litniho vzdélani i udéleny ,,ECTS label* vyddvany evropskou komisi, kterd
zaruCuje akademické uzndvdni studia v zahrani¢i. Dodatek diplomu,
,Diploma Supplement*, vyddvany spole¢né s diplomem po absolvovani
bakalarského, magisterského nebo doktorského studijniho programu viem
studentim, piibliZuje budoucim zaméstnavatelam obsah studia, droveri
a postaveni absolvovanych studijnich programu.

Navysili jsme vysledky ve védé a vyzkumu, a to jak po¢tem impakto-
vanych védeckych publikaci, tak finan¢nim objemem tzv. smluvniho
vyzkumu pro pramyslové firmy a stavebni spole¢nosti. Zahdjili jsme pii-
pravu novych projekti Operaéniho programu zaméfenych na inovaci
a tvorbu novych studijnich programu, tak aby byly vice kompatibilni se
sveétovymi trendy. Zacind k ndm totiZ prijizdét studovat v anglickém jazy-
ce stale vice zahrani¢nich studenti, coz svéd¢i o atraktivnosti studia na
Stavebni fakulté v Ostravé.

Znalecky tstav fakulty se podili na feSeni Sirokého spektra problému,
poruch ¢&i havirii inZenyrského a pozemniho stavitelstvi, jako je napriklad ddl-
nice D47. V oblasti geotechniky a podzemniho stavitelstvi se fakulta zabyva
problematikou feSent stability svaht a budovéni tunelt s ohledem na jejich bez-
penost. Nasi experti se podileli na feSenf tuneld Valik, Klimkovice, tunelu
Dobrovského v Brné, tunelu Jablunkov i tunelu Blanka v Praze.

Do budoucna bych si ptél, aby naSe fakulta byla vyhleddvéna jak naSimi,
tak zahraninimi studenty pro své jedinecné studijni
programy, vynikajici pedagogy, odborniky, experi-
mentalni zarizeni a v neposledni fadé pro moznosti
fesit ndro¢né inZenyrské dlohy pomoci superpocitace
v Narodnim superpocitacovém centru.

K tomu preji nas{ fakulté hodné dspéchu v dalsim
obdobi rozvoje.

/

DEAR READERS,

The Faculty of Civil Engineering in Ostrava this year celebra-
tes the 20th anniversary of its foundation. The 15t January 1997 is
the official foundation date presented in the Founding Charter.
Allow me, therefore, both to look back on the past and to rumina-
te over the future development and direction of the Faculty.

First of all it is necessary to remember and express thanks to all
people who participated in the foundation of the Faculty. The ori-
gination of the Faculty of Civil Engineering in Ostrava was sup-
ported by numerous national institutions and their branches seated
in Ostrava. Special thanks belong to the first employees, who, through their ent-
husiasm, erudition and personal contacts, laid the first foundations of teaching
and research activities at the newly originated building/civil engineering branch.
I 'am not going to name all so that I do not forget some of them. The thanks for
the Faculty development during the past 20 years belong to all of the Faculty
employees. Some of them are no more among us, but many still work at the
Faculty, either in the form of teaching or by participating in research projects.

After three stages of reconstruction and the construction of an annexe to a for-
mer elementary school, the premises of the Faculty of Civil Engineering will be
virtually complete by 2016. In 2015 the Faculty finished the long-awaited expe-
rimental and testing hall; a production and assembly facility was finished in 2016
and bringing of the Experimental Building Centre focused on static and dynamic
testing of large building elements and structures is under preparation to be brought
into service this year. We are successful in engaging more and more Doctoral stu-
dents, but also Master and Bachelor students. In this way students are acquainted
not only with research activities at the Faculty, but they can even earn some extra
money. We are in addition pleased with the considerable success of our students,
who have boldly rivaled students of other faculties of civil engineering in national
and international student competitions through their knowledge and skills and, in
recent years, have been gaining more and more prestigious awards.

Our Technical University, a part of which is also the Faculty of Civil
Engineering, is incorporated into a prestigious British ranking, THE — Times
Higher Education, containing a selection of the best universities in the world. It is
a tremendous success for us, confirming the quality of studies, the intense collabo-
ration with the industry, the use of the graduates in practice and excellent results in
the field of research. The employability of our students abroad is possible, apart
from good quality education, even owing to the ECTS Label certificate awarded by
the European Commission, which guarantees the academic recognition of studies
abroad. The Diploma Supplement, which is handed over to all students together
with the diploma after graduating from the Bachelor’s, Master’s and Doctoral study
programmes. It outlines the contents of the study, the level and positions of the
study programmes for information of future employers.

We improved the results in the field of science and research both in terms of
the number of impacted scientific publications and the financial volume of the
so-called contractual research carried out for industrial firms and civil enginee-
ring companies. We started the preparation of new projects of the Operational
Programme focused on innovation and development of new study programmes
designed to be more compatible with global trends. The reason is that more and
more foreign students come to us to study in English. This fact confirms the att-
ractiveness of studies at the Faculty of Civil Engineering in Ostrava.

The Expert Institute of the Faculty participates in solving a wide range of
problems, failures or collapses in the sphere of civil engineering and building,
such as the D47 motorway project. In the field of geotechnics and underground
structural engineering, the Faculty deals with problems of solving stability of
slopes and constructing tunnels taking into consideration their safety. Our
experts participated in solving the Valik and Klimkovice tunnels, the
Dobrovského tunnel in Brno, the Jablunkov tunnel and the Blanka complex of
tunnels in Prague.

For the future, I would wish that our Faculty is preferred by Czech as well as
foreign students taking into consideration its unique study programmes, out-
standing teachers, experts, experimental facilities and, last
but not least, the opportunity to solve complex enginee-
ring tasks using a supercomputer at the National
Supercomputing Centre.

To all of that, I wish our Faculty lots of success during
the next period of development.

PROF. ING. RADIM CAJKA, CSC.

dékan, Fakulta stavebni VSB — Technicka Univerzita Ostrava
The Dean, Faculty of Civil Engineering of the VSB — Technical University of Ostrava
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STAVBA DALNICE D8 - 0805 LOVOSICE - REHLOVICE,
VYSTAVBA TUNELU PRACKOVICE A RADEJCIN

MOTORWAY D8 - 0805 LOVOSICE - REHLOVICE PROJECT,
CONSTRUCTION OF PRACKOVICE AND RADEJCIN TUNNELS

JIRI TROCHTA, PAVEL KUDEJ, JIR[ SYVOBODA, MICHAL HNILICKA

ABSTRAKT

Prispévek shrnuje vystavbu posledniho viseku ddlnice DS, stavby D 0805 Lovosice — Rehlovice z pohledu zhotovitele stavby.

Yo ox -

V ¢ldnku je zminéna historie vystavby celé ddlnice D8 z Prahy ke stdtni hranici se Spolkovou republikou Néemecko. V dalsi &dsti
Jjsou uvedeni ucastnici vystavby stavby D 0805 a jsou charakterizovdny vyznamné objekty. Podrobné je potom popsdna vystav-
ba a technologické vybaveni dvou ddlnicnich tunelii Prackovice a Radejéin.

ABSTRACT

The paper summarises the construction of the last section of the D8 motorway, the construction package D 0805 Lovosice —
Oéehlovice,from contractor’s point of view. The paper mentions the history of the construction of the entire D8 motorway from
Prague up to the state border with the Federal Republic of Germany. Another part presents the participants in the development
of the D 0805 project and characterises important objects. The construction and equipment of two motorway tunnels, the

Prackovice and the Radejcin, is further described in more detail.

uvoD

Jestlize v roce 2015 bylo nejvétsi dopravni stavebni uddlosti
uvedeni prazského tunelového komplexu Blanka do provozu,
tak v roce 2016 to bylo dokonceni celé ddlnice D8 zprovoznénim
posledniho dseku D 0805 Lovosice — Rehlovice. Na obou téchto
vyznamnych stavbach se podilela spoleCnost Metrostav a.s.,
a to hlavné vystavbou tuneld.

Stavba 0805 byla zahdjena podepsdnim smlouvy o dilo v roce
2007. Stavebni prace nemohly byt zahdjeny na celé stavbe ihned
po podpisu smlouvy, protoZe objednatel nepredal staveniSte
zhotoviteli z davodu absence stavebnich povoleni. Plynuly pru-
béh stavby byl naruSovan Zalobami ob&anskych sdruzeni proti
jiZ vydanym stavebnim povolenim nebo tizemnim rozhodnutim.
V roce 2013 bylo téleso rozestavéné délnice zasazeno velkym
svahovym sesuvem. VSechny tyto skuteCnosti zpusobily, Ze
stavba ddlnice D8 — 0805 byla preddna verejnosti do uzivani az
17. prosince 2016.

DOKONCENI( VYSTAVBY DALNICE D8

Dne 17. prosince 2016 byla po dlouhém ocekavéni zprovoz-
néna posledni &ast ddlnice DS, stavba D 0805 Lovosice —
Rehlovice. Po nékolika letech byla v Ceské republice uvedena
do provozu dalsi velka dalni¢ni liniovad stavba. Od zahdjeni
vystavby prvniho dseku ddlnice D 0806 v roce 1984 tak uply-
nulo 32 let do dokonéeni délni¢niho propojeni Prahy a Drazdan.
O vyznamu stavby svédiila i G¢ast vyznamnych Einiteld CR
a Némecka pfi slavnostnim otevren.

Délnice D8 je soucdsti IV. evropského multimodélniho
dopravniho koridoru Berlin — Drazdany — Praha — Bratislava —
Gyor — Budapest'— Adar — Craiova — Sofie — Plovdiv — Istanbul.
D8 je také mezindrodni silnici E 55.

Celéd ddlnice D8 zacind na severnim okraji Prahy nedaleko
obce Zdiby a kon¢i na statni hranici s Némeckem severozapadné

INTRODUCTION

Whilst the largest transport construction event in 2015 was
the inauguration of the Blanka complex of tunnels, in 2016 it
was the completion of the entire D8 motorway manifested by
bringing the last D 0805 Lovosice — Rehlovice section into
service. Metrostav a. s. participated in the work on this impor-
tant construction package, mainly by constructing tunnels.

The development of the construction package 0805 commen-
ced by signing the contract for work in 2007. The construction
work operations could not start on the whole construction site
immediately after signing the contract because of the fact that the
project owner did not hand the site over to the contractor becau-
se of the absence of some construction permits. The fluent con-
struction process was disturbed by legal actions of civic associa-
tions against already issued construction permits or zoning and
planning decisions. In 2013, the body of the under-construction
motorway was affected by a major landslide. All these facts cau-
sed that the D8 motorway construction package 0805 was put
into public service as late as the 17th December 2016.

COMPLETION OF THE D8 MOTORWAY DEVELOPMENT

On the 17th December 2016, after long waiting, the last part
of the D8 motorway, construction package D 0805 Lovosice —
Rehlovice, was brought into service. It was another large line-
ar motorway structure opened to traffic in the Czech Republic
after several years. The completion of the motorway intercon-
nection between Prague and Dresden took place 32 years after
the commencement of the construction of the first D 0806
motorway section in 1984. The project importance was even
manifested by the presence of major officials of the Czech
Republic and Germany at the inauguration.

The D8 motorway is part of the 4th European multimodal tran-
sport corridor Berlin — Dresden — Prague — Bratislava — Gyor —
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od kru$nohorské obce Krasny Les, kde navazuje na némeckou
dalnici A17 smérem na Drazdany délky 45 km. Délnice D8
méii celkem 92,208 km, jeji soucdsti jsou Ctyfi tunely, kazdy
o dvou tubusech celkové délky témér 3,5 km, 70 ddlni¢nich
mostl, 13 mimotroviiovych kfizovatek, tfi oboustranné vyba-
vené odpocivky (Kli¢any, Sifejovice a Varvazov) a tri
Strediska spravy a ddrzby dalnic (SSUD) Nové Ves v km 16,
Rehlovice v km 64 a Petrovice v km 87.

O stavbé délnice v trase dneS$ni D8 se uvazovalo jiz od
konce tficatych let 20. stoleti. Vzdjemné propojeni délni¢ni
sité mezi dnes jiZ neexistujicimi stity CSSR a NDR bylo pro-
jednavano v letech 1968-1971, v té dobé se poprvé zacal pou-
zivat termin ddlnice D8 a fe$ilo se délni¢ni spojeni mezi
Prahou a Drazdany.

Diélnice D8 byla rozdélena na sedm samostatnych staveb
s oznaCenim D 0801 aZ D 0807. Vlastni vystavba ddlnice D8
zaCala v druhé poloviné osmdesdtych let a jeji prvni otevieny
usek nevedl prekvapivé z Prahy, ale jednalo se o usek
Rehlovice — Trmice (stavba D 0806), ktery byl otevien v roce
1990. Usek byl dlouhy &tyfi kilometry a byl vyuZivan hlavné
pro dopravu mezi Teplicemi a Ustim nad Labem.

Dal§i dsek Zdiby — Praha délky 2,248 km zprovoznény
v roce 1991 byl nejprve oznacen jako silnice pro motorova
vozidla a od roku 2016 je soucasti ddlnice D8 a plynule nava-
zuje na prazskou Proseckou radidlu.

Potom jiz nasledovaly v relativné rychlém sledu dseky od
Prahy ke statni hranici s Némeckem:

D 0801 Zdiby — Uzice
D 0802 Uzice — Novd Ves
D 0804 Doksany — Lovosice 13,425 km zprovoznéno v roce 1998
D 0803 Nové Ves — Doksany 16,351 km zprovoznéno v roce 2001
D 0807 Trmice — statni hranice

CR/Némecko 23,344 km zprovoznéno v roce 2006
D 0805 Lovosice — Rehlovice 16413 km zprovoznéno v roce 2016

9,600 km zprovoznéno v roce 1993
8,900 km zprovoznéno v roce 1996

Soucdsti stavby D 0802 jsou dva velké mosty: most pres
Vitavu (341 m) a most pres Bakovsky potok. Na stavbé D 0804
byl unikatni most pres Ohri délky 1,183 km.

Technicky nejslozitéjsi a nejvetsi byla stavba D 0807 v para-
metrech horské délnice s prevySenim 482 m a s nejdelS$im dal-
ni¢nim tunelem v CR — tunelem Panenskd (2115 m). Kromé& dal-
$tho tunelu Libouchec (520 m) se zde nachazi celd fada vyznam-
nych a zajimavych mostnich objekt, jako napfiklad most pres
traté CD v Trmicich (1085 m), most Kninice (1071 m), Hrani¢n{
most (430 m) a most pres Rybny potok (356 m), ocenény titulem
Ministerstva dopravy CR ,,Mostni dilo roku 2006“ a ~European
Award for Excellence in Concrete” za rok 2008 od ECSN
(European Concrete Societies Network).

Posledni realizovany tsek D 0805 byl kromé technické ndroc-
nosti stavby dlnice v &lenitém prostiedi Ceského stiedohoff nej-
slozitéjsi predevsim z duvodu legislativniho. Bylo potfeba zajis-
tit vyjimku Ministerstva Zivotniho prostfedi pro pruchod
Chrénénou krajinnou oblasti Ceské stiedohofi, vydani této
vyjimky trvalo 6 let. V Cervnu 2013 navic na stavbé ddlnice
D 0805 doslo k mimorddné udilosti — zemnimu proudovému
sesuvu na rozestavéné téleso délnice nedaleko obce Dobkovicky.

STAVBA D8 - 0805 LOVOSICE — REHLOVICE

Vystavba dalnice D8 — 0805 Lovosice — Rehlovice byla po
podepsani smlouvy o dilo zahdjena na podzim roku 2007. Stavba

Budapest — Adar — Craiova — Sofia — Plovdiv — Istanbul. The D8
is also part of the ES5 international road.

The entire D8 motorway begins on the outskirts of Prague,
near the municipality of Zdiby, and ends at the state border with
Germany, north-west of the Kru$né Mountains (the Erzgebirge)
municipality of Krdsny Les, where it is connected to the 45km
long German A17 motorway running in the direction of the city
of Dresden. The total length of the D8 motorway amounts to
92.208km. It comprises four twin-tube tunnels with the aggrega-
te length of nearly 3.5km, containing 70 motorway bridges,
13grade separated intersections, three equipped lay-bys on both
motorway sides (Kli¢any, Sirejovice and Varvazov) and three
centers of administration and maintenance of motorways
(AMCMs) (Nova Ves at chainage km 16, Rehlovice at chaina-
ge km 64 and Petrovice at chainage km 87).

The development of a motorway following the alignment of
the current D8 was under consideration already from the end of
the 1930s. The interconnection between the motorway networks
of the today no more existing states of the Czechoslovak
Socialist Republic and the German Democratic Republic was
negotiated during the 1968—1971 period. At that time the DS
motorway term started to be used for the first time and the motor-
way interconnection between Prague and Dresden was dealt
with.

The D8 motorway was divided into seven independent con-
struction packages marked as the D 0801 through to the D 0807.
The construction of the D8 motorway itself commenced in the
second half of the 1980s. Surprisingly, the first section which
was opened to traffic did not lead from Prague. It was the
Rehlovice — Trmice section (construction package D 0806) ope-
ned to traffic in 1990. The section was 4km long and was used
mainly for transport between the cities of Teplice and Usti nad
Labem.

The next section between Zdiby and Prague was 2.248km
long. It was brought into service in 1991. It was initially branded
a motor vehicle road; since 2016 it has been part of the DS
motorway, fluently connecting to the Prosek Radial Road in
Prague.

The sections from Prague to the state border with Germany
followed in a relatively rapid succession:

D 0801 Zdiby — Uzice 9.600 km opened to traffic in 1993
D 0802 Ugzice — Nova Ves 8.900 km opened to traffic in 1996
D 0804 Doksany — Lovosice 13.425 km opened to traffic in 1998
D 0803 Novd Ves — Doksany 16.351 km opened to traffic in 2001
D 0807 Trmice — CR/Germany

state border 23.344 km opened to traffic in 2006

D 0805 Lovosice — Rehlovice 16.413 km opened to traffic in 2016

The following two large bridges are parts of the D 0802 package:
the bridge over the Vltava River (341m) and the bridge over the
Bakov Brook. A unique 1183m long bridge over the river Ohie
(Eger) is part of the D 0804 construction package.

The D 0807 construction package was technically most compli-
cated and largest, with the parameters of a mountain motorway with
the difference in altitudes of 482m and the longest motorway tun-
nel in the Czech Republic, the 2115m long Panenska tunnel. In
addition to the next tunnel, the 520m long Libouchec, there are
numerous important and interesting bridge structures in this con-
struction package, for example the bridge over Czech Railways’
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D 0805 byla rozdélena na Sest samostatnych staveb: ¢dst A — trasa
ddlnice, ¢ast B — most Vchynice, ¢ast C — most Opdrno, ¢ast D —
most Dobkovicky, ¢dst E — tunel Prackovice a ¢dst F — tunel
Radej¢in (obr. 1).

Objednatelem stavby bylo Reditelstvi silnic a dédlnic CR, zhoto-
vitelem sdruZeni firem Eurovia CS, a.s., Metrostav a.s., SMP CZ, as.
a Berger Bohemia, a. s., s ndzvem ,,SdruZzeni D8 0805, SSZ-MTS*,
pri¢emz vedoucim sdruZeni byla spole¢nost Eurovia CS, a.s.
Generdlnim projektantem byl PRAGOPROJEKT, a.s., stavebn{
dozor zajistovalo sdruzeni Infram/HBH/Amberg/TDI stavby
805 vedené firmou Infram, a.s., a koordinidtorem BOZP byla
spole¢nost Manifold Group, s.r.o.

Stavbu od pocatku provézely problémy, z nichz zdsadni byly:

a) Systematicky poddvané Zaloby obcanskymi sdruZenimi
proti vydanym stavebnim povolenim, tzemnim rozhodnu-
tim a proti vydanym vyjimkdm dle zdkona ¢. 114/1992 Sb.,
o ochrané prirody a krajiny. PfestoZe byla veskerd odvolan{
zamitnuta, byl proces vystavby vyrazn€ zpomalen. Probi-
hajic{ spravni fizeni byla velice slozitd a zalujici strany vy-
uzivaly maximdlni lhaty pro vyfizeni. Z téchto duvodu se
spravni fizeni protahovala a vyddvéni stavebnich povolen{
byl nesmirné zdlouhavy proces, ktery mél negativni vliv na
realizaci stavby ddlnice jako celku.

b) V Cervnu 2013 bylo téleso ddlnice ve stani¢eni km 56,300—
56,500 zasaZeno proudovym svahovym sesuvem. Proudovy
sesuv o Sifce cca 100-200 m a délce po svahu cca 500 m
strhl ¢dst zafizeni lomu Dobkovicky, prerusil ¢dst Zelezni¢-
ni traté CD &. 097 Lovosice — Teplice v Cechéch a vyplnil
zhotoveny zdrez pro ddlnici. Do pohybu se dalo témer
500 000 m> zeminy.

Stavba D 0805 je z hlediska stavebniho nesmirné zajimava
a komplexni. Zahrnuje délni¢ni tunely, velké mnoZstvi raznych
typd mostu realizovanych riznymi technologiemi, pri¢emz
nékteré mostni konstrukce jsou jedine¢né. Stavbarfi se museli
vyporddat s vySe popsanym sesuvem, bylo nutné provdadét mnohd
sana¢ni a zabezpeCovaci opatren.

V podminkdch stavebniho povoleni byl kladen velky duraz na
Zivotni prostiedi, takZze soudsti stavby je devét dfevénych pro-
tihlukovych stén v trase ddlnice, jejichz délka je 5200 m, na
vSech ddlni¢nich mostech jsou také protihlukové stény s vyplni
z polymetylmetakrylatu.

O tom, Ze se jednd o vyznamnou stavbu, sved¢i nasledujici
udaje.

-
foto Petr Addmek photo courtesy of Petr Admek
Obr. 1 Tunel Radejéin pred uvedenim do provozu
Fig. 1 The Radejcin tunnel before opening to traffic
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tracks in Trmice (1085m), the Kninice bridge (1071m), the
Borderline bridge (430m) and the bridge over the Rybny Brook
(356m), which was appreciated by the Ministry of Transport of the
Czech Republic by awarding the title Bridge of the Year 2006 and
by the ECSN (European Concrete Societies Network) by the 2008
European Award for Excellence in Concrete).

The last completed section of the D 0805 construction package
was, apart from the technical demands of the construction of the
motorway across the dissected environment of the Ceské
Stredohori uplands, the most complicated, first of all for legislative
reasons. It was necessary to provide Ministry of Environment’s
exemption for the passage across the Ceské Stiedohoii Protected
Landscape Area. Issuing this exemption took 6 years. In addition,
an extraordinary event took place on the D 0805 motorway con-
struction site in June 2013 — a flow-type landslide hitting the under-
construction motorway body near the village of Dobkovicky.

CONSTRUCTION PACKAGE D8 - 0805 LOVOSICE -
REHLOVICE

After signing the contract, the construction of the D8 — 0805
Lovosice — Rehlovice motorway section commenced in autumn
2007. The construction package was divided into six independent
construction lots: Part A — motorway route, part B — the Vchynice
bridge, part C — the Opérno bridge, part D — the Dobkovicky brid-
ge, part E — the Prackovice tunnel and part F — the Radej¢in tunnel
(see Fig. 1).

The project owner was represented by the Road and Motorway
Directorate, the Consortium D8 0805, SSZ-MTS, consisting of
Eurovia CS, a.s., Metrostav a.s., SMP CZ, a.s. and Berger Bohemia,
a. s., with Eurovia CS, a.s. in the position of the consortium leader,
was the contractor. PRAGOPROJEKT, a.s., was the general desig-
ner. A consortium of companies consisting of Infram a.s.,
AMBERG Engineering Brno, a.s. and the office of project owner’s
technical supervision, with Infram, a.s. in the position of the leader,
provided the technical supervision. Manifold Group, s.r.o., was the
safety coordinator.

The construction has been accompanied by problems since the
beginning. The following problems were crucial:

a) Lawsuits systematically filed by civic associations against the
already issued construction permits, zoning and planning
decisions and exemptions issued in accordance with the Act
no. 114/1992 Coll. Despite the fact that all appeals were rejec-
ted, the construction process was significantly slowed down.
The ongoing administrative proceedings were very complica-
ted and the claiming parties used the maximum settlement
periods. For those reasons the administrative proceedings
dragged on and the issuance of construction permits was an
extremely lengthy process, which had negative influence on
the realisation of the motorway as a whole.

b) In June 2013, the motorway body at chainage km 56.300-
56.500 was affected by a flow-type landslide. The ca 100-
200m wide and ca 500m long landslide flew down the slope,
pulled down a part of the Dobkovicky quarry, interrupted
a part of Czech Railways’ track No. 097 between Lovosice and
Teplice in Bohemia and filled the already completed cutting
for the motorway. Nearly 500,000m? of soil began to move.

The construction package D 0805 is extremely interesting and
comprehensive from the aspect of construction. It comprises motor-
way tunnels and a large number of various types of bridges realised
using different technologies, with some unique bridge structures.
The builders had to cope with the above-mentioned landslide. It
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Celkova délka stavby D 0805 je 16,412 km, hlavni trasa je
navrzena v kategorii D 27,5/120. Soucast{ stavby jsou tfi mimo-
Groviiové kiizovatky (MUK Lovosice, MUK Bilinka a MUK
Ivlehlovice), dva tunely (tunel Prackovice délky 270 m a tunel
Radej¢in délky 620 m), 28 mostnich objektu, pricemZ 18 mosta
je délni¢nich, 9 objektld jsou nadjezdy pres ddlnici a jeden je
ostatni mostni objekt. Délka vSech nosnych konstrukei délnic¢-
nich mostu je témér 2300 m.

Mezi nejvyznamnéj§i mostni objekty stavby D 0805 patii: ddl-
ni¢ni most pres Opdrenské tdoli (zhotovitel Metrostav a.s.), dal-
ni¢ni most pres ddoli u Dobkovicek (zhotovitel Metrostav a.s.),
dalni¢ni estakada Prackovice (zhotovitel SMP CZ, a.s.), dalni¢ni
most u obce Vchynice (zhotovitel Eurovia CS, a.s.) a ddlni¢ni
most mezi tunely v km 58,568-58,689 (zhotovitel Metrostav a.s.).
Strucné charakteristiky vybranych mostnich objektu
SO C 205 - most Opdrno

Zelezobetonovy plnosténny oblouk se spoluptisobici predpja-
tou deskovou mostovkou o tfindcti polich ve smérovém a vysko-
vém oblouku, masivni opéry, st€nové pilite, zaklddani plosné.

Délka mostu: 286 m, rozpéti oblouku: 135 m (druhé nejvétsi
rozpeti Zelezobetonového oblouku v CR), vy$ka mostu: 50,6 m
(vyska nivelety mostu nad potokem).

Dilni¢ni most pies Opérenské tdoli ziskal ocenéni Ceské beto-
natské spole¢nosti CSSI jako ,,Vynikajici betonova konstrukce
2011 v kategorii mosty a mezindrodni ocenéni ECSN (European
Concrete Societies Network) ,,European Concrete Award 2012 —
Honorable Mention*.

SO D 208 — most Dobkovicky

Komorovy predpjaty trdm o deseti polich s horni mostovkou z &asti
v prechodnici a z ¢dsti v piimé, ve vySkovém oblouku, komorové
opéry, sténové pilife, zakladan{ hlubinné na Zelezobetonovych pilotach.

Délka mostu: 454,75 m, rozpéti poli: 30 m az 48 m (obr. 2).

SO A 210 - most Prackovice

Prefabrikované, predpjaté komorové segmenty, spojity nosnik,
sloupové monolitické podpéry, obsypané komorové podpéry,
zaklddani hlubinné na Zelezobetonovych pilotach délky az 20 m.

Délka mostu: levy most 475,50 m, pravy most 573,30 m, roz-
péti poli: 36 m az 48 m.

SO B 202 - most Vchynice

Spojitd nosnd konstrukce o Sesti polich shodného rozpéti z pre-
fabrikovanych nosniku z predpjatého betonu se sprazenou Zele-
zobetonovou deskou. Soucdsti mostu je i protihlukovy tubus
z ocelové konstrukce délky 192 m s vyplni protipoZdrnim sklem.

foto JiFi Pruzina photo courtesy of Jifi PruZina
Obr. 3 Ddlniéni most mezi tunely — pohled z tunelu Radejéin ku Praze pred
uvedenim do provozu

Fig. 3 The motorway bridge between the tunnels — a view from the Radejcin
tunnel toward Prague — before opening to traffic
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Jfoto Petr Addmek photo courtesy of Petr Addmek
Obr. 2 Ddlni¢ni most pres tidoli u Dobkovicek
Fig. 2 The motorway bridge over the valley near Dobkovicky

was necessary to implement numerous rehabilitation and securing
measures.

Great stress is put in the conditions of the construction permit on
the environment. For that reason there are nine wooden noise atte-
nuation walls along the motorway, with the length amounting to
5200m. Noise attenuation walls with polymethyl acrylate infill are
also on all motorway bridges.

The fact that the project is important is confirmed by the data below.

The total length of the D 0805 structure amounts to 16.412km;
the main motorway route is designed in the D 27.5/120category.
Three grade-separated intersections (hereinafter referred to as
GSIs) (GSI Lovosice, GSI Bilinka and GSI Rehlovice), two tunne-
Is (the 270m long Prackovice tunnel and the 620m long Radej¢in
tunnel), 28 bridge structures (18 of them being motorway bridges),
9 motorway overpasses and one another-type bridge are parts of the
motorway. The length of all load-bearing structures of the motor-
way bridges amounts to nearly 2300m.

The following bridge structures on the D 0805 motorway section
belong among the most important ones: the motorway bridge over
the Opdrno valley (contractor: Metrostav a.s.), the motorway brid-
ge over a valley near Dobkovicky (contractor: Metrostav a.s.), the
Prackovice motorway viaduct (contractor: SMP CZ, as.), the
motorway bridge near the village of Vchynice (contractor: Eurovia
CS, a. s.) and the motorway bridge between tunnels at chainage km
58.568-58.689 (contractor Metrostav a.s.).

Brief characteristics of selected bridge structures
SO C 205 - Opdrno bridge

A compact reinforced concrete arch with an interacting pre-ten-
sioned plate bridge deck with thirteen spans, on a directional and
horizontal curve, massive abutments, leaf piers, spread foundation.

Bridge length: 286m, width of bridge span: 135 m (the second gre-
atest span of a reinforced concrete arch in the Czech Republic), brid-
ge height: 50.6m (the height of the bridge alignment over the brook).

The Czech Concrete Society granted the motorway bridge over
the Opdrno valley the award titled “The outstanding Concrete
Structure 20117 in the category of bridges and the ECSN (the
European Concrete Societies Network) granted it with the interna-
tional ,,European Concrete Award 2012 — Honourable Mention®.
SO D 208 — Dobkovicky bridge

A box girder bridge with ten spans, an upper deck, partly on
a transition curve and partly straight, on a vertical curve, box abut-
ments, leaf piers, deep foundation on reinforced concrete piles.
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Délka mostu: 243 m, rozpéti poli: 6x38 m. Bridge length: 454.75m, length of spans: 30m up to 48m (see
SO F 211 - ddlnicni most mezi tunely Fig. 2).

Sprazend ocelobetonovd konstrukce trdmového typu, spojity SO A 210 - Prackovice bridge
nosnik o tfech polich. Spodni stavba je tvorena dvojici krajnich Precast, pre-tensioned box segments, continuous beam, cast-in
zelezobetonovych opér a dvojici vysokych Stihlych Zelezobetono- situ column-type piers, backfilled box abutments, deep foundation
vych pilifd. ZaloZeni spodni stavby je navrZeno jako kombinova- on up to 20m long reinforced concrete piles.
né — plo$né a hlubinné na velkoprumérovych pilotach (obr. 3). Bridge length: left-hand bridge 475.50m, right-hand bridge

Délka mostu: levy most 145 m, pravy most 154 m, rozpéti jed- | 573.30m, length of spans: 36 up to 48m.
notlivych poli: 38 m+54 m+38 m. SO B 202 — Vchynice bridge

V kvétnu 2012 byla preddna fidi¢im k uZivani &ast stavby dél- A continuous superstructure with six identically long spans from
nice D8 0805 v tseku mezi mimotiroviiovymi kfiZovatkami pre-cast pre-tensioned concrete beams with a composite reinforced
Lovosice (za¢itek tseku stavby 0805) a Bilinka. Zprovoznény concrete slab. A 192m long noise attenuation tube (a steel structu-
tisek byl dlouhy 3,8 km. re) with fireproof glass infill is also part of the bridge.

V dobé psani ¢lanku probihaly stabilizacni a sanaéni prace na Bridge length: 243m, length of spans: 6x38m
ndsypu a opéfe a jejfm okoli u prechodu t&lesa dalnice k prazské | SO F 211 — Motorway bridge between the tunnels
opéfe mostu Prackovice. Composite steel-concrete slab of a girder type, a continuous

beam with 3 spans. Substructure is formed by a pair of reinforced

STRUCNY POPIS GEOLOGICKYCH POMERU concrete side abutments and a pair of high and slender reinforced

concrete piers. Combined shallow and deep foundation on large-
diameter piles is designed for the substructure (see Fig. 3).

Bridge length: left-hand bridge 145m, right-hand bridge 154m,
lengths of spans: 38m+54m+38m.

In May 2012, a part of the D8 0805 motorway structure between
grade-separated intersections Lovosice (the beginning of 0805 con-
struction package) and Bilinka, was brought into service for dri-
vers. The section opened to traffic was 3.8km long.

At the time of writing this paper the stabilisation and rehabilita-
tion work on the embankment and abutment and its neighbourhood
at the motorway body transition to the Prackovice bridge abutment
was underway.

Trasa stavby 0805 Lovosice — Rehlovice tvoii velmi kompli-
kovany a ndaro¢ny usek. Geomorfologicky slozity az horsky terén
zpusobuje stiiddni vysokych ndsypu (vysky aZ 22 m) se zdfezy
o hloubce vice nez 20 m. Usek je podle Eurokédu 7 Navrhovani
geotechnickych konstrukei zarazen do III. geotechnické katego-
rie, tj. ndro¢nd stavba ve slozitych geotechnickych podminkach.
Ve vyznamné Cdsti povrchového vedeni trasy prechdzi dalnice
D 805 pres tizemi nachylnd k sesuvim.

Po 3iroké diskusi odbornikt byla Reditelstvim silnic a ddlnic
CR z nékolika variant vybrdna dne$ni trasa dseku D 0805 pro
dokumentaci pro uzemni rozhodnuti. VySkové vedeni trasy
umoznuje zachovat parametry délnice (stoupani a rychlost).
Varianta fesi prechod sesuvnou oblasti a umoznuje komunikaci BRIEF DESRIPTION OF GEOLOGICAL CONDITIONS
pro faunu v existujicich biokoridorech. Vyhodou stdvajici trasy
je redlnd moznost provést v ramci stavebnich praci prfi vystavbé
tunelovych objektd dpravu a sanaci téZbou znacné devastova-
nych svahu Prackovického lomu.

InZenyrsko-geologické a geotechnické poméry stavby dalnice
D8 stavba 0805 v dseku Lovosice — Rehlovice byly popsany
v fadé geologickych zprdv. Pro projekt ddlnice byly provedeny
podrobné geotechnické prizkumy (PUDIS a.s., 1997 a 2001)
a v doplnujici geotechnické pruzkumy (PUDIS a.s., 1998
a 2005). Tyto pruzkumy jsou souldsti dokumentace pro staveb-
ni povoleni a zaddvaci dokumentace stavby D 0805. Objednatel
i zhotovitel v rdmci vystavby délnice zajiStovali dals$i dodate¢né
podrobné inZenyrsko-geologické pruzkumy pro jednotlivé sta-
vebni objekty.

Dalnice D 0805 prochézi velmi sloZitymi geologickymi pomeéry
napii¢ Ceskym stfedohoiim, které je tvoreno komplexem mensich,
nékdy zcela izolovanych vulkanickych téles ruzného sloZeni
a tvaru. Slozity reliéf vznikl za neogenni a kvartérni denudace

The route of the construction package 0805 Lovosice —
Rehlovice forms a very complicated and demanding section. The
geomorphologicaly complex to mountainous terrain causes alterna-
tion of high embankments (up to 22m high) with cuttings over 20m
deep. This section is categorised according to the Eurocode 7,
Geotechnical Design, as geotechnical category III, i.e. a complex
structure in difficult geotechnical conditions. In a significant part of
the at-grade alignment the D 805 motorway runs across areas prone
to sliding.

The current route of the D 0805 section was selected from several
variants by the Road and Motorway Directorate of the Czech
Republic after a wide discussion of professionals to be used for the
documentation for the application for the zoning and planning decisi-
on. The vertical alignment of the route allows for maintaining the
parameters of a motorway (gradients and the speed). This variant sol-
ves the transition across the sliding area and allows the communicati-
on for fauna in existing ecological corridors. An advantage of the cur-
rent route is the fact that there is a realistic possibility of carrying out

a croze, pficemZ se vyrazné uplatnily rozdily v odolnosti hornin. surface finishes and rehabilitation of the Prackovice quarry slopes sig-
Udoli a kotliny se vytvorfily v tufech nebo mékkych podloznich nificantly devastated by quarrying activities within the framework of
kifdovych sedimentech. Rozsdhlejsi piikrovy vulkaniti podminily the construction work during the construction of tunnels.

vznik tabulovych vrchi. Mensi télesa dala vznik kuZelovitym tva- The engineering-geological and geotechnical conditions for the
rim rizného vzhledu podle charakteru horniny, jako napiiklad D8 motorway, the construction package 0805, in the Lovosice —
oblast ¢edicovych lomi Prackovice a Dobkovicky. Vychodnf okra- Rehlovice section have been described in many geological reports.
je vulkanického télesa Kubacka postihuji v zdjmovém tzemi sva- | Detailed geotechnical investigations (PUDIS a.s. 1997 and 2001)
hové pohyby blokového typu a zasahuji aZ do prostoru stavby and supplementary geotechnical investigations (PUDIS a.s. 1998
0805. Labe se zde zarezavalo pod bézi vulkanického piikrovu do and 2005) were carried out for the purpose of the motorway design.
mékkych kifdovych hornin a odnaselo zpod okraju ker vytlatova- These investigations are parts of the documentation for constructi-
né turonské slinovce. Tim se zmensil sklon svaht a jednotlivé kry on permit (the final design) and the tender design for construction
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vulkanitd se posouvaly do tdoli Labe. Béhem vyvoje ddoli se
okraj vulkanitu od feky vzdaloval, rychlost pohybu se zmenSovala
a dnes prakticky doznéla.

Oba tunely Prackovice a Radej¢in byly realizovany v uzemi
s bazaltoidnimi télesy a v dsecich s mocnymi tufickymi polo-
hami s vyskyty slinovcu, takZe z hlediska geologické stavby
uzemi a konfigurace terénu prochdzeji velmi komplikovanym
prostiedim.

Tunel Prackovice

Ve skalnich vychozech na lomové sténé Prackovického lomu
a na okolnich svazich nad budouci ddlnici prevladaji zvétralé az
siln¢ zvétralé bazalty a tufy. Byla zjisténa pomérné velkd poruse-
nost skalnich vychozu, zejména ve svahu nad spodni ploSinou
v misté portdlu. Trhliny byly rozeviené, strmé uklonéné a byly
vétsinou orientovany Sikmo k ose ddlnice. Clenitost terénu se pro-
jevuje svahovymi sloZeninami rizného charakteru. Suté jsou cel-
kové kypré, maji veétSinou kamenity a misty az balvanity charak-
ter a jejich vypln je prevazné hlinito-piscitd.

V predstihu byla v letech 2004 a7 2005 realizovéna prazkumnd
Stola za tcelem ovéreni konkrétnich geologickych a hydrogeo-
logickych poméra a ovéfeni vhodnosti a dé¢innosti konstruk&nich
prvku pouzitych k zajisténi razenych tunelu. Pruzkumnd Stola
nebyla vzhledem ke komplikacim se stabilitou hornin (rozvolné-
nych vlivem historickych komorovych odstielt v lomu Prac-
kovice) v Cele lomové etdze v prostoru prazského portdlu raZzena
z prostoru budouciho portdlu tunelu, ale z Sachty vedené z lavice
nad portdlem. Pruzkum zbyvajicitho prostoru byl proveden az
nasledné dopliujicimi pruzkumnymi vrty, které ovérily mocnost
navazky nestabilnich kamenitych a balvanitych zemin nasypa-
nych na ¢elo lomové etdze.

Zarubni zed u prazského portalu tunelu Prackovice

Komplikované geologické poméry jsou také v celé délce
zarubni zdi, kterd navazuje na prazsky portdl na levé strané do
svahu. Jednd se zejména o sopecny popel — tuf s primési zrn
a dlomku vyvrelin. Sope¢né tufy se misty podobaji Skvdre s obsa-
hem pevnych Eediovych dlomka a kamenu. Tedy puvodné velmi
pevné vyvreliny maji v dané oblasti charakter drobné ilomkovi-
té rozpadavé, zvétralé az hlinito-tilomkovité rozloZené horniny.
Tunel Radejéin

Tunel byl raZen v nehomogennim prostfedi tvoreném rozloze-
nymi zvétralymi a navétralymi tufy. Zvétrani mélo vliv na razbu

s vz

pouze v priportdlovych Céstech. Ve stfedni ¢dsti razeného tseku
se vyskytovaly v tésném nadloZi, pfipadné v horni &asti profilu,
velmi pevné nezvétralé bazalty. Pro potreby optimélniho ndvrhu
byl horninovy masiv rozdélen na kvazihomogenni celky, které
vychazeji z vysledku vSech archivnich a novych prazkumnych
praci a geotechnickych zkousek. V tsecich razby, kde se objevo-
valy vétsi deformace, stavba postupovala s velkou ohleduplnosti
k horninovému masivu tak, aby nedoslo ke zhrouceni horninové
klenby. Z hodnoceni agresivnich slozek vyplynulo, Ze v dosahu
kolisdni hladiny podzemni vody byla prevazné slabd agresivita
vudi betonu.

VYSTAVBA TUNELU PRACKOVICE A RADEJCIN

Délni¢ni tunely Radej¢in a Prackovice se nachdzeji v severni
¢asti ddlni¢niho dseku. Tunely na sebe bezprostfedné navazuji,
nenachézi se zde Zadnd kfiZovatka, kterd by fidi¢im umoZznova-
la odboceni z ddlnice, takZe tvori jeden dopravni dsek. Z tohoto
divodu jsou oba tunely feSeny jednotné jak po strance stavebni,
tak po strdnce technologického vybaveni. Mezi tunely je umistén

package D 0805. Both the project owner and the contractor provi-
ded other supplementary detailed engineering-geological surveys
for individual construction objects.

The D 0805 motorway passes through very complicated geologi-
cal conditions across Ceské Stfedohoff uplands, which is formed by
a complex of smaller, sometimes completely isolated, volcanic
bodies with various composition and shape. The complex relief ori-
ginated during the Neogene and Quaternary denudation and erosi-
on, where differences in the rock resistance played important roles.
Valleys and basins were created in tuffs or weak underlying
Cretaceous sediments. More extensive overthrust sheets of volcani-
te rock created conditions for the origination of table hills. Smaller
bodies gave rise to conical shapes of various appearance, depen-
ding on the rock character, for example the area of the Prackovice
and Dobkovicky basalt quarries. The eastern edges of the Kubacka
volcanic body are affected in the area of interest by block-type
mass movements. They extend up to the space of the construction
package 0805. In this location, the river Labe (Elbe) cut itself under
the volcanic overthrust sheet base into weak Cretaceous rock and
carried away Turonian marlite pressed from under the edges of the
blocks. As a result, the gradients of slopes decreased and individu-
al volcanite blocks moved toward the Labe River valley. During the
course of the development of the valley the edge of the volcanic
rock receded from the river, the movement rate decreased and today
has virtually died out.

Both tunnels, the Prackovice and the Radej¢in, were realised in
an area containing basaltoid bodies and, in the sections with thick
layers of tuff, marlite occurrences. It means that, in terms of the
geological structure of the area and the terrain configuration, they
pass through a very complicated environment.

Prackovice tunnel

Weathered to heavily weathered basalt and tuff predominate in
rock outcrops on the Prackovice quarry face and on neighbouring
slopes above the future motorway. Relatively great disturbance of
the rock outcrops was identified mainly on the slope above the
lower platforms at the portals. The cracks were open, steeply dip-
ping and their trend was mostly at a skew to the motorway centre
line. The dissected character of the terrain manifests itself by vari-
ous character colluvial deposits. The debris are generally loose,
their character is mostly stony and locally up to bouldery and their
filling is mostly loamy-sandy.

An exploratory gallery was realised in advance in the 2004-2005
period. Its purpose was to verify the particular geological and hyd-
rogeological conditions and to verify the suitability and effective-
ness of structural elements used for the excavation support in the
mined tunnels. With respect to complications with the stability of
soil at the face of the quarry bench in the space of the Prague por-
tal, the exploratory gallery was not driven from the space of the
future tunnel portal. It was driven from a shaft excavated from
a bench above the portal. The survey of the remaining space was
carried out subsequently by means of supplementary exploratory
boreholes, which verified the thickness of the bank of instable
stony and bouldery soil existing at the face of the quarry bench.
Revetment wall at the Prague portal
of the Prackovice tunnel

Complicated geological conditions also exist throughout the
length of the revetment wall connected to the Prague portal on the
left-hand side toward the slope. There is first of all volcanic ash —
tuff with addition of grains and fragments of volcanic rock there.
The volcanic tuffs are locally similar to clinker containing hard
basalt fragments and stones. The originally very hard volcanic rock
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délni¢ni most pres Uhelnou strouhu, ktery se nachdzi v tzemi has a character of clastic rock quarrying to small pieces, weathered
s vysokym stupném ochrany v rdamci CHKO Ceské stiedohofi, up to loamy-fragmentally decomposed rock.
takZe pri vystavbé tam byl omezeny pristup. Radejcin tunnel

Obé tunelové stavby jsou razené s hloubenymi dseky v oblasti
portdla. Ra’zba byla realizovdna podle zdsad NRTM (Nové
rakouské tunelovaci metody). Osténi tunelt v raZenych Cdstech je
dvoupldstové s mezilehlou izolaci, kterd je provedena jako dest-
nikovd (neni izolovdna spodni klenba profilu tunelu). Tech-
nologické vybaveni tuneld je navrZeno podle TP 98 — Tech-
nologické vybaveni tunel pozemnich komunikaci. Osové vzdd-
lenost tunelovych trub je 27,5 m. Oddélen{ jizdnich pdsa délnice
v tunelu vyZaduje horninovy pilif mezi razenymi troubami, ktery
je 13 az 14 m Siroky. Jizdni pdsy délnice zustdvaji oddéleny i na
mezilehlém mosté.

The tunnel was driven through an inhomogeneous environment
formed by decomposed weathered and slightly weathered tuff. The
weathering affected the tunnel excavation only in the portal secti-
ons. In the middle part of the mined section, very hard, unweathe-
red basalt was encountered in the close overburden or in the upper
part of the cross-section. The rock massif was divided for the needs
of the optimal design into quasi-homogeneous blocks on the basis
of the results of all archive and new surveys and geotechnical tests.
In the excavation sections where larger deformations appeared, the
construction proceeded with great care for the rock massif so that
a collapse of the rock arch was prevented. It followed from the
Tunel Prackovice assessment of the aggressive components that the mostly low conc-

Tunel Prackovice prostupuje masivem hiebene kopce Debus rete-aggression action existed within the reach of the groundwater
ve vrcholové partii byvalého Prackovického lomu nad obci table fluctuation.

Prackovice. Jde o délni¢ni tunel se dvéma jednosmérnymi dvou-
pruhovymi tunelovymi troubami o délkdch: 270 m lev4 tunelova CONSTRUCTION OF PRACKOVICE AND RADEJCIN TUNNELS
trouba (LTT) a 260 m prava tunelovd trouba (PTT). Vzddlenosti
mezi obrubniky a pfi¢nym uspordddnim vozovky spadd tunel do
kategorie T9,5. Tunel je navrzen ve smérovém oblouku a s kon-
stantnim podélnym sklonem 3,2 %. V poloviné délky tunelu je
jedna propojka slouzici k tniku osob z jedné tunelové trouby do
druhé v pripadé mimorddné udalosti v jedné z nich. Soucasti
tunelové stavby je také provozné technicky objekt (PTO) umisté-
ny pred prazskym portdlem tunelu.

Zhotovitelem obou tunelt Prackovice a Radej¢in je firma
Metrostav a.s., divize 5, razbu tunelu Prackovice realizovala
Subterra a.s.

Pii hloubeni jednotlivych etdzi v odfezu praZského portélu
vyzadovaly nepriznivé stabilitni vlastnosti a dlomkovitd rozpada-
vost poloh zvétralych tufu a bazalti nutné zajisténi predpjatymi
kotvami, hfebiky a vyztuZenym stfikanym betonem. Hrebiky
musely byt osazovany do prostredi predem zpevnéného tryskovou
injektdzi. Pred vlastni razbou tunelovych trub bylo nutno provést
dalsi doplnujici stabiliza¢ni opatreni, a to pomoci dvojitého mik-
ropilotového ,,deStniku‘ nad kazdou troubou.

Vyrazné odleheni masivu ve svislém i vodorovném sméru pri
kone&ném odtéZeni téméi 20 000 m> horniny pied portdlovou sté-
nou vedlo k prostorovym deformacim horninového masivu a por-
talové stény prazského portdlu. Z toho duvodu byla pouZita dvé

The Radejc¢in and Prackovice motorway tunnels are located in the
northern part of the motorway section. The tunnels immediately
follow after each other. There is no intersection between them allo-
wing drivers to turn from the motorway. It means that they form
one traffic node. For that reason the two tunnels are designed uni-
formly as far as the structures and tunnel equipment are concerned.
There is the bridge over Uhelnd Strouha ditch located between the
tunnels. It is located in an area with a high degree of protection wit-
hin the framework of the Ceské Stiedohof{ Nature Reserve, there-
fore the access during the construction was limited.

Both tunnel structures are mined, with cut-and-cover sections in
the areas of portals. The tunnel excavation was realised in accor-
dance with the NATM principles. The linings of the tunnels are of
the double-shell type with an intermediate waterproofing layer car-
ried out as an umbrella (the tunnel cross-section invert is without
waterproofing). The tunnel equipment is designed according to the
TP 98 specifications — Road tunnel equipment. The distance bet-
ween centres of tunnel tubes is 27.5m. The increased distance bet-
ween the carriageways is required because of the necessity for
a rock pillar between the mined tunnel tubes, which is 13 to 14m
wide. The increased distance between the motorway carriageways
remains unchanged even on the intermediate bridge.

stabiliza&n{ opatieni — neprodlené provedeny prisyp 500 m® zem- Prackovice tunnel
niho materidlu k portdlové sténé a v dal3f fazi provedené tii fady The Prackovice tunnel penetrates through the Gebus Hill ridge
piedpjatych pramencovych kotev. Pozdéji musela byt pouZita massif at the peak part of the former Prackovice quarry above the
dals{ dvé stabiliza¢ni opatieni — prisyp zemniho materidlu k por- municipality of Prackovice. It is a motorway tunnel with two uni-
tdlové sténé a po ném nasledovalo vybetonovdni mohutného directional double-lane tunnel tubes with the following lengths:
monolitického bloku ve stfedn{ &dsti portalové stény. the left-hand tunnel tube (LTT) 270m, right-hand tunnel tube
Zajisténi dsteckého portdlu bylo provedeno s pouZitim shodné | (RTT)260m. The kerb-to-kerb width and the cross-sectional con-
technologie jako na prazském portile. Ustecky portdl ale byl figuration of the roadway place the tunnel into T9.5 category. The
podstatné mensi a prakticky shodné horniny nebyly v minulosti tunnel alignment is designed to be on a horizontal curve and at
tak silné postiZzeny alteraci a lomovou ¢&innosti. Minimalizace a constant longitudinal gradient of 3.2%. One cross passage is
rozlohy a zajisténi portdlu byla umoZznéna schopnosti zhotovitele located in the middle of the tunnel length. It allows escape of per-
provést prorazku pravého tunelu prakticky s nulovym nadloZim. sons from one tunnel tube to the other in the case of an extraor-
Samotné zajisténi portdlu bylo provedeno bez komplikaci, pre- dinary event taking place in one of them. An operational- service
stoze zde byly velmi stisnéné prostorové pomeéry. Vzhledem building (OSB) located in front of the Prague portal is also part
k blizkosti tzemi Uhelné strouhy byl sprdvou CHKO zakdzdn of the tunnel construction.
vstup do tohoto prostoru. The contractor for the Prackovice and Radej¢in tunnels is
Razba tunell byla zahdjena z predem zajiSténého jizniho raZe- Division 5 of Metrostav a.s.; the excavation of the Prackovice tun-
ného prazského portdlu, kdyZ byla pfedem vyraZena pruzkumnd nel was realised by Subterra a.s.
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Stola s pristupovou Sachtou. Razba byla zatfidéna do dvou tech-
nologickych tfid 4 a 5a. Osténi md v razenych tunelech spodni
Zelezobetonovou klenbu v celé délce tunelu.

Rozpojovéni horniny probihalo mechanizované, trhaci préce
byly pouzity zcela ojedinéle. Podil rozpojovacich praci byl pfi-
zpusoben zastizenym podminkam pfi razbé a zdsaddim NRTM.

Vystavba byla zapocata vybudovanim ochranného limce (pred-
Stitku), coZ byla Zelezobetonova skorepinova konstrukce ve tvaru
tunelu v technologické tridé NRTM 5a. Bloky betondZe defini-
tivniho osténi byly rozdéleny na 16 kusu pro levy a 16 kust pro
pravy tunel razené ¢dsti. Jednotlivé bloky mely délku 10 m a byly
mezi sebou déleny pri¢nou blokovou spdrou. Na prechodu mezi
hloubenou a raZenou ¢&dsti je dilataéni spdara 20 mm vyplnénd
polystyrenem.

Vnitini rozméry zakladniho profilu jsou v celé délce tunelu
stejné, svetla Sitka definitivniho osténi je 12,27 m, svétld vyska
v ose je 9,10 m, vyska nad niveletou tunelu je 7,10 m. Minimaln{
tloustka klenby definitivniho osténi je 42 cm ve vrcholu horn{
klenby, minimélni tloustka spodni klenby je 72 cm. Zele-
zobetonova konstrukce spodni klenby razené Cdsti je z betonu
C 25/30 XF4, XD3 a z oceli R 10 505.9. Spodni klenba sekun-
darniho osténi byla betonovana na spodni klenbu primarniho
osténi, které bylo upraveno podkladnim a vyrovnavacim beto-
nem C 12/15 XO0.

Po vybetonovani spodni klenby a dokonceni izolace horni
klenby byla betonovana horni klenba sekunddrniho osténi do
ocelové formy délky 10 m. BetondZ se provadéla proti smeru sta-
ni¢enf trasy délnice. V predstihu pred betondzi horni klenby byla
instalovdna féliova izolace a poté osazena ocelovd vyztuZz pri-
slu§ného bloku.

Jednotlivé bloky horni klenby tvofi samostatné prstence.
Vyztuz spodni klenby byla vytaZzena do horni klenby. Bednici
vuz se pohyboval po kolejové drdze, kterd byla umisténa na ban-
ketech spodni klenby. Beton byl erpan potrubim za bednénim
a vySka betonu na ob¢ strany bednéni byla oveéfovana kontrolni-
mi okny.

Na vnéjsi strané raZzenych tunelt jsou umistény rubové tunelo-
vé drendZe o vnitinim pruméru 200 mm s kruhovou pevnosti
SN 10, kterd je obsypana drendznim betonem.

Hydroizolace je z nizkohustotni polyetylenové félie LLDPE
tloustky 2,5 mm se signdlni vrstvou, opatfend ochranou z geo-
textilie Geofiltex o plo§né hmotnosti 500 g/m? (obr. 4).

Sekundérni osténi je vybaveno v klenbové dsti sjednocujicim
akrylatovym ndtérem Sikagard 675W Elastocolor. V oblasti boku
je ndtér, ktery chrani beton proti pusobeni chemickych rozmra-
zovacich latek, ddle slouzi i jako odrazna vrstva pro osvétlen{
tunelu. Rozhrani mezi odraznou vrstvou a sjednocujicim natérem
je 4,5 m nad chodnikem. Odraznou vrstvu tvori epoxidovy natér
Sikagard Wallcoat v tloustce 200 pm.

V obou tunelech je v nouzovém pruhu délnice vedena destova
kanalizace. Do kanalizace jsou svedeny destové vody z horskych
vpusti, které odvodnuji prostor pred portdly, z uli¢nich vpusti
a z odvodniovacich Zlaba z komunikace. Do kanalizace je také
svedena voda z okoli provozné-technického objektu. Vnitini pro-
stor tunelu je odvodnén Stérbinovymi odvodnovacimi Zlaby,
které jsou vedeny podélné tunelovymi troubami a potom svede-
ny u prazského portdlu do samostatné kanalizace. Tato kanaliza-
ce je vyusténa do nddrZe kontaminovanych vod, kterd slouZzi
k zachyceni zneci§ténych vod (voda z myti tunelu, pfipadné pro-
vozni kapaliny z havdrii ¢i dniku v tunelech). V kanalizadnim
systému ddlnice jsou ddle akumulalni a istici zarizeni odtékaji-
cich vod.

During the course of the excavation of individual stages in the
side-hill cutting at the Prague portal the unfavourable stability
properties and shardy fragmentation of weathered tuff and basalt
necessarily required the stabilisation with pre-tensioned anchors,
nailing and shotcrete support. The nails had to be installed into an
environment reinforced in advance by jet grouting. Other supple-
mentary stabilisation measures had to be carried out prior to the
excavation of the tunnel tubes. They lied in the installation of
a double canopy tube pre-support above each tunnel tube.

The significant unloading of the ground massif, both vertical
and horizontal, during the final excavation of nearly 20,000m3 of
ground in front of the portal wall led to spatial deformations of the
ground massif and the Prague portal wall. For that reason two sta-
bilisation measures were applied — immediate placing of 500m? of
soil to the base of the portal wall and, in the next phase, the instal-
lation of three rows of pre-tensioned stranded anchors. Other two
measures had to be implemented later — the deposition of soil to
the base of the portal wall, followed by casting of a huge block of
concrete in front of the middle part of the portal wall.

The Usti nad Labem portal was stabilised using the identical
procedure as at the Prague portal. The difference was that the Usti
nad Labem portal was substantially smaller and the virtually iden-
tical ground had not been affected in the past by alteration and
quarrying activities. The minimisation of the extent and stabilisa-
tion of the portal was possible owing to the capacity of the con-
tractor to carry out the breakthrough of the right-hand tunnel tube
under virtually zero overburden. The portal itself was stabilised
without complications, despite the fact that the spatial conditions
were very cramped. Taking into consideration the closeness of the
Uhelnd Strouha ditch area, the natural reserve administration pro-
hibited the entry to this space.

The tunnel excavation started from the previously stabilised
southern mined Prague portal, where an exploratory gallery with
an access shaft were excavated in advance. The tunnel excavation
was categorised into two excavation support classes, 4 and 5a.
The lining of the mined tunnels has got an invert throughout the
tunnel length.

Ground was disintegrated mechanically; blasting was used
absolutely uniquely. The proportion of disintegration work was
adapted to the conditions encountered during the excavation and
to the NATM principles.

The construction work commenced by constructing a protective
collar (an advance canopy). It was a monocoque reinforced conc-
rete structure in the shape of the tunnel in the NATM excavation
support class 5a. The concrete casting blocks were divided into 16
pieces for the left-hand tunnel and 16 pieces for the right-hand
tunnel in the mined part. Individual blocks were 10m long. They
were separated by transverse block joints. There is a 20mm thick
expansion joint filled with polystyrene at the transition between
the cut-and-cover and mined parts.

The internal dimensions of the basic cross-section are identical
throughout the tunnel length, the net width of the final lining is
12.27m, the net height on the centre line is 9.10m, the height
above the alignment is 7.10m. The minimum thickness of the final
lining vault is 42cm in the upper vault crown, the minimum thick-
ness of the invert structure is 72cm. The reinforced concrete struc-
ture of the invert in the mined part is from C 25/30 XF4, XD3
concrete and R 10 505.9m grade steel. The concrete invert of the
secondary lining was cast on the invert of the primary lining,
which was provided with a finish — blinding and levelling concre-

te C 12/15 XO0.
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Obr. 4 Montdz izolacni folie
Fig. 4 Installation of waterproofing membrane

Podkladni vrstva vozovky v obou tunelech byla vytvorena
ze Sterkodrti frakce 0/63. Pokladka probihala ve dvou eta-
pach. Nejprve byla rozprostfena a zhutnéna vrstva tloustky
200-300 mm a potom ndsledovala poklddka druhé vrstvy
v tloustce 200-260 mm. Vlastni vozovka je vyrobena z cemento-
betonového krytu, ktery je proveden jako dvouvrstvy o celkové
tloustce 240 mm (spodni beton 190 mm a horni beton 50 mm).
Beton CB krytu je z tfidy C 30/37 XF4 D max 8 (horn{ beton)
a C 30/37 XF4 D max 22 (spodni beton). Na zdkladé zkuSenosti
z provozovanych tunelt byla zménéna povrchovéd dprava CB
krytu z pri¢né stridZze na obnazené kamenivo, coZ umoZnila
i aktualizace CSN 73 6123-1 z 06/2014. Jedn4 se o prvni pouZiti
této povrchové tpravy CB krytu v tunelu v CR (obr. 5).

Pro zdsypy hloubenych konstrukei byl pouzit materidl vhodny
podle CSN 73 6244 nebo &istecné i materidl ziskany raZbou
tunelu. Zasyp byl hutnény po vrstvach 300 mm.

Tunel Radej¢in

Tunel Radej¢in prochdzi dominantnim plochym kopcem
vychodné od nddrazi Radej¢in. Je feSen jednotné s tunelem
Prackovice, takZe se opét jednd o dvé jednosmérné dvoupruhové
tunelové trouby kategorie T9,5. LTT je dlouha 600 m, PTT pak
620 m. RaZenad ¢4st je dlouhd 446 m. Tunel Radej¢in je navrzen
v pfimém sméru a ve vrcholovém oblouku, takze podélny sklon
je proménny od 2,4 % do 0,0 %. Tunelové trouby jsou propojeny
tfemi propojkami slouzicimi k nouzovému uniku z postizené
tunelové trouby. Vzddlenost tunelovych propojek od portélu je

f——

foto Petr Addmek photo courtesy of Petr Admek
Obr. 5 Tunel Prackovice pred uvedenim do provozu
Fig. 5 The Prackovice tunnel before opening to traffic
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After the completion of casting the invert concrete and instal-
ling the waterproofing of the upper vault, the upper vault concre-
te of the secondary lining was poured behind 10m long steel form-
work. The concrete pouring operation proceeded against the direc-
tion of the motorway chainage. The waterproofing membrane was
installed in advance of pouring concrete and the steel reinforce-
ment of the particular block was placed subsequently.

Individual blocks of the upper vault form independent rings.
The invert reinforcement was extended up to the reinforcement of
the upper vault. The traveller formwork moved along a rail track
installed on ledges on the invert. Concrete was pumped through
a pipeline behind the formwork and the concrete pouring level on
both sides was checked through gates in the formwork.

External tunnel drainage pipes with the inner diameter DN 200
and the circular strength SN 10 are located on the external sides of
the mined tunnels. The drainage is padded with porous concrete.

The waterproofing is provided with a 2.5mm thick low-density
polyethylene LLDPE membrane with a signal layer, protected with
500g/m” Geofiltex geotextile (see Fig. 4).

The secondary lining in the vaulted part is provided with Sikagard
675W Elastocolor unifying acrylate coat. In the area of side walls,
the coat, which protects against the action of thawing chemicals, in
addition functions as a reflective layer for the tunnel lighting. The
boundary between the reflective layer and the unifying coat is at the
height of 4.5m above the walkway level. The reflective layer is for-
med by a 200pm thick Sikagard Wallcoat epoxy coat.

Storm water sewers in both tunnels are placed under the motor-
way emergency lane. The sewers collect storm water from moun-
tain gullies draining the space in front of portals, from road gulli-
es and road drainage ducts. Water from the surroundings of the
operational-service building is also drained to the sewers. The
inner space of the tunnel is drained by slotted troughs running
along the tunnel tubes. The troughs are connected at the Prague
portal to independent sewerage. This sewerage terminates in
a contaminated water tank serving to catch polluted water (tunnel
rinsing water or operating fluids from accidents or leaks in the
tunnels). In the motorway sewerage system there are further outf-
lowing water accumulation and clarifying facilities.

The roadway sub-grade in both tunnels was created from
crushed gravel fraction 0/63. It was placed in two phases.
A 200-300mm thick layer was spread and compacted first and
the other 200-260mm thick layer followed. The roadway itself
has a concrete cover. It is a two-course structure with the total
thickness of 240mm (the lower layer and upper layer 190mm
and 50mm thick, respectively). The roadway cover is from
C 30/37 XF4 concrete grade, D max 8 (the upper layer — the
cover) and C 30/37 XF4 concrete grade, D max 22 (the lower
layer). The treatment of the concrete surface was changed on
the basis of the experience from operating tunnels from trans-
verse scoring to exposed aggregates, which was also allowed
by the updated CSN 73 6123-1 standard from June 2014. It is
the first application of this surface treatment in the Czech
Republic (see Fig. 5).

The cut-and-cover tunnel structures were backfilled using mate-
rials suitable in accordance with the CSN 73 6244 standard or,
partially, even materials obtained by the tunnel excavation (the
muck). The backfill was compacted in layers 300mm thick.
Radeijéin tunnel

The Radej¢in tunnel passes through a dominating flat hill loca-
ted east of RadejCin railway station. It is designed uniformly with
the Prackovice tunnel. It is again formed by two unidirectional
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145 m, mezi propojkami je pak vzddlenost 160 m a 170 m.
Souddsti tunelové stavby je také provozné-technicky objekt
umistény za usteckym portdlem.

Razba tunelu Prackovice byla provadéna od prazského portélu
z vytéZeného lomu Prackovice. Pfi vlastni t€zbé ¢edice byl hor-
ninovy masiv rozru$ovan komorovymi odstfely, které silné naru-
Sily stabilitu horninového prostiedi. Posledni odstiel byl prove-
den v misté budouciho razeného portdlu tunelu Prackovice a po
jeho provedeni byla odebrdna pouze ¢edicova lavice nad vlastni
komorou, zbytek pod komorou byl ponechdn bez zdsahu ve stavu
po odstrelu. Navic svahy u prazského portdlu jsou z prevazné
Césti pokryté suti, takZe vlivem klimatickych vlivi dochédzelo
k ficeni dlomki skal a posouvani sutovych kuZelu z okolnich
svahu nad budouci dalnicf.

Vsem témto skute¢nostem byla vénovana mimoradna pozor-
nost — stavebn{ jama byla zajiSténa predpjatymi kotvami, hre-
biky a vyztuZenym stifkanym betonem. Hrebiky musely byt
osazovany do prostredi predem zpevnéného tryskovou injekta-
zi. Pred vlastni razbou tunelovych trub byla provedena dals{
doplnujici stabilizacni opatfeni — mikropilotovy ,,destnik* nad
kaZdou troubou.

Zéroven probihal také geotechnicky monitoring, ktery sledoval
deformace portdlové stény. Méfeni ukdzala pomérné vyraznou
reakci na postup praci — jednalo se zejména o deformaci portdlo-
vé stény, kterou potvrzovala i inklinometrickd a extenzometricka
méfeni, ndrust predpéti pramencovych kotev zajistujicich portd-
lové stény a dochdzelo i k horizontdlnim deformacim — k vytla-
Covani stény portdlu do jamy nad raZenymi tunely. Aby bylo
zajisténo ustdleni deformaci, bylo pfikro¢eno k dodate¢nému
posileni stability paty svahu portdlu mezi tunely: neprodlené byl
proveden piisyp 500 m® zemniho materidlu k portdlové sténé,
v dalsi fézi byly provedeny tfi rady predpjatych kotev a potom
byl vybetonovan mohutny monoliticky blok ve stfedni ¢dsti por-
tdlové stény. V paté stabilizacniho bloku byly v predstihu reali-
zovéany Sikmé mikropilotové barky.

Tato opatfeni vyrazné prispéla k ustdleni deformaci, které se
projevovaly i naddle, ale v podstatné mens$i mife. Po dokonceni
razeb a betondze definitivniho osténi obou tunelovych trub a pre-
devsim provedenim definitivnich zdsypt do$lo k dpIné stabiliza-
ci. Razba tuneli probihala metodou NRTM pfi zastizeni Ctyf
technologickych tfid: 3, 4, 5a a 5b, kdy ve tfidach 5a a 5b mélo
primdrn{ osténi spodni Zelezobetonovou klenbu v celé délce. Pro
rozpojovéni profili tunelu prevazovala metoda razby pomoci
trhacich praci, ale pfi zahdjeni razby na portéle tunelu bylo pou-
zito mechanické rozpojovani pomoci tunelbagru (obr. 6).

Jako vystrojovaci prostiedky NRTM byl pouzit stifkany beton
tiidy C 20/25-X0 tloustky 300-200 mm (mokra smés), vyztuzné
sit¢ KARI KY50 8/150x8/150 mm (vnéjsi strana), KARI Q188A
6/150x6/150 (vnitini strana), vyztuzné ocelové ramy BTX, samo-
zavrtné, injektovatelné svorniky IBO a hydraulické svorniky
4-6 m. Pro zvySeni bezpe¢nosti a sniZeni tvorby nadvyloma byly
pouZivany stabilizaéni néstfiky a jehlovani pfistropnimi jehlami.
Ve zv14sté nepriznivé geologii byly do ¢elby kaloty pouZity kotvy
délky 6 m (prevdzné samozévrtné IBO kotvy). Dal$im stabilizuji-
cim prvkem kaloty pak bylo pouziti rozndSecich patek na kaloté
tunelu ve tfech technologickych tfidach 4, 5a a 5b.

Bloky betonédZe sekunddrniho osténi byly rozdéleny na 45 kusu
pro levy a 45 kust pro pravy tunel razené &dsti tunelu Radejéin.
Bloky jsou znaeny proti sméru stani¢eni ve sméru betondze, tj.
od usteckého k prazskému portdlu. Bloky maji délku 10 m a jsou
mezi sebou déleny pri¢nou blokovou sparou. Na prechodu mezi

double-lane tunnel tubes of the T9.5 category. The LTT and RTT
are 600m and 620m long, respectively. The mined part is 446m
long. The Radej¢in tunnel horizontal alignment is straight, the
vertical alignment is on a crest curve, which means that the longi-
tudinal gradient is variable, varying between 2.4% and 0.0%. The
tunnel tubes are interconnected by three cross passages allowing
the escape from the affected tunnel tube. The distance of the cross
passages from the portals is 145m; the spacing between the cross
passages is 160m and 170m wide, respectively. An operational-
service building located at the Usti nad Labem portal is also part
of the tunnel structure.

The Prackovice tunnel excavation proceeded from the Prague
portal, starting from the abandoned Prackovice quarry. During the
extraction of basalt, the rock massif was disturbed by chamber
blasting, which significantly disturbed the stability of the rock
environment. The last blasting event was took place in the locati-
on of the future mined portal of the Prackovice tunnel. When the
blasting was finished, only the basalt bench above the chamber
was removed and the rock remaining under the chamber was left
without intervention in the condition existing after the blast. In
addition, the slopes at the Prague portal are mostly covered with
talus, therefore rock fragments fell down and the talus cones shif-
ted from neighbouring slopes above the future motorway.

All these facts were paid extraordinary attention — the construc-
tion pit was stabilised by pre-tensioned anchors, nails and reinfor-
ced shotcrete. The nails had to be installed in an environment
improved in advance by jet grouting. Other supplementary stabi-
lisation measures — a canopy tube pre-support above each tube,
were implemented prior to the excavation of the tunnel tubes.

Geotechnical monitoring observing deformations of the portal
wall was conducted concurrently. The measurements proved
a relatively significant response to the progressing tunnel excava-
tion. It lay first of all in deformations of the portal wall, which was
even confirmed by inclinometer and extensometer measurements
and the increasing pre-tension in the stranded anchors stabilising
the portal wall. Even horizontal deformations occurred (extrusion
of the portal wall to the pit above the mined tunnels). With the
objective to ensure stabilisation of the deformations, the stability
of the portal slope base between the tunnel tubes was additionally
strengthened: 500m’ of ground material was deposited at the por-
tal wall, three rows of pre-tensioned anchors were installed in the
following phase and a huge cast-in-situ concrete block was subse-
quently carried out at the middle part of the portal wall. An assem-
bly of inclined micropiles was realised in advance at the base of
the stabilisation block.

The above-mentioned measures contributed to the stabilisation
of deformations. They manifested themselves even further, only to
a substantially lesser extent. After the completion of the tunnel
excavation and casting of the final lining concrete in both tunnel
tubes and, first of all, after the completion of final backfills, the
deformations became completely stable. The excavation of the
tunnels proceeded using the NATM. The following four excavati-
on support classes were encountered: 3, 4, 5a and 5b. The prima-
ry lining sections in classes 5a and 5b had a reinforced concrete
invert throughout their length. The drill-and-blast method prevai-
led when the tunnel profiles were being disintegrated, but when
the tunnel excavation commenced at the tunnel portal, rock was
disintegrated mechanically, using a tunnel excavator (see Fig. 6).

The means of the NATM excavation support consisted of a 300-
200mm thick layer of C 20/25-X0 sprayed concrete grade (wet-
mix shotcrete), welded mesh KARI KY50 8/150x8/150mm for the
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Obr. 6 Rozpojovdni horniny na éelbe
Fig. 6 Disintegration of rock at the excavation face

hloubenym a raZenym tunelem je dilataéni spara 20 mm, vyplné-
nd polystyrenem.

Zelezobetonova konstrukce spodni klenby (pasti) razené &dsti
je z betonu C 25/30 XAl a oceli R 10 505.9 a Zelezobetonova
konstrukce horni klenby razené c¢asti je z betonu C 25/30 XF4,
XD3 a z oceli R 10 505.9 (obr. 7).

Spodni klenba sekundédrniho osténi byla betonovdna na
spodni klenbu primdrniho osténi, které bylo podle potfeby
upraveno a zarovnano podkladnim a vyrovnavacim betonem
tiidy C 12/15 XO.

Po vybetonovani spodni klenby a dokonceni izolace horni
klenby byla betonovana horni klenba do ocelové formy délky
10 m (obr. 8).

Ostatni stavebni ¢4sti tuneli Radej¢in (odvodnéni, silni¢ni ¢ast
tunelu a podkladni vrstvy, konstrukce vnitiniho vybaveni, zdsypy
hloubenych konstrukei) byly realizovdny obdobnym zpusobem
jako v tunelu Prackovice, a z tohoto duvodu nejsou podrobné popi-
sovdny v tomto prispévku.

Pozarni vodovod

Zajisténi pozarni vody v tunelech Prackovice a Radej¢in je feSe-
no spole¢nym poZarnim vodovodem rozdélenym na levou a pravou
vétev, které prochdzeji prislusSnymi tunelovymi troubami obou
tunelt a pfechézeji po mosté mezi tunely.

Zdrojem vody je Zernosecky vodovodni pfivadé, ktery podzem-
nim vytlatnym potrubim DN 80 zdsobuje akumulacni nddrz na

Obr. 8 Tunel Radejcin — bednici forma pro betond? horni klenby
Fig. 8 The Radejcin tunnel — formwork for casting of the upper vault concrete
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foto JiFi Pruina photo courtesy of Jiri Pruzina
Obr. 7 Tunel Radejcin — montdz vyztuZe spodni klenby
Fig. 7 The Radejcin tunnel — installation of reinforcement of the concrete
invert

outer surface, KARI Q188A 6/150x6/150 welded mesh for the
internal face, BTX lattice girders, IBO self-drilling groutable
rockbolts and 4-6m long hydraulically expanded rock bolts.
Stabilisation spraying of concrete and forepoling was carried out
in the top heading to increase the safety. In the cases of especial-
ly unfavourable geology, 6m long, mostly self-drilling IBO
anchors were installed into the top heading face. Another top hea-
ding stabilising element had the form of load spreading footings
at the top heading carried out in three excavation support classes
4, 5a and 5b.

The concrete casting blocks of the secondary lining were divi-
ded into 45 pieces for the left-hand tube and 45 pieces for the
right-hand tube of the mined part of the Radej¢in tunnel. The
blocks are marked against the direction of chainage, in the conc-
rete casting direction, i.e. from the Usti nad Labem portal toward
the Prague portal. The blocks are 10m long and are separated from
each other by transverse block joints. A 20mm thick expansion
joint filled with polystyrene is at the transition between the cut-
and-cover tunnel and the mined tunnel.

The reinforced concrete structure of the invert (the concrete cas-
ting blocks) of the mined part is made from C 25/30 XAl concre-
te grade and R 10 505.9 grade steel (see Fig. 7).

The secondary lining invert concrete was cast on the invert of
the primary lining, which was covered with C 12/15 X0 grade
blinding and levelling concrete.

After the completion of casting the concrete of invert and finis-
hing the waterproofing of the upper vault, the upper vault concre-
te was poured behind 10m long steel formwork (see Fig. 8).

The other structural parts of the Radej¢in tunnels (drainage,
roadway and sub-base, internal equipment structures, backfill of
cut-and-cover structures) were realised similarly to the work in
the Prackovice tunnel and for that reason are not described in this
paper.

Fire main

Providing fire water in the Prackovice and Radej¢in tunnels is
solved by a common fire water pipeline divided to a left-hand
branch and a right-hand branch, which pass through the respecti-
ve tunnel tubes of the two tunnels and run along the bridge bet-
ween the tunnels.

The water source is in the Zernoseky water supply duct, which
supplies a retention basin at the Usti nad Labem portal through
a DN 80 force main. In the case of a large fire, the water supply
existing in the retention basin will not be sufficient for suppressing



26. rocnik - €. 2/2017

usteckém portéle tunelu Radej¢in. Pro pfipad rozsédhlého poZaru,
pro jehoz likvidaci nebude dostacovat zdsoba vody v akumulacni
nadrzi, lze vyuzit paralelné uloZeny suchovod a pres mobilni Cer-
padlo HZS lze zasobovat akumula¢ni nddrz vodou.

Vlastni doddvku vody z trvale zavodnéné akumulaéni nadrze do
pozarniho vodovodu zajistuje dvojice poddvacich ¢erpadel umisté-
nych pfimo v akumulaéni nadrzi, které privadéji vodu k automatic-
ké tlakové stanici (ATS). ATS je osazena v samostatné mistnosti
PTO Radej¢in a zajistuje doddvku vody v poZadovaném tlaku do
obou vétvi pozarniho vodovodu. Pomoci dédlkove ovlddanych Sou-
pat ATS zdroven zajiStuje také cirkulaci vody v potrubi.

Vodovodni potrubi (profily DN 200 v tunelu Radej¢in a na mosté
pres Uhelnou strouhu a DN 150 v tunelu Prackovice) je oproti
dokumentaci pro zadani stavby vedeno pod chodnikem v samostat-
ném kandle vlevo ve sméru jizdy. Tato zména byla vyvoldna objed-
natelem po zkuSenostech z provozovani tunelt na PraZzském silni¢-
nim okruhu. V obou tunelech jsou v kazdé tunelové troubé vlevo ve
sméru jizdy umistény hydranty ve vyklenku uvnitt tunelu a dals{
hydranty jsou pak umistény na portdlech. V propojkdch jsou navic
realizovany suchovody slouZici pro prevedeni vody z jedné tunelo-
vé trouby do druhé. Z tohoto davodu jsou vyklenky pro hydrant
u vstupu do propojky. Celkem je tunel Prackovice vybaven 6
a tunel Radejcin 18 hydranty.

Na vnéjsi strané PTO Radejéin bylo ddle vybudovéno odbérné
misto pozarniho vodovodu, které bude slouZit nejen v pripadé poru-
chy vodovodu, ale také jako odbérné misto pro myti tuneld, proto-
7e pozarni vodovod zédroven slouZi pro zajisténi provozni vody.

Vzhledem k prechodu vodovodu po mosté a uloZeni vodovodu
v tunelech pod chodnikem je celé potrubi vodovodu izolovdno
a chranéno pred zamrznutim nékolika stupni ochrany: cirkulaci
vody v potrubi, vyhfivinim vodovodu na mosté mezi tunely
a vyhfivanim hydranta.

TECHNOLOGICKE VYBAVENI TUNELU PRACKOVICE
A RADEJCIN

Vzhledem k tomu, Ze se jednd o jeden dopravni uzel, jsou oba
tunely provozovany jako jeden celek. Na vjezdu ze sméru od Prahy
do tunelu Prackovice jsou tfi zpomalovaci portély, stejné tak jsou tri
zpomalovaci portély z druhé strany ze sméru od Usti nad Labem na
vjezdu do tunelu Radej¢in. Cely tdsek je fizen a monitorovan mezi
mimotiroviiovymi kfiZovatkami Bilinka a Rehlovice a v pfipadé
nehody, poZdru nebo jiné mimorddné uddlosti v nékterém z tunela
Ize uzaviit pifjezd do celého dseku délnice.

Tunely jsou podle CSN 73 7507 a TP98/Z1 zatazeny do katego-
rii: TA — tunel Radej¢in a TD-H - tunel Prackovice. Tomuto zara-
zeni odpovidd vybaveni tuneld. Podle zakona &. 133/1985 Sb.,
0 pozarni ochrané, jsou tunely zarazeny do kategorie se zvySenym
aZ vysokym pozdrnim nebezpec¢im.

Vétran{ tunelu je zaji§téno nékolika zpusoby. Pfi béZném pro-
vozu se predpoklddd prirozené vétrani spolu s pistovym efektem
vyvolanym provozem vozidel. V pripadech, kdy se zvysi kon-
centrace Skodlivin od provozu vozidel (oxidy CO) a snizi se vidi-
telnost v tunelu, se spousti nucené vetrani. Nucené vétrani se vyu-
Zivé také pri kongesci dopravy, tj. kdyZ vozidla jedou rychlosti
men§i neZ 20 km/hod, nebo pri soubéhu nepriznivych meteorolo-
gickych faktora. Nucenym vétrdnim je vybaven pouze delsi tunel
Radej¢in. Proudové reverzacni vétrani se vyuZzivad pii pozaru pro
nasmérovani odvodu koufe pozadovanym smérem. Unikové
chodby mezi tunely (tunelové propojky) jsou pfi poZdru uméle
vétrany vzdy z nezasazené tunelové trouby proti troubé, ve které
doslo k poZaru.

the fire and it is possible to use a dry fire main running in parallel
and supply water to the retention basin with a fire water pump.

Feeding water from the permanently filled retention basin to the
fire water main is provided by a pair of feeding pumps installed
directly in the retention basin. They carry water to an automatic
booster pump station (ABPS). The ABPS is installed in a separa-
te room in the Radej¢in operational-service building. It supplies
water to both branches of the fire water pipeline. It in addition
ensures water circulation in the pipeline by means of remote con-
trol valves in the ABPS.

The water pipelines (DN 200 profiles in the Radej¢in tunnel and
on the bridge over Uhelnd Strouha ditch and DN 150 in the
Prackovice tunnel) are, in contrast with the design for tendering,
placed under walkways in separate ducts on the left-hand sides in
the direction of travel. This change was required by the project
owner having the experience from operating tunnels on the Prague
City Ring Road. In both tunnels, fire hydrants are installed in
niches on the left-hand sides in the direction of travel, one inside
the tunnel and other at portals. In addition, dry fire mains serving
to transfer water from one tube to the other one are installed in
cross passages. For that reason, the hydrant niches are located at
entrances to the cross passages. The Prackovice tunnel and the
Radejcin tunnel are equipped with the total of 6 hydrants and 18
hydrants, respectively.

An extraction point for the fire water pipeline was in addition
established on the external side of the Radej¢in operational-servi-
ce building. It will serve not only in the case of a water pipeline
defect but also as an extraction point for rinsing the tunnels becau-
se the fire water pipeline concurrently serves to provide operation
water.

With respect to the transition of the water pipeline along the
bridge and the placement of the pipeline in the tunnels under the
pavement, the entire water supply pipeline is insulated and pro-
tected against freezing by the following several degrees of protec-
tion: the circulation of water in the pipeline, heating of the pipeli-
ne on the bridge between the tunnels and heating of the hydrants.

TECHNOLOGICAL EQUIPMENT OF PRACKOVICE
AND RADEJCIN TUNNELS

With respect to the fact that they form one traffic node, the two
tunnels are operated as a single unit. There are three deceleration
portals at the entrance to the Prackovice tunnel in the direction
from Prague and three deceleration portals are also at the entran-
ce to the Radejéin tunnel in the opposite direction, from Usti nad
Labem. The entire section between the Bilinka and Rehlovice
grade-separated intersections is controlled and monitored and, in
the case of an accident, fire or other extraordinary event in one of
the tunnels, it is possible to close the entry to the whole section.

The tunnels are categorised according to the CSN 73 7507 standard
and Technical specifications TP98/Z1 as follows: TA — Radej¢in tun-
nel and TD-H — Prackovice tunnel. The equipment of the tunnels cor-
responds to the above-mentioned categorisation. According to the Act
No. 133/1985 Coll. on fire protection, the tunnels are categorised as
structures with an increased to high fire danger.

The tunnel ventilation is ensured by several systems. During
common traffic, natural ventilation is assumed, jointly with the pis-
ton effect induced by vehicular traffic. A forced ventilation system
is activated in the cases when the permissible concentrations of
pollutants produced by traffic (CO oxides) are exceeded and the
visibility in the tunnels is reduced. The forced ventilation system is
in addition used during traffic congestion, i.e. when vehicles travel
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Obr. 9 Den otevienych dveri na stavbé ddlnice D 8 0805 — zdri 2016
Fig. 9 The Doors Open Day on the D 8 0805 construction site — September 2016

Oba tunely jsou vybaveny dopravnim znacenim. Je zde osaze-
na pruhovd signalizace, proménné znaCky omezujici rychlost
v tunelu (80 km/hod, 60 km/hod, 40 km/hod) a mimo tunel navic
1 100 km/hod. Dal$im moZnym stavem je zdkaz vjezdu do tune-
lu, ktery je podporen také semafory. Pevné (neproménné) znacky
jsou v prosvétleném provedeni, oboustranné je oznaceni SOS
kabin a unikovych cest.

Ridici centrum dopravy a technologie tunelu je umisténo
v objektu Stiediska spravy a tddrzby silnic Rehlovice. V PTO
Radej¢in je bezobsluzny velin, ktery slouzi k operativnimu fizen{
dopravy a technologie pfi zvlastnich a mimoradnych situacich a pfi
zajistovani servisnich a ddrzbovych praci. Toto fidici centrum
slouzi pro oba tunely a pro dalsi dva tunely na dilnici D8
Libouchec a Panenska.

Komunikacnim systémem v tunelu je radiové spojeni, které
zajiStuje roz§iteni radiového signdlu pro vybrané uZivatele z vnéj-
Stho prostiedi do technologickych prostort a tunelovych trub.
V tunelu jsou rddiové signdly Sifeny vyzarovacimi kabely. Timto
zpusobem je umoznéna komunikace mezi HZS, ZZS, IZS systé-
mem PEGAS, RSD a §ifeni FM vysilani radiové stanice s doprav-
nim vysilanim bez vzdjemného ruSeni pfi souCasném provozu.
Vstup do vysilani je mozny i z SSUD Rehlovice.

Monitorovéani v tunelu je nepfetrzité a je zaji$téno dohledem
z dispe€inku kamerovym systémem, véetné videodetekce, protipo-
zarnimi systémy detekce a ohldseni pozaru. V SOS skiinich je
mozné spojeni s dispe¢inkem. Informac¢ni rozhlas umistény pred
portély a v tunelu u dnikovych cest umoziuje upozornit na nebez-
peci v tunelu.

Dalsi fidicim systémem Ffizenou technologii tunelu je hlavn{
osvétleni, které je pribéZzné a na vjezdech i vyjezdech je posileno
akomodacnim osvétlenim tak, aby nedochdzelo k prudkym svétel-
nym zméndm pro oci fidi¢u. Pro noni provoz je pred portdly
umisténo venkovni osvétleni. Ddle je instalovano nouzové osvét-
leni, orientacn{ osvétleni v mistech propojek a vodici osvétleni na
hrané chodniku.

Pred uvedenim stavby do pred¢asného uzivani byla provedena
zkouska simulace pozaru studenym kourem vletné jejtho vyhod-
noceni. Probéhlo taktické cvicenf slozek IZS v levé tunelové trou-
bé tunelu Radejéin, kde byla simulovana dopravni nehoda s poza-
rem a se zranénim cestujicich. Byly také provedeny komentované
prohlidky a $koleni ¢lent slozek IZS, zejména pak jednotek HZS
Usteckého kraje, které budou v budoucnu zasahovat v tunelu pii
mimorddnych uddlostech.
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at a speed lower than 20km/h, or when adverse meteorological fac-
tors occur concurrently. The forced ventilation system is installed
only in the Radej¢in tunnel. A reversible ventilation system with
jet fans is used during a fire for directing the smoke evacuation as
required. The escape galleries between the tunnels (tunnel cross
passages) are artificially ventilated during a fire always from the
unaffected tunnel tube toward the tube where the fire originated.

Both tunnels are equipped with a road signalling system. It
comprises lane signals, variable traffic signs restricting the speed
in the tunnel (80km/h, 60km/h, 40km/h) and, moreover, even
100km/h outside the tunnel. Another possible state is “No entry”.
The sign is in addition supported by traffic lights. Fixed (non-vari-
able) signs are of the illuminated type. Double-faced signs are
used for marking SOS cabins and escape routes.

The traffic and tunnel equipment management centre is located
in the Rehlovice Road Management and Maintenance Centre buil-
ding. In the Radej¢in OSB, there is an unattended management
centre used for operative traffic and tunnel equipment manage-
ment during special and extraordinary situations and for providing
service and maintenance work. This management centre is used
for both tunnels and for other two tunnels on the DS, the
Libouchec and Panenskd tunnels.

The system of communication inside the tunnel is based on the
wireless system providing spreading of radio signal for selected
users from the external environment into service rooms and tun-
nel tubes. Radio signals are spread inside the tunnel through radi-
ating cables. In this way the communication between the Fire
Rescue Service, the Emergency Medical Service and the
Integrated Rescue System, the PEGAS system and the Road and
Motorway Directorate is made possible, as well as the spreading
of FM broadcasting of the station providing traffic information
without mutual interference during concurrent operation. The
entry into the broadcasting is also possible from the Rehlovice
AMCM.

The monitoring inside the tunnel is continuous and is provi-
ded by surveillance from the management centre carried out
using cameras, including video smoke detection, fire-detection
systems and a fire announcement system. The connection with
the management centre is possible in SOS boxes. The public
address speakers installed in front of portals and inside the tun-
nel at the rescue route entrances allow for drawing attention to
a danger in the tunnel.

Other tunnel equipment controlled by the management system
is the main lighting, which is continuous and is reinforced at
tunnel entrances and exits by accommodation lighting to pre-
vent steep light changes for drivers’ eyes. External illumination
is installed in front of the portals for the night operation. In addi-
tion, emergency lighting in the locations of cross passages and
walkway edge marking lights are installed.

A fire simulation cold smoke test including its assessment
was carried out prior to the opening for early use. A tactic exer-
cise of the Integrated Rescue System (IRS) took place in the
left-hand tube of the Radejcin tunnel, where an accident with
a fire and injured passengers was simulated. Commented
inspections and training of the IRS components were carried
out, first of all for the Fire Rescue Service of the region of Usti
nad Labem, which will intervene in the tunnel in the future in
extraordinary events.

Prior to the opening for early use, individual components of
the equipment of both tunnels were subjected to individual and
operational tests. The comprehensive tests of tunnel equipment
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Jednotlivéa technologickd zafizeni obou tuneld byla podrobena
pred uvedenim do pred¢asného uzivani individudlnim a provoznim
zkouskam. V prosinci 2016 probéhly dédle komplexni zkousky
technologie v délce trvani 72 hodin a byly také provedeny prvni
hlavni tunelové prohlidky.

Oba tunely prosly zkusebnim provozem bez cestujicich. V sou-
¢asné dobe probiha zkuSebni provoz s cestujicimi v délce trvani 12
mésicu, ktery bude ukon&en v prosinci 2017.

ZAVER

PrestoZe se béhem vystavby a hlavné tésné pred zprovoznénim
tseku D 0805 snésela kritika na objednatele a stavbé byla vénova-
na az nezdravd medidlni pozornost, podarilo se uvést do predcas-
ného uzivani dalsi velkou liniovou dopravni ddlni¢ni stavbu, kterd
navic prochazi Chrinénou krajinnou oblasti Ceské stiedohoit
s velmi slozitymi geologickymi poméry (obr. 9).

Dalnice D8 — 0805 nebyla dokoncena podle planovaného termi-
nu. Kromé duvodu, které byly jiz v tomto piispévku uvedeny
(zaloby ob&anskych sdruZeni, sesuv), zpozdéni zpusobilo ziskdva-
ni stavebnich povoleni objednatelem v prabéhu vystavby a z toho
plynouci pozdni predani stavenisté zhotoviteli.

V dusledku toho dochdzelo k dopravnim komplikacim na
objizdnych trasdch, k narustu dopravnich nehod oproti jizdé po
dalnici, ke zvySeni spotfeby pohonnych hmot, ke zvySeni hladin
hluku a exhalaci s dopady na zdravi obyvatel, k ristu ceny stavby
v dusledku inflaénich vliva, k odddleni ekonomického pifnosu
vystavby ddlnice pro Ustecky kraj vEetné zlepSeni situace
v zaméstnanosti.

Pres vSechny tyto potiZe, které stavbu provazely, je nutné zavé-
rem konstatovat, Ze ucastnici vystavby ddlnice D8 — 0805
Lovosice — Rehlovice vytvorili vyjimetné stavebni konstrukce,
které jsou a budou obdivovany odborniky mostniho a tunelového
stavitelstvi.
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continuing for 72 hours and the first main tunnel inspections
were carried out in December 2016.

Both tunnels passed the trial operation without passengers. At
the moment, the trial operation with passengers is underway. It
will take 12 months and will be ended in December 2017.

CONCLUSION

Despite the fact that the project owner received criticism
during the course of the construction and, first of all, just befo-
re the opening of the D 0805 section to traffic and the con-
struction was paid probably inadequate media attention, the
next large linear traffic structure, which in addition passed
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use (see Fig. 9).

The D8 — 0805 motorway was not completed according to the
planned schedule. Apart from the reasons which have been men-
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the construction and the delayed construction site handover to
the contractor following from it.

As a result, traffic complications occurred on alternate roads,
the frequency of traffic accidents increased in comparison with
travelling along a motorway, the consumption of fuels was inc-
reased, the noise and exhaust emission levels rose with conse-
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the construction, it is necessary to conclude the paper by stating
that the participants of the D8 — 0805 Lovosice — Rehlovice
motorway section have created very exceptional structures,
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HYDROIZOLACE SKANDINAVSKYCH TUNELU
WATER AND FROST PROTECTION OF SCANDINAVIAN TUNNELS

ALES GOTHARD, JIRI SACH, JOSEF MALKNECHT

ABSTRAKT

Cldnek shrnuje zkuSenosti pracovnikii Metrostav a.s. z realizace hydroizolaci na poslednich trech projektech spolecnosti, tune-
lech Langanes a Joberg v Norsku a tunelu Nordfjorour na Islandu. V iivodu strucné predstavuje zminéné projekty a ddle detailné
popisuje jednotlivé hydroizolacni systémy, poZadavky na né a normy, kterymi se ridi. V ndsledujicich cdstech je podrobné pribli-
Zen zpusob pripravy pro vrtdni kotev, vridni kotev a jejich osazeni. Ddle je nastinén kaZdy typ izolace a zpusob jejiho osazeni véet-
né specifik spojenych s danym typem. Ndsleduje popis zajisténi ochrany pred ohném pomoct strikaného betonu a shrnuti v zdve-
ru.

ABSTRACT

The paper gathers the experience of Metrostav a.s. employees from the realisation of water and frost protection on the last three
projects of the company, the Langanes and Joberg tunnels in Norway and the Nordfjorour tunnel in Iceland. In the introduction,
it briefly informs about the above-mentioned tunnels and further describes in detail individual water and frost protection systems,
waterproofing requirements and the standards the waterproofing follows. In the subsequent parts, the paper outlines the process
of preparation for drilling for anchors and installation of anchors. Further on, each water and frost protection type and the met-
hod of its installation is sketched out in the paper, including specifics associated with the particular types. The description of secu-

ring the fire protection using sprayed concrete follows, including a summary in the conclusion.

1. OvoD

Spole¢nost Metrostav a.s. dlouhodobé pusobi na skandindvském
tuneldiském trhu a méd za sebou nékolik dspe$nych projektu.
V poslednich dvou letech dokoncili pracovnici Metrostavu a.s. dva
projekty v Norsku a jeden na Islandu, jejichZ soucasti byla kromé
samotné razby i hydroizolace.

Tunel Langanes v Norsku byl uveden do provozu v prosinci 2016
po dvouleté préci razi¢l a techniku. Tunel Joberg v Norsku je ve fdzi
instalace technologie a jeho otevieni pro dopravu se planuje na 1éto
2017. Stejné tak probihaji dokoncovaci prace na 7,5 km dlouhém
tunelu Nordfjordur na Islandu, jeho otevieni je predpokldddno
v druhé poloving roku 2017.

Na vsech zminénych projektech se pracovnici Metrostavu a.s.
podileli na realizaci hydroizolace v ruzné mite. V Norsku pusobili
technici jako management a podpora subdodavatele, na tunelu
Joberg provadéli i geodetické préce, na Islandu se zapojili i do
samotnych praci: znaCeni a vrtani kotev, strikdni betonu a dalsi.

2.1ZOLACE

Izolace proti vodé a mrazu u tunelt skandindvského typu se fidi
norskou priruckou ,,Handbok 163 vydanou Statens vegvesen
(Norskou obdobou ¢eského RSD), nahrazenou 1. 7. 2014 aktualizo-
vanou verzi ,,Haindbok R510%.

Islandsky stétni investor, spolecnost Vegagerdin, kvuli nizké hus-
tot€ osidleni a dopravy, prizpusobuje norsky systém islandskym pod-
minkdm. Nedochdzi tak k izolaci kompletni délky tunelu, ale jen
vybranych tseku. Nekteré typy jsou také modifikovdny. Odlignosti
od normy jsou popsany ve specifikacich projektu.

Obecné se da mluvit o nasledujicich typech izolaci:

e typ 1 — izolace plného profilu deskami z polyetylenové pény —

PE foam;

e typ 2 — Castend izolace deskami polyetylenové pény — PE

foam;

e typ 3 —izolace plného profilu polyetylenovou membranou;

e typ 4 — Caste¢nd izolace polyetylenovou membranou (s vymérou

nad 20 m2);

1. INTRODUCTION

The company of Metrostav a.s. has been active on the
Scandinavian market for a long time and has completed seve-
ral successful projects there. During the past two years
Metrostav a.s. employees completed two projects in Norway
and one in Iceland. In addition to the tunnel excavation, the
installation of water and frost protection was part of them.

The Langanes tunnel in Norway was opened to traffic in
December 2016, after two years of the work of miners and
technicians. The Joberg tunnel in Norway is in the phase of the
installation of tunnel equipment and its opening to traffic is
planned for summer 2017. The finishing work on the 7.5km
long Nordfjordur tunnel also continues. Opening to traffic is
planned for the second half of 2017.

At all above-mentioned projects, Metrostav a.s. employees
participated in varying degrees in the realisation of waterproo-
fing systems. In Norway, technicians acted in the role of mana-
gement and sub-contractors’ support. At the Joberg tunnel they
carried out survey and, in Iceland, they even engaged themsel-
ves in the work operations, such as drilling for anchors, spray-
ing concrete etc.

2. WATER AND FROST PROTECTION

The water and frost protection used at the Scandinavian tun-
nel type follows the ,,Handbok 163* manual issued by Statens
vegvesen (Norwegian equivalent of Czech Road and
Motorway Directorate), which was replaced on 1 July 2014 by
the updated version ,,Handbok R510%.

Because of the low density of population, the Icelandic
state investor, the company of Vegagerdin, adapts the
Norwegian system to Icelandic conditions. Water and frost
protection is installed only in selected sections instead of the
complete length of a tunnel. Some types are also modified.
Deviations from the standard are described in design speci-
fications.
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e typ 5 — CésteCnd izolace polyetylenovou membranou s pevné
danou 3iikou (s vymérou do 20 m?2).

Typy 1 a 2 byly realizovany v Norsku, na Islandu byly pouZzity
typy 2,3 a 5. Typ 4 nebyl na Islandu po dohodg s investorem nako-
nec vubec pouZit a tento Clanek jej déle nepopisuje.

Typy 1 az 4 jsou zavéseny na kotvach, zatimco typ 5 je islandskd
specialita — membrana uchycend k osténi nastfelenim.

3. REALIZACE INSTALACNICH KOTEV

Na Islandu stavebni dozor prochdzel tunel po dokonceni findlniho
osténi a vybral mista, kterd budou zakryta izolaci. Zaroven Celil
znaénému tlaku ze strany investora na snizeni vyméry a s tim spoje-
nymi dsporami. Tento pristup se ukdzal byt zna¢né problematickym
vzhledem k Castym zménam vyskytu pritoku a zavlhlych mist, které
jsou zévislé na roénim obdobi a souhrnu srazek. Béhem realizace tak
dochdzelo k Castym dpravdm (vesmés priddvéni) izolovanych oblas-
tf, které pusobily nemalé problémy v logistice a rozbijely plynuly
pracovni proud.

Na norskych projektech provadéji zdstupci investora mapovani
prusaku jiz v prubéhu razeb. Ziskdvajf tak lepsi prehled o proudéni
vody v prubéhu roku. Zdroven je norsky investor ochoten instalovat
vet§{ plochy izolace, aby zajistil co moZn4 nejlepsi zachycen{ prusa-
ku. Na projektu Langanes byl tunel dokonce izolovédn v celé délce.
3.1 Znaceni kotev

Predepsany rastr kotev pro izolaci je 1,2x1,2 m. Pokud to tunel
a dostupnost mechanizace dovoluji, pouziva se na vrtani automatic-
ka vrtaci souprava navigovana totdlnf stanici. Tento zpusob nevyZa-
duje znaceni pozice kotev na ostén{ a vrtaci souprava sama uréuje
polohu jednotlivych kotev a prizpisobuje hloubku vrti geometrii
osténi a dostupnym délkam kotev. Toto je nejefektivnéjsi a nejrych-
lejsi zpusob.

Pokud to situace nedovoluje, je pozice kotev znaena manudlné
za asistence geodeta. Pfi vyznaCovéni je zdroven zaznamendna
presnd poloha a vypocltena délka kazdé kotvy. Na projektu
Norofjordur bylo celkem vyznaCeno pres 32 tisic kotev s dennim
vykonem pres 500 kotev.

3.2 Vrtani kotev

Jak bylo zminéno vySe, nejefektivnéj§im zpusobem je pouZiti
automatické vrtaci soupravy. Na projektu Joberg byla nasazena
dvoulafetova vrtaci souprava AMV s plnou automatikou a vodnim
vyplachem. Souprava md z jednoho postaveni rozsah cca 10 m délky
tunelu a navrtd tak 8 prstenci kotev. Denni vykon se pohybuje
kolem 550 kotev.

Ne vzdy je vSak mozné nasazeni takového stroje. Na projektu
Langanes nedovoloval extrémné maly profil tunelu manipulaci

¥ 1%

Obr. 1 Vrtdni kotev ndstavbovou vrtackou AB1000
Fig. 1 Drilling for anchors using the multifunctional unit — the AB1000 drill rig

In general, it is possible to speak about the following water
and frost protection types:
e type 1 — full profile protection using polyethylene foam
plates — PE foam;
e type 2 — partial protection using polyethylene foam plates

— PE foam;
e type 3 — full profile protection using a polyethylene mem-
brane;

e type 4 — partial protection using a polyethylene membra-
ne (for areas over 20m?);
* type 5 — partial protection using a polyethylene membra-
ne with a fixed width (for areas up to 20m?).
Types 1 and 2 were realised in Norway, whilst types 2, 3 and
5 were used in Iceland. By agreement with the client, type 4
was not eventually used in Iceland and this paper does not
describe it further.
Types 1 through to 4 are suspended from anchors, whilst
type 5 is an Icelandic specialty — the membrane is fixed to the
lining by shotfiring.

3. REALISATION OF INSTALLATION OF ANCHORS

In Iceland, the resident engineer walked along the tunnel
after the completion of the final lining and selected the places
to be covered with water and frost protection. At the same time
he faced significant pressure from the project owner to reduce
the area to reach savings. This approach turned out to be sig-
nificantly problematic with respect to frequent changes in the
occurrence of leaks and wet places, which depend on the par-
ticular season and the total amount of precipitation. For that
reason, frequent changes occurred during the realisation,
mostly in the form of adding new areas to be provided with
water and frost protection. The changes caused considerable
problems in the logistics and disturbed the continuous working
flow.

At Norwegian projects, project owner’s representatives map
the seepage already during the course of excavation. In this
way they obtain better overview of the flow of water during
the year. At the same time, the Norwegian project owner is
willing to install larger areas of water and frost protection so
that the best possible capturing of leaks is ensured. At the
Langanes project the tunnel was provided with waterproofing
throughout its length.

3.1 Marking of anchors

The prescribed spacing of the grid of anchors for the water
and frost protection is 1.2x1.2m. If the tunnel and the availa-
bility of mechanical equipment allow it, drilling for anchors is
carried out using an automatic drilling set navigated by a total
station. This system does not require marking of anchor posi-
tions on the lining and the drilling rig determines on its own
the locations of individual anchors and adapts the drilling
depth to the geometry of the lining and to the lengths of the
anchors available. This is the most effective and fastest met-
hod.

If the situation does not allow it, the positions of anchors are
marked manually with the assistance of a surveyor. The exact
location is recorded and the length of each anchor is calcula-
ted during the course of the marking operation. Over 32 thou-
sands of anchors with the daily rate exceeding 500 anchors

were marked at the Nordfjordur tunnel project.
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s vrtaci soupravou a musela byt pouzita mensi jednolafetovd vrtaCka
prevéazend na nakladnim voze. To samoziejmé sniZilo rychlost postupu.
Na Islandu provéadeli vrtani pracovnici Metrostavu a.s. za pouZit{
nastavbové vrtacky AB1000 se vzduchovym vyplachem firmy
Wimmer Felstechnik GmbH (obr. 1). Jednotka byla osazena na paso-
vém bagru Komatsu PC210. Sestava byla vybavena odsavacem pra-
chu WDC450 stejného vyrobce, ktery radikdlné omezil prasnost pri
vrtani. Zasobovani vzduchem zajistoval kompresor Kaeser M45.

Béhem zdcviku Cinila potiZe ruznorodd geologie, jeZ zpo&dtku
vedla ke zvySené spotiebe vrtaciho ndradi. Denni vykon se poté usta-
1il na priblizné 250 vyvrtanych der.

3.3 Instalace kotev

PoutZité kotvy byly vyrobeny z betondrské oceli v kvalit¢ BSOONC
a pruméru 16 mm s 300 mm dlouhym zdvitem na jedné strané.
Povrchova ochrana se sklddala ze dvou vrstev, Zaroveé pozinkované
spodni a epoxidové svrchni. Vzhledem k nepravidelnosti osténi byla
délka kotev znacn€ variabilni, od 800 do 2400 mm (obr. 2).

Vsechny kotvy byly do osténi uchyceny lepenim za pouZiti dvous-
lozkovych polyesterovych lepicich ampuli Lokset pruméru 23 mm
a délky 250 mm. Promichani sloZek bylo dosazeno rotacnim zava-
dénim kotev pomoci razové utahovacky.

Specifikace projektu urCuji, Ze kotvy delsi neZ 1 m od osténi maji
byt dodate¢né zpevnény. VyztuZeni na Islandu bylo provedeno dia-
gondlnim tdhlem uchycenym lanovymi svorkami, v Norsku se po
dohodé s investorem vyztuzovaly pouze horizontalni kotvy a pouZi-
valo se priloZeni L-profilu a jeho svdzani s kotvou svorkami.

Délka desek jednotlivych kotev je ddna geometrii osténi a pozado-
vaného profilu izolace. Pfi pouziti automatického vrtného vozu urci
software sam délku vrtu na zdkladé vzddlenosti osténi od profilu izo-
lace za uvédzeni dostupnych délek kotev. Vystupem z vrtdni je pak
seznam kotev v kazdém prstenci, podle kterého jsou kotvy osazeny.

Pri manualnim znaceni ndvrtnych bodu je stejny seznam pripraven
geodetem. Délka kotev je upravena pied instalaci podle podkladu.

Instalace probihd za pouZziti samohybné ploSiny. V Norsku je
velmi rozsitené pouzivani pracovnich plosin na nakladnim automo-
bilu. Na Islandu byla pouzita dieselovad ploSina Genie S40 a 5 kW
dieselova elektrocentrala.

Dodavatelem kotev a piisluSenstvi byla norskd firma Pretec.

4. INSTALACE IZOLACI

4.1 Typ 1 - Izolace piného profilu deskami z polyetylenové
pény - PE foam

Tento typ je pouZivén tam, kde je velké mnoZstvi pritoku a kapa-
jicich mist na obou strandch a v klenb¢ tunelu. Na projektech Joberg
a Langanes byly pouzity desky o Sifce 2,75 m a o tloustce S0 mm,
dodané norskou firmou Skumtech. Délka desek byla nastavena
podle profilu tunelu, aby se minimalizovala potfeba prorezu.

Izolace se veétsinou osazuje podle findlniho profilu. Pouze ve spe-
cifickych situacich je po dohod¢ s investorem mozné osadit vétsi
plochy k povrchu vyrubu.

Instalace probihd napichnutim na predinstalované kotvy, predem
osazené zadnimi podlozkami. Ty slouZi jako doraz a jejich polohu je
moZno nastavit matkou na zavitu kotvy. Osazeni probihd od vrcholu
klenby ke strandm a je nutno peclivé kontrolovat pocate¢ni ustavent.
Napojeni desek je feSeno prekryvem na kotvé, ktery musi byt ales-
pon 30 cm Siroky. Desky se osazuji vzdy ve smeru spadu tunelu, aby
nedochdzelo k zatékan{ ve spojich.

Z predni strany mohou byt desky vertikdlné vyztuZeny zpeviuji-
cimi pasy, uchycenymi ke kotvam pres profilovanou predni podloz-
ku a matku M16. Tyto pdsy, vyrobené z 10mm betondrské vyztuze,
se v piipadé potieby prihybaji. Mezi kotvami jsou spoje desek sys-
tematicky zpevnény plastovymi Srouby.
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3.2 Drilling for anchors

As mentioned above, the most effective method is the use of
an automatic drilling rig. At the Joberg tunnel, an AMV twin-
boom drilling rig with full automatics and water flushing was
used. The drill rig can work on the tunnel length of ca 10m
from one set up and drills holes for 8 rings of anchors. The
daily rate fluctuates about 550 anchors.

However, the use of such a machine is not always possible.
At the Langanes project, the extremely small profile of the
tunnel did not allow the work with this drilling rig and it was
necessary to use a smaller single-boom rig transported on
a truck. Of course, as a result, the advance rate was reduced.

In Iceland, Metrostav a. s. employees carried out the drilling
operations using a multifunctional unit — the AB1000 air-flush
drilling rig manufactured by Wimmer Felstechnik GmbH (see
Fig. 1). The unit was mounted on a Komatsu PC210 crawler
excavator. The set was equipped with WDC450 dust evacuator
from the same manufacturer. It radically reduced the rate of
airborn dust during the process of drilling. Supplying with air
was provided by Kaeser M45 compressor.

Problems during the learning curve were caused by variable
geology, which at the beginning led to the increased consump-
tion of drilling tools. The daily rate subsequently stabilised
approximately at 250 drillholes.

3.3 Installation of anchors

The anchors used on the project were made of steel grade
B500 concrete reinforcement rods 16mm in diameter, with
a 300mm long thread on one end. The surface protection con-
sisted of two layers, the lower layer hot-dip galvanized with
zinc phosphate and the upper epoxy layer. With respect to the
irregularity of the lining, the lengths of the anchors were sig-
nificantly variable, from 800 to 2400mm (see Fig. 2).

All anchors were fixed in the lining by gluing, using 23mm
diameter and 250mm long Lokset capsules containing two-
component polyester glue. Mixing of the two components was
achieved by rotational insertion of the anchors using an impact
nut runner.

The design specifications prescribe that anchors reaching
deeper than 1m from the lining structure are to be additionally
reinforced. In Iceland, the reinforcement was provided by
a diagonal tie fixed by rope couplings; in Norway, only hori-
zontal anchors were reinforced in agreement with the project

Obr. 2 Kotvy pripravené pro osazeni izolace
Fig. 2 Anchors prepared for the installation of water and frost protection
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Obr. 3 Detail zakonceni PE desek k vyrubu
Fig. 3 A detail of the termination of PE plates touching the excavation surface

Jednotliva pole izolace jsou zakoncena zavedenim k osteni, at’ jde
o plochy osazené podle vyrubu, nebo podle findlniho profilu. U zakon-
Cenf je vzdalenost kotev sniZena na polovinu, tedy 0,6 m, a mezi kot-
vami je osazen zpevnujici pds. Mezery mezi PE deskami a osténim
v misté vétSich prohlubni jsou vyplnény mensimi kusy PE desek, aby
doslo k plnému prilnuti k ostén{ a zabrénilo se prusakum (obr. 3).

V oblastech s izolaci delSich nez 30—40 m je nutné provést dilatacni
spary. Spary se provadéji pomoci plastovych L-profilu podlozenych
geotextilii (obr. 4). Prvni spéra tseku by vzdy méla byt cca 5 m od
ukoncent, aby nedochdzelo ke vzniku trhlin v oblasti zakoncen.

Pokud je oblast izolace delsi nez 250 m, a v dalSich specifickych
pripadech, jako je napriiklad okoli technické mistnosti, je nutné

Obr. 4 Detail dilatacni spdry
Fig. 4 Detail of an expansion joint

owner, using L-sections attached to the anchors and tied to
them with clamps.

The length of individual anchors is defined by the geometry
of the lining and the required profile of the water and frost pro-
tection. When the automatic drill rig is used, the software
determines the length on its own on the basis of the distance of
the lining from the protected profile, taking into consideration
the lengths of anchors available. The output from the drilling
has the form of a list of anchors in each ring, according to
which the anchors are installed.

When the drilling points are marked manually, the same list
is prepared by a surveyor. The lengths of anchors are adjusted
prior to the installation according to source documents.

The anchors are installed using a self-propelled hoisting
platform. The use of hoisting platforms installed on trucks is
widely spread in Norway. In Iceland, a diesel electric lifting
platform was used in combination with a SkW diesel generator.

The anchors and their accessories were supplied by the
Norwegian company of Pretec.

4. INSTALLATION OF WATER AND FROST PROTECTION
SYSTEMS

4.1 Type 1 - Full profile protection using polyethylene
foam plates - PE foam
This type is used when there are many leaks and dripping
points on both sidewalls and in the tunnel vault. Plates 2.75m
wide and 50mm thick, supplied by the Norwegian company of
Skumtech, were used at the Joberg and Langanes projects. The
length was determined in dependence on the tunnel profile so
that the cutting waste was minimised.
The insulation is mostly installed along

min. 300

internal PE slab

vnitini PE deska ‘_g_/“"\j/—"-—'\,/

stfikany beton pfes vnitfni desku, min.
60 mm sprayed concrete over internal S
plate, min. 60mm <

5

stfikany beton pfes vnéjsi desku,
min. 60 mm sprayed concrete over
internal plate, min. 60mm

the final profile. The insulation of larger
areas can touch the excavation surface
only in specific cases, in agreement with
the project owner.

The installation begins by pushing the
plates on pre-installed anchors provided in
advance with back-up washers. The was-
hers serve to provide stopping and their
position can be set by a nut on the anchor
thread. The installation proceeds from the
top of the vault toward the sides. It is
necessary to carefully check the initial set-
ting. The connection of the plates is solved

vnéjsi PE deska
external PE plate

Obr. 5 Schéma poZdrni prepdZky
Fig. 5 Chart of the fire protection division

Hdndbok R510, Statens vegvesen

by overlaps on anchors. The overlap has to
be at least 30cm wide. The plates are
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vytvorit poZzarni prepazku. Izolace je v tomto misté svedena
k vyrubu a ukoncena, jak je popsdno vySe. Toto misto je pak
zastrikdno betonem a ndsledné je izolace z druhé strany napoje-
na na strikany beton v geometrii findlniho profilu (obr. 5).

Veskeré materidly (kromé plastovych) mély stejnou povrcho-
vou upravu jako kotvy, zarové pozinkovanou spodni a epoxido-
vou svrchni vrstvu. Dodavatelem byla firma Pretec.

Stejné jako u kotev je instalace desek provadéna z ploSiny.

Druhou ¢dst instalace tvori vyztuZeni svarovanou siti.
Zavésuje se 25 mm od vnitin{ strany PE desek. Spravnou vzda-
lenost zajistuji na kotvdch specidlni plastovd kola o priméru
400 mm a v prostoru mezi kotvami specidlni plastové distancni-
ky uchycené v deskach. Tyto distan¢niky maji zdroven vystup-
ky pro kontrolu tloustky stiikaného betonu. Sité, svafené z Smm
drétu, s oky 150x150 mm a celkovym rozmérem 2x5 m, umoz-
nily diky nizké hmotnosti snadnou instalaci. Ta probihala také
z ploSiny.

Svarované sit¢ bez povrchové tpravy byly nakoupeny
v Norsku od firmy Stalsenteret AS.

4.2 Typ 2 - Castecna izolace deskami polyetylenové
pény - PE foam

Tento typ je pouZivan k zakryti pfitoku a kapajicich mist ome-
zeného rozsahu, o maximdlni vySce pul profilu (obr. 6). Na pro-
jektu Nordfjordur byly pouzity desky o rozmérech 11,5x2,75 m
a 9,7x2,75 m o tloustce 45 mm, dodané norskou firmou
Skumtech. Krat3i desky umoznily instalaci pres pul profilu bez
zbyte¢né velkych profezu. Del3i desky byly objedndny kvuli
plnému vyuziti kapacity prepravnich kontejnera a ndsledné
narezdny podle potfeby. Na projektu Joberg se pouZzivaly Casti
desek urcenych pro cely profil.

Nizkd vyméra tohoto typu izolaci neumoznuje instalaci v polo-
ze blizké findlnimu profilu, v podstate kopiruje povrch vyrubu.
Pevné dana $itka desek klade zvySené poZzadavky na presnost
instalace kotev, na vyrovnani pripadnych nepfesnosti nezbyva
mnoho prostoru.

Instalace probihd stejné, jak bylo popsdno vySe. Zejména
u oblasti s vyskou bliZici se pul profilu je nutno peclivé kontrolo-
vat pocdteCni ustaveni, aby se vySe umisténé kotvy nedostaly
mimo desku.

4.3 Typ 3 —Izolace piného profilu polyetylenovou
membranou

U vice zvodnélych dseku na islandském tunelu se izoloval cely
profil polyetylenovou membranou namisto PE pény (obr. 7).
Predepsand membrdna, vyrobend z linedrniho nizkohustotniho
polyetylenu o tloustce 1,5 mm s bilou signdlni vrstvou, méla zdrs-
nény povrch kvuli lepsi prilnavosti stifkaného betonu. Vzhledem
k rastru kotev a nutnému prekryvu byly pouzity role 3,78 m Siroké

. Zpeviiujici pasy

% reinforcing strips

Obr. 6 Cdstecnd izolace deskami PE pény
Fig. 6 Partial insulation using PE foam plates
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installed always in the direction of the tunnel gradient so that
leaking through joints is prevented.

From the front side, the plates can be vertically reinforced
with reinforcing strips fixed to the anchors through a profiled
front washer and M 16 nut. When necessary, the strips, produ-
ced from 10mm diameter concrete reinforcement rods, are
bent. Between the anchors, the joints between the plates are
systematically reinforced with plastic bolts.

Individual water or frost prevention fields are terminated by
plates touching the lining, no matter whether the areas are
installed around the excavation surface or around the final
lining surface. At the termination location the spacing of
anchors is reduced to a half, which means to 0.6m, and the
reinforcing strip is installed between the anchors. The gaps
between the PE plates and the lining existing in the locations
of larger surface depressions are filled with smaller pieces of
PE plates so that they fully stick to the lining and leakage is
prevented (see Fig. 3).

In the areas with the insulation longer than 30-40m, it is
necessary to carry out expansion joints. The joints are carried
out using plastic L-sections laid on geotextile (see Fig. 4). The
first joint in the section should always be at the distance of ca
5m from the termination location so that the origination of
cracks in the termination area is prevented.

If the area to be insulated is longer than 250m, and in other
specific cases, for example in the neighbourhood of equipment
rooms, it is necessary to create a fire stop. In this location the
insulation touches the excavation surface, as mentioned above.
This location is subsequently covered with sprayed concrete
and the insulation is connected from the other side to the shotc-
rete in the geometry of the final profile (see Fig. 5).

The surface of all materials (with the exception of plastic
materials) was treated in the same way as anchors, i.e. with the
lower layer hot-dip galvanized with zinc phosphate and the
upper epoxy layer. The materials were supplied by the compa-
ny of Pretec.

As with anchors, the slabs are installed from a hoisting plat-
form.

The other part of the installation is formed by reinforcing
with welded mesh. The mesh is suspended at the distance of
25mm from the internal side of the PE plates. The correct
distance on anchors is provided by special plastic discs 400mm
in diameter. In the space between anchors, the distance is ensu-
red by special plastic spacers fixed in the plates. The spacers
are in addition provided with protrusions for the purpose of
checking the thickness of the sprayed concrete layer. The mesh
mats, welded from 5mm diameter wire with meshes
150x150mm and the overall dimension of 2x5m, allowed for
easy installation owing to the low weight. The installation was
also carried out from the hoisting platform.

Welded mesh without surface treatment was purchased in
Norway from the company of Stélsenteret AS.

4.2 Type 2 - Partial protection using polyethylene
foam plates - PE foam

This type is used for covering a limited scope of leaks and
dripping points with the maximum height of a half of the tun-
nel cross-section (see Fig. 6). Plates with the dimensions of
11.5x2.75m and 9.7x2.75m, 45mm thick, were used at the
Nordfjordur project. They were supplied by the Norwegian
company of Skumtech. Shorter plates allowed the installation
over a half of the cross-section without unnecessarily great
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Obr. 7 Izolace plného profilu polyetylenovou membrdnou
Fig. 7 Full-profile insulation using PE membrane

a 58 m dlouhé k dostatenému zaizolovani tif riznych profila
tunelu. V blizkosti portdlt slouZi membrdna zéroven jako izolace
proti mrazu.

Instalace probihala pomoci specidlni, Metrostavem vyrobené
instalacni jednotky. Za pouZiti 1Zice z bagru, ndhradni lafety a hyd-
raulického vélce z vrtného vozu vznikl jednoduchy, levny, snadno
ovladatelny a efektivni ndstroj, umoznujici uchyceni na pasovy
bagr Komatsu PC210 (obr. 8).

Membréna byla zavéSena na predinstalované kotvy osazené
vodonepropustnymi zadnimi podlozkami s kruhovou neopreno-
vou vlozkou (obr. 9) . Tato vlozka predchazi poskozeni membrany
pri dotaZeni predni podlozky a zabranuje pronikdni vody.

Ke svidreni byl pouZit lehky svafovaci automat Twinny S firmy
Leister. Vzhledem k napdjen{ z elektrocentrdly a moznému kolisani
napéti je jeho jednoduché konstrukce vyhodou. Svar samotny mél
Sitku 50 mm se zkuSebnim kandlkem, ktery umoznil testovani kva-
lity svaru.

Kazdy dsek plnoprofilové izolace byl na obou koncich uchycen
k osténi pres perforovany pasek Siroky 20 mm hieby osazovany-
mi nastfelovacimi nédboji s pomoci pistole Hilti DX2.

Na tseky delsi nez 25 m bylo nutné nainstalovat dilatacni pasy.
Plastovy L profil o vySce o 1 cm niz$i nez findlni tloustka betonu
se tavnym lepidlem pres pruh geotextilie nalepil na membranu po
celé délce profilu.

Osazovdni probihalo za pouZiti pdsového bagru Komatsu
PC210 vybaveného instalani jednotkou, samohybné nuzkové
plosiny Genie GS3390, samohybné plosiny Genie S40 pro svaro-
vani a dieselové elektrocentraly Mase MPV 20BA s provoznim

Obr. 9 Padsy polyetylenové membrdny pred svarenim
Fig. 9 Polyethylene membrane mats before welding

Obr. 8 Instalace polyetylenové membrdny
Fig. 8 Installation of the polyethylene membrane

cutting waste. Longer plates were ordered with the aim of
using the capacity of transport containers and were subsequ-
ently cut as required. Parts of the plates intended for the whole
cross-section were used at the Joberg project.

The small area of this type of insulation does not allow for
installing the plates in a position close to the final cross-secti-
on; the insulation essentially copies the excavation surface.
The fixed width of the plates puts increased requirements on
the accuracy of the installation of the plates; not much space
remains for the compensation of inaccuracies.

The installation proceeds identically with the above-mentio-
ned system. It is necessary, first of all in the cases of the areas
the height of which approaches the middle of the cross-secti-
on, to carefully check the initial setting so that the higher loca-
ted anchors do not get beyond the plate.

4.3 Type 3 - Full profile protection using a polyethylene
membrane

In more water-bearing sections of the Icelandic tunnel, the
entire cross-section surface was covered with a polyethylene
membrane instead of the PE foam (see Fig. 7). The prescri-
bedl.5mm thick linear low-density polyethylene membrane
with a white signal layer had the surface roughened because of
better adhesion to sprayed concrete. The membrane rolls
3.78m wide and 58m long required to provide sufficient cove-
ring of three various tunnel cross-sections were used with res-
pect to the grid of anchors and the necessary overlapping. In
the vicinity of portals, the membrane provides at the same time
the frost protection.

The installation was carried out using an installation unit
specially produced by Metrostav a.s. A simple, cheap, easy to
control and effective tool allowing for mounting on Komatsu
PC 210 crawler excavator was developed using the excavator
shovel, a substitute boom and a hydraulic cylinder from a dril-
ling rig (see Fig. 8).

The membrane was suspended from pre-installed anchors
with watertight back-up washers and neoprene pads mounted
on them (see Fig. 9). The pad prevents damaging of the mem-
brane at the moment of tightening the front washer and pre-
vents the intrusion of water.

The membrane was welded using Leicester company’s
Twinny S light-weight automatic welding machine. The sim-
ple design of the machine is an advantage with respect to
supplying the power from an electric generator and the pos-
sibility of voltage fluctuations. The double-seam weld itself
was 50mm wide. It contained a channel allowing for testing

the weld quality.



Obr. 10 Stiikani protipoZdrni vrstvy na polyetylenovou membrdnu
Fig. 10 Spraying the fire protection concrete layer on the polyethylene membrane

vykonem 17,5 kVA. S touto sestavou byla rychlost instalace pres
350 m? za sménu.

Stejné jako PE desky se membrdna vyztuZuje svarovanou siti.
ZaveSuje se 25 mm od vnitini strany PE membréany. Sprdvnou
vzdalenost zajistuji na kotvdch specidln{ plastovd kola o praméru
400 mm a v prostoru mezi kotvami klasické betonarské plastové
distan¢ni podlozky. Pouzité sit€ jsou shodné s t€émi popsanymi
u typu 1. Sit€ se nakupovaly v Norsku a na Island se dovaZzely.

Doddavku PE membrdny zajistila firma JUTA a.ss. (CZ)
a Oldroyd AS (NO). Veskeré ostatni kovové materidly mimo sva-
fovanych siti mély stejnou povrchovou dpravu jako Kotvy, tj. Zaro-
vé pozinkovanou spodni a epoxidovou svrchni vrstvu.
Dodavatelem byla firma Pretec.

4.4 Typ 5 - Castecna izolace PE membranou
S pevné danou Sifkou (s vymérou do 20 m2

Posledni typ izolaci reprezentuje nastielovand PE membréna
o dané §ifce (1,5 m). Specifikace materidlu byla stejna jako u typu
3. K osténi byla uchycena stejnym zpusobem jako ukonleni
plnoprofilové membrény, tedy nastfelovacimi hfeby upeviiovany-
mi pres perforovany pdsek Siroky 20 mm pistoli Hilti DX2. Tento
typ izolace se pouziva pro zakryti zavlhlych mist o malé $itce.

Snaha stavebntho dozoru o co moZnd nejvetsi pouZiti tohoto
typu prinesla v realizaci nékolik problému. Jednalo se o moZné
utrzeni membréany od osténi béhem zdstiiku stitkanym betonem
u mist s vySkou presahujici priblizné 5 m (toto bylo vyfeSeno
dodatenym vyztuZenim svafovanou siti). Ddle kvuli nepravidel-
nému osténi dochdzelo k prisakam vody pres okraje membrany.
Zde nakonec dozor uznal vyhrady zhotovitele a pro vétSinu mist
povolil nahradit izolaci deskami z PE pény. Denni vykony dosa-
hovaly v priméru 60 m?2.

Instalace probihala ze samohybné ploSiny Genie S40. PE mem-
brénu stejné jako u typu 3 dodala firma JUTA a.s.

4.5 Opravy izolaci

V prubéhu instalace nebo svarovani muze dojit k poskozeni izolace.

Membréna je opravitelnd zdplatou ze stejného materidlu, pfilepenou
horkovzdusnou pistoli. Okraje je mozné zavarit ruénim extrudérem.

Mald poskozeni PE pény je mozné vyplnit silikonem. U velkych

v w2

trhlin se musi vymenit alespon ¢ast desky.

5. STRIKANY BETON

Jako protipozarni ochrana izolaci slouZi vrstva strikaného betonu.
Technicka specifikace vrstvy stifkaného betonu se na téchto projek-
tech vyrazné lisila.

Na Islandu byla aplikovana vrstva 6 cmu typu2 a5 a 8 cm u typu
3. Beton tridy C30/37 XC3, XD1, XS1 stfikany na izolaci pres vyz-
tuzovaci svafovanou sit’obsahoval 2 kg/m> plastovych mikrovldken.
U nevyztuZenych izolaci se do prvni vrstvy (4 cm silné) pridavalo
i 4,5 kg mikrovldken na 1m? betonové smési.
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Each section of the full-profile protection was fixed at both
ends to the lining through a 20mm wide perforated strip with
cartridge nails using a Hilti DX2 nail gun.

Plastic waterstops had to be installed in sections longer than
25m. A plastic L-section by 1cm lower than the final thickness
of concrete was glued through a geotextile strip to the mem-
brane with a hotmelt adhesive throughout the cross-section cir-
cumference length.

The installation was carried out using a Komatsu PC210
crawler excavator equipped with the installation unit, the
Genie GS3 390 self-propelled scissor lift, a Genie S40 self-
propelled lift used for welding and a Mase MPV 20BA diesel
generator with the operating power of 17.5kVA. With this set,
the installation rate exceeded 350m? per shift.

As the PE plates, even the membrane is reinforced with wel-
ded mesh. The mesh is suspended at the distance of 25mm
from the internal side of the membrane. The correct distance is
secured on the anchors by special 400mm-diameter plastic
discs and, in the space between anchors, by classical plastic
rebar spacers. The welded mesh is identical with the mesh
described above for the type 1. The mesh mats were purchased
in Norway and were imported to Iceland.

The PE membrane supplies were provided by the companies
of JUTA (CZ) and Oldroyd AS (NO). The surface of all other
metal materials, with the exception of welded mesh, was trea-
ted identically with the anchors, i.e. with the lower layer hot-
dip galvanized with zinc phosphate and the upper epoxy layer.
They were supplied by the company of Pretec.

4.4 Type 5 - partial protection using a polyethylene
membrane with a fixed width (for areas up to 20m2).

The last protection type is represented by a shotfiring-fixed
PE membrane with the given width (1.5m). The material spe-
cification was identical with the type 3. It was fixed to the
lining identically with the fixing applied in the case of the ter-
mination of the full-profile membrane, i.e. using cartridge
nails hammered through a 20mm wide perforated strip with
a Hilti DX2 nail gun. This insulation type is used for covering
small-width moist places.

Resident engineer’s effort at the largest possible use of this
type caused several problems during the realisation. One of
them was the possibility of tearing the membrane from the
lining during the application of shotcrete at locations where
the height exceeded approximately 5Sm (this problem was sol-
ved by additional strengthening with welded mesh).
Furthermore, water seepage over the membrane edges took
place due to the irregular lining. In this case the resident engi-
neer recognised contractor’s objections and permitted repla-
cing of the insulation with PE foam slabs for the majority of
the places. Average daily outputs reached 60m?2.

The installation was carried out from Genie S40 self-propel-
led lifting platform. As at the type 3, the PE membrane was
supplied by the company of JUTA a.s.

4.5 Membrane repairs

The membrane can be damaged during the installation or
welding.

The membrane can be repaired by a patch from the same
material, which is stuck to the surface with a heat gun. The
edges can be welded with a handheld extruder.

Small damaged places in the PE foam can be filled with sili-
cone. In the cases of large cracks it is necessary to replace at
least a part of the plate.
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Obr. 11 Stiikdni protipoZdrni vrstvy na desky PE pény
Fig. 11 Spraying the fire protection concrete layer on the PE foam plates

V Norsku jsou vSechny plochy izolace vyztuZzené a pouziva se
tedy pouze beton s primési mikrovldken (2 kg/m3). Celkova tloust:
ka betonu je 8 cm a nastrik probihd ve dvou vrstvéch.

Pii stiikani je nutné ochranit jiz hotové definitivni vybaveni tune-
lu. Na Islandu to pro zhotovitele znamenalo jen drendZni potrubi,
v Norsku to v8ak byla hotova svodidla, chodniky a prvni vrstva
asfaltu.

Realizace na Islandu probihala strikacim strojem Meyco Potenza
(obr. 10) napdjenym elektrocentrdlou Olympian GEP200-4. Pri
zapo&itdni nutné Udrzby bylo dosahovano dennich vykont pies 35
vystitkanych m3.

V Norsku provadeél stiikan{ subdodavatel strojem AMV osazenym
na nékladnim automobilu (obr. 11). Vykony dosahovaly az 100 m3
za 12 hodin.

6. ZAVER

ZkuS$enosti na projektech Metrostavu a.s. se vyrazné lisi v zdvis-
losti na misté, miTfe zapojeni vlastnich kapacit a specifikacich jed-
notlivych projekti. Celkem bylo na projektech Langanes, Joberg
a Nordfjordur provedeno 110 000 m? izolaci.

V Norsku je realizace ponékud jednodussi a Metrostav a.s. zde
v témer stoprocentni mife pouZival subdodavatele, ktefi se speci-
alizuji na instalaci hydroizolaci a maji dlouholeté zkuSenosti.

Na Islandu vSak izolace predstavovaly nemalou vyzvu.
Plnoprofilové izolace PE membrianou nebyly dosud na Islandu
pouZity a investor s projektantem neméli s timto typem zkuSenos-
ti. Z toho pramenila nedostate¢na projektovd dokumentace a nut-
nost fesit mnohé detaily operativné. Snaha o minimalizaci plochy
izolaci pred instalaci vedla ve vysledku k mnohondsobnému navy-
Sovani vyméry pfi jejim provéadéni. To zpusobovalo zdsadni naru-
Seni pracovniho proudu a vyvoldvalo potfebu nekolikrdt se vracet
na jiz zaizolovand mista. Vzhledem k odlehlé poloze Islandu a fid-
kému lodnimu spojeni se jiZ tak slozitd logistika ddle kompliko-
vala. Pres veSkeré obtiZe se pracovnikim Metrostavu a.s. povedlo
také diky zkuSenostem ziskanym pfi razbach dokoncit instalaci
izolaci v terminu a v predepsané kvalité.

Ing. ALES GOTHARD, ales.gothard@metrostav.cz,
Ing. JIRT SACH, Jiri.sach@metrostav.cz,

Ing. JOSEF MALKNECHT, josef2489 @gmail.com,
Metrostay a.s.

Recenzovali Reviewed: Ing. Pavel Poldk, Bc. Tomds Némecek

5. SPRAYED CONCRETE

A layer of sprayed concrete serves to protect the insulation
against fire. The technical specifications for the sprayed conc-
rete layers were significantly different at these projects.

In Iceland, a 6¢cm thick layer was applied at types 2 and 5,
whilst an 8cm thick layer was required for type 3. The grade
C30/37 XC3, XD1, XS1 concrete sprayed on the insulation
through reinforcing welded mesh contained 2kg/m3 of plastic
microfibers per 1m3 of concrete mixture.

In Norway, all areas of the insulation are reinforced and only
concrete with addition of microfibers (2kg/m3) is used. The
total thickness of the concrete layer is 8cm and concrete is
sprayed in two layers.

During the shotcrete application it is necessary to protect the
already completed definitive tunnel structures. For the con-
tractor in Iceland, it meant only the completion of a drainage
pipeline, but in Norway it meant completion of safety barriers,
walkways and the first layer of asphalt.

The realisation in Iceland was carried out using a Meyco
Potenza spraying machine (see Fig. 10) fed by an Olympian
GEP200-4 power generator. With the maintenance counted in,
the daily concrete spraying rate amounted to 35m3.

In Norway, concrete was sprayed by a sub-contractor using
the AMV machine mounted on a truck (see Fig. 11). The spray-
ing rate reached up to 100m3 per 12 hours.

6. CONCLUSION

The experience gained on Metrostav a.s. projects signifi-
cantly varies depending on the location, the degree of involve-
ment of Metrostav’s own capacities, and the specifications for
individual projects. The total of 110,000m? of insulation was
carried out on the Langanes, Joberg and Norofjordur projects.

In Norway, the realisation is a little simpler and Metrostav
a. s. used sub-contractors specialising in the installation of
waterproofing and having many years of experience nearly in
one hundred percent of cases.

But in Iceland, waterproofing presented a considerable chal-
lenge. The full-profile PE membrane waterproofing had not
been used in Iceland until that time and the project owner with
the consulting engineer did not have experience with this type.
Inadequate design documentation and the necessity of solving
numerous details operatively resulted from this fact. The effort
at minimising the areas of insulation prior to the installation
resulted into multiple increasing in the insulation area during
the installation. It caused major disturbance of the work flow
and triggered the need for repeated returning to places where
the insulation had been completed. With respect to the remote-
ness of Iceland and sparse boat connections, the already diffi-
cult logistics was further complicated. Despite all difficulties,
Metrostav a. s. employees managed, also owing to the experi-
ence gained during the underground excavation, to finish the
installation of the water and frost protection on time and to the
required quality.

Ing. ALES GOTHARD, ales.gothard@metrostav.cz,
Ing. JIRI §ACH, Jiri.sach@metrostav.cz,

Ing. JOSEF MALKNECHT, josef2489@gmail.com,
Metrostav a.s.
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TUNELY EJPOVICE
RAZBA JIZNi TUNELOVE TROUBY, PRESUN A UPRAVY STROJE
PRO RAZBU SEVERNI TUNELOVE TROUBY
EJPOVICE TUNNELS
DRIVING THE SOUTHERN TUNNEL TUBE; SHIFTING AND MODIFYING
THE TBM FOR DRIVING THE NORTHERN TUNNEL TUBE

STEFAN IVOR, PETR HYBSKY, LIBOR SYKORA, VACLAV ANDEL

ABSTRAKT

Moderni svétovy trend razeb dlouhych dopravnich tunelii jednoznacné spéje k metoddm mechanizovaného tunelovdni. V duchu toho-
to trendu se zminénd metoda etabluje i v prostredi Ceskych Zelezni¢nich staveb, konkrétné pri razbdch tunelii Ejpovice v rdmci moder-
nizace trati v tiseku Rokycany — Plzen. Razby Ejpovickych tunelu provddi tunelovaci stroj Herrenknecht S-799. Ten v poloviné loriského
roku dokoncil vystavbu jizni tunelové trouby. Ndsledne byl demontovdn na transportovatelné dsti a prestéhovdn zpét na vjezdovy por-
tdl, aby zde byl pFipraven pro raZbu severni tunelové trouby.

ABSTRACT

The modern worldwide trend in driving long transport tunnels is unambiguously tending towards mechanised tunnelling methods. In
the spirit of this trend, the above-mentioned method has established itself even in the environment of Czech railway construction pro-
Jjects, specifically in driving the Ejpovice tunnels within the framework of the modernisation of the railway track in the Rokycany — Plzen
section. The Ejpovice tunnels are driven by a Herrenknecht S-799 TBM. This machine finished the construction of the southern tunnel
tube in the middle of 2016. Subsequently it was dismantled to transportable components and was moved back to the entrance portal to

be prepared there for driving the northern tunnel tube.

1. CHARAKTERISTIKA PROJEKTU

Tento ¢lanek souvisi a navazuje na dfive publikované ¢lanky
[17 a [2]. Stavajici trat'v dseku mezi Rokycany a Plzni je vede-
na pres obec Chrast. Soucasné vedeni trasy nesplnuje pozadav-
ky trasovéani vysokorychlostnich Zeleznic ani koridorovych
Zelezni¢nich trati. Nove navrzené vedeni trasy si diky morfolo-
gii zdejsiho terénu vyzadalo podchod dvou terénnich ttvart —
vrchold Homolky a Chlumu. Ten mé byt v tomto tseku reali-
zovan dvojici jednokolejnych tunela.

Ob¢ paralelné vedené tunelové trouby jsou raZeny jednim
a tim samym tunelovacim strojem ze stejného portdlu. Kazda
tunelova trouba md délku 4150 m, coZ z Ejpovickych tunela
&ini nejdelsi v Ceské republice. Pii¢ny fez je kruhovy, svétlého
pruméru 8,7 m. Osténi je sloZzené z prefabrikovanych betono-
vych segmentu, jeZ jsou v horniné stabilizovdany pomoci dvou-
komponentni vyplnové injektaze.

Geologické podminky v trase razeného dila jsou velmi ruz-
norodé. Lis{ se jak jednotlivé horninové celky, tak i jejich vlast-
nosti. Dominujicim geotypem vrcholu Homolka jsou mékké
bridlice (prachovité, grafitické jilovité). Vyznacuji se riznym
stupném zvétrani, prokfemenéni, ale i uloZenim vrstev. Naopak
vrch Chlum je tvoren tvrdymi spility. Stfedova ¢dst mezi obéma
vrchy se vyznacuje kombinaci bridlic a spilitd spolu s dal§imi
mlad$imi sedimentdrnimi horninami (napf. piskovci). Bridlice
v tsecich s nizkym nadloZim byly zcela nestabilni, zvodnélé
a svymi vlastnostmi odpovidaly nesoudrzné zeminé. Razba
zejména v téchto dsecich potvrdila spravnost a predvidavost
pro pouziti technologie mechanizovaného tunelovani.

2. POUZITY TUNELOVACI STROJ

Tunelovaci stroj byl vyroben némeckou spoleCnosti
Herrenknecht AG pod sériovym ¢islem S-799, obr. 1. Aby byl

1. PROJECT CHARACTERISTICS

This paper relates to and is a continuation of [1] and [2]. The
existing rail track in the section between Rokycany and Plzen is
led through the municipality of Chrast. The current alignment
meets neither the requirements of high-speed railways nor the
requirements of corridor railway tracks. Owing to the morpholo-
gy of the local terrain, the newly designed alignment required
passing under two terrain formations — Homolka and Chlum
Hills. The passage in this section is carried out by a pair of sing-
le-track tunnels.

Both parallel tunnel tubes are driven by one and the same tun-
nel boring machine from the same portal. Each tunnel tube is
4150m long. This fact makes the Ejpovice tunnels the longest in
the Czech Republic. The cross-section is circular with the net dia-
meter of 8.7m. The tunnel lining is of the segmental type, consis-
ting of pre-cast concrete segments, which are stabilised in the
ground using two-component backgrouting (activation grouting).

Geological conditions along the mined tunnel route are very
variable. Not only the ground units but even their properties dif-
fer. Weak shales (silty or graphitic clayey) are the dominant geo-
logical type at Homolka Hill. They are characterised by a vari-
able degree of weathering and quartzification, but also by the
variable deposition of layers. On the contrary, Chlum Hill is for-
med by hard spilites. Geology in the middle part between the two
hills is characterised by a combination of shales and spilites,
together with other younger sedimentary rock types (e.g. sand-
stone). The shales in the low overburden sections of the align-
ment were completely instable, saturated with water, and their
properties corresponded to cohesionless soil. Driving the tunne-
Is, first of all in these sections, confirmed the correctness of and
foresight for the application of the mechanised tunnelling tech-
nology.
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Obr. 1 Tunelovaci stroj S-799 pred zahdjenim raZeb JTT
Fig. 1S-799 tunnel boring machine before the commencement of driving the STT

schopen efektivné se vyrovnat s proménlivymi a extrémné ruz-
norodymi geotechnickymi podminkami, byl zkonstruovan jako
zeminovy $tit s moZnosti prestavby na razici stroj do pevnych
skalnich hornin.

Tab. 1 Zdkladni parametry stroje

typ stroje prestavitelny — EPBM/hardrock
primér fezné hlavy 9 840 mm

délka vé. zavésu 115 m

hmotnost v¢. zavésu 1800t

instalovany vykon 6200 kW

provozni tlak 4.5 bar

2.1 Princip razby, obsluha stroje

Hornina je rozpojovéna rotacni feznou hlavou osazenou dlaty
a valivymi disky. Soucasné s procesem rozpojovani probiha
tiprava konzistence rubaniny pomoci vody, pén a polymeru,
resp. jejich kombinaci. Upravend hornina skrze otvory v rezné
hlavé prochdzi do prostoru odtéZzovaci komory. Zde vytvari pro-
titlak na &elbu a tim pusobi zdroven jako jeji paZeni. Z odtéZzo-
vaci komory je rubanina prubéZné odebirdna $nekovym doprav-
nikem a ddle poté transportovdna dopravnikem pdsovym.
V soubéhu s razicim cyklem probihd vyplnova injektdz mezi-
kruZi mezi horninou a rubem instalovanych prstencu segmento-
vého osténi. Po vyraZeni jednotlivych zdbéra nésleduje montdZ
prstence prefabrikovaného osténi.

Béhem jedné dvandctihodinové smény obsluhuje razici stroj
dvandcti¢lennd osadka. Pilot stroje je zodpovédny za fizeni
stroje béhem razby zabéru. Operdtor injektdZe v prabéhu postu-
pu obsluhuje injektdZzni zafizeni, stavbu prstenct provadi tif-
¢lennd osddka pracovniku. Zbytek osddky zodpovidd za pro-
dluZovéani vedeni obsluznych médii, provddéni prubéZnych
Udrzeb stroje Ci sklddani segmentd (obr. 2), a logistiku ostatni-
ho materidlu pro razbu.

V pravidelnych intervalech je tfeba provddeét odstavky
z duvodu prodluzovani pasového dopravniku, vysokonapétové-
ho kabelu, pfipadné z duvodu kontroly a vymény feznych
nastroju.

3. ZKUSENOSTI Z RAZEB JIZNi TUNELOVE TROUBY

3.1 Razba v rezimu zeminového §titu
V rezimu zeminového Stitu vyrazila Viktorie, jak byl tunelova-
ci stroj Herrenknecht S-799 pokitén pri slavnostnim zahajovacim

2. TUNNEL BORING MACHINE APPLIED

The tunnel boring machine was manufactured by German-
based Herrenknecht AG under the serial number of S-799 (see
Fig. 1). It was designed as an earth pressure balance tunnelling
machine allowing for the conversion to a hard rock tunnel boring
machine.

Table 1 Basic TBM parameters

TBM type convertible - EPB/hard rock
cutterhead diameter 9840mm

length including back-up 115m

weight including back-up 1800t

installed output 6200kW

operating pressure 4.5 bar

2.1 Tunnel excavation principle, machine operation

Ground is disintegrated by a rotational cutterhead fitted with
cutters and disk cutters. The consistency of the muck is adjusted
concurrently with the process of disintegration, using water,
foams and polymers or their combinations. The treated ground
passes through openings in the cutterhead to the extraction cham-
ber. In the chamber it creates back-pressure on the excavation
face, thus acting as the excavation support. Muck is continually
removed from the extraction chamber by a screw conveyor, to be
transported further by a belt conveyor. Backgrouting (contact
grouting) into the annulus between the rock and the external sur-
face of the installed segmental lining rings is carried out concur-
rently with the excavation cycle. The assembly of the precast seg-
mental lining follows after the completion of the individual exca-
vation rounds.

During the course of one twelve-hour shift the tunnel boring
machine is operated by a crew of twelve. The TBM operator is
responsible for the guidance of the machine during the execution
of an excavation round. The grouting operator operates the grou-
ting equipment during the work on the excavation round; lining
rings are assembled by a crew of three. Remaining members of
the operating crew are responsible for extending service media
lines, carrying out ongoing maintenance of the machine, unloa-
ding the segments (see Fig. 2) and for the logistics of other mate-
rials required for driving the tunnel.

TBM outages are necessary to take place at regular intervals for
the purpose of extending the belt conveyor, the high-voltage
cable or checking and replacing cutting tools.

3. EXPERIENCE FROM DRIVING THE SOUTHERN
TUNNEL TUBE

3.1 Driving tunnel in the EPB mode

In the earth pressure balance mode, Viktorie, the Herrenknecht
S-799 tunnel boring machine which got its name during the tun-
nel excavation opening celebration, completed the excavation of
3154 in total. It needed 371 days for covering this distance. The
average daily advance rate achieved therefore amounted to 8.5m.
The highest monthly advance rate of 528m was achieved in May
2016; the highest daily advance amounted to 32m. The excavati-
on advance rates were negatively affected by several following
factors: instable ground, hydrostatic pressure, high rates of
groundwater inflows and increased abrasivity.

The excavation of the southern tunnel was characterised by fre-
quent instability of the ground environment (mainly within the
initial 250m long section), which was in addition amplified by



Obr. 2 Skldddni segmentii na segmentovy podava¢
Fig. 2 Unloading the segments on the segment erector

ceremonidlu razby tunelu, celkem 3154 m. Pro zdolani této vzda-
lenosti potreboval 371 dni, ¢imZ bylo dosaZzeno prumérného
postupu 8.5 m. Nejvyssi mési¢ni vykon pfipadl na kvéten pred-
lonského roku — 528 m, nejvyssi denni vykon predstavoval 32 m.
Rychlost razby byla negativné ovlivnéna nékolika faktory: nesta-
bilni horninou, hydrostatickym tlakem, vysokymi pfitoky pod-
zemni vody a zvySenou abrazivitou.

Razba jizniho tunelu se vyznacovala Castou nestabilitou hor-
ninového prostredi (zejména v dvodnim dseku prvnich 250 m)
a byla navic umocnéna zvySenymi pritoky podzemni vody se
zvySenym hydrostatickym tlakem, ktery v pristropi tunelu ¢inil
az 3 bary (hydrostaticky tlak neodpovidal vySce nadloZi, byl
vyS§i, neZ by odpovidalo vySce nadlozi). Kombinace téchto
faktort si vyZddala provddéni raZby v predmétném useku
v rezimu s Gplnou podporou Celby (closed mode). Nestabilita
Zelby se projevovala vznikem nadvylomu a byla zpusobena
vysokym stupném rozpukanosti a propustnosti horniny v poru-
chovych zonach.

V poruchovych zénéch se zvySenymi pritoky podzemni vody
(az 28 1/s) bylo nutné opérny tlak v komote zvysit o hodnotu
potrebnou k zajisténi stability ¢ela vyrubu. Pri takto vysokych
hodnotdch dochédzelo k vyvérani pén a vyplnové injektdZe na
povrch terénu a opérny tlak musel byt snizovan na hodnoty, pti
kterych nedochézelo k tiniku médii. Pasovy dopravnik nepobral
tekutou rubaninu, kterd pretékala z pdsu a zneCiStovala dno
a segmenty osténi piipravené na montdz. Cisténf stroje a ostén{
trvalo mnohdy celou sménu a zdrZovalo postup razeb.

Pomérné dobré vysledky prineslo pouziti polymeru uréeného
k vazani vody, které eliminovalo dc¢inky tekuté rubaniny. Na
projektu tunelu Ejpovice byl pouzit Mapedrill M1 italské spo-
le¢nosti MAPEI.

Razby v rezimu s tdplnou podporou Celby obecné vedou ke
zvySenému opotrebeni fezné hlavy a feznych ndstroju.
K rychlému opotiebeni feznych diski dochdzelo v piipadech,
kdy lepiva rubanina zcela vyplnila 107ka disku a znemoZnila
jejich otdceni, ¢imz doSlo k okamzitému mistnimu obrusu
disku. K opotiebeni prispivaly kiemen a kfemenné Zily, které se
v bridlici hojné nachazely.

Préce spojené s vyménou feznych ndstroju, s opravami rezné
hlavy nebo opravami v odtéZovaci komore bylo nutné provadeét
v pevné horning, kterd zajistila stabilni ¢elbu. Pokud prirozené
stabilni Celba, umoznujici idrzbu stroje, v daném tseku nebyla
zastizena, bylo nutné Celbu stabilizovat chemickou injektaz{
provadénou ze Stitu.

V mistech s nizkym nadloZim méla ¢elba pouze kratkodobou
stabilitu, nebylo tedy moZno v mnoha stovkéch metrti dlouhych
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growing rates of increased hydrostatic pressure of groundwater
inflows, amounting up to 3 bars in the tunnel top heading (the
hydrostatic pressure did not correspond to the overburden height;
it was higher than the pressure which would have corresponded
to the overburden height). The combination of these factors requ-
ired that the excavation in the above-mentioned section was car-
ried out in the closed mode. The excavation face instability mani-
fested itself by the origination of overbreaks. It was caused by
a high degree of fracturing and permeability of the rock in weak-
ness zones.

It was necessary in the weakness zones with increased ground-
water inflow rates (up to 28L/s) to increase the support pressure
in the chamber by the value required for securing the stability of
the excavation face. When such high values were applied, foams
and contact grout rose to the surface and the support pressure had
to be reduced to values at which the media did not escape. The
belt conveyor could not carry all liquid muck. It spilled over the
belt edges and dirtied the bottom and lining segments prepared
for the installation. The cleaning of the machine and lining often
took an entire shift and reduced the excavation advance rates.

Relatively good results were achieved by using a water-binding
polymer, which eliminated the effects of the liquid muck.
Mapedrill M1 produced by Italy-based MAPEI was applied to the
Ejpovice tunnel excavation.

Driving tunnels in the closed TBM mode generally leads to inc-
reased wear of the cutterhead and cutting tools. Accelerated wea-
ring of disc cutters occurred in the cases where the sticky muck
completely filled the disc cutter sockets and made their rotation
impossible. As a result, local wearing of the disk took immedia-
tely place. The wear was attributed to quartz and quartz veins
abundantly present in the shale.

The operations associated with the replacement of cutting tools,
repairs of the cutterhead or repairs inside the extraction chamber
had to be performed in solid rock, which provided a stable exca-
vation face. If the naturally stable excavation face allowing the
maintenance of the TBM had not been encountered in the particu-
lar section, it was necessary to stabilise the excavation face by
chemical grouting carried out from the shield interior.

In the low overburden locations the ground had only short-term
stability. It was therefore impossible to enter the extraction cham-
ber along many hundred metre long sections to carry out the
necessary maintenance of the cutterhead, first of all cleaning and
replacement of cutting tools. For that reason a system of cast-in-
situ diaphragm walls forming compact concrete blocks, “garages”
was created. The tunnel boring machine cutterhead could be “par-
ked” in them and the cutterhead maintenance could be carried out
at regular intervals under their protection. The advantage of the
“garages” lied in the fact that this measure could be performed

Obr. 3 Hloubeni podzemnich stén tzv. gardzi
Fig. 3 Excavation of trenches for diaphragm walls of the so-called garages
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usecich vstoupit do komory a provadét nezbytnou ddrzbu rezné
hlavy, zejména &i§téni a vyménu feznych néstroju. Byla proto
navrZzena soustava monolitickych podzemnich stén, které
vytvorily kompaktni betonovy blok, ,gardz*, do néhoz bylo
mozné feznou hlavu tunelovaciho stroje ,,zaparkovat“ a pod
jeho ochranou provést v pravidelnych vzdalenostech ddrzbu
fezné hlavy. Vyhodou ,,gardzi“ bylo to, Ze se jednalo o opatie-
ni provedené v predstihu raZeb z povrchu terénu (obr. 3) a jejich
vybudovéni nezdrZovalo razbu. Vybetonovany prostor ,,garaze*
mél pudorysné rozméry 15x4 m, hloubka dosahovala od povr-
chu tzemi a7 zhruba do poloviny vyrubu tunelu. Uspé§né pou-
Ziti Ctyr ,,gardzi* na trase jizniho tunelu ukdzalo, Ze zabezpece-
ni Celby podzemnimi sténami je rychlé, potfebné a bezpetné
fedeni. Udrzby fezné hlavy tedy probihaly ve vyprazdnéné pra-
covni komore §titu a za atmosférického tlaku.

X2

Mnohem vyssi podil kfemenné slozky, nezli bylo predpoklé-
déno, zpusobil vyssi abrazivitu, a tim i vyS8{ frekvenci vymény
feznych ndstroju. Abrazivni prostiedi zpasobilo i obrus ochran-
nych tvrdokovovych otérovych desti¢ek, kterymi byla fezna
hlava osazena.

Pfi prochdzeni kritickymi tseky (podchod komunikaci a inZe-
nyrskych siti) se provedla ochranna opatfeni na povrchu — staly
dozor, ¢aste¢né ¢i iplné znepristupneni vytipovanych oblasti na
povrchu. Rovnéz byly zvySeny cetnosti kontrol rubaniny,
zejména objemové hmotnosti, geotechnickym monitoringem.
Pfi podchodu frekventované silnice s nadloZim pouhych 9,5 m
(ulice Hlavni) byla tato preklenuta mostnim provizoriem.
Vsechna opatfeni byla odvoldna vzdy teprve poté, co bylo
v daném useku geofyzikdlnimi metodami ovéfeno, zda se
v nadloZi tunelu nenachdzi anomadlie, kterd by mohla signalizo-
vat existenci podpovrchovych dutin. Omezeni tvorby nadvylo-
mu bylo sledovdno kontrolnim véZenim rubaniny odchdzejici
z pracovni komory béhem jednoho zdbéru. Presné nastaveni
vah vyzadovalo sledovédni objemové hmotnosti geotechnickym
monitoringem. Hmotnost vytéZeného materidlu z daného zabe-
ru tak odpovidala hmotnosti rostlé horniny urcené z plochy
vyrubu ndsobenou délkou zabéru. VEtsi t€Zzené mnozstvi je
indikaci vzniku nadvylomu a zdroven ukazovalo na skute¢nost,
Ze opérné tlaky v odtéZovaci komore je tieba zvysit, coZ vede
k vyraznému zpomaleni postupu. Objemovd hmotnost hornin
se pohybovala v Siroké skale mezi 2 t/m?® az 2,8 t/m>.

3.2 Razby v ,hard rock” rezimu raziciho stroje

Po zastiZeni prostredi spiliti byl stroj prestavén do reZzimu
razictho stroje pro tvrdé skalni horniny. V takovém rezimu
feznd hlava pracuje s jednostrannou rotaci (na rozdil od zemi-
nového Stitu, kdy 1ze hlavou otacet oboustranné). Rozpojena
hornina je z ¢elby odvadéna pomoci dodate¢né osazenych sklu-
zU piimo na pésovy dopravnik, ktery je vsunut do prostoru
odtézovaci komory skrze tzv. ndsypku.

QOdlisny je jiZ zpusob rozpojovani horniny. Zatimco v reZimu
zeminového Stitu jsou do procesu rozpojovéani zapojeny jak
fezné disky, tak i fezné noze, v reZimu raziciho stroje je rozpo-
jovani horniny provadéno vyhradné reznymi disky. Vyuziva se
zde principu anglicky popsaného jako rock chipping, tedy Ze
kazdy disk na své nezdvislé drize vytvori v éelbé ryhu. Hornina
v blizkosti dréhy tohoto disku v dusledku jeho pusobeni popras-
ké. Sousedni disk na své drdze pracuje totoZnym zpusobem,
v dusledku ¢ehoZ se vylomi ¢asti horniny mezi drdhami jedno-
tlivych diskua.

Velmi duleZitou souldsti pracovniho cyklu raZeb v reZimu
raziciho stroje je kontrola a Gdrzba feznych ndstroju. Zatimco
v reZimu zeminového §titu se Cetnost vstupu do prostoru fezné

from the terrain surface (see Fig. 3), in advance of the tunnel exca-
vation, and their construction did not delay the excavation process.
The completed concrete “garage” structure ground-plan dimensi-
ons were 15x4m, the depth from the terrain surface reached app-
roximately the middle of the tunnel excavation cross-section. The
successful use of four “garages” on the southern tunnel tube pro-
ved that securing the excavation face using diaphragm walls is
a quick, needed and safe solution. The cutterhead maintenance
operations were therefore carried out in the empty working cham-
ber and under the atmospheric pressure.

The much higher proportion of the quartz component than ori-
ginally assumed caused increased abrasivity, thus even the higher
frequency of replacing cutting tools. In addition, the abrasive
environment caused wearing of protective tungsten carbide abra-
sion-resistant plates installed on the cutterhead.

Preventive measures (permanent supervision, partial or com-
plete prevention of access to tipped areas on the surface) were
implemented on the terrain surface when critical tunnel sections
(passing under roads and utility services) were being driven. In
addition, the frequency of checks on the muck carried out by geo-
technical monitoring, first of all checks on the bulk density, was
increased. When the busy road with the overburden only 9.5m
high (Hlavnf Street) was being crossed under, the road was cove-
red with a temporary bridge structure. All measures were cancel-
led only after the particular section had been examined using
geophysical methods, whether no anomaly which could signalise
the existence of subsurface cavities was found in the tunnel over-
burden. The creation of overbreaks was observed by checkweig-
hing of the muck leaving the working chamber during the course
of one excavation round. The observation of the bulk density by
geotechnical monitoring was necessary for the accurate setting of
scales. The weight of the material excavated from the particular
excavation round therefore corresponded to the weight of the
natural ground determined by multiplying the excavated cross-
section area by the excavation round length. A larger excavated
volume indicated the origination of an overbreak and, at the same
time, pointed to the fact that it was necessary to increase the
thrust in the extraction chamber, thus reducing the excavation
advance rate. The density of rock varied within a wide range, bet-
ween 2t/m? and 2.8t/m3.

3.2 Driving the tunnel in the hard rock TBM mode

After encountering the environment formed by spilites, the
TBM was converted into the hard rock mode. In this mode the
cutterhead is operated with one-sided rotation (in contrast of an
EPM TBM, where the cutterhead can be rotated in both directi-
ons). The disintegrated rock is removed from the excavation face
by means of additionally installed chutes directly to the belt con-
veyor, which is inserted into the extraction chamber space
through the so-called hopper.

Even the rock disintegration method is different. While in the
earth pressure balance mode neither disc cutters nor picks are
incorporated into the process of ground disintegration, the disin-
tegration is carried out exclusively by disc cutters in the hard rock
mood. In the latter case, the rock chipping principle is used,
which means that each disc creates a groove in the excavation
face on its independent route. The rock near the route of this disc
cracks as a result of its action. The neighbouring disc works on its
own route identically. As a result, the parts of the rock mass bet-
ween the routes of the individual discs are broken off.

The inspection and maintenance of cutting tools is a very
important part of the working cycle in the hard rock TBM mode.
While the frequency of the entries into the cutterhead space is




Obr. 4 Tzv. ,,mald prordzka‘ jiZni tunelové trouby
Fig. 4 The so-called “minor breakthrough” of the southern tunnel tube

hlavy pocitd na tydny, jsou prace v fezné hlavé ve skalnich hor-
nindch dennodenni zdlezitosti. V pravidelnych intervalech je
tfeba méfit a kontrolovat opotfebeni feznych disku a stav fezné
hlavy. Jeji konstrukce je vystavena vysokému zatiZeni v kom-
binaci s vibracemi. Nezridka tudiz dochédzi nejen k béZnému
opotiebeni feznych diskd, ale i k poSkozentf jejich zajistovacich
prvku.

Nejen zpusob raZeni, ale i postup injektdZe se lisi pfi postu-
pu s pretlakovanou odtéZovaci komorou od toho, kdy komora
pretlakovdna neni. V prvnim pripadé lze prostor vné prstenct
segmentového osténi pomérné efektivné vyplnit primarni
injektazi skrz obalku $titu, a to i v horni poloviné mezikruZi.
V pripadé, kdy komora pretlakovdna neni, hrozi riziko dniku
Cerstvé injektdzni smési podél $titu do prostoru fezné hlavy.
V dusledku toho muZe tento dnik vést ke vzniku nevyplnénych
prostor vné osténi, a tim padem i k nedokonalému zafixovan{
jednotlivych segmentd v horninovém prostiedi.

Béhem razeb v pevnych spilitech (pevnostni tfida az R2,
lokdlné R1) proto zhotovitel pristoupil k provadéni vicestup-
fiového zpUsobu injektdZe. Primdrni, skrz obélku $titu méla za
cil vyplnit spodni polovinu tunelového mezikruZi. Ve druhém
stupni, cca 10 m za koncem Stitu byla provadéna injektaz
sekundarni skrz predem pripravené otvory v segmentovém
osténi. Treti stupen injektdZe se realizoval v zadni ¢dsti zdvésu
stroje a tato injektdZ méla za tikol dotésnéni moznych dutin vné
osteéni.

4. PRORAZKA JIZNIHO JEDNOKOLEJNEHO TUNELU

Po necelych Sestndcti mesicich od zahajeni razeb dokoncila
Viktorie svij postup na 4,1 km dlouhém jiznim jednokolejném
tunelu. Prostorové usporadani portdlové jamy na tzv. vyjezdo-
vém portélu si vyzadalo provedeni dvou prorazek. Pri té prvni
spatfila povéstné svétlo na konci tunelu vrchni tfetina fezné
hlavy, obr. 4. Poté stroj razil jesté¢ dalsich 50 m v oteviené
jdme, aby posléze dospél k tzv. velké prorazce.

Prvni prorazka probéhla 7. 6. 2016 za ucasti pozvanych
zédstupcu zicastnénych firem. Néslednd raZba v oteviené jamé
nabidla jedine¢ny pohled na pracujici stroj zvenc¢i. Bylo mozné
pozorovat praci fezné hlavy i proces vypliové injektdze tune-
lového mezikruZi, tedy procesy, které jsou za normélnich okol-
nosti lidskému zraku skryté.

Préce Viktorie na prvnim ze dvou Ejpovickych tuneld byla
zavrSena v sobotu 11. 6. 2016. Pri této prileZitosti usporddala
firma Metrostav a.s. den otevienych dverfi pro navstévniky
z fad laické verejnosti, ktefi mohli na vlastni o¢i spatfit razbu
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counted in weeks in the case of the earth pressure balance TBM,
this work is a daily routine in the case of the hard rock cutterhe-
ad. It is necessary to measure and check the wear of disc cutters
and the condition of the cutterhead at regular intervals. The cut-
terhead structure is exposed to high loading conditions in combi-
nation with vibrations. The disc cutters are often not only com-
monly worn but their locking elements are also damaged.

Not only the tunnel excavation procedure but also the grouting
procedure in the case of the procedure with a hyperbaric extracti-
on chamber differs from the procedure without the hyperbaric
chamber. In the former case the space outside the segmental lining
rings can be relatively easily filled by means of primary grouting
through the shield skin, even in the upper half of the annulus. In
the case where the chamber is not positively pressurised, there is
a risk of the leakage of grouting mixture along the shield into the
cutterhead space. As a result, this leakage may lead to the origina-
tion of unfilled spaces outside the lining, thus even to imperfect
fixing of individual segments in the rock environment.

For that reason the contractor proceeded to the application of
a multi-stage system of grouting during the course of driving the
tunnel through hard spilites (strength class up to R2, locally R1).
The objective of the primary grouting through the shield skin was
to fill the lower half of the tunnel annulus. In the second stage,
approximately 10m behind the shield end, the secondary grouting
was carried out through ports prepared in advance in the segmen-
tal lining. The third grouting stage was realised in the rear part of
the trailing gear. The objective of this grouting stage was to com-
plete the sealing of potential cavities outside the lining.

4. BREAKTHROUGH OF THE SOUTHERN SINGLE-TRACK TUNNEL

Nearly sixteen months after the commencement of driving,
Viktorie finished its way along the 4.1km long southern single-
track tunnel. The space arrangement of the portal pit at the so-cal-
led exit portal required two breakthroughs. At the first breakt-
hrough only the upper third of the cutterhead saw the proverbial
light at the end of the tunnel (see Fig. 4). Subsequently the TBM
drove additional 50m in an open trench, to reach the so-called
major breakthrough.

The first breakthrough took place on 7th June 2016, in the pre-
sence of invited representatives of participating companies. The
subsequent tunnel excavation in the open trench offered a unique
view of the working machine from the outside. It was possible to
observe the work of the cutterhead and the process of injecting
the contact grout into the tunnel annulus, which are the processes
under normal circumstances hidden to human eyes.

Obr. 5 Prordzka jizni tunelové trouby
Fig. 5 Breakthrough of the southern tunnel tube



Obr. 6 Demontd? stroje Herrenknecht S-799
Fig. 6 Herrenknecht S-799 TBM dismantling

poslednich zdbéra vletné samotné prordzky, obr. 5. Ta nastala
v 15:06. Poté ndsledoval slavnostni akt, pti kterém celd osadka
projde skrz feznou hlavu, aby tim symbolicky dokoncila sménu
na opacné stran€ jiz vyrazeného tunelu.

5. STEHOVANI STROJE, PRIPRAVA PRO RAZBY STT

Neprodlené po dorazenf jizni tunelové trouby byly zahdjeny
prace na demontézi a presunu stroje zpet na vjezdovy portal,
pro razbu severni tunelové roury. V soubéhu s demontdzi vlast-
niho §titu pred vyjezdovym portdlem (obr. 6), byly postupné
rozpojeny jednotlivé vozy zavesu stroje (gantry), a pomoci
obsluznych vozidel MSV (multi service vehicle, viceicelové
vozidlo) protazeny vyraZzenym tunelem opét na vjezdovy por-
tal (obr. 7). Jednotlivé dily Stitu byly po Castech prevezeny
a opét smontovdny v Zelezobetonové kolébce na vjezdovém
portalu.

Pred samotnou realizaci téchto praci bylo nutno cely proces
pripravit a doresit detaily demontdz{ a samotnych preprav.
Tato piiprava byla zahdjena cca 6 mésicu pied samotnou rea-
lizaci. Jedinou nezndmou zustdval stav &dsti tunelovaciho
stroje, ke kterym neni beéhem raZzby pristup, a to predevsim
stav predni &&sti fezné hlavy a stav Sroubovice $nekového
dopravniku. Na zdkladé skutecné zastizené vySsi abrazivity
horninového masivu v prubéhu razby zhotovitel predpokladal
jejich zna¢né opotiebeni, které se po prordzce jizniho tunelu
potvrdilo a tim padem bylo nutné pred zahdjenim razby sever-
niho tunelu provést rozsahlou repasi téchto ¢asti tunelovaciho

Obr. 8 Montdz stroje pred zahdjenim razby STT
Fig. 8 Assembling the TBM before the commencement of driving the NTT

Obr. 7 Prutah gantru skrz vyraZenou konstrukci tunelu
Fig. 7 Pulling the gantries through the tunnel structure after completion of
driving the tunnel

The Viktorie TBM work on the first of the two Ejpovice tunne-
Is was completed on Saturday the 11th June 2016. On this occasi-
on Metrostav a.s. held the Doors open Day for visitors from the
general public, who could see with their own eyes the last exca-
vation advance rounds including the final breakthrough (see
Fig. 5). It took place at 15:06 hours. During the subsequent cere-
monial act the entire tunnelling crew passed through the cutter-
head to symbolically finish the shift on the opposite side of the
already completely excavated tunnel.

5. MOVING THE TBM, PREPARING FOR DRIVING THE NTT

Immediately after the completion of driving the southern tun-
nel, the work commenced on dismantling and moving the machi-
ne back to the entrance portal for driving the northern tunnel tube.
Concurrently with dismantling the shield in front of the exit por-
tal (see Fig. 6), individual back-up train cars (gantry platforms)
were successively unlinked to be pulled back to the entrance por-
tal by multi-service vehicles (see Fig. 7). Individual components
of the shield were transported piecewise to be again assembled in
a concrete cradle at the entrance portal.

Before the realisation of these work operations it was neces-
sary to prepare the whole process and finish the solution to
details of dismantling and transportation. This preparation star-
ted ca 5 months before the actual realisation. The only unknown
thing which remained was the condition of tunnel boring machi-
ne parts which are not accessible during the tunnel excavation,
namely, first of all, the condition of the front end part of the cut-
terhead and the condition of the helix of the screw conveyor.
The contractor assumed on the basis of the abrasivity of the rock
mass actually encountered during the course of the tunnel exca-
vation that these parts would be significantly worn. After the
southern tunnel breakthrough the assumption was confirmed.
For that reason it was necessary to carry out extensive refur-
bishment of these TBM parts prior to the commencement of dri-
ving the northern tunnel. For reasons of time, the cutterhead
including parts of the belt conveyor were repaired on site (see
Fig. 8), whilst the screw conveyor including the segment erec-
tor were refurbished at the steel structures centre of Metrostav
a. s. in Prague (see Fig 9). These operations were challenging
not only from the point of view of logistics and exact procedu-
res, but also for the reason of demands on human capacities,
which were amplified by the continuous operation, or the con-
sistent transfer of information. An important part of the dis-
mantling operations was the necessity for accurate labelling of
all disconnected parts, first of all pipes, hoses and cables, so that




Obr. 9 Repase $nekového dopravniku
Fig. 9 Screw conveyor rehabilitation

stroje. Z ¢asovych duvodua byla feznd hlava v&etné &dsti paso-
vého dopravniku opravovdna na stavbé, obr. 8, $nekovy
dopravnik v&etné segmentového podavace byl repasovdn na
stredisku ocelovych konstrukei firmy Metrostav a.s. v Praze,
obr. 9. Tyto priace byly ndrocné nejen z hlediska logistiky
a presnych postupu, ale i z divodu ndro¢nosti lidskych kapacit
umocnéné nepretrzitym provozem ¢&i duslednym predavanim
informaci. DuleZitou sou¢dsti demontéZnich praci byla nutnost
presné oznacovat veskeré rozpojené &asti, predevsim potrubfi,
hadice a kabely tak, aby pri montéZzi té€chto ¢asti nemohlo dojit
k jejich nespravnému zapojeni. V prubéhu demontdZe a presu-
nua stroje bylo soucasné provadéno ovéfovani stavu jednotli-
vych &asti z pohledu nutnosti provedeni repase, nebo vymény
vybranych dilt. Jednalo se predev§im o motory, prevodovky,
hydraulicka Cerpadla a hlavni lozZisko. VSechny prace probiha-
ly pod odbornym dohledem pracovnikt firmy Herrenknecht,
se kterymi byly konzultovdny jednotlivé pracovni procesy
i postupy repasi. Na zdkladé zkuSenosti z razby jizniho tunelu
byly také provedeny nékteré nezbytné tipravy rezné hlavy, jed-
nalo se predev§im o posileni rozvodu polymeru, v rdmci opat-
feni pri zvySenych prfitocich podzemni vody. Po ukonceni
oprav a montaznich praci byl tunelovaci stroj uspésné odzkou-
Sen a zkontrolovana jeho funk¢nost, obr. 10. Razba severniho
tunelu byla zahdjena 27. 9. 2016.

Diky vyrazné snaze zhotovitele a podrobné pripravé demon-
tdZnich a montaZnich praci byla razba severniho tunelu zahdje-
na po cca 3,5 mésice od prorazky jizniho tunelu. Priprava,
samotnd demontdZ a montdz tunelovaciho stroje, opétovné
odzkouseni a samotné opravy stroje proverily zaméstnance
zhotovitele v jejich odbornosti a potvrdily, Ze jsou schopni
zvladnout i tak sloZzité postupy v co nejkratSim Case. Dosud se
pii razbé tunell Ejpovice tunelovacim strojem podafilo bezpec-
né zvladnout hodné neolekdvanych problému, a to je dobry
predpoklad pro dspésné dokonceni razeb severniho tunelu.
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Obr. 10 Provozni zkousky stroje pred zahdjenim raZeb STT
Fig. 10 Operational testing of the TBM before the commencement of driving
the NTT

incorrect connecting of these parts during the assembly was pre-
vented. The condition of individual parts (mainly engines, gear-
boxes, hydraulic pumps and the main bearing) from the aspect
of a necessity for refurbishing them or replacing selected com-
ponents was checked in parallel during the disassembly and
transportation of the TBM. All operations were performed under
the expert supervision provided by Herrenknecht company
employees, with whom the individual work processes and refur-
bishment procedures were consulted. Some necessary adaptati-
on of the cutterhead, first of all reinforcing the polymer distri-
bution lines within the framework of the measures to be appli-
ed during the increased rates of groundwater inflows, was carri-
ed out on the basis of the experience from driving the southern
tunnel. After the completion of repairs and assembly work, the
TBM was successfully tested and its functionality was checked
(see Fig. 10). The excavation of the northern tunnel commenced
on 27th September 2016.

Owing to the serious efforts of the contractor and the detailed
preparation of the dismantling and assembling work operations,
driving the northern tunnel commenced after ca 3.5 months
after the southern tunnel breakthrough. The preparation, dis-
mantling and assembly of the TBM, repeated testing and repa-
irs of the machine put contractor employees’ expertise to a test
and confirmed that they are capable of mastering even such
complicated procedures in the shortest possible time. So far lots
of unexpected problems have been successfully handled during
the course of driving the Ejpovice tunnels using the TBM. It is
a good precondition for the successful completion of driving the
northern tunnel.
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GEOTECHNIKA A PODZEMNI STAVITELSTVI NA DVACETILETE FAKULTE
STAVEBNI VSB - TECHNICKE UNIVERZITY V OSTRAVE

GEOTECHNICS AND UNDERGROUND STRUCTURES
AT THE TWENTY YEARS OLD FACULTY OF CIVIL ENGINEERING
OF THE VSB - TECHNICAL UNIVERSITY OF OSTRAVA

EVA HRUBESOVA, JOSEF ALDORF

ABSTRAKT

Prispévek se zabyvd historii, pedagogickou i védecko-vyzkumnou aktivitou katedry geotechniky a podzemniho stavitelstvi
Fakulty stavebni VSB — Technické univerzity v Ostravé. Fakulta stavebni VSB — Technické univerzity v Ostravé oslavila v leto§-
nim roce 20 let své existence, katedra geotechniky a podzemniho stavitelstvi, kterd je jednou ze zaklddajicich kateder Fakulty sta-
koSkolskych odbornikii v oblasti geotechnickych disciplin jiZ od roku 1955. Prispévek uvddi hlavni zaméreni védecko-vyzkumné
innosti a nekteré vybrané vysledky &innosti katedry v poslednim obdobi a ddle prezentuje ucebni pldny bakaldrského, magister-
ského i doktorského studia samostatného oboru Geotechnika, které katedra garantuje.

ABSTRACT

The paper deals with the history, the teaching and scientific-research activity of the Department of Geotechnics and
Underground Engineering of the Faculty of Civil Engineering of the VSB — Technical University of Ostrava. This year, the Faculty
of Civil Engineering of the VSB — Technical University of Ostrava celebrates 20 years of its existence, but the Department of
Geotechnics , which is one of the founding departments of the Faculty of Civil Engineering, has got the history already 60 years
long because its predecessor had provided the education of university professionals in the field of geotechnical disciplines within
the framework of the Faculty of Mining and Geology already since 1955. The paper presents the main focus of the scientific-rese-
arch activities and some selected results of the activities of the Department during the previous period. It further presents teaching
plans for bachelor’s, master’s and doctoral degrees of study for the independent branch, Geotechnics, which are guaranteed by

the Department.

1. HISTORIE KATEDRY GEOTECHNIKY
A PODZEMNIHO STAVITELSTVI

V leto§nim roce slavi Fakulta stavebni VSB — Technické
univerzity v Ostravé 20 let své existence. Katedra geotechniky
a podzemniho stavitelstvi je jednou ze zaklddajicich kateder
této fakulty a historie jeji predchudkyné — katedry vystavby
doli — sahd a7 do padesétych let minulého stoleti. Zakladn{
geotechnické discipliny jsou na VSB samostatné, ucelené
a pravideln¢ predndseny od roku 1955, kdy oddélenim od
katedry dobyvani loZisek vznikla nova katedra nazvand kated-
ra vystavby dola. I kdyZ Cinnost této katedry byla zaméfena na
hornickou geotechniku, byla, historicky vzato, jednou ze dvou
prvnich kateder geotechniky (CVUT, VSB), které v tehdejsim
Ceskoslovensku vznikly a které svym vznikem reagovaly na
vznik a rozvoj geotechniky jako védniho oboru ve svéte.
Ukolem této katedry byla vychova techniki s vysokoskolskym
vzdéldnim pro oblasti projekce a vystavby hlubinnych dolu
a povrchovych lomu, hornickou geotechniku a podzemni sta-
vitelstvi.

V nésledujicich letech dalsi rozvoj katedry reagoval na aktu-
dlni potreby spole¢nosti. Program vyuky byl nékolikrat upra-
ven a roz§iten o nové predméty se zdmérem dosdhnout Sir§iho
uplatnéni absolventa v praxi, zejména v oblastech geotechni-
ky, podzemniho i pozemniho stavitelstvi.

Po vzniku Fakulty stavebni na VSB — Technické univerzité
Ostrava v roce 1997 byla katedra prevedena z Fakulty hornic-
ko-geologické, jejiz byla soucasti, na nove zfizenou Fakultu
stavebni a nyni nese jméno katedra geotechniky a podzemniho
stavitelstvi.

1. HISTORY OF THE DEPARTMENT OF GEOTECHNICS
AND UNDERGROUND STRUCTURES

This year, the Faculty of Civil Engineering of the VSB —
Technical University of Ostrava celebrates 20 years of its existen-
ce. The Department of Geotechnics and Underground Structures is
one of the founding departments of this faculty and the history of
its predecessor — the Department of Construction of Mines — rea-
ches back up to the 1950s. Basic geotechnical disciplines have
been taught at the VSB independently, comprehensively and regu-
larly since 1955, when a new department named the Department of
Construction of Mines originated by separation from the
Department of Mining of Deposits. Despite the fact that the activi-
ties of this Department were focused on mining geotechnics, from
a historical perspective it was one of the first departments of geo-
technics (the Czech Technical University in Prague and the VSB)
which originated in the Czechoslovak Republic of that time and
which responded through their origination to the origination and
development of geotechnics as a branch of science in the world.
The task of this Department was to teach higher educated technici-
ans for the field of designing and constructing deep mines and sur-
face quarries, mining geotechnics and underground structural engi-
neering.

During the course of the following years, the development of the
Department responded to current needs of the society. The teaching
programme was several times modified and expanded by adding
new subjects with the intention of achieving wider use of graduates
in practice, first of all in the fields of geotechnics, underground struc-

tures and building.
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V Cele predchiadkyné soucasné katedry se na
Hornicko-geologické fakulté vystfidalo mnoho
vyznamnych odbornika (prof. Kittrich, prof. No-
votny, prof. Mou&ka, prof. Sidka) a &lenové ka-
tedry zastdvali vyznamnd mista ve vedeni Skoly
i fakulty.

Dlouholetym pracovnikem katedry, jejim dfi-
véjsim vedoucim a garantem oboru je uzndvany
odbornik v oblasti podzemniho stavitelstvi prof.
Ing. Josef Aldorf, DrSc., ktery pusobil ve vedou-
cich funkcich na Grovni univerzity i fakulty a jako
emeritni profesor s katedrou i s geotechnickou
praxi v soucasné dobé stéle velmi tizce spolupra-
cuje. Na této katedie rovnéZ pracoval budouci
prvni dékan Fakulty stavebni prof. Ing. Jindfich
Ciganek, CSc.

Prvnim vedoucim katedry geotechniky a pod-
zemniho stavitelstvi na nové zaloZené Fakulté
stavebni byl prof. Ing. Jifi Horky, CSc., od roku
2007 je vedouci katedry doc. RNDr. Eva
Hrubesovd, Ph.D. Na katedie pusobi v soucasné
dobé dva profesori (prof. Aldorf, prof. Kaldb),
5 docentu, 5 odbornych asistentu, 6 internich
doktorandu a 20 doktorandu externich a 2 tech-
nicko-hospoddrsti pracovnici (obr. 1).

V rdmci pedagoglcke i védecko- vyzkumne prdce katedra
tizce spolupracuje s Ustavem geoniky AV CR v Ostravé i s dal-
$imi tuzemskymi i zahrani¢nimi vysokymi Skolami, vyzkum-
nymi pracovisti a firmami.

2. VEDECKO-VYZKUMNE AKTIVITY KATEDRY
GEOTECHNIKY A PODZEMNIHO STAVITELSTVI

Védecko-vyzkumna ¢innost katedry je predevSim orientova-

na do nasledujicich odbornych oblasti:

¢ vyzkum vlastnosti a chovani horninovych materiala;

e pokrokové metody zakldddni staveb, progresivni zdkladové
konstrukce, interakce zakladové konstrukce s podlozim;

e nové technologie a materidly pro vystavbu geotechnic-
kych a podzemnich dél;

e navrhy, vypocty a posuzovani geotechnickych konstrukci
a osténi podzemnich dél;

» matematické modelovéni geotechnickych procesu a kon-
strukci véetné stochastického modelovéni;

* modelovéni hydrogeologickych procesu a procesu spoje-
nych se Sifenim tepla v horninovém prostreds;

e geotechnicky monitoring véetné méreni prirozené, tech-
nické a dulné indukované seismicity;

e energetickd geotechnika (geotechnické aspekty spojené se
ziskdvanim geotermadlni energie, energetické geotechnic-
ké konstrukce, zdsobniky energetickych produkta, ...);

e environmentdlni geotechnika (posuzovdni stability svaho-

vych téles, sanace svahu, protipovodiiové hréze, Sifeni

kontaminantd, ...).

V obdobi od roku 2010 se pracovnici a doktorandi katedry
podileli a podileji na feSeni ndsledujicich vyzkumnych, vzde-
lavacich a rozvojovych projektu:

e GA103/09/1438 Vyzkum pretvarnych a pevnostnich
vlastnost{ osténf ze stfikaného betonu vyztuzenych tuhymi
ocelovymi prvky;

* GA 105/09/0089 Prognéza Casoprostorovych zmén stabi-
lity dalnich prostor technické kulturni pamdtky Dul
Jeronym v Cisté;

Faculty of Civil Engmeenng
‘-'58 Technical university of Dstrava

Obr. 1 Pracovnici a doktorandi katedry geotechniky a podzemniho stavitelstvi Fakulty stavebni
VSB-TU Ostrava (2016)

Fig. 1 Employees and doctoral students of the Department of Geotechnics and Underground
Structures of the Faculty of Civil Engineering of the VSB-TU Ostrava (2016)

After the origination of the Faculty of Civil Engineering at the
VSB - Technical University of Ostrava in 1997, the Department was
transferred from the Faculty of Mining and Geology a part of which
it had been until that time, to the newly established Faculty of Civil
Engineering and now it bears the name of the Department of
Geotechnics and Underground Engineering.

Many important professionals acted at the head of the predecessor
of the current department at the Faculty of Mining and Geology
(Prof. Kittrich, Prof. Novotny, Prof. Moucka, Prof. giéka) and mem-
bers of the Department held important positions in the school and
faculty management.

Along time employee of the department and former head and gua-
rantor of the field of study is the renowned expert in the field of
underground engineering, Prof. Ing. Josef Alldorf, DrSc., who wor-
ked in leading positions at the university and faculty levels and, in
the position of an emeritus professor, currently very closely collabo-
rates with the Department and the geotechnical practice.
Prof. Ing. Jindrich Cikének, CSc., the future first dean of the Faculty
of Civil Engineering, also worked at this Department.

The first head of the Department of Geotechnics and Underground
Structures at the newly founded Faculty of Civil Engineering was
Prof. Ing. Jifi Horky, CSc.; since 2007, the department has been hea-
ded by assistant professor RNDr. Eva Hrubesovd, Ph.D. There are
currently two professors employed at the department (Prof. Aldorf,
Prof. Kaldb), 5 assistant professors, 6 internal doctoral students and
20 external doctoral students and 2 technical-economic workers
(see Fig. 1).

In the framework of educational and scientific-research activities,
the Department closely collaborates with the Institute of Geonics AS
CR, v.v.i. in Ostrava and other domestic and foreign universities and
foreign schools, research workplaces and firms.

2. SCIENTIFIC-RESEARCH ACTIVITIES OF DEPARTMENT
OF GEOTECHNICS AND UNDERGROUND STRUCTURES
The scientific-research activities of the Department are oriented,

first of all, into the following professional fields:
e research into properties and behaviour of ground materials;
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e GA103/09/2007 Vliv technické a prirodni seismicity na
statickou spolehlivost a Zivotnost staveb;

e TA01020932 Vyuziti tepelné energie zemské kiry pro zfi-
zovéani obnovitelnych zdroju energie véetné ovéfeni moz-
nosti akumulace tepla;

e Tvorba a internacionalizace $pi¢kovych védeckych tymu
a zvySovéni jejich excelence na Fakulté stavebni VSB-
TUO. Operac¢ni program MSMT: OP Vzdélavani pro kon-
kurenceschopnost (OP VK), oblast podpory 2.3 Lidské
zdroje ve vyzkumu a vyvoji;

e CZ.1.07/2.4.00/31.0012 OKTAEDR - partnerstvi a sité sta-
vebnictvi. OP Vzdélavani pro konkurenceschopnost;

* CZ.1.07/2.2.00/28.0009 Inovace studijntho oboru Geo-
technika (OP vzdéldvani pro konkurenceschopnost);

* GA 16-08937S Stav napéti a deformace vlaknobetono-
vych kompozita v interakci se zemnim prostiedim;

e TE01020168 Centrum pro udrzitelnou dopravni infrast-
rukturu (CESTI);

e projekt smluvniho vyzkumu financovany Stdtnim tdstavem
pro jadernou bezpe¢nost — Vyvoj hlubinného uloZiste;

« NPU MSMT, Institut &istych technologii tézby a uZiti
nerostnych surovin;

e Norway grants NF-CZ08-OV-1-008-01-2014: Project on
CO2 storage in the Czech Republic;

e projekt COST TU 1206 Sub-Urban — A European network
to improve understanding and use of the ground beneath
our cities;

e projekt v rdmci vyzvy Call of the research programme of
the Research Fund for Coal and Steel — 2016: METHANE
RECOVERY AND HARNESSING FOR ENERGY AND
CHEMICAL USES AT COAL MINE SITES.

Katedra kazdoro¢né poradd ve spolupréci s firmou Minova
Bohemia odborny dvoudenni mezindrodni seminar Zpev-
novdni, tésnéni a kotveni horninového masivu a stavebnich
konstrukci (v letoSnim roce se konal jiz 22. ro¢nik). Ddle
katedra spolupracuje spole¢né s Ceskou asociaci geofyzikii
na poradani kazdoro¢ni odborné mezindrodni konference
OVA — Nové poznatky a méreni v inZenyrské geologii, geofy-
zice a geotechnice (v lonském roce se konal 24. ro¢nik).
Kazdé dva roky je pak katedra spole¢né s firmou ORGWARE
spoluporadatelem mezindrodni konference Geotechnika ve
Vysokych Tatrach.

Clenové katedry pravidelné publikuji na tuzemskych
i zahrani¢nich konferencich a v odbornych Casopisech a jsou
aktivni v pripravnych a védeckych vyborech dalSich tradic-
nich konferenci jako je Zakldddni staveb Brno, Podzemni
stavby Praha, InZenyrskd geologie, Science in Technology,
Exploration and Mining SGEM (Bulharsko) a dalSich odbor-
nych tuzemskych i zahrani¢nich konferenci.

Pracovnici katedry jsou rovnéZ aktivni v rdmci raznych
profesnich a odbornych organizaci — Ceské tunelafské asoci-
ace ITA-AITES, Ceské geotechnické spolecnosti CGTS,
Ceské spolecnosti pro bezvykopové technologie, Mezina-
rodni spolecnosti pro mechaniku zemin a geotechnické inZe-
nyrstvi ISSMGE, Mezindarodni spole¢nosti pro mechaniku
hornin ISRM, Ceské asociace geofyzikli, Ceské asociace
inzenyrskych geologti, Ceské asociace hydrogeologli, Me-
zindrodni{ asociace hydrogeologu, Mezindrodni asociace dul-
nich vod.

Katedra spolupracuje s vyzna¢nymi zahrani¢nimi vysoky-
mi Skolami a vyzkumnymi institucemi v oblasti pedagogické,
v oblasti feSeni i pfipravy védecko-vyzkumnych projekta
a v oblasti expertni Cinnosti. Spolupracuje s radou Skol

* advanced methods of foundation of structures, progressive foun-
dation structures, interaction between foundation structures and
sub-grade;

e new technologies and materials for the construction of geotech-
nical and underground workings;

e design, calculation and assessment of geotechnical structures
and linings of underground structures;

» mathematical modelling of geotechnical processes and structu-
res, including stochastic modelling;

* modelling of hydrogeological processes and processes associa-
ted with heat propagation through ground environment;

e geotechnical monitoring, including measurements of natural
seismism, technical seismism and seismism induced by mining;

e energy geotechnics (geotechnical aspects associated with obtai-
ning geophysical energy, energy-related geotechnical structures,
storage facilities for energy products, ...);

 environmental geotechnics (assessing stability of slope bodies,
rehabilitation of slopes, flood prevention dams, spreading of
contaminants, ...).

During the period from 2010, employees and doctoral students of
the Department participated and still participate in solving the follo-
wing research, educational and development projects:

* GA103/09/1438 Research into deformational and strength-rela-
ted properties of linings from sprayed concrete reinforced with
rigid steel elements;

* GA 105/09/0089 Prognosis of time-space changes in stability of
mine spaces of the technical cultural monument, the Jeronym
Mine in Cista’l;

* GA103/09/2007 Influence of technical and natural seismism on
structural reliability and longevity of structures;

* TA01020932 The use of thermal energy of earth’s crust for
establishing renewable energy sources, including the verificati-
on of the possibility of accumulation of heat;

e creation and internationalisation of top scientific teams and inc-
reasing their excellence at the Faculty of Civil Engineering of
the VSB-TUO. Operational programme MSMT: OP Education
for Competitiveness (OP VK), the area of support 2.3 Human
resources in science and development;

e CZ.1.07/2.400/31.0012 OKTAEDR - partnership and networks
in construction industry. OP Education for Competitiveness;

e CZ.1.07/2.2.00/28.0009 Innovation of the Geotechnics field of
study (OP Education for Competitiveness);

* GA 16-08937S State of stress and strain of fibre reinforced com-
posites in interaction with ground environment;

e TE01020168 Centre for sustainable transport infrastructure
(CESTI);

* the project of contractual research funded by the State Institute
for Nuclear Safety — Development of a deep repository;

« NPU MSMT, Institute of Clean Technologies for Mining and
Utilization of Raw Materials;

e Norway grants NF-CZ08-OV-1-008-01-2014: Project on CO2
storage in the Czech Republic;

e project COST TU 1206 Sub-Urban — A European network to
improve understanding and use of the ground beneath our
cities;

e project within the framework of the appeal Call of the research
programme of the Research Fund for Coal and Steel — 2016:
METHANE RECOVERY AND HARNESSING FOR ENER-
GY AND CHEMICAL USES AT COAL MINE SITES.

Every year the Department in collaboration with Minova Bohemia
limited liability company organises a professional 2-day internatio-
nal seminar on Reinforcing, sealing and anchoring of ground massif
and structures (this year it was already 22nd annual event). In additi-



a instituci v Polsku, ve Slovenské republice, Portugalsku,
§panélsku, Vietnamu, Cin&, Rumunsku, Taiwanu, SRN a Ra-
kousku.

Nedilnou soucasti odborné ¢innosti katedry je rovnéz spolu-
prace s geotechnickymi firmami i firmami s obecnéjs$im sta-
vebnim zamérenim. Pracovnici katedry se rovnéz podileji
na zpracovdvani posudkd v rdmci Znaleckého ustavu FAST
VSB-TUO.

3. ILUSTRACE HLAVNICH AKTIVIT A VYSLEDKU
VYBRANYCH PROJEKTU RESENYCH KATEDROU

Katedra se dlouhodobé zabyva problematikou tunelovych
staveb v rdmci riznych vyzkumnych projektl i v rdmci spolu-
prace s praxi. V této souvislosti lze napriklad zminit ndvrh
a posuzovani tunelového osténi, geotechnicky monitoring a in-
verzn{ analyzu spojenou s realizac{ tunelt, analyzu vlivu tep-
lotnich zmén na statickou ¢innost a Zivotnost tunelovych oste-
ni, analyzu variant ¢lenéni Celby pfi razbéch tuneli velkych
prufezt, stanoveni minimélnich podpurnych tlaku na &elbu
tunelu pri razbé, posuzovdni seismickych G¢inkd od praci na
Celbé tunelu na konstrukci primdrniho osténi apod.

V poslednim obdobi se katedra zapojila v této oblasti do
feSeni vyzkumnych udkoli Centra pro udrZitelnou dopravni
infrastrukturu CESTI.

V tomto prispévku jsou ddle struéné specifikovdny vybrané
vyzkumné projekty katedry a jejich vysledky, detailnéji se
vybranymi vysledky vyzkumnych aktivit katedry geotechniky
a podzemniho stavitelstvi Fakulty stavebni VSB-TU Ostrava
zabyvaji dva nésledujici prispévky tohoto &isla Casopisu.
Vyzkumny projekt CESTI (Centrum pro udrzitelnou
dopravni infrastrukturu)

Tento vyzkumny projekt je zaméfen na technické inovace,
hleddni a zavadéni novych feSeni a realizaénich metod pro
soucasny a budouci rozvoj a vystavbu dopravni infrastruktury.
V ramci pracovniho balicku WP4: Tunely — pokrocilé techno-
logie a efektivni technickd reSeni se katedra zabyva:

e primarnim ocelobetonovym osténim;

e dvouplastovou konstrukei tunelového osténi, soudinnosti
primarniho ocelobetonového osténi s trvalym a definitiv-
nim Zelezobetonovym osténim;

e dynamickymi ucinky od projizdéjicich dopravnich pro-
stfedkt a jejich dopady na konstrukci tunelového osténi
(monitoring a modelova analyza);

 ochranou tunelovych osténi pred tic¢inky podzemnich vod,
hydroizolaci konstrukénich a technologickych spar;

e katedra v rdmci tohoto projektu rovnéZz spolupracuje na
ptipravé TP pro minimalizaci rizik pfi vystavbé tunelu.

Vyvoj hlubinného ulozisté

Vyzkum katedry je v tomto projektu smérovan do nasleduji-
cich oblasti:

e analyza dostupnych vstupnich dat a stanoveni pozadavka
na kvalitu vstupnich dat pro matematické modely s ohle-
dem na zdroj a zpUsob jejich pofizeni;

e vzdjemné porovnani zvaZovanych udloznych konceptu
z hlediska $ifeni kontaminantu a tepla;

e model napéto-deformacniho a stabilitniho chovéni pléno-
vaného tlozisté, resp. jeho dil¢ich podzemnich ¢dsti (veet-
né metodiky pro stanoveni rozsahu indukovanych zoén
v okoli podzemnich dél);

 doporudeni pro technologii realizace podzemnich objektu;

* doporuceni pro geotechnicky monitoring hlubinného tlo-
ZiSte.
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on, the Department collaborates jointly with the Czech Association
of Geophysicists on organising the annual professional international
conference OVA — New knowledge and measurements in seismology,
engineering geology, geophysics and geotechnics (the 24t annual
event was held last year).Together with the company of ORGWARE,
the Department is a co-organiser of the international conference
Geotechnics in the High Tatras.

Members of the Department regularly publish at domestic and
foreign conferences and in technical journals and are active in stee-
ring and scientific committees of other traditional conferences, such
as the conferences Foundations Brno, Underground Construction
Prague, Engineering Geology, Science in Technology, Exploration
and Mining SGEM (Bulgaria) and other domestic and foreign tech-
nical conferences.

Employees of the Department are in addition active within the fra-
mework of various professional and technical organisations — the
ITA-AITES Czech Tunnelling Association, the Czech Geotechnical
Society of the Czech Geotechnical Society, the Czech Society for
Trenchless Technology, the International Society for Soil Mechanics
and Geotechnical Engineering (the ISSMGE), the International soci-
ety for rock mechanics (the ISRM), the Czech Association of
Geophysicists, the Czech association of Engineering Geologists, the
Czech Association of hydrogeologists, the International Association
of Hydrogeologists and the International Mine Water Association.

The Department collaborates with prominent foreign universities
and research institutions in the field of teaching, in the field of sol-
ving and preparation of scientific-research projects in the area of
expert activities. It collaborates with numerous schools and instituti-
ons in Poland, the Slovak Republic, Portugal, Spain, Vietnam,
China, Romania, Taiwan, Germany and Austria.

The collaboration with geotechnical firms and firms with more
general construction directions is also an inseparable part of the pro-
fessional activities of the Department. Employees of the Department
also participate in processing opinions within the framework of the
Expert Institute of the FAST VSB-TUO.

3. ILLUSTRATION OF MAIN ACTIVITIES AND RESULTS OF
SELECTED PROJECTS SOLVED BY THE DEPARTMENT

The Department deals in the long-term with problems of tunnel
construction within the framework of various research projects, even
within the framework of the collaboration with practice. In this con-
text, it is possible to mention, for example, the design and assessment
of the tunnel lining using geotechnical monitoring and the inverse
analysis associated with the realisation of tunnels, the analysis of the
influence of thermal changes on the static function and longevity of
tunnel linings, the analysis of variants of excavation sequences
during the excavation of large cross-section tunnels, the determinati-
on of minimum support pressures on the tunnel excavation face
during the tunnel excavation, assessing the seismic effects induced
by operations at the tunnel excavation face on the primary lining
structure, etc.

In the last period, the Department engaged itself in this field into
solving research tasks of the Centre for sustainable transport infrast-
ructure, the CESTI.

This paper further contains a brief specification of selected signi-
ficant projects of the Department and its results. The two following
papers which are published in this journal issue deal in more detail
with selected results of research activities of the Department of
Geotechnics and Underground Structures of the Faculty of Civil
Engineering of the VSB-TU Ostrava.
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Obr. 2 Rozsahy zon indukovanych razbou dila stanovenych na zdkladé Diederichsova koncepéniho modelu a softwaru Phase pro uklddaci chodbu referenéni-

ho tiloZisté

Fig. 2 The extent of zones induced by the underground excavation based on the Diederichs’ conceptual model and the Phase software for the disposal gallery

of the reference repository

ukladaci komora — zména velikosti profilu komory
disposal chamber — change in chamber
profile dimension

Obr. 3 Vysledky 3D numerického modelu pro vyhodnoceni koncentraci napéti v miste kiizeni pdterni chodby a uklddaci
komory a v misté zmény profilu uklddaci komory referenéniho iiloZisté
Fig. 3 Results of the 3D numerical model for assessing stress concentrations in the location of the intersection of the arte-
rial gallery with the disposal chamber and in the location of the change in the cross-section of the disposal chamber of the
reference repository

Na obr. 2 je ilustrace vysledkd stanoveni rozsahu vysoce
porusené zény (HDZ), vnitini porusené zony (EDZi) a vnéjsi
porusené zény (EDZo) na zdkladé Diederichsova koncep&niho
modelu a numerického FEM modelu (software PHASE vyvi-
jeny kanadskou firmou ROCSCIENCE) pro stanoveni odpovi-
dajicich indukovanych z6n v okoli podzemnich dél v pevnych
hornindch, které mohou podstatnou mérou ovliviiovat zménu
propustnosti v okolf dila.

Na obr. 3 jsou prezentovany vysledky prostorového modelu
pro vyhodnoceni interakce podzemnich dél hlubinného tlo-
Zisté.

Analyza pficin havarie tunelu Jablunkov

Katedra se podilela v rdmci své védecko-vyzkumné ¢innosti
a v rdmci spoluprdce s praxi pod vedenim prof. Aldorfa na
analyze pri¢in havarie tunelu Jablunkov, ke které doslo v listo-
padu 2009. Havdrie byla spojena s rekonstrukci stdvajiciho

Research project CESTI
(The Centre for
Sustainable Transport
Infrastructure)

This research project is
focused on technical inno-
vation, seeking and intro-
ducing new solutions and
realisation methods for
the current and future de-
velopment and constructi-
on of transport infrastruc-
ture, the development and
realisation of the transport
infrastructure. Within the
framework of the WP4
package: Tunnels — advan-
ced technologies and ef-
fective technical solutions,
the Department deals with the following problems:

e primary steel reinforced concrete lining;

e double-shell structure of a tunnel lining, the interaction between
the primary steel reinforced concrete lining and the permanent
and definitive reinforced concrete final lining;

e dynamic effects of passing means of transport and their
impacts on the tunnel lining structure (monitoring and mo-
del analysis);

e protection of tunnel linings against effects of groundwater;
waterproofing of structural and construction joints;

e the Department even collaborates within the framework of this
project on the preparation of technical specifications for the
minimisation of risks during tunnel construction.

Development of a deep repository

At this project, the research carried out by the Department is direc-
ted into the following areas:
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Obr. 4 Vysledek numerické simulace provedené v ramci analyzy pri¢in havd-
rie tunelu Jablunkov

Fig. 4 Result of the numerical simulation carried out within the framework
of the analysis of the causes of the Jablunkov tunnel collapse

jednokolejného tunelu na novy dvoukolejny tunel, umoznujic{
prujezdovou rychlost vlaku az 160 km/h.

Soudasti realizované analyzy byla rovnéZ numericka simula-
ce (obr. 4), kterd zohlednovala, mimo jiné, vliv nadprumér-
nych destovych srdZzek v obdobi pred samotnym kolapsem
a vyraznou degradaci pevnostnich a pretvarnych vlastnosti
horninového prostredi v okoli tunelu.

Vyzkum interakce zakladové konstrukce s podiozim

Vyzkum je realizovdn spole¢né€ s katedrou konstrukci na
zkuSebnim standu umisténém na pozemku univerzity (obr. 5).

Plosnd deska o plo§nych rozmérech 2x2 m (dimenze omeze-
na velikosti zkuSebniho standu) ruzné tloustky z variantniho
materidlu (prosty beton, vldknobeton, vyztuzeny beton) je kro-
kové namdhéna centrickym zatiZzenim. V pribéhu zatiZeni jsou
monitorovany vertikdlni posuny na povrchu desky, napéti
v desce, v zdakladové spare i v urCitych hloubkovych drovnich
v zeminovém prostiedi pod deskou. K monitoringu jsou vy-
uzivany tenzometry, ploché tlakové buiky GEOKON, opticka
vldkna, hydrostatickd nivelace.

V ramci feSeni projektu je provadéno rovnéZ numerické
modelovani s vyuzitim softwaru MIDAS GTS, numericky
model je kalibrovdn na zédkladé vysledku experimentédlnich
méreni.

Obr. 5 Ukdzka instrumentace pri experimentdlnim mereni interakce zdkladové
konstrukce s podloZim

Fig. 5 Demonstration of the instrumentation used for the experimental measu-
rement of the interaction between the foundation structure and the sub-base
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e the analysis of available input data and the determination of
requirements for quality of input data for mathematical models
with respect to the data source and method of its acquisition;

e mutual comparison of repository concepts from the aspect of
spreading of contaminants and heat;

¢ the model of the stress-strain and stability behaviour of the plan-
ned repository or its partial underground components (including
the methodology for the determination of the extent of induced
zones in the surroundings of the underground structures);

e recommendations for the technology of the realisation of
underground structures;

e recommendations for the geotechnical monitoring of a deep
repository.

Fig. 2 presents the illustration of results of the determination of
the extent of a highly disturbed zone (HDZ) and an inner distur-
bed zone (EDZi) and an outer disturbed zone (EDZo) on the basis
of a Diederichs conceptual model and a numerical FEM model
(PHASE software developed by the Canadian firm of ROCSCI-
ENCE) for the determination of induced zones in the neighbour-
hood of underground structures in hard rock, which can signifi-
cantly influence a change in the permeability in the neighbourho-
od of the structure.

Fig. 3 presents results of a spatial model for assessing the inter-
action among underground structures.

Analysis of the causes of the Jablunkov tunnel collapse

The Department participated within the framework of its scienti-
fic-research activities and within the framework of the collaborati-
on with practice, under the leadership of Professor Aldorf, in the
analysis of the causes of the collapse of the Jablunkov tunnel, which
happened in November 2009. The collapse was associated with the
reconstruction of the existing single-track tunnel into a new double-
track tunnel allowing the train passage velocity of up to 160km/h.

A numerical simulation (see Fig. 4) was also part of the com-
pleted analysis. Among other influences it took into account the
influence of higher-than-average rainfall during the period before
the collapse and the considerable degradation of stress-related and
deformational properties of the ground environment in the tunnel
surroundings.

Research into the interaction between
a foundation structure and bedrock

The research is carried out jointly with the Department of
Structures on a testing stand located on a plot of land owned by
the university (see Fig. 5).

Planar plates with the dimensions of 2x2m (dimensions limited
by the size of the testing stand) and various thicknesses, made of
variant materials (unreinforced concrete, fibre reinforced concre-
te, reinforced concrete) are stepwise stressed by eccentric loads.
Vertical displacements on the plate surface, stresses in the plate, in
the foundation base and at particular levels of depth in the soil
environment under the plate are monitored during the course of
the process of exerting the loads. The monitoring is carried out
using strain gauges, GEOKON flat pressure cells, optical fibres
and hydrostatic levelling.

Numerical modelling using MIDAS GTS software is also carri-
ed out within the framework of the solution to the project. The
numerical model is calibrated on the basis of results of experi-
mental measurements.

4. TEACHING ACTIVITIES OF THE DEPARTMENT OF
GEOTECHNICS AND UNDERGROUND STRUCTURES

The professional teaching activity of the predecessor of the cur-
rent department was oriented from its origination in 1955 mainly
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4. PEDAGOGICKA CINNOST KATEDRY GEOTECHNIKY
A PODZEMNIHO STAVITELSTVI

Studijni plany bakaldrského oboru Geotechnika

1. semestr

2. semestr

Study plans of the Geotechnics bachelor’s field of study

1st semester

2nd semester

Technické informatika
Bezpecnost prace ve stavebnictvi
Stavebni hmoty |

Déjiny stavitelstvi a architektury
Z&klady stavebniho inzenyrstvi
Matematika |

Deskriptivni geometrie

Cizi jazyk, télesna vychova

3. semestr

Systémy podpory projektovani
Stavebni pravo

Stavebni hmoty I

Vliv staveb na Zivotni prostredi
Stavebni statika

Prostfedi staveb

Matematika Il

Cizi jazyk a télesna vychova
Tvorba technické dokumentace
Team Building

4. semestr

Computer Engineering

Occupational safety in the
construction industry

Building materials |

History of Civil Engineering

and Architecture

An introduction to Civil Engineering
Mathematics |

Descriptive Geometry

Foreign language, Physical Education

3rd semester

Systems of CAD

Civil Engineering Code
Building materials |1

The influence of building on the
environment

Building Statics

Building environment
Mathematics |1

Foreign language

Physical Education

Creation of technical documentation
Team Building

4th semester

Geologie

Pozemni stavitelstvi |
Pruznost a plasticita

Soft Skills |

Matematika Il

Fyzika

Cizi jazyk, télesna vychova

5. semestr

Zatizeni stavebnich konstrukef
Mechanika hornin a zemin
Pozemni stavitelstvi Il

Statika stavebnich konstrukei |
Geodézie ve stavebnim inzenyrstvi
Stavebné fyzikalni méreni

Chemie

Zaklady trzni ekonomiky,

Soft Skills 11

6. semestr

Geology

Building Constructions |

Elasticity and Plasticity

Soft Skills |

Mathematics Il

Physics

Foreign language, Physical Education

5th semester

Actions on building structures

Soil and Rock mechanics

Building Constructions Il

Statics of Building Structures |

Geodesy in structural Engineering
Physics for Civil Engineering Laboratory
Chemistry

Principles of Market Economy, Soft Skills Il

6th semester

Pocita¢ova podpora v projektovani
Prvky betonovych konstrukci
Zakladani staveb

Trhaci prace a rozpojovani hornin
InZenyrska geologie a hydrogeologie
Statika stavebnich konstrukei Il
DuIni méficstvi

7. semestr

Betonové a zdéné konstrukce

Prvky ocelovych a dfevénych
konstrukef

Uprava vlastnosti hornin a zemin
Oborovéa exkurze

Razeni a vyztuzovani

podzemnich a hornickych dél
Dopravni stavby

Pocitacova podpora statickych vypoctl
Zéklady strojirenstvi a stavebni stroje
Geomechanika

8. semestr

CAD (Computer-aided Design)

as Support in Designing

Concrete Structures Elements
Foundation engineering

Blasting and Disintegration of Rock
Engineering Geology and Hydrogeology
Statics of Building Structures |l

Traffic Structures

7th semester

Concrete and Masonry Structures
Elements of Steel and Timber Structures
Rock and Soil Improvement

Specialist Excursion

Excavation and Supporting of
Underground and Mining Constructions
Mine Surveying

Computer Aided Structural Analysis
Basics of Mechanical Engineering

and Building Machines
Geomechanics

8th semester

Ocelové a dfevéné konstrukce
Podzemni stavitelstvi

Zakladani ve slozitych podminkéch
Projekt |

Geotechnické stavby

Pocita¢ova podpora navrhovani
geotechnickych konstrukei
Hloubeni jam a Sibikd

Z&klady vétrani a bezpec¢nost
podzemnich dél

Studijni pldny navazujiciho tfisemestrdlniho magisterského studia v oboru Geotechnika

1. semestr

Stavebni ekonomika a management
Geotechnicky monitoring
Geotechnicka laboratof
Geoinformacni technologie
Bakalarska prace

2. semestr

Steel and Timber Structures
Underground Engineering
Geotechnical Monitoring
Geotechnical Laboratory
Project |

Geotechnical Construction
Computer aided design of
geotechnical structures
Shaft sinking

Construction Economics and
Management

Foundation Engineering in Difficult
Conditions

Geoinformation technologies
Bachelor's Thesis

Principles of ventilation and underground work safety

Study plans follow-up three-semester master’s study in the field of

Geotechnics

1st semester

2nd semester

Mechanika podzemnich konstrukci
Technické odstrely a jejich ucinky
Modelovani v geotechnice
Hloubeni jam a nekonvenéni
metody vystavby podzemnich dél
Geohydrodynamika

Vétrani a bezpecénost

v podzemnim stavitelstvi

Betonové konstrukce

Kovové a dfevéné konstrukce
Environmentaini geotechnika
Podzemni stavitelstvi

Statika a dynamika geotechnickych
staveb

Prlizkumné metody v geotechnice
Numerické metody

Mechanics of Underground Structures
Blasting Works and their Impacts
Modelling in Geotechnics

Sinking and Unconventional Methods
of the Excavation of Underground
Construction

Geohydrodynamics

Ventilation and Safety of Underground
Works

Concrete Structures

Steel and Timber Structures
Environmental Geotechnics
Underground Engineering

Statics and Dynamics of Geotechnical
Constructions

Investigation Methods in
Geotechnical Engineering




3. semestr

ZkuSebnictvi a fizeni jakosti staveb
Diplomovy projekt

Odborna praxe

Organizace a fizeni staveb

Odborna pedagogickd Cinnost predchudkyné soucasné
katedry byla od pocétku svého vzniku v roce 1955 orientova-
na hlavné do oblasti vystavby dolu, zejména hlubinnych, coZ
souviselo predevsim s rozsdhlou investi¢ni ¢innosti v rudném
i uhelném hornictvi. Discipliny, jeZz byly katedrou odborné
i pedagogicky péstovdny, se soustfedily na oblast trhacich
praci, razeni dulnich dél, stavebnich hmot, hloubeni jam,
pozemni stavitelstvi, projektovani banskych zafizeni, vystav-
by dolu apod. Postupné v souvislosti s ndznaky tdtlumu hor-
nictvi a pfipravou vyznamnych podzemnich staveb (zejména
prazské metro od poloviny Sedesatych let) zacala vyraznéjsi
orientace prace katedry do oblasti geotechniky a podzemniho
stavitelstvi. K velmi vyrazné zméné pak doslo po roce 1989,
kdy prudky ttlum hornictvi snahu po stavebni orientaci oboru
jeste posilil. Samostatny studijni obor Geotechnika, garanto-
vany katedrou geotechniky a podzemniho stavitelstvi, je na
Fakulté stavebni soucdsti studijniho programu Stavebni inZe-
nyrstvi a je akreditovdn v bakaldrské, magisterské i doktorské
formé studia.

Studenti maji v prubéhu studia k dispozici specializované
laboratore — laboratof mechaniky zemin, laboratof geotechnic-
kého a seismického monitoringu a pocitacovou ucebnu se spe-
cializovanymi geotechnickymi softwary a softwary pro mode-
lovani hydrogeologickych procest a procesu Sifeni tepla hor-
ninovym prostredim (PLAXIS, MIDAS GTS NX, GEOS,
UDEC, PFC, FEFLOW, GMS, WMS, AquiferTest).

Bakalarské studium je Ctyrleté, zahrnuje dva spole¢né roky
identické pro vSechny studenty programu Stavebni inZenyr-
stvi, po druhém ro¢niku se studenti profiluji do jednotlivych
obora. Cilem je vychovat ,,profesniho bakaldie* s moZnosti
jeho Sirokého uplatnéni v praxi na niz$ich technickych funk-
cich.

Absolvent magisterského studia md moZnost ddle prohlubo-
vat své znalosti v rdmci 4letého doktorského studijnitho oboru
Geotechnika, kde si studenti sestavuji svuj individudlni studij-
ni pldn podle zaméreni své disertacni prace.

Rozsah studia i obsah studijnich pldnt oboru Geotechnika
umoziuje absolventim, mimo jiné, ziskat stielmistrovské
opravnéni po absolvovdni deseti smén prislu§né odbornosti
a absolvent oboru rovnéz splnuje podle vyhlasky ¢. 298/2005
CBU (vyhldska o pozadavcich na odbornou kvalifikaci
a odbornou zpusobilost pfi hornické Cinnosti nebo ¢innosti
provddéné hornickym zpusobem a o zméné nékterych prav-
nich predpist) poZadavky na vykondvan{ pozice bériského pro-
jektanta a technického dozoru pro vedeni dilnich a podzem-
nich dél.
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prof. Ing. JOSEF ALDORYF, DrSc., josef.aldorf@vsb.cz,
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Fakulta stavebni, VSB-TU Ostrava

Recenzovali Reviewed: doc. Ing. Vladislav Hordk, CSc.,
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Numerical Methods

3rd semester

Testing and Quality Control

Diploma Project

Practice

Organisation and Management of Construction

into the area of construction of mines, first of all deep mines,
which fact was associated mainly with extensive investment activi-
ties in the field of ore and coal mining. The disciplines which were
professionally pursued were focused on the field of rock blasting
operations, excavation for underground structures, building materi-
als, excavation of pits, underground structural engineering, desig-
ning of mine facilities, construction of mines etc. The more consi-
derable orientation of the department’s work into the fields of geo-
technics and underground structures commenced gradually, in the
context of the hints of the checks made on mining and the prepara-
tion of significant underground construction projects (first of all the
Prague metro from the middle of the 1960s). A very important chan-
ge took place after 1989, when the checks made rapidly on the
mining industry further strengthened the effort focused on the civil
engineering orientation of the industry. Geotechnics as an indepen-
dent field of study guaranteed by the Department of Geotechnics
and Underground Structures is part of the Civil Engineering study
programme at the Faculty of Civil Engineering and is accredited in
the bachelor’s, master’s and doctoral forms of study.

During the course of their studies, the students have at their dis-
posal specialised laboratories (the soil mechanics laboratory, the
geotechnical and seismic monitoring laboratory) and an IT classro-
om with specialised geotechnical software packages and software
packages for modelling hydrogeological processes and processes of
heat propagation through ground environment (PLAXIS, MIDAS
GTS NX, GEOS, UDEC, PFC, FEFLOW, GMS, WMS,
AquiferTest).

The bachelor’s study takes four years. It comprises two com-
mon years identical for all students of the Civil Engineering pro-
gramme; after the second year, the students profile themselves
into individual fields of study. The objective is to educate a “pro-
fessional bachelor” with the possibility of wider use in practice in
lower technical positions.

Master’s study graduates have the opportunity to further deepen
their knowledge within the framework of a 4-year Geotechnics
doctoral field of study, where students develop their individual
plans following the focuses of their doctoral theses.

The scope of study and contents of the study plans in the
Geotechnika field of study allows the graduates, among other
options, to obtain a shotfirer licence after attending 10 shifts in the
particular subject. A graduate from this field of study in addition
meets requirements for the position of a mine designer and tech-
nical supervisor for managing mine and underground construction
works according to the Decree of the Czech Bureau of Mines No.
298/2005 Coll. (the Decree on the requirements for professional
qualification and professional eligibility for mining or activities
involving mining and amendment of certain legal regulations).

doc. RNDr. EVA HRUBESOVA, Ph.D.,
eva.hrubesova@ysb.cz,

prof. Ing. JOSEF ALDORF, DrSc., josef.aldorf@vsb.cz,
katedra geotechniky a podzemniho stavitelstvi,

Fakulta stavebni, VSB-TU Ostrava
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ANALYZA KOEFICIENTU PRENOSU PROSTREDI NA TRECH
MELCE RAZENYCH TUNELECH
ANALYSIS OF COEFFICIENTS OF VIBRATION TRANSMISSION
THROUGH GROUND ENVIRONMENT CARRIED OUT
ON THREE SHALLOW DRIVEN TUNNEL CONSTRUCTION SITES

MARTIN STOLARIK, ZDENEK KALAB, MIROSLAV PINKA

ABSTRAKT

V pFispévku je predstavena analyza koeficientii prenosu prostredi K, které byly ziskdny jak na zdkladé viastnich experimentdlnich seiz-
mickych mérent odezvy trhaci prdce (tunely Jablunkov a Slivenec), tak na zdkladé souboru dat z bézného seizmického monitoringu (tunel
Klimkovice). VSechny tunely byly realizovdny Novou rakouskou tunelovaci metodou za pouZiti trhacich praci. Vlastni méreni byla reali-
zovdna uvniti mélce pod povrchem vedeného podzemniho dila a to v malé vzddlenosti od zdroje vibraci (prvni metry aZ desitky metrii),
tedy v tzv. blizké zoné. Bézny seizmicky monitoring byl provdden na povrchu ve vzddlenosti do 100 metrii od zdroje dynamického namd-
hdni. Za zdklad interpretace méveni byla zvolena analyza pFisluiného Langeforsova vztahu podle CSN 73 0040 — ZatiZeni stavebnich
objekti technickou seismicitou a jejich odezva. Na zdkladé této normy byly do grafu vyneseny koeficienty K v zdvislosti na vzddlenosti
od zdroje dynamického namdhdni a tyto normové koeficienty byly konfrontovdny se spocitanymi konkrétnimi koeficienty prenosu pro-
stredi K pro vSechny tri sledované tunelové stavby.

ABSTRACT

The paper introduces the analysis of coefficients K of vibration transmission through ground environment which were obtained both
on the basis of authors’ own experimental seismic measurements of the response to blasting operations (the Jablunkov and Slivenec tun-
nels) and on the basis of a data file gathered during common seismic monitoring (the Klimkovice tunnel). All of the tunnels were reali-
sed using the New Austrian Tunnelling Method with rock blasting. The measurements themselves were conducted inside underground
workings located shallow under the terrain surface, at a small distance from the source of vibration (initial metres to tens of metres), in
the so-called “near zone”. Common seismic monitoring was carried out on the terrain surface, at the distance of 100m from the source
of dynamic stresses. The analysis of the relevant Langefors’s relationship conducted in accordance with CSN 73 0040 standard “Loads
on Technical Structures by Technical Seismicity” was applied as the basis for the interpretation of measurements. Coefficients K relati-
ve to the distance from the source of dynamic stresses were plotted on a graph on the basis of the above-mentioned standard. The stan-
dard coefficients were compared with the concrete coefficients K calculated for all of the three monitored tunnel construction sites .

ovoD

Vybuch néloZe trhavin generuje kréitky, ale intenzivni impulz.
Rozsah maximélnich vyvolanych amplitud pohybu po odstielu nalo-
7e je 1 az 200 um (tj. cca 0,2 az 50 mm.s-! nebo 0,02 a7 1 m.s2).
Jeho spektrum je spojité, je zavislé na vlastnostech rozpojované-
ho materidlu, vlastnostech trhaviny a technologii trhacich praci
a obsahuje frekvence od niZSich hodnot az po velmi vysoké hod-
noty — zpravidla 1 az 300 Hz. Frekvenc¢ni spektrum seizmického
zaznamu trhaci price je dale vyznamnou mérou ovlivnéno pro-
stfedim, kterym se viny §if{; s rostouci vzdalenosti jsou v horni-
novém masivu slozky vyssich frekvenci rychleji tltumeny. Isaac
[1] predstavil orientacni graf zdvislosti frekvenéniho rozsahu
seizmického signalu na vzdalenosti od trhaci prace. Z neho vyply-
vd, Ze zv1aste v malych vzdalenostech od mista odstrelu je nezbyt-
v8im do vysSich frekvenci), pokud mé byt k dispozici nezkresle-
ny zdznam seizmického projevu. Frekvencni spektrum seizmic-
kych signdli vyvolanych blizkou trhaci praci ve skalnich a polos-
kalnich hornindch muZe obsahovat frekvence az 250 Hz. Vyssi
frekvence v zaznamu mohou byt navic ovlivnény rezonanci struk-
tur horninového masivu, jejichZ rozméry jsou srovnatelné s dél-
kou vlny. To vSe zpusobuje, Ze vztah mezi velikosti maximdln{
rychlosti kmitdni, hmotnosti dil¢i ndloZe a vzdalenosti l1ze stano-
vit pouze priblizné s vyuzitim statistickych metod. Skute¢né
maximalni vyvolané hodnoty rychlosti kmitani je nutno stanovit
monitorovanim a v fadé prikladi z odborné literatury vykazuji
namerené hodnoty znacny rozptyl [2, 3].

INTRODUCTION

An explosion of an explosive charge generates a short but
intense impulse. The maximum and minimum amplitudes gene-
rated after blasting a charge range from 1 to 200xm (i.e. appro-
ximately 0.2 to 50mm.s-1 or 0.02 to 1m.s-2). The scope spectrum
is continual, depending on the properties of the material being
disintegrated, the properties of the explosive and the blasting
technology. It contains frequencies ranging from lower values
up to very high values — usually 1 to 300Hz. The frequency
spectrum of a seismic record of a blasting event is further signi-
ficantly affected by the environment which the waves propaga-
te themselves through; higher frequency components are attenu-
ated in a ground massif more rapidly with a growing distance.
Isaac [1] introduced an orientation graph of the dependence of
the frequency scope of a seismic signal on the distance from the
blasting operation. It follows from the graph that it is necessary,
especially in the cases of small distances from the blasting loca-
tion, that, if we wish to have an undistorted record of the seismic
manifestation available, the seismic channel frequency scope
has to be as wide as possible (first of all ranging to higher fre-
quencies). The frequency spectrum of seismic signals generated
by a nearby blasting operation in hard rock or weak rock can
contain frequencies up to 250Hz. Higher frequencies in the
record can be, in addition, affected by the resonance of rock
mass structures the dimensions of which are comparable with
the length of waves. All of that causes that the above-mentioned
relationship between the maximum vibration velocity, the



Zatizeni stavebnich konstrukci se nejcastéji posuzuje podle
maximdlni amplitudy rychlosti kmitdni ¢astic Vinax a frekvence
prevlddajicich kmiti. Existuje snaha sestavit obecny vztah,
ktery umoZni predikovat tuto rychlost v zdvislosti na celkové
velikosti nédloZe (nebo velikosti ndloZze odpélené v jednom
¢asovém stupni) Q a vzdalenosti /. Pro stanoveni maximalnich
hodnot rychlosti kmitdn{ ve vzdalené z6né se pouziva empiric-
ky vztah, tzv. Langeforsuv [4, 5, 6]. Tento vztah se Casto uvad{
ve tvaru:

Vmax=K.Qm.l_n’ (1)

kde Vingx — maximalni rychlost kmitdni [mm/s];

QO — hmotnost ndloze [kg];

[ — vzdalenost od mista provddeéni trhaci prace [m];
K, m a n jsou empirické parametry.

V mnoha publikacich jsou uvedeny empirické vztahy podob-
né Langeforsovu vztahu, které optimdln¢ vyhovuji pro dané
lokality a podminky provadeéni trhaci prace. VSechny jsou vSak
zaloZeny na znalosti empiricky ziskanych konstant, které jsou
pro dané stanovisté charakteristické a 1ze je ziskat pouze para-
metrickym méfenim. Tento vztah maZe byt velmi dobie defino-
vany, pro slozité geologické poméry vSak mivd velmi nizkou
korelaci [7, 8]. Ze redlné naméfené hodnoty vykazuji znacny
rozptyl, ukazuje i obr. 1 dokladujici Langeforsuv vztah ve tvaru:

v=KKQID" . 2)

CSN 73 0040 uvadi informativni hodnoty konstanty prenosu
K pro podloZzi ze skalnich a poloskalnich hornin a ostatnich hor-
nin mimo horniny ve zvodnélém prostredi v zdvislosti na vzda-
lenosti od mista odstfelu (tab. 1). Tato orientacni tabulka se
pouziva pro odhad maximalni amplitudy rychlosti kmitani za
pomoci Langeforsova vztahu (CSN 73 0040 uvaZuje empirické
parametry m=0,5 a n=1):

Vs =K@. G)

Tyto hodnoty jsou vhodné zvlasté pro trhaci prace velkého
rozsahu v povrchovych lomech a pro vzdédlenosti ve stovkdch
metru od mista odstielu. Déle v piispévku bude na piikladech
z méfeni ukdzdno, jak muZe byt konstanta prenosu variabilni ve
vzddlenosti do sta metrd u trhacich praci, pri kterych celkovd
néloZ nepresahuje 100 kilogramu.

PRIKLADY Z KONKRETNICH STAVEB

Zelezni¢ni tunel Jablunkov

Z4jmové tizemi protind zké tidoli Jablunkovského prusmy-
ku. Prusmyk je z jedné strany sevien hibety Moravskoslez-
skych Beskyd, ze strany druhé hrbety Slezskych a Sloven-
skych Beskyd. Geologicky se $ir$i okoli nachdzi ve VnéjSich
Zapadnich Karpatech, tvorfenych prevazné sedimenty flySové-
ho charakteru (stfiddn{ jilovcu, prachovcu, piskovcu a slepen-
cu), které jsou zastoupeny slezskou a ralanskou jednotkou.
Obé tyto jednotky tvori samostatné prikrovy, nasunuté pres
sebe tzv. magurskym nasunutim. Linie magurského nasunuti
probihd na vychodnim tbo¢i Jablunkovského prasmyku (podél
nového silniéniho tahu E75, Jablunkov — Cadca). SloZité piik-
rovova stavba je doprovdzena zlomovou tektonikou. Z inze-
nyrsko-geologického hlediska je flySovy komplex typickym
sesuvnym tzemim. Vlastn{ trasa tunelu se nachdzi ve svrchni
Casti slezské jednotky paleogenniho stérfi, tvorené prevdzné
jilovci s rohovecovitymi a piskovcovitymi polohami. Tunely byly
razeny v nejméné priznivych geotechnickych podminkach,
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weight of the partial charge and the distance can be determined
only approximately using statistical methods. The real maxi-
mum values of the velocity of the generated vibration have to be
determined by monitoring. In numerous cases published in pro-
fessional literature, the measured values exhibit significant scat-
ter [2, 3].

The loads acting on technical structures are frequently asses-
sed according to the maximum amplitude of the velocity of the
vibration of particles Viqx and the frequency of prevalent oscil-
lations. There is a tendency to compile a general relationship
allowing for the prediction of this velocity in dependence on the
overall blasting charge weight Q (or the weight of the charge
fired during one delay step) and the distance /. The maximum
values of the vibration velocity in a remote zone are determined
using the so-called Langefors’s empirical relationship [4, 5, 6].
This relationship is often presented in the following form:

Vmax = K . Qm . l_n, (l)

where Viax — maximum vibration velocity [mm/s];
0O — weight of charge [kg];

| — distance from the blasting operation location [m];
K, m and n are empirical parameters.

Many publications present empirical relationships similar to
Langefors’s relationship, which optimally satisfy the particular
locations and conditions for the execution of blasting.
Nevertheless, all of them are based on the knowledge of the
empirically obtained constants which are characteristic of the
particular location and can be obtained only by parametric mea-
surements. This relationship can be very well defined, but the
degree of its correlation in complicated geological conditions is
usually very low [7, 8]. The fact that the actually measured valu-
es exhibit significant scatter is even presented in Fig. 1, which
documents Langefors’s relationship in the form:

v=KHQ/D". 2)

The CSN 73 0040 standard presents informative values of the
vibration transmission constant K for the sub-grade formed by
hard rock and weak rock and other ground types, with the excep-
tion of ground in a water-bearing environment, depending on the
distance from the blasting location (see Table 1). This guidance
table is used for assessing the maximum amplitude of vibration
velocity using Langefors’s relationship (the CSN 73 0040 stan-
dard assumes empirical parameters m=0.5 and n=1):

—

V.. =KkY2. 3)

l

Those values are suitable especially for large-scale blasting
operations in open cast mines and for distances from the blasting
locations measured in hundreds of metres. In addition, it will be
presented in the paper on examples from the measurements
designed to determine how the transmission constant can be
variable at one hundred metres distance in the case of blasting
operations where the total weight of the blasting charge does not
exceed 100 kilograms.

EXAMPLES FROM PARTICULAR CONSTRUCTION SITES

The Jablunkov rail tunnel

The area of interest is crossed by the narrow valley of the
Jablunkov Pass. The pass is bordered by the ridges of Moravian
Beskids on one side and ridges of Silesian and Slovakian
Beskids on the other side. Geologically, the wider surroundings
is located in the Outer Western Carpathians formed mainly by
flysh character sediments (alternation of claystone, siltstone,
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v souvrstvi drobné cyklického

flySe, s prevahou vapnitych jilov-
cu, s velmi nizkou, aZz extrémné
nizkou pevnosti (podle CSN P 73
1005 tfidy R5-R6). Béhem rekon-
strukce tunelu byly zastiZeny
laminované tmavoSedé jilovce,
drobné¢ provrasnéné, cCasteCné
zbridli¢natélé az podrcené. Ji-
lovce obsahovaly tenké, nepravi-
delné vloZzky prachoveu aZ pis-
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Vzhledem ke konfiguraci terénu
stékalo z prilehlych svahu do
oblasti prusmyku nékolik drob-
nych vodotedi, které zavodnovaly
oblast tunelového nadlozi. Hla-
dina podzemni vody byla v hloubce 0,25-6 m pod terénem.
Béhem razby nebyly zastiZzeny vyraznéjsi pritoky vody, vyrub
byl suchy az vlhky. VeSkera experimentdlni seizmickd méreni
byla provadéna pred mimorddnou udélosti v listopadu 2009.

Seizmické méreni odezvy trhaci prdace bylo realizovdno na
Zelezobetonové protiklenbé rekonstruovaného tunelu pri pro-
vadéni trhacich praci na jadfe. VSech 15 méreni probihalo
v blizké z6né, tj. v tomto pripadé ve vzdalenostech od 10 m do
39 m od zdroje vibraci. Ve v8ech pripadech se jednalo o trhaci
prace s celkovou ndlozi do 18 kg (mezni ndloZi na jeden Caso-
vy stupen byl 1 kg). Vyvrty byly vrtdny z po¢vy horni lavky
a zabér byl kolem 3 m. VSechna méreni byla provddéna seiz-
mickou aparaturou Gaia2T se senzorem ViGeo2.
Silniéni tunel Slivenec

Tunel se nachdzi z geologického hlediska ve velmi zajimavé
a pestré oblasti. Geomorfologicky se jednd o kraj prazské ploSiny
s jihovychodné orientovanym svahem vltavského udoli, s prevy-
Senim aZ 130 m. RaZené tunely jsou situovdny v jihovychodnim

Tab. 1 Informacni hodnoty konstanty pienosu K [kg”.m?.s™'] (podle CSN 73 0040)
Table 1 Informative values of transmission constants K [kg'”.m*.s'] (according to the CSN 73 0040)

konstanta prenosu K transmission constant K

Obr. 1 Velikost maximdlni amplitudy rychlosti kmitdni generovanych pri trhacich pracich v zdvislosti na vzdale-
nosti (vysvétleni v textu, podle [9])

Fig. 1 The size of the maximum amplitude of the velocity of oscillation generated during blasting operations, in
dependence on the distance (explanation is contained in the text, according to [9])

sandstone and conglomerates), represented by the Silesian and
Racany Units. The two units form independent overthrust faults,
the so-called Magura Overthrust. The Magura overthrust line
runs along the eastern slope of the Jablunkov Pass (along the
new E75 trunk road between Jablunkov and Cadca). The com-
plex overthrust structure is accompanied by fault tectonics.
From the aspect of engineering geology, the flysh complex is
a typical slide area. The tunnel route itself is located in the upper
part of the Palaeogenic Silesian Unit formed by sandstone beds.
The tunnels were driven under least favourable geological con-
ditions, through a finely cyclic flysh formation consisting of
very low to extremely low strength calcareous claystone (R3-R6
class according to the CSN 73 6133 standard). Laminated dark-
grey claystone, tinily folded, partially cleaved up to crushed,
was encountered during the course of the tunnel excavation. The
claystone contained thin, irregular siltstone to sandstone inter-
beds (up to Scm thick). A medium dipping bedding trend toward
the south-east prevailed; the foliation dips steeply with the pre-
valent E — W trend. The Quaternary cover was mostly built up
by diluvial sediments with the
thickness reaching ca 0.8 to
3.2m (sporadically up to
6.1m). The diluvia had mostly

vzdalenost | [m]
distance | [m]

podlozi ze skalnich a poloskalnich
hornin se stredni az velmi
malou hustotou diskontinuit
hard rock and weak rock
sub-grade with medium
to very small joint spacing

ostatni horniny mimo horniny

other ground types, excepting

the character of sandy clay up
to medium plasticity clay,
mostly with stiff, locally soft
or solid consistency. With res-
pect to the terrain configurati-
on, several small streams flew

ve zvodnélém prostredi

ground in water-bearing
environment

10 350
50 250
200 150
500 a vice 500 and greater 120

down adjacent slopes to the
250 mountain pass area. They
150 supplied water to the tunnel

overburden. The water table
120 was located at the depth of
100 0.25 to 6m under the terrain



kridle prazského synklinoria stfedoceského paleozoika, tradi¢né
oznacovaného jako barrandien. Razené tunelové trouby byly
vedeny v ordovickych a silurskych hornindch, které byly tekto-
nicky porusené a prostoupené zlomovymi a vrasovymi porucha-
mi. Jednalo se v dvodni ¢4sti predevsim o vépnité bridlice, dopl-
néné Cetnymi vlozkami vdpencu, a posléze i bazaltové tufy.
Druhé polovina razeb probihala stfidavé v bridlicich, piskov-
cich, pripadné tufech. Z hydrogeologického hlediska lze konsta-
tovat, Ze razba tunelu po provedené pruzkumné §tole probihala
jiz prevdzné v suchém horninovém prostiedi. Pfi razbé byly
dokumentovany pouze misty slabé prasaky podzemnich vod ve
spodni klenbé jednotlivych ¢asti tunelu. Tektonické poruchy ani
zilné struktury nebyly zdrojem podzemni vody.

Seizmické experimentdlni meteni bylo realizovéno v tfipruho-
vé tunelové troubé pri provadéni trhaci prace na jadre po vyraze-
ni kaloty. Razba v tomto misté prochdzela kosovskym souvrstvim
tvofenym jilovitymi a jilovitopis¢itymi bridlicemi ve stfidani
s kfemennymi piskovci a prachovci. NadloZi je v tomto tdseku
razby mocné 50-57 m. Hornina je bez stop alterace, zbarven{ hor-
niny je puvodni, rovnomérné a vyrub byl zcela suchy. Hustota
diskontinuit je zde velkd (D4 — vzdalenost diskontinuit 60-200
mm). Tektonické poruchy se zde nevyskytuji. Celkem bylo pro-
vedeno sedm méreni ve vzdélenosti od 47 m do 102 m od Celby.
Ve vsech pripadech se jednalo o trhaci prace s celkovou ndlozi
126 kg a mezni ndloZi na jeden Casovy stupen 3,9 kg. Pri téchto
mérenich byly pouZzity opét seizmické aparatury Gaia2T se sen-
zory ViGeo2 a LE-3D. Senzory byly usazeny volné na pocve.
Pocva byla v misté méfeni pouze ¢dste¢né seSkrabnutd a zbytky
rubaniny byly ¢astecné zhutnény pojezdem tezké kolové naklad-
ni techniky pouZivané pro odt€Zeni rubaniny.

Silni¢éni tunel Klimkovice

Kromé realizace vlastnich seizmickych méfeni byl také zpra-
covan rozsdhly soubor seizmickych dat obsahujici naméfené
maximélni amplitudy rychlosti kmitani a nékteré parametry trha-
cich praci, ktery poskytla firma INSET s.r.o. Ta v prubéhu celé
vystavby tunelu Klimkovice provadéla seizmicky monitoring
technické seizmicity vyvolané trhacimi pracemi za pouziti seiz-
mické aparatury National Instruments AT-MIO-64E-3 a proved-
la hodnoceni seizmického zatiZeni okoli tunelu. Senzory byly
mimo jiné instalovédny i na objektu rodinného domku €. p. 798.

Celd lokalita tunelu je tvorena sedimentdrnimi horninami
neproduktivniho karbonu-kulmu. Nejéastéj$im petrografickym
typem jsou jilovité sedimenty — jilovce a prachovce. Zpravidla
jsou tmaveé Sedé barvy, tence destiCkovité vrstevnaté, misty
i masivni. Velmi Casty je vyskyt flySovych souvrstvi, tvorenych
jilovitymi a pis¢itymi horninami — drobovymi piskovci a droba-
mi. Barva hornin je $edd, kdy hrubé&ji zrnité horniny jsou vzdy
svetlejsi. Nejméne Cetné jsou piscité sedimenty — droby a drobo-
vé piskovce. Tyto jsou vétSinou nezfetelne vrstevnaté az masiv-
ni. Velmi Casto obsahuji drobné laminy jilu, které ukazuji na
jejich vrstevnatost. Kvartérni pokryv v lokalité tunelu je prevaz-
né tvoren deluvidlnimi sedimenty jilovitopis¢itych hlin s pfimés{
tlomkd matecnych hornin. Obsah a velikost tlomka s hloubkou
narustaji, kdy nejhlub$i vrstvy pokryvu nabyvaji aZz charakteru
hlinitych §térku s ostrohrannymi dlomky a suti. Celkovd mocnost
kolisa v dosti Sirokém rozmezi cca od 0,90 m do 11,40 m i vice.
V nékterych mistech je téméf nerozpoznatelné rozhrani mezi
kvartérnim pokryvem a zvétralym skalnim podlozim.

ANALYZA KOEFICIENTU PRENOSU PROSTREDI

Sarsby [9], vychdazejici ze vztahu (1), uvadi koeficienty preno-
su prostiedi K v rozmezi 900—4000 [kg''2.m2.s!] pro hmotnost
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surface. No more significant water inflows were encountered
during the course of the tunnel excavation; the tunnel was dry to
moist. All experimental seismic measurements were conducted
before the September 2009 extraordinary event.

The seismic measurement of the response to blasting was rea-
lised on the reinforced concrete invert of the tunnel being recon-
structed, during the execution of blasting operations in the
bench. All 15 measurements were conducted in the near zone,
i.e., in this case, at the distances from the source of vibration ran-
ging from 10m to 39m. In all cases the total charge weight was
lower than 15kg (the limit charge weight per one delay step was
1kg). The blast holes were drilled from the bottom of the upper
bench and the excavation pull length was about 3m. All measu-
rements were conducted using the Gaia2T seismic apparatus
with a ViGeo2 sensor.

The Slivenec road tunnel

The tunnel is located in an area very interesting and varied in
terms of geology. As far as geomorphology is concerned, the
area forms the edge of the Prague plateau with the Vltava River
slope dipping toward the southeast, with the difference in eleva-
tion amounting to 130m. The mined tunnels are located in the
southeastern wing of the Prague Synclinorium of the Central
Bohemian Palaeozoic formation traditionally called the
Barrandian. The mined tunnel tubes run through Ordovician and
Silurian rock types, which were tectonically faulted and perva-
ded with faulting and folding failures. In the initial section there
was mainly calcareous shale with numerous limestone intercala-
tions, later even basalt tuffs. The second half of the tunnel exca-
vation passed alternately through shale, sandstone or, as the case
might be, through tuff. From the hydrogeological point of view
it is possible to state after the completion of the exploratory gal-
lery that the tunnels were driven mostly through a dry rock envi-
ronment. Only weak local seepage of groundwater was docu-
mented in the invert of individual sections of the tunnel during
the course of the tunnel excavation. Neither tectonic faults nor
vein structures were the sources of groundwater.

The seismic experimental measurement was realised in the
triple-lane tunnel tube during the execution of blasting in the
bench, after the completion of the excavation of the top heading.
In the particular location, the tunnel excavation passed through
the Kosov formation, consisting of clayey and clayey-sandy
shale alternating with quartzose sandstone and siltstone. In this
tunnel excavation section, the overburden is 50-57m thick. The
rock manifests no traces of alteration, its colouring is original
and uniform; the excavation was completely dry. The spacing of
joints in this location is great (D4 — the discontinuity spacing
varying between 60mm and 200mm). Tectonic failures do not
occur here. Seven measurements were conducted in total, at the
distance from the excavation face ranging from 47m to 102m. In
all cases the blasting operations were performed using the total
weight of charges of 126kg and the limit weight per one delay
step of 3.9kg. The Gaia2T seismic apparatuses with ViGeo2 and
LE-3D sensors were again used for the measurements. The sen-
sors were placed freely on the excavation bottom. The bottom in
the location of the measurement was only partially scraped off
and remaining muck was partially compacted by trips of the
heavy wheeled trucks used for the removal of muck.

The Klimkovice road tunnel

An extensive data file containing the measured maximum
amplitudes of vibrations and some parameters of blasting opera-
tions provided by INSET limited liability company was compi-
led in addition to the seismic measurements themselves. The
company carried out seismic monitoring of technical seismicity
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tud rychlosti kmitdn{ na jednotlivych sloz-
kach (vertikdlni, horizontalni radidlni
a horizontdlni transverzdlni) a ndsledné je
dopocitano ¢iselné maximum, ¢imZ se sice

ZN 2

zanasi chyba, ale je to na stran¢ bezpe¢né:
v = (v +n+v2)00. 4)

Z dopocitanych prostorovych sloZek maximdalnich amplitud
rychlosti kmitani byly nasledné spo¢itany konstanty prenosu
prostreni K ze vztahu (3).

Na zdkladé normy CSN 73 0040 byly do grafu vyneseny
teoretické koeficienty K (interpolovdno po primce) v zavis-
losti na vzdalenosti od zdroje dynamického namahani (Cerve-
nd cara). Tyto normové koeficienty byly konfrontovany se
spocitanymi konkrétnimi koeficienty prenosu prostfedi K pro
vSechny tfi sledované tunelové stavby (graf 1, 2, 3).

Jak jiz bylo fefeno, norma zohlednuje zobecnéné vztahy.
Nezohlednuje vSak konkrétni parametry trhaci prace, lokalni
geologii apod., proto redlné koeficienty prenosu prostredi
K v uvedenych pripadech nekoresponduji s normovymi. Je tieba
také vzit v ivahu, Ze méfeni v malych vzdélenostech ovliviiuje
mnohem vice faktort, neZ pri méfeni ve vzdalenostech vétsich

Graf 1 Zavislost koeficientu prenosu prostiedi K na vzddlenosti od zdroje dynamického namdhdni pro
tunel Jablunkov — konfrontace s CSN 73 0040 (Cervend cdra)

Graph 1 Dependence of the coefficient K of the transmission through a ground environment on the
distance from the source of dynamical stressing for the Jablunkov tunnel — comparison with the CSN
73 0040 standard (the red line)

induced by blasting operations using the National Instruments
AT-MIO-64E-3 apparatus during the course of the whole con-
struction of the Klimkovice tunnel and carried out the assess-
ment of the seismic loading on the tunnel surroundings. The sen-
sors were installed, among other points, even on the building of
the family house No. 798.

The whole tunnel locality is formed by sedimentary rock types
of the non-productive Carboniferous period — the culm. The
most frequent petrographic type is represented by clayey sedi-
ments — claystone and siltstone. They are usually dark grey, thin-
ly tabularly bedded, locally even massive. The occurrence of
flysh strata formed by clayey and sandy rock types — greywacke
sandstone and greywacke - is very frequent. The rock colour is
grey, more coarse-grained rock types are always lighter. The
least frequent rock types are represented by sandy sediments —
greywacke and greywacke sandstone. The rock is mostly indi-
stinctly bedded up to massive. It very frequently contains tiny

clay laminas indicating the bedding charac-

ter. The Quaternary cover in the tunnel loca-
tion is mostly formed by deluvial sediments

of clayey sandy loams with addition of frag-
ments of parent rock. The content and size of
the fragments grow with increasing depth,
where the deepest overlying layers assume
the character of up to loamy gravel with
sharp-edged fragments and debris. The total

thickness varies within a rather wide range of
ca 0.90m to 11.40m, sometimes even more.
In some locations the interface between the
Quaternary cover and the weathered bedrock
is nearly unrecognisable.
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Sarsby [9], proceeding from the relations-

Graf 2 Zavislost koeficientu prenosu prostiedi K na vzddlenosti od zdroje dynamického namdhdni pro

tunel Slivenec — konfrontace s CSN 73 0040 (Cervend &dra)

Graph 2 Dependence of the coefficient K of the transmission through a ground environment on the
distance from the source of dynamical stressing for the Slivenec tunnel — comparison with the

CSN 73 0040 standard (the red line)

hip (1), mentions the coefficients K of vibra-
tion transmission through a ground environ-
ment ranging from 900 to 4000 [kg}/2.m2.s71]
for the limit charge weight per one a delay
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Tab. 2 Prehled krajnich hodnot konstanty prenosu K pro sledované tunely
Table 2 Overview of extreme values of the transmission constants K determined
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step of 0.4 — 1.6kg, located at the
distance up to 100 metres, with

Jablunkov Slivenec Klimkovice the variable coefficient n ranging

from 1.7 to 2.2. Concrete coeffi-

K1 K2 K1 K2 K1 K2 cients K relating to two tunnel

337,81 150,26 98,89 95,55 88,19 97,18 construction projects are mentio-

ned by Pandula [10]. Regarding

VoK [mm.s] 33,78 3,85 4,16 1,85 1,9 1,5 the Borik tunnel, he mentions
coefficients of transmission ran-

L [m] 10 39 a7 102 7.3 50,18 ging from 60 to 290 for the limit

Q [kg] 1 3,9 2,4 0,6 charge weight of 15 — 32kg and

for the distance of up to 270m.

Regarding the Banskd Bystrica
tunnel, the coefficients vary between 35-

130 for the limit weight charge of 3.125kg
and for the distance of up to 22 metres. The
two tunnels were driven through dolomite
or limestone. Pandula proceeds from the

relationship (2), where the coefficient n is
equal to one. The CSN 73 0040 standard is
also based on the same modification of rela-
tionship (2).

The simplified methodology which was
selected for processing the whole data file
reads the maximum values of amplitudes of
the velocity of vibration for individual com-

vzdalenost [m] distance [m]
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ponents (vertical, horizontal radial and hori-
zontal transversal) and the numeric maxi-
mum is calculated subsequently; this fact int-
roduces an error into the calculation, but it is

on the safe side:

Graf 3 Zavislost koeficientu prenosu prostiedi K na vzddlenosti od zdroje dynamického namdhdni pro

tunel Klimkovice — konfrontace s CSN 73 0040 (Cervend &ira)

v = (vZ+v2+v2)07,

“

Graph 3 Dependence of the coefficient K of the transmission through a ground environment on the

distance from the source of dynamical stressing for the Klimkovice tunnel — comparison with the CSN

73 0040 standard (the red line)

(jak jiz bylo uvedeno vyse), pro které je tato norma primarné
koncipovéna.

ZAVER

V prispévku byla predstavena analyza koeficientu prenosu
prostredi K. Redlné koeficienty K byly ziskdny na zdklade
experimentdlnich méfeni v blizké z6n€ na dvou tunelovych
stavbach v CR a datovy soubor byl doplnén daty z rutinniho
seizmického monitoringu na treti tunelové stavbé. Za zdklad
interpretace méfeni byla zvolena analyza prislu§ného Lange-
forsova vztahu podle CSN 73 0040 — ZatiZeni stavebnich
objekti technickou seismicitou a jejich odezva. Koeficient
prenosu prostredi K (zdvisi mimo jiné na podminkach
odstrelu, vlastnostech prenosového prostredi, druhu trhavi-
ny, ...) nabyvd ve sledovaném souboru dat hodnot z velmi
Sirokého intervalu (X0-X00 kg''2.m2.s"). Pro kazdy pred-
staveny pripad byly tedy vypoclteny dvé hodnoty konstant
prenosu K, a to pro nejmensi (K/) a nejvétsi (K2) redukova-
nou vzdalenost L/Q%° [m.kg©¥3] (pfi maximédlni amplitudé
rychlosti kmitani v dané redukované vzdalenosti) (tab. 2).

Graf 4 dokladuje poznatek, Ze pro vzdalenosti pod
50 m (tedy blizkou z6énu) maji koeficienty prenosu prostre-
di K velky rozptyl a tato zdvislost neni dobfe definovatelna.
Koeficienty K jsou v grafu konfrontovdny s empirickymi hod-
notami koeficienti prenosu prostiedi podle CSN 73 0040 (Zer-
vena ¢dra) a jak je uvedeno vyse, teoretické hodnoty nekores-
ponduji s hodnotami redlnymi.

The coefficients K for the transmission
through the environment were subsequently
calculated from the relationship (3) using the
additionally calculated spatial components of the maximum
amplitudes of the vibration velocity.

Theoretical coefficients K depending on the distance from the
source of dynamical stressing were plotted (linearly interpola-
ted) in the graph on the basis of the CSN 73 0040 standard (the
red line). These standard coefficients were compared with the
particular coefficients of transmission through ground environ-
ment calculated for all three monitored tunnel construction (see
Graphs 1, 2, 3).

As mentioned above, the standard takes into consideration
general relationships. But it does not take into consideration par-
ticular parameters of blasting operations, local geology etc. For
that reason, in the above mentioned cases, the real coefficients
K of transmission through the ground environment do not cor-
respond to the standard ones. It is also necessary to take into
consideration the fact that measurements carried out at small
distances are influenced by many more factors than in the cases
of measurements conducted at greater distances (as mentioned
above), for which this standard is primarily devised.

CONCLUSION

The paper has introduced an analysis of coefficients K of
vibration transmission through a ground environment. The real
coefficients K were obtained on the basis of experimental mea-
surements in a near zone at two tunnel construction sites in the
Czech Republic and the data file was complemented by data obta-
ined by routine seismic monitoring of a third tunnel construction
site. The analysis of the relevant Langefors’s relationship
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according to the CSN 73 0040 standard on

400 - Loads on Technical Structures by Technical

_ 4 Jablunkov Seismicity was chosen as the basis of the

o 350 - o = Slivenec interpretation of measurements. In the moni-

€ 7\0 . + Klimkovice tored data file, the coefficient K of the trans-

o o 3004 & mission through an environment (depending

'gf A among other effects on the conditions of the

X, 2007 blasting event, properties of the transmission

3 i environment, the kind of the explosive, ...)

E = 2001 assumes values varying within a very wide

s 150 - interval (X0—X00 kg 2.m2.s!). For that rea-

§ § son, two values of the transmission coefficient

25 il . K were calculated, one for the smallest distan-

s % ce (KI) and one for the greatest reduced

£ s0- distance L/Q%° [mkg?3] (K2) (at the maxi-

L mum amplitude of the oscillation at the parti-
0 T T T T T T T T T T cular reduced distance) (see Table 2).

0 0 20 330 40 5 o6 70 8 9 100 110 Graph 4 documents the finding that the

vzdalenost [m] distance [m] scatter of coefficients K of vibration trans-

mission through a ground environment is

Graf 4 Empirické zdvislosti koeficientu prenosu prostiedi K na vzddlenosti pro data ze tii sledovanych

tunelit — konfrontace s CSN 73 0040 (Cervend &dra)

Graph 4 Empirical dependences of the coefficient K of the transmission through a ground environ-
ment on the distance for the data obtained from the three monitored tunnel construction sites — com-

parison with the CSN 73 0040 standard (the red line)
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STATICKE RESENI DVOUPLASTOVEHO TUNELOVEHO OSTENI
STRUCTURAL DESIGN OF DOUBLE-SHELL TUNNEL LININGS

KAREL VOJTASIK, MAREK MOHYLA, EVA HRUBESQOVA, LUKAS DURIS

ABSTRAKT

Soudobd tunelovd osteni podzemnich dél realizovanych Novou rakouskou tunelovaci metodou jsou dvoupldstovou strukturou,
kterd je vytvdrena dvéma samostatnymi stavebné-technologickymi procesy. Vysledkem jsou dvé stabilizacni konstrukce, vnéjsi pri-
mdrni a vnitini sekunddrni osténi. Osténi navzdjem zpravidla oddéluje tenkd izolacni vrstva z plastu, kterd brdni prisakiim pod-
zemnich vod do sekunddrniho osténi. Obé osténi se od sebe odlisuji konstrukct priirezii, technologii provedeni, vazbou na horni-
nové prostiedi, pracovné-deformacni charakteristikou a dobou ndstupu k statické cinnosti. Cldnek uvddi principy statického Fese-
ni tunelového dvoupldstového osténi, které berou zretel na jmenované stavebné-technologické a konstrukcni rozdily osteni a zahr-
nuji rovnéz soucinnost s pretvdrejicim se horninovym prostredim. Statické reSeni spocivd v kombinaci analytickych a numerickych
vypoctii.

ABSTRACT

Contemporary linings of underground structures realised using the New Austrian Tunnelling Method are double-shell structu-
res formed by two independent construction technological processes. They lead to two stabilisation structures, external prima-
ry and internal secondary linings. The linings are usually separated from each other by a thin plastic waterproofing layer pre-
venting groundwater from seeping into the secondary lining. The two linings differ from each other by the structure of cross-sec-
tions, the technology of work, the linkage to the ground environment the working-deformation characteristics and the duration
of the process of gaining the structural capacity. The paper presents principles of structural designing of double-shell tunnel
linings taking into consideration the above-mentioned construction technological and structural differences between the linings
and, in addition, comprises the interaction with the deforming ground environment. The structural design lies in the combinati-

on of analytical and numerical calculations.

ovoD

Problematika mechaniky podzemnich konstrukei a stabili-
ty podzemnich a dulnich dél je stéZejnim tématem, dlouho-
dobé rozvijenym na katedfe geotechniky a podzemniho sta-
vitelstvi Fakulty stavebni VSB-TU Ostrava predeviim zéslu-
hou osobnosti profesoru Kittricha a Aldorfa. Kombinovana
osténi dulnich a podzemnich dél se dostala na program &in-
nosti v sedmdesatych letech minulého stoleti. V té dobé se na
katedre re$il navrh ostén{ pro vertikalni jamy kruhového pro-
filu o hrubém pruméru 9 m, umisténé v obtiznych geome-
chanickych podminkéach, které dosahovaly hloubek az
1000 m pod povrch terénu. Zajisténi stability horninového
prostredi v uvedenych podminkdch bylo mozné jen za pou-
ziti kombinované konstrukce jamového osténi. To bylo
sestaveno z prstenct betonovych tvdrnic, betonu a ocelovych
tubingt. Pro statické feSeni prstencové konstrukce byla vyvi-
nuta a posléze aplikovédna analytickd metoda homogenizace
heterogenniho prufezu osténi, zaloZend na teorii spolupracu-
jicich prstenct, kterou vypracoval profesor Bulycev [1].
Nidslednym podnétem pro dalsi rozvoj metody statického
feSeni kombinovanych osténi bylo zahdjeni vystavby linio-
vych podzemnich de€l podle zdsad Nové rakouské tunelovaci
metody (NRTM). Osténi u NRTM tvori dvé samostatné sta-
biliza¢ni konstrukce, primarni a sekunddrni osténi. Tento
prispévek analyzuje nejbézne€jsi konstrukci primarniho osté-
ni, tvofenou z ocelovych rdmu z prihradovych pruta, zastii-
kanych vrstvami stfikaného betonu (ddle jen primdarni osté-
ni). Primdrni osténi charakterizuji proménlivd pracovni de-
formac¢ni charakteristika, kritky cas vystavby, okamZitd
unosnost, kterd s Casem roste a moznost provedeni konstruk-
¢nich zmén béhem jeho vystavby s ohledem na aktudlni

INTRODUCTION

Problems of the mechanics of underground structures and
stability of underground and mine workings are the pivotal
theme which has been developed in the long term at the
Department of Geotechnics and Underground Structural
Engineering of the Faculty of Civil Engineering of the VSB -
Technical University of Ostrava, first of all thanks to profes-
sors Kittrich and Aldorf. Combined linings of mine and
underground workings got to the programme of activities
during the 1970s. At that time the department solved the design
of linings for circular profile vertical shafts with the gross dia-
meter of 9m, located in difficult geological conditions, rea-
ching the depths of up to 100m under the terrain surface.
Ensuring the stability of ground environment under such diffi-
cult conditions was possible only when the combined structu-
re of the shaft lining was used. It was assembled from rings of
moulded concrete blocks, concrete and steel segments. An ana-
lytical method of the homogenisation of a heterogenic lining
cross-section based on the theory of interacting rings devised
by Professor Bulycev [1] was developed and subsequently
applied for the purpose of the structural design. The subsequ-
ent impulse for further developing of the structural method of
designing combined linings lied in the commencement of the
construction of linear underground structures in accordance
with the principles of the New Austrian Tunnelling Method
(NATM). At the NATM, the lining is formed by two indepen-
dent structures, the primary lining and secondary lining. This
paper analyses most common primary lining structures con-
sisting of steel lattice arches (girders) with shotcrete layers
sprayed on them (hereafter referred to as a primary lining).
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geotechnické podminky. Sekundérni osténi vyzaduje del$i
dobu vystavby, po dosaZeni zrdni betonu mda konstantni
unosnost a béhem vystavby nelze ménit jeho konstrukéni
parametry. Vyvoj feSeni kombinovaného osténi, tvoreného
dvéma konstrukénimi soustavami, se soustfedil na objektiv-
ni zachyceni okolnosti vyplyvajicich z NRTM. Témito okol-
nostmi jsou uzavieny tvar konstrukce osténi, kterym je nej-
Castéji tvar oblouku (nikoliv tvar kruhu, jak tomu bylo
u jam) a proménlivd tuhost primdrniho osténi. Zatizeni je
pak dano vzdjemnou interakci primarniho osténi s hornino-
vym prostredim a méni se s vyvojem tuhosti primarniho
osteni.

PREDPOKLADY A PRINCIPY STATICKEHO RESENI
DVOUPLASTOVEHO OSTENI

Primérni osténi je formou paZzici konstrukce, jejimz hlav-
nim dkolem je doCasnd stabilizace horninového prostredi
a zajisténi prostoru vyrubu podzemniho dila po celou dobu
potfebnou k vykonéni vSech stavebnich fazi vystavby tunelu
az do okamziku zahdjeni statické c¢innosti sekundarniho
tunelového osténi, coz zpravidla ¢ini nékolik mésict. Vnéjsi
plast — primarni osténi zahajuje proces stabilizace hornino-
vého prostredi. Stabilizacni reakce (pracovné-deformacni
charakteristika) osténi je proménlivd, vyviji se v Case a je
pro ni charakteristicky proces postupného ndrustu tuhosti
konstrukce. Rust tuhosti je ukoncen zpravidla provedenim
protiklenby. Ta se stavi s ¢asovym odstupem, fddové dny az
tydny, vzhledem k obloukové konstrukci zajistujici klenbu
a boky dila, jeZ je postavena krdtce po realizaci vyrubu.
Vystavbou protiklenby je ukoncena stavba konstrukce vnéj-
$tho plasté osténi. Stabilizacni reakce primarniho osténi je
aktivovana ihned po zastfikani rdmové konstrukce z ocelo-
vych prutt (pfihradovych), zajistujici klenbu a boky vyrubu.
Reakce se postupné vyviji v uzké interakci s pretvarejicim se
horninovym prostredim (obr. 1) a ndslednymi operacemi
vystavby osténi.

Po stavebnim dokonéeni vnéjsiho plaste velikost stabili-
za¢ni reakce odpovida hodnoté nezbytné k stabilizaci horni-
nového prostredi, tj. k zastaveni a ukonceni jeho dalSiho pre-
tvareni. Tento zdvér plati pro dspé¥nou stabilizaci hornino-
vého prostredi. Sekundarni osténi je mozné provést jen pro
stabilizovanou soustavu vyrub — horninové prostiedi.
Statickd ¢innost sekunddrniho osténi neni aktivovédna ihned
po jeho stavebnim dokonceni, nebot’ horninové prostredi,
stabilizované primarnim osténim, to zatim nevyZaduje.
Uloha sekunddrniho osténi spoéivd v trvalém zajisténi
Htotalni* stability horninového prostfedi, md tedy zabranit
dal§imu vyvoji poruseni horninového prostredi. Tuto pod-
minku nelze trvale zajistit ¢innosti primarniho osténi. Tato
¢ast dvouplastové konstrukce neni ochranéna pred vlivem
agresivniho pusobeni podzemnich vod. Jejich pusobeni vede
k pozvolné degradaci primarniho osténi a omezené dobé
jeho Zivotnosti. Fyzickd soucinnost primarniho a sekundar-
niho osténi mé pouze prechodny charakter, ¢asové omezeny
na pocate¢ni obdobi innosti osténi. Potfebnd reakce ke sta-
bilizaci horninového prostredi bude s ¢asem postupné trans-
ponovdna z primarniho osténi na sekunddrni osténi. Se-
kundérni osténi musi mit jak dostate¢nou unosnost k vytvo-
reni stabilizacni reakce, tak i tuhost, kterd zarudi, Ze defor-
mace konstrukce neprekro¢i hodnoty pozadované mezi pou-
zitelnosti. Skute¢nou soucinnost primdrniho a sekunddrniho

The primary lining is characterised by a variable working-
deformation character, short duration of the construction, load
bearing capacity immediately increasing with time and the
possibility of carrying out structural changes during its con-
struction taking into consideration current geotechnical condi-
tions. The secondary lining requires a longer construction time;
when the concrete curing period is finished, its load-bearing
capacity is constant and the structural parameters can no more
be changed during the tunnel construction period. The deve-
lopment of the combined lining design, consisting of two struc-
tural systems, was concentrated on the objective description of
circumstances following from the NATM. These circumstan-
ces comprise the closed geometry of the lining structure, most
frequently having the shape of a vault (not circular as in the
case of shafts) and the variable rigidness of the primary lining.
The load is then given by the interaction between the primary
lining and the ground environment. It changes with the deve-
lopment of the primary lining rigidness.

ASSUMPTIONS AND PRINCIPLES OF THE STRUCTURAL
DESIGN OF A DOUBLE-SHELL LINING

A primary lining is a form of a bracing structure the main
task of which is temporary stabilising the ground environ-
ment and supporting the excavated space of the underground
working throughout the time necessary for the realisation of
all tunnel construction phases up to the moment of the com-
mencement of the static action of the secondary tunnel lining,
which usually takes several months. The external shell, the
primary lining, starts the process of the ground environment
stabilisation. The stabilisation response (the working defor-
mation characteristics) of the lining is variable; it develops
with time and is characterised by the process of rapidly buil-
ding up of the structural rigidness. The growth in rigidness is
usually terminated by the construction of the tunnel invert.
The invert is constructed with a time lag in the order of up to
weeks, with respect to the work on the arched structure sup-
porting the upper vault and the excavation sides, which is car-
ried out shortly after the realisation of the excavation. The
completion of the invert means the end of the construction of
the external shell of the lining. The stabilisation response of
the primary lining is activated immediately after the steel fra-
mes (lattice girders) supporting the upper vault and sides of
the excavation are covered with sprayed concrete (shotcrete).
The response develops gradually in a close interaction with
the deforming ground environment (see Fig. 1) and subsequ-
ent lining construction operations.

When the external shell is structurally complete, the mag-
nitude of the stabilisation response corresponds to the value
necessary for the stabilisation of the ground environment,
i.e. for stopping and terminating further deformations. This
conclusion is applicable in the case of the successful ground
environment stabilisation. The secondary lining can be carri-
ed out only if the excavation — ground environment system is
stable. The structural role of the secondary lining is not acti-
vated immediately after the structural completion because,
for the time being, the ground environment stabilised by the
primary lining does not need it. The role of the secondary
lining lies in permanent ensuring the “total” stability of the
ground environment, which means that it is required to pre-
vent the ground environment from further disturbing. This
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condition cannot be permanently ensured by the action
of the primary lining. This part of the double-shell
structure is not protected against the aggressive action
of groundwater. Its action leads to the slow degradati-
on of the primary lining and reduction of its life
length. The physical interaction between the primary
and secondary linings has only a temporary character,
the duration of which is restricted to the initial period
of the action of the lining. The required response to the
stabilisation of the ground environment will be gradu-
ally turned over from the primary lining to the secon-
dary lining. The secondary lining has to have both the
load-bearing capacity sufficient for developing the sta-
bilisation response and the rigidness guaranteeing that
deformations of the structure will not exceed the valu-
es required by the serviceability limit state. The real
interaction between the primary lining and the secon-
dary lining has to be seen in the effective interconne-
ction of two successive stabilisation activities of the
primary and secondary linings, which are designed to
provide the stability of the ground environment sur-
rounding the underground structure and are intercon-
nected with each other by the ground environment
behaviour. The structural (static) action of the primary
lining influences the development of the stress-strain
state of the ground environment. The rigid working-
deformation characteristics of the primary lining
imply higher values of the load acting on the lining

Obr. 1 Pracovné deformaéni charakteristika soucinnosti horninového prostredi and, as a result, even the higher load-bearing capacity
s konstrukci tunelového osténi (s, — radidlni napéti, p; — reakce osténi, D, - radidlni of the secondary lining. The stabilisation of the ground

posun, t — ¢as)

Fig. 1 The working-deformation characteristics of the interaction between ground

environment attended by a minimum response of the

environment and the tunnel lining structure (s, — radial stress, p; — lining response, primary lining creates conditions for the origination of

D, - radial displacement, t — time)

osténi je nutno vidét v efektivnim propojeni dvou na sebe
navazujicich stabiliza¢nich ¢innosti primdrniho a sekundar-
niho osténi, kterd maji zajistit stabilitu horninového prostie-
di obklopujicitho podzemniho dilo a jsou navzdjem provaza-
ny chovanim horninového prostfedi. Béhem vystavby dila
statickd ¢innost primdrniho osténi ovliviiuje vyvoj napéto-
deformaéniho stavu v horninovém prostredi. Tuhd pracovné-
deformacni charakteristika primarniho osténi implikuje
vyS$8i hodnoty zatiZeni pusobici na osténi a v dusledku
i inosnéjsi konstrukci primarniho osténi, a tedy i unosné&;jsi
konstrukci sekunddrniho osténi. Stabilizace horninového
prostfedi minimdlni reakei primarniho osténi vytvari pod-
minky pro vznik minimdlniho zatiZeni a umoznuje pouZit
osténi s niz§i dnosnosti. Proménlivy fizeny a kontrolovany
vyvoj pracovni charakteristiky primarniho osténi umoznuje
naplnéni postuldtu NRTM o aktivni interakci osténi a horni-
nového prostiedi a dosaZeni optiméalnich podminek pro trva-
lou ¢innost konstrukce osténi, zatiZzeného minimalni hodno-
tou zatizeni. Porozuméni a objektivni exaktni vyjddfeni
soucinnosti jsou zdkladem ndvrhu postupu vystavby a volby
parametrd primdrniho osténi. Cilem je vytvofit optimaln{
podminky, tj. minimalizovat zatiZeni a poskytnout spolehli-
vé informace pro ndvrh parametrt sekundérniho osténi. Se-
kundérni osténi je dimenzovano na hodnotu zatizeni odvoze-
nou nikoliv z primdrniho stavu napéti v horninovém prostre-
di pred zahdjenim vystavby, ale hodnotu odvozenou ze stabi-

liza¢ni reakce, kterd je nezbytnd ke stabilizaci horninového

minimum loading and allows for using a lower load-

bearing capacity lining. The variable controlled and
monitored development of the working-deformation charac-
teristics of the primary lining allows for fulfilling the NATM
postulate regarding the active interaction between the lining
and the ground environment and for achieving optimum con-
ditions for the continuing action of the lining structure expo-
sed to a minimum loading value. The understanding and the
objective exact expression of the interaction are the bases of
the design of the construction procedure and the selection of
the primary lining parameters. The objective is to create opti-
mum conditions, i.e. to minimise the loads and provide reli-
able information for designing the secondary lining parame-
ters. The secondary lining dimensions should be designed for
the loading value which is derived from the primary state of
stress in the ground environment before the commencement
of excavation operations. Instead, it is designed for the value
derived from parameters of the stabilisation response which
is necessary for the stabilisation of the ground environment.
The parameters of the secondary lining are proposed and the
dimensions designed in accordance with the principles of
construction and structural mechanics of unreinforced conc-
rete structures or reinforced concrete structures.

ANALYTICAL METHOD

The analytical variant of the solution to the combined
lining (multi-shell lining) is based on the theory of interacting
rings and homogenisation of a heterogeneous cross-section of
the lining. The algorithm of homogenisation is based on the
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prostiedi. Névrh a dimenzovdni parametri sekunddrniho
osténi se provede podle principu stavebni mechaniky kon-
strukci z prostého betonu nebo Zelezobetonové konstrukce.

ANALYTICKA METODA

Analytickd varianta fe$eni kombinovaného osténi (vice-
plastového osténi) je zalozena na teorii spolupracujicich
prstenct a homogenizaci heterogenniho prufezu osténi.
Algoritmus homogenizace vychazi z analytického modelu
pro vypocet napétodeformacniho stavu ve vicevrstvém kru-
hovém prstenci, ktery byl formulovan Bulycevem. Tento
analyticky model vyuziva pro stanoveni napéti sy, s,, 4 teo-
rii analytickych funkci komplexni proménné, teorii kom-
plexnich potenciélu ¢, ¥ a funkce Kolosova.

09 — 0, + 2it,9 = 2?20 (2) + v (2)]
g + 0, = 2[¢ (2) + ¢ (2)] = 4Re[p ()]

Zakladni predpoklad feSeni je, Ze se vnéjsi zatizeni (nor-
mélové i smykové) prstence prendsi jednotlivymi vrstvami
pomoci tzv. prenosovych koeficientu, které jsou odvozeny
z podminky spojitosti deformaci na jednotlivych kontaktech
prstencu. Pienosové koeficienty jsou funkcemi tloustky
prstencu a pretvarnych charakteristik materidli vrstev
(Poissonovo ¢islo, modul pruznosti). Déle jsou vypolteny
prerozdélovaci koeficienty tangencidlnich napéti. Tyto slou-
7{ k prepoctu stavi napéti v homogenizovaném prufezu na
stav napéti v jednotlivych prstencich a materidlech, ze kte-
rych jsou prstence vytvoreny. Uplny vyklad metody, véetnd
ilustraéniho prikladu, byl publikovan v [2]. Statické feSeni
primdrniho osténi analytickou metodou homogenizace spo-
&iva ve vypoctu hodnoty modulu pruznosti prafezu primdr-
niho osténi (Eyome) a prerozdélovacich koeficientu tangenci-
dlnich napéti pro zdkladni stavebni stavy prufezu primarniho
osténi (schéma na obr. 2) pro velikost vnéjsiho zatiZeni pri-
marniho osténi:

e rdmovd konstrukce z ocelovych piihradovych prutt

a prvni vrstva stiikaného betonu (SB), kterd neni tuha
a tedy se nepodili na stabiliza¢ni reakci;

e zapocteni prvni vrstvy SB;

e zesileni prufezu druhou vrstvou SB, modul pruZnosti

obou vrstev SB je ruzny;

e modul pruZnosti obou vrstev SB je stejny a jeho hodno-

ta reprezentuje stav po dokonceni tuhnuti betonu.

Obr. 3 uvadi graf prubéhu rozloZeni napéti v homogenizo-
vaném prufezu a stavy napéti v betonu a oceli heterogenniho
prufezu priméarniho osténi, vypo&tené s vyuZitim prerozdélo-
vacich koeficientu tangencidlnich napéti.

Statické feSeni kombinovaného osténi analytickou meto-
dou je uskute¢nitelné pro osove symetrické tvary dél a kon-
stantni geometrické a mechanické parametry prstenci po
celém obvodu dila. Metoda je vhodnd pro feSeni stabilizace
bez moznosti fazovani vystavby a zmény mechanickych
parametri béhem vystavby. Nelze je uplatnit, jestliZze jsou
vstupni parametry proménlivé, kdy proces stabilizace horni-
nového prostredi tvori posloupnost na sebe navazujicich
konstrukénich stavi. Tyto situace je moZno feSit numericky-
mi metodami.

analytical model for the calculation of the stress-strain state
in a multi-layer circular ring formulated by Bulycev. For the
determination of stresses g, Sr, tq, this analytical model uses
the theory of analytical functions of one complex variable,
the theory of complex potentials ¢, ¥ and Kolosov functions.

g9 — 0, + 2iT,9 = 2?20 (2) + v'(2)]

og + 0, = 2[@(2) + ¢ (2)] = 4Re[p (2)]

The fundamental assumption of the solution is that the
rings transmit external loading (normal as well as shear)
through individual layers by means of the so-called transmis-
sion coefficients, which are derived from the condition of
continuous deformations on individual contacts between
rings. The transmission coefficients are functions of the
thickness of the rings and stress-strain properties of the mate-
rials forming the layers (Poisson’s ratio, modulus of elastici-
ty). Further calculated are redistribution coefficients of tan-
gential stresses. They are used for the recalculation of states

EHOMO =13 100 MPa
EHOMO = 13,1 00MPa

EHOMO =17 400 MPa
EHOMO = 17,400MP3

EHOMO =20 200 MPa
EHOMO = 20,200MP3

Obr. 2 Etapy vystavby priiezu primdrniho osténi ze dvou vrstev stiikaného
betonu a ocelovych pFihradovych oblouku
Fig. 2 Stages of construction of the primary lining cross-section consisting of

two layers of sprayed concrete and steel lattice girders
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L ) L of stress in the homogenised cross-section to
napéti v prafezu heterogenniho osténi h £ in individual ri d
stress in heterogenic lining cross.section the state of stresses 1n individual rings an
..... : materials from which the rings are formed.
I The complete explication of the method,
P, SO PP P T RN e : including an illustrating example, was publis-
£ ] " 4 hed in [2]. The structural design of a primary
S o lining using the analytical method of homoge-
15 L R T A 1 . . . . .
8 i nisation lies in the calculation of the value of
- CCOVPPIE. — - ) o
8 the modulus of elasticity of the primary lining
= S S— Y . AP, cross-sections (see the chart in Fig. 2) for the
£ homogenizovany prifez .
= homogenised cross-section ; fundamental structural states of the primary
= | . .
= S — i lining and the magnitude of the external loads
2 — — beton acting on it:
N concrete : . .
2 il e : e a frame structure from steel lattice gir-
= ’,.-" pr— otcelI ders and the first layer of sprayed concre-
RLET CLELITIED N 2 : i te (SC) which is not rigid and therefore
i i 5 does not participate in the stabilisation
T T L 1
response;
40 20 0 -20 -40 -60 -80 [pOmRe: : .
e incorporation of the first SC layer into
napéti stress [MPa] calculation
¢ reinforcement of the cross-section by the
Obr. 3 Prubéh rozloZeni napéti v homogenizovaném a heterogennim prurezu primdrniho osténi second SC layer; moduli of elasticity of

Fig. 3 The stress distribution pattern in homogenised and heterogenous primary lining cross-section the two SC layers are different;

ANALYTICKO-NUMERICKA METODA

Analyticko-numerickd metoda statického feSeni primarni-
ho osténi implementuje model homogenizovaného hetero-
genniho prstencového prifezu primarniho osténi (Eyomo)
a prerozdélovaci koeficienty tangencidlnich napéti, jez jsou
vystupem analytické metody, do dil¢ich statickych feSeni
stavebnich fdzi primdrniho osténi, kterd jsou provedena
numerickymi vypoctovymi modely (obr. 3). Dil¢{ a kone¢né
vysledky napéti v prvcich, které modeluji konstrukei ostén{
(model homogenizovaného heterogennitho prstencového
prufezu primérniho osténi) v numerickych modelech, jsou
ndsledné prepocitany podle analytické metody zpét na nape- masiv
ti v betonu a oceli heterogenniho prufezu primarniho osténi. massif
Vysledky analytické a analyticko-numerické metody byly
oveéfovany numerickym modelem, ktery zachoval geome-
trickou i materidlovou stavbu prufezu primédrniho osténi
(obr. 4).

Ukdzka vysledku statického feSeni primdrniho osténi ana-
lyticko-numerickou a numerickou metodou jsou prezentova-
ny v diagramech na obr. 5. Diagramy uvadéji prabéhy napé-
ti v prufezu primdrniho osténi pro obé formy modelovani
prufezu, homogenizovany i heterogenni prufez na fezu,
umisténém na boku konstrukce osténi. masiv

Vysledky vypoétenych hodnot napéti v betonu primarniho massif
osténi pro obé metody jsou identické. U ocelovych prvku se
hodnoty napéti 1isi, nicméné rozdily jsou malé a neéini vice
nez 5%.

Uziti pouhého numerického vypocétu muiZe Cinit provedeni
statického feSeni primarniho osténi analyticko-numerickou
metodu nepotiebnym. Nicméné je zde jedna okolnost, kterd
znesnadnuje jeho $irsi rozsifeni. Touto okolnosti je priprava
vypocetntho modelu, kterou komplikuje diskretizace kon-
strukce prufezu primdrniho osténi. Na homogenizovaném
materidlu je diskretizace bezproblémovd, umoznuje vytvaret Obr. 4 Schéma vypocetnich modeli
model v neomezené délce dseku primdrniho ostén{ s raznymi Fig. 4 A chart of calculation models

analyticky model
spolupracuijicich

prstencl
analytical model of
interacting rings

3D model
3D model

nahadni Exomo
replacement Enouno

3D model
3D model
heterogenni prifez osténi
heterogenous lining
cross-section
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0,200

* modulus of elasticity of the two SC layers is
identical and its value represents the conditi-
on after the end of concrete setting time.

Fig. 3 presents a graph of the distribution of
stress in a homogenised cross-section and states of
stress in the concrete and steel of the homogenised
primary lining cross-section, which are calculated
using the redistribution coefficients of tangential
stresses.

The structural design of the combined lining is
viable for axially symmetric geometries of
underground workings and geometrical and
mechanical parameters of the rings constant
throughout the circumference of the underground
working. The method is suitable for designing the
stabilisation without the possibility of phasing the
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construction work and without changes in mecha-
nical properties during the course of the construc-
tion. It cannot be applied when the input parame-
ters are variable, when the process of stabilisation
of the ground environment forms a sequence of
successive structural states. These situations can
be solved using numerical methods.

ANALYTICAL-NUMERICAL METHOD

The analytical-numerical method of the primary
lining structural design implements the model of
the homogenised heterogeneous circular cross-
section of the primary lining (Enomo) and the redi-
stribution coefficients of tangential stresses which
are the output of the analytical method into partial
structural solutions to the primary lining phases
which are carried out using numerical calculation
models (see Fig. 3). The partial and final results of
the stresses in the elements modelling the lining
structure (the model of a homogenised heteroge-
neous circular cross-section) in numerical models
are subsequently recalculated in accordance with
the analytical method back to the stress in concre-
te and steel of the heterogeneous cross-section of

Obr. 5 Srovndni metod vypoétu napéti analyticko-numerickou a numerickou metodou
Fig. 5 Comparison of stress calculation methods using analytical-numerical and numeri-

cal methods

variantami Clenéni &elby dila a hodnotami tuhosti prurezu
primarniho osténi.

Obr. 6 uvddi ¢4st analyticko-numerického modelu primar-
niho osténi tunelu ovdlného tvaru, na kterém byla provedena
vypoltovd analyza vyvoje napéti béhem jednotlivych sta-
vebnich etap a stabilizaénich fazi primarniho osténi.

Diagramy na obr. 7 uvadi vysledky vypoctenych hodnot
prubéhu napéti v prufezech primdrniho osténi v bodé
A. Z diagramu plyne, Ze stav napéti se vyviji v zdvislosti
na vzdalenosti od celby dila a nakonec se stabilizuje na
stdlé hodnoté. Vysledky ze stabilizovaného stavu lze vy-
uzit k odvozeni ocekdvaného budouciho zatiZeni sekun-
ddrniho osténi.

Tabulkovy diagram na obr. 8 shrnuje vyvoj hodnot modu-
10 pruZnosti homogenizovanych prafezt (Enomo) vV kon-
strukénich pasech primdrniho osténi béhem stavebnich fazi
provedeni primérniho osténi tunelu.

the primary lining. The results of the analytical
and analytical-numerical methods were verified
by a numerical model which maintained the geo-
metrical and material structure of the primary
lining cross-section (see Fig. 4).

Examples of the results of the structural design of the pri-
mary lining using the analytical-numerical and numerical
methods are presented in diagrams in Fig. 5. The diagrams
present histories of stress in the primary lining cross-section
for both forms of the cross-section modelling, homogenised
and heterogeneous on the cross-section, located on the side of
the lining structure.

The results of the calculated values of stress in the primary
lining concrete are identical. In the cases of steel elements,
the values of stress differ; nevertheless, the differences are
small, not exceeding 5%.

The application of a numerical calculation only may render
the execution of the structure of the primary lining cross-sec-
tional design using the analytical-numerical method unneces-
sary. Nevertheless, there is one circumstance here which
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makes its wider spreading more difficult. This circu-
mstance lies in the preparation of the calculation model,
which is complicated by the discretisation structure. In
the case of the homogenised material, the discretisation
is problem free, allowing for developing a model for an
unlimited length of the primary lining section with vari-
ous variants of the face excavation sequences and vari-
ous values of the primary lining cross-section rigidness.
Fig. 6 presents the part of the analytical-numerical
model of the oval primary tunnel lining which the cal-
culation analysis of the development of stresses was
carried on during the course of individual construction
stages and stabilisation phases of the primary lining.
Diagrams in Fig. 7 present the results of the calcula-
ted values of the history of stress in primary lining
cross-sections in point A. It follows from the diagrams
that the state of stress develops in dependence on the
distance from the excavation face and finally stabilises
itself at a permanent value. The results from the stabili-

Obr. 6 VyFez z 3D modelu vyrubu a zajisténi tunelu primdrnim osténim
Fig. 6 A detail of the 3D model of tunnel excavation and support with primary

lining

ni s numerickymi metodami roz$ifuje statické feSeni ostén{

Kombinace analytického modelu prufezu primdrniho osté-

0 MOoZnosti:

* individualizovat objektivni geomechanické okolnosti;
e provadet variantni vypocty pro fakultativni technologic-

ké okolnosti realizace a parametry primarniho osténi;

The table diagram in Fig. 8 summarises the develop-
ment of the moduli of elasticity of homogenised cross-
sections (Enowmo) in construction blocks of the primary
lining during the course of construction phases of the work on
the primary tunnel lining.

The combination of the analytic model of the primary
lining cross-section with numerical methods extends the
structural design by adding the following options:

e Individualisation of objective geomechanical circu-

mstances;
e Carrying out variant calculations for

pficinkova plocha tangenciélniho napéti
v klenbé homogenizovaného priifezu primarniho osténi
influence area of tangential stress in the vault

of homogenised primary lining cross-section

tlak pressure NN

facultative technological options of the
realisation and parameters of the prima-
ry lining;

* Monitoring of the behaviour (strain) of
the primary lining and the ground envi-
ronment.

The analytical-numerical method allows

for assessing the load-bearing capacity of
the primary lining on the basis of internal

-5,0 forces in the primary lining structure and
designing the primary lining structure and
g& s parameters taking into consideration the
gi 0 conditions given by the particular ground
B £ environment. The analytical-numerical met-
;% = & ¥ o hod even allows for deriving the value of the
SRS E R loads acting on the primary lining from the
— @ P . . . . .o .
£s 5.0 *% ® o final stress-strain state in the primary lining.
e 5 o8~ _5 & o€
g & €5 5Eg 4 oV
s - =o 358 \\Q@ gcg\,\ %6@ CONCLUSION
- = SRR
A 253 / %\é\ © Double-shell linings acting under the
//};,-,,;ng/i :S[é/;,' 0 & NATM conditions were examined by calcu-
o . . . i
Nesg .@é\ tah tension lat.lons carrying out structural <.1651gns ad(?
N pting three approaches — analytical, analyti-

cal-numerical and 3D analytical. The above-
mentioned problems were solved by the uni-

Obr. 7 Vyvoj napéti v prurezu primdrniho osténi v klenbé tunelu v bodé A v zdvislosti na vzddlenosti

od celby
Fig. 7 The development of stresses in the primary lining cross-section in the tunnel vault in point project titled “The research into deformational
A depending on the distance from the excavation face

versity department through two institutional
projects. One of them, the GA103/09/1438
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e sledovat chovéni (pretvdfeni) primarniho osténi
a horninového prostredi.

Analyticko-numerickd metoda umoznuje provedeni
posouzeni uUnosnosti primarniho osténi na zaklade
vnitfnich sil v konstrukci primdrniho osténi a navrh-
nout konstrukci a parametry primdrniho osténi s ohle-
dem na podminky dané horninovym prostfedim. Z ko-
ne¢ného napetodeformacniho stavu v primarnim osté-
ni analyticko-numerickd metoda umoZnuje rovnéz
odvodit hodnoty zatiZeni sekundarniho osténi.

ZAVER
Dvouplastové osténi, pracujici v podminkach NRTM,
bylo zkoumano vypoclty, které provadely statickd fe-

vzdalenost ¢elby od bodu A
distance of excavation face from point A

1 2 3 4 5 6 7 8

- -

B osténi C - Evono = 20 200 MPa lining C  Evyo = 20,200MPa

osténi A - EHOMO =13 100 MPa Ilnlng A- EHOMO = 13,100MPa
osténi B — Exomo = 17 400 MPa lining B — Eyouo = 17,400MPa

Seni tfemi pristupy — analyticky, analyticko-numeric-
ky a 3D numericky. Uvedenou problematiku katedra
feSila dvéma instituciondlnimi projekty, z nichZ jeden
byl zaméren primo na primdrni osténi, jednalo se
o projekt GA103/09/1438 Vyzkum pretvarnych a pev-
nostnich vlastnosti osténi ze stfikaného betonu vyztu-
tuhymi prvky. Druhy projekt
GA103/98/0135 Vyzkum a vyvoj metod inverzni analyzy
geomechanickych jeva v podzemnich dilech se zabyval pri-
mymi optimalizanimi postupy inverzni analyzy pro objek-

zZenych ocelovymi

tivizaci charakteristik horninového prostredi s vyuzitim
drive uvedenych analytickjch metod. V soucasné dobé
katedra pokraCuje v badatelské praci a v rdmci projektu
TE01020168 Centra pro efektivni a udrzitelnou dopravni
infrastrukturu (CESTI) ddle rozviji problematiku ndvrhu
tunelovych osténi. Resitelim se zatim nenaskytla piileZi-
tost verifikovat vysledky feSeni uvedenych metod provede-
nim méreni na skute¢nych konstrukcich.
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Obr. 8 Diagram vyvoje hodnot modulu pruznosti homogenizovanych prurezu primdr-
niho osténi (Exomo)

Fig. 8 Diagram of the development of the moduli of elasticity of homogenised prima-
ry lining cross-sections (Enomo)

and strength-related properties of sprayed concrete linings
reinforced with rigid steel elements” was focused directly on
primary linings. The other project, GA103/98/0135 titled
“The research and development of methods of the inversion
analysis of geomechanical phenomena in underground exca-
vation structures” dealt with direct optimisation procedures
for the inversion analysis for the objectivisation of ground
environment characteristics using the above-mentioned analy-
tical methods. At present, the department continues to carry
out research activities within the framework of the
TE01020168 project of the Centre for Effective and
Sustainable Transport Infrastructure (CESTI) and further
develops the problematics of the tunnel lining design. The sol-
vers have not yet been given the opportunity for verifying the
results of the solutions to the above-mentioned methods by
conducting measurements on real structures.
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FOTOREPORTAZ Z EXKURZI STUDENTU OBORU GEOTECHNIKA
FAST VSB-TU OSTRAVA A Z JEJI DALSI CINNOSTI

PICTURE REPORT FROM EXCURSIONS FOR STUDENTS
OF THE GEOTECHNICS FIELD OF STUDY AT THE FACULTY
OF CIVIL ENGINEERING OF THE VSB - TECHNICAL UNIVERSITY
OF OSTRAVA AND OTHER ACTIVITIES OF THE UNIVERSITY

Obr. 1 Exkurze studenti v hlubinném Dole Zabrze (Polsko) Obr. 2 Historicky cinovy dul Jeronym
Fig. 1 Student excursion to the Zabrze deep mine (Poland) Fig. 2 Historic tin mine Jeronym

Obr. 3 FiniSer v tunelu Gotschka (Rakousko) Obr. 4 Exkurze na Dole RoZnd
Fig. 3 Roadway paver in the Gotschka tunnel (Austria) Fig. 4 Excursion to the RoZnd Mine

Obr. 6 Exkurze do tunelu Sudomérice
Fig. 5 Seismic measurements in the Jablunkov tunnel Fig. 6 Excursion to the Sudomérice tunnel




Komplexni priprava

PRAGOPROJEKT  aorganizace stave
OJE| face siavg

K RySance 1668/16,
147 54, Praha 4

b

tel.: +420 226 066 111
id: 4kifr54

mailbox@pragoprojekt.cz
www.pragoprojekt.cz

Vyvoj software

Programovy systém RoadPAC je vykonny Programovy systém Kanvod je vykonny

systém pro automatizované projektovani systém pro automatizované projektovani

silnic a dalnic. kanalizacnich stok, vodovodu a dalSich
\ podzemnich liniovych objektd.

Umoziiuje komplexni navrh silniéni trasy \

a silniéniho télesa véetné vypoctu kubatur e Umoziiuje modelovat stoku, vodovod

zemnich praci, konstrukénich vrstev Ci jiné potrubi a vytvaret grafické pfilohy

R O ad PAc vozovek a vypoctu vytyCovacich prvku. Ka nvon téchto liniovych objektu.

Podporovany jsou grafické systémy AutoCAD, BricsCAD a ZWCAD.
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Renesco a.s. zriaduje hydroizolacie v podzemi i na povrchu Panenska 13 info@renesco.com
a realizuje stavebné projekty od planovania az po vyvoj 811 03 Bratislava WWW.renesco.com
Specialnych postupov a systémov. +421 2 5921 4000

+421 2 5921 4001
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Tunelové folie a geotextilie
od ceského vyrobce

JUNIFOL T, JUNIFOL FT, JUNIFOL NT

polyetylenové izolacni félie se svétlou signalni vrstvou
pro razené i hloubené tunely

pro rtzna hydrofyzikalni namahani

s hladkym nebo texturovanym povrchem

tloustky 1,2 az 3,2 mm, Sitky az 8,0 m

zahrani¢ni certifikaty, osvédceni

geoNETEX A PP 500 (800, 1000) B2, geoNETEX ZTV/RIL

* netkané geotextilie z polypropylenovych vlaken
* snizena hoflavost, maximalni sifka roli 6,5 m
e zahranicni certifikaty, osvédceni

<1 JUTA

JUTA a.s.
Dukelska 417
54415 Dvur Kralové nad Labem
tel.: 499314270, email: but@juta.cz
www.juta.cz

R

® JADROVE VRTANI DIAMANTOVYMI KORUNKAMI DO @ 900 mm
® HLUBINNE VRTANI SE ZARUGENYM VYNOSEM JADRA
® REZANI DIAMANTOVYMI KOTOUCOVYMI A LANOVYMI PILAMI

® REZANI POJIZDNYMI REZACKAMI DO HLOUBKY 500 mm

g ® KOTVENI CHEMICKYMI A MECHANICKYMI KOTVAMI HILTI
B Bc o U N S.IO. @ KOTVENI KOLEJNIC S VYUZITIM KOLEJOVEHO VRTACIHO VOZiKU

www.bbcsoun.cz @606321 017 | 724 313 394




Tufel

26. rocnik - €. 2/2017

ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA

B Mimoradné problémy prvni razby tunelovacim stro-
jem na Krété

V breznu 2015 byla zahdjena na Krété razba tunelu délky
3,5 km s vnitinim praimérem 4,35 m, ktery ma slouZit zdsobo-
vani vodou mést Heraklion a Agios. Voda bude proudit ocelo-
vym potrubim pr. 1800 mm, které bude do tunelu vloZeno. Pro
razbu byl poprvé na Krété zvolen tunelovaci stroj s feznou
hlavou praméru 4,93 m, za kterym se montuje segmentové
osténi. Zaves za Stitem a pasovy dopravnik rubaniny byly spe-
cidlné zkonstruovdny pro dovrchni razbu se sklonem 15 %.
Prorazka byla planovédna na unor 2016, ale nepodafrilo se ji
uskutecnit ani do konce roku 2016.

Hlavni pri¢inou je zastiZeni podstatné odliSnych geotech-
nickych podminek od téch, které byly popsany v zadavaci
dokumentaci.

Po zardzce, ktera probéhla v pevné horniné, méla razba
pokraCovat v priznivém prostfedi homogenniho jemné vrstev-
natého vdpence. Misto toho se po nékolika metrech stroj pre-
kvapive dostal do prostoru tvoreného starym skalnim zrice-
nim, které na strmém svahu pokrytém vegetaci nebylo pfi pru-
zkumu rozpoznano. Nesoudrzny balvanity material byl pri¢i-
nou nadvylomu, po§kozeni stroje a obtiZi s jeho fizenim. NeZ
se pomoci ruznych opatfeni piekonalo cca 40 m v tomto pro-
stfedf, uplynulo pét mésicu (plynuld razba byla obnovena kon-
cem srpna 2015).

Ve stani¢eni 1404 m §tit uvizl v poruchové z6né pri precho-
du z vdpencu do kfemitych fylitd, i kdyZz nadloZi bylo jen
180 m. Stroj byl uvolnén ru¢ni razbou s osténim tvorenym
svorniky, ocelovymi oblouky a stiikanym betonem vyztu-
Zenym ocelovou siti. Razba byla provddéna z otvoru Sitky
60 cm, ktery vznikl staZzenim zadni teleskopické ¢asti Stitu.

Pro dalsi razbu byly osazeny nové obrysové pracovni
néstroje, ¢imz byl razeny profil zvétSen na 4,96 m. K preko-
nén{ poruchy byla duleZitd rychld nepferu§ovand razba s mini-
malnim postupem 15 m/den pri aplikaci mazaci injektdze.

DalSim problémem byl vyskyt jedovatého plynu — sirovodi-
ku, kterym byla nasycena dolomitickd hornina od stanieni
1538 az 1622. Zjistilo se, Ze povolend koncentrace plynu
v ovzdusi tunelu je prekroCena vice nez trikrat. Muselo se zin-
tenzivnit vétrani, pracovnici v tunelu pouzivali plynové
masky a provddéla se Castd méfeni ovzdusi, coZ dohromady
znamenalo velké zpomaleni razby na délce pres 80 m.

Ve stani¢eni 2317 m pii razbé ve vdpencich byl v &ervenci
2016 zastizen mimorddné rozsdhly krasovy jeskynni systém,
pri¢emz zaddvaci dokumentace predpoklddala na zdkladé pru-
zkumu krasové jevy Sitky maximdlné 1 m. Vyplnéni kaveren
nebylo mozZné jednak z divodu obrovské kubatury a také
proto, Ze jeskynémi tekla v obdobi desth voda.

Provedena opatfeni pro zajisténi dalsi razby byla:

e vyrazeni pristupové Stoly vedle Stitu;

* kotvenf stropu ve vySce cca 10 m nad dnem jeskyné;

* injektdZ podloZi v trase razby;

* vytvoreni stabilniho ndsypu na naklonéném dné jeskyné

z drobného §térku, opéra ve sméru spadu dna byla vytvo-
fena ze stupriovité uloZenych gabionu;

e vybetonovdni kolébky pro projeti Stitu a ndsledné obeto-

novani vne¢jsiho lice smontovaného segmentového osteni.

Vybudoval se také trvaly vstup do krasové kaverny z hoto-
vého tunelu.

Lze konstatovat, Ze prvni nasazeni tunelovaciho stroje na
Krété provazi opravdu velky vyskyt nepredpoklddanych pro-
blému.

B Stavba vysokorychlostni trati Janov — Milan nabira na
tempu

V ramci rynsko-alpského Zelezni¢niho koridoru, ktery pro-
poji ndmorni pristavy u Severniho more s pristavem Janov
u more Stredozemniho, se jiZ intenzivné pracuje na vysoko-
rychlostnim propojeni Janova s Mildnem. Usek od Janova se
nazyva Terzo Valico dei Giovi, je asi 53 km dlouhy a u Tortony
se napoji na stavajici trat do Mildna.

Soucasné Zelezni¢ni propojeni mezi Janovem a Tortonou ma
zdklad v puvodni trati Passo dei Giovi, kterd byla postavena
okolo roku 1850 a pozdéji byla v nékterych mistech upravena
s cilem sniZit sklon trati a zvétSit poloméry oblouku.

Hlavni tunelédrské prace na novém tseku jsou:

e 716 m dlouhy dvoukolejny tunel Compasso, ktery je jiz

vyrazen pod Janovem;

e dva propojujici jednokolejné tunely Voltri (2000 m
a 2500 m dlouhé);

¢ tunel Valico dlouhy 27 110 m, ktery je tvoren dvojici jed-
nokolejnych tuneld a navazuje na tunel Compasso;

¢ tunel Serravalle dlouhy 7094 m (také dvojice jednokolej-
nych tunelu);

o Ctyri pristupové tunely celkové délky 7200 m do tunelu
Valico, z nich dva jsou jiZ dokoncené a dokonceni dalSich
dvou bylo pldnovano na brezen 2017.

Z hlavnich tunelt bylo zacatkem roku 2017 vyraZzeno pfri-

blizné 10 km.

Pokud jde o technologie razby hlavnich tunelu, tak asi 2/3
délky tunelu Valico ve sméru od Janova a vSechny pfistupové
tunely budou raZeny na plny profil (pr. pfiblizné 9 m; metoda
ADECO). Potitd se s primérnym mési¢nim postupem 40 m na
jednu Celbu. Na zbyvajici ¢ast budou od severu nasazeny dva
zeminové S$tity Herrenknecht o pr. 9,77 m. Cely tunel
Serravalle bude razen také zeminovymi Stity od téhoz vyrob-
ce, ale jejich pramér bude 9,73 m. Pro razbu EPBS se uvazuje
mési¢ni primérny vykon jednoho stroje 165 m/més. a $picko-
vy vykon az 300 m/més.

Podle vysledkt prazkumu se ofekdvd, Ze asi na 30 % délky
tunelu Valico zastihne razba velmi slozité geotechnické pod-
minky, v nevelké mife se predpoklada i vyskyt hornin obsahu-
jicich asbest.

B Pokracovani vystavby tunelu Rohtang v Himalaji
v severni Indii

Mozné by neskodilo oblas se podivat, kde ve svété pusobi
cesti geotechnici, coz se tykd i 8,8 km dlouhého silni¢niho
tunelu Rohtang v indickém Himalaji. Tunel se razi metodou
Drill and Blast z jizniho i severniho portdlu. Stavenisté se
nachdzi v nejsevernéjSim vybézku Indie mezi Tibetem
a Pédkistdnem, blizko tzemi KaSmiru pobliz mésteCka Manali.
Nadmorska vyska stavby je vice nezZ 3000 m n. m., coZ zna-
mend hlavné v zimnim obdobi hodné¢ drsné klimatické pod-
minky.
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O razbé tunelu Rohtang byl prednesen prispévek na konfe-
renci Podzemni stavby Praha 2016, ve kterém byl zminén
zatim nejvetsi problém razeb, kterym byla poruchova zéna
Seri Nala zastizend ve sméru od jizniho portdlu ve stani¢eni
zhruba 24000 az 2+460. Porucha, kterd byla vyplnéna mixem
rozdrcenych zemin a Fi¢nich obldzku az balvanu s velkymi pri-
toky vody o vydatnosti az 100 1/sec, byla prekondna na konci
roku 2015.

Rok 2016 znamenal zatim nejispésnéjsi obdobi ve vystavbé
tunelu — zhotovitel ze sméru od jizntho portdlu postoupil
v razbé kaloty o 1685,55 m, priCemZz maximdlni postup
217,1 m byl dosazen v mésici dubnu. Razilo se prevazné v kre-
mencich a kfemennych fylitech. V podobnych horninach,
vykazujicich ov§em podstatné hor§i parametry, se razilo i ze
severu, kde od poloviny kvétna 2016 do konce listopadu té€hoz
roku se postoupilo v kaloté o 564.4 m, takZe celkovy postup
ve zminovaném roce ¢inil 2249,95 m, coZ je doposud nejlepsi
ro¢ni vykon.

Ten byl dosazen pres veskeré obtize, které vyplyvaji z razby
pod velmi vysokym nadlozim (v loni az 1700 m). Napriklad
v biotitickych bridlicich jejich tladivost zpusobovala velké
deformace primarniho osténi. Naopak v pevnych kfemennych
fylitech ¢i magmatickych rulach se Casto projevoval ,,Rock
Bursting* a ,,Rock Spalling* — tzn. odprysky a odlupovéni hor-
nin projevujici se obCas vyraznymi zvuky.

Na tuto stavbu se zacdtkem biezna 2017, po rok a pual dlou-
hé prestdvce, vratil Ing. Radek Bernard, ktery mezitim stihl
v lonském roce od bfezna do prosince pracovat na supervizi
tuneldi vysokorychlostni Zeleznice v Ciné. Dal3i ptisobeni na

tunelu Rohtang mu opét nabidla rakouskd spolec¢nost D2
Consult International GmBH, takze od svého soucasného
nastupu zde fidi cely projekt ze strany supervize (FIDIC —
Engineer). Mél by, mimo jiné, dozorovat vyrazeni zbyvajicich
1040 m kaloty prevazné ve fylitech s vlozkami kfemennych
zil, pripadné ¢astecné ve fylitickych kfemencich, pri¢emz pro-
rdzka je planovana na fijen az listopad 2017.
(zpracovdno podle podkladii dodanych
Ing. Radkem Bernardem)
B Zkouska dopravy tanku tunelem pod kanidlem
La Manche
Britové v zavéru roku 2016 provedli zkousky, které mély
prokdzat predpoklad, Ze vojenské tanky lze dopravovat po
Zeleznici tunelem pod kandlem La Manche. Do Francie bylo
Uspesné prevezeno pét tanku. Ministerstvo obrany Spojeného
kréalovstvi vydalo prohldseni, Ze zkousky byly dlouhodobé pla-
novdny a nesouvisi se soufasnym zvySenym napétim
v Evropé.
B Podmorsky tunel pro kabely ve Velké Britanii
V souvislosti s planovanou vystavbou nové jaderné elektrar-
ny 3,4 GW se pripravuje 22 km dlouhy tunel pod morskou
zatokou Morecambe. Tunel by mél mit pr. 5 m a budou v ném
ulozeny dva vysokonapétové kabely pro 400 kV. Z bezpec-
nostnich duvodu a pro zajistén{ potiebné kapacity vétrani bude
uprostred zdtoky nasypdn umély ostruvek a z néj vybudovéna
Sachta napojend na tunel.

Ing. MILOSLAV NOVOTNY,
mila_novotny@volny.cz

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

22. ROCNIK MEZINARODNIHO SEMINARE ZPEVNOVANI, TESNENI(

A KOTVENI HORNINOVEHO MASIVU A STAVEBNICH KONSTRUKCI V OSTRAVE

22ND ANNUAL SEMINAR ON STABILISATION, SEALING AND ANCHORING OF GROUND MASS
AND CIVIL ENGINEERING STRUCTURES IN OSTRAVA

This year’s traditional international seminar on Sta-
bilisation, sealing and anchoring of ground mass and civil
engineering structures was held in the lecture hall of the VSB
— Technical University of Ostrava on 16th and 17th February
2017. The seminar was attended by ca 130 guests from 4
countries. The total of 28 papers was read during the course
of the seminar. They were related first of all to applications of
sealing and reinforcing materials, anchoring and other stabi-
lisation elements used in mine and underground construction
engineering, in ensuring the stability of ground slopes and
rock walls, as well as in the field of foundation structures.

Leto$ni roénik tradi¢niho mezindrodniho semindre Zpev-
novdni, téesnéni a kotveni horninového masivu a stavebnich
konstrukci se konal v aule Vysoké Skoly banské — Technické
univerzity v Ostravé ve dnech 16.-17. 2. 2017. V tvodu pri-
vitali cca 130 dcastniku ze 4 zemi odborni garanti seminare,
dile dékan Fakulty stavebni VSB-TU Ostrava, generdlni
sekretaf Ceské tuneldiské asociace ITA-AITES a zéstupce
Ceského baniského diadu. Celkem zaznélo v priibéhu seminé-
fe 28 prispévku tykajicich se predevsim aplikaci té€snicich

a zpevnujicich materidlu a ddle kotevnich a dalSich stabili-
za¢nich prvku v hornickém stavitelstvi, podzemnim stavitel-
stvi, pfi zajiSténi stability zemnich svahi a skalnich stén
1 v oblasti zdkladovych konstrukei.

Neobvyklému konstrukénimu zpusobu zajiSténi stability
portdlu tunelu Povazsky Chlmec s vyuzitim Zelvy vetknuté
do pazici konstrukce byl vénovén prispévek autort z firmy
HOCHTIEF CZ a. s. Pozornost jisté zaslouzil i prispévek
autorl z firmy Minova Bohemia s.r.0. a Minova International
Ltd., ktery predstavil moZnosti vyuZiti dynamickych a pod-
dajnych horninovych svorniku nejen pro vyuZiti v hlubinném
hornictvi, ale i pro vystavbu tuneli ve sloZitych podminkéch.
Kolektiv autort z firmy Metrostav a.s. prezentoval proble-
matiku aplikace plnoprofilové membrdnové PE izolace proti
prusakum v islandském tunelu Nordfjordur. Vyuzitim injek-
tdzni hmoty CarboPur WF pfi feSeni eliminace pritoka vody
zastizenych prfi razbé podzemnich dél nové rozsifovaného
tepelného napajece Liben — HoleSovice v Praze se zabyvali
autori z firmy Minova Bohemia s.r.o. Tato firma v ramci dal-
Stho prispevku predstavila novy produkt SuperEkoflex, ktery
je vzhledem ke svému vysokému stupni napénéni vhodny
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predevsim pro vyplnovani volnych prostor v podzemi. PouZiti Piispévky zéstupct firmy Swietelsky a firmy Maccaferri
bazaltovych siti pro opravu drendzni Stoly vodniho dila Mo- Central Europe s. r. 0. se zabyvaly problematikou stabilizace
ravka prezentovali autofi z firmy AMBERG Engineering Brno, skalnich stén.

a.s. Uspésnou realizaci vztlakomérnych vrti na hrazi akumu- ZkuSenosti s prvni aplikaci nové dobyvaci metody chodba —
1vaén1' nadrze Homole (soucdst precerpavaci vodni elektrarny pilit v podminkdch OKR prezentoval spoleiny prispévek
Stéchovice II) s vyuzitim hloubkového vrtani jadrovymi vrtac- autordt OKD a. s. a Minova Bohemia s.r.o. ﬁéastnfky jistd
kami v hloubkéch pfes 15 m a injektdZnich hmot, v€etné nesté- zaujal i prispévek tykajici se kotveni tlaéné stolice pro reali-
kavé pryskyfice Carbothix, pfedstavili ve svém ?HSPéVku zaci vyproStovaciho potrubi pro pripadny zdval pri zavedeni
autofi z firmy Minova Bohemia sro. a fimy BBC Soun sro. | metody chodbicovani v podminkdch Severodeskych dold —

Prispévek kolektivu autort z firem Subterra a.s. a Valbek, spol.
s r.0. se zabyval, mimo jiné, nasazenim nové generace moder-
nich geodetickych prostiedki od firmy AMBERG Engineering
Brno, a.s. pri rekonstrukei tunelu v Teplicich nad Metuji.

S principy, vyuzitim a vyhodami Building Information
Modeling (BIM) v oblasti podzemniho stavitelstvi seznamil tcast-
niky seminéfe prispévek autort z firmy HOCHTIEF CZ a. s.

Firma SG-GeoinZenyring s. r. 0. prezentovala v rdmci letos-
niho ro¢niku semindre vyuZiti vodni suspenze elektrarenské-
ho popilku a cementu k sanaci podlozi skladovaci haly proti
termické aktivité¢ dulnfho odvalu situovaného v blizkosti
zékladovych patek objektu.

Sanaci zdkladové desky v podminkdch vysoké hladiny pod-
zemni vody s vyuZitim systému dodatedné vlepenych trnu
kolem sloupu injektovanych smési GEOFLEX a CARBOPUR o g ) A i
WFA se zabyval pispévek Ing. DuSicky z firmy LATNER vyztu21? se zabyval kolektiv autoru z firem OKD a.s. a Minova
s. 1. 0. Praktické zkuSenosti s vyuZitim geobunék pro vyztuZe- Lo S0 s . i )
ni zemnich teles prezentoval na prikladech péti staveb kolek- Soucdsti semindfe byly i prispe€vky ucastniku z polské uni-
tiv autort z firem Unigeo a.s., EDUGEOTECH s.r.0. a Fakulty verzity v Gliwicich. Pfispévky byly zaméfeny na problemati-
stavebni VSB-TU Ostrava. VyuZitim systému DYNAMAG ku laboratorniho testovani propustnosti smési jemnozrnné

pro ucely kotveni byly vyuZity samozavrtdvaci kotevni tyce
injektované nenapénovaci hmotou GEOFLEX. Na prispévek
z minulého ro¢niku seminare, tykajictho se likvidace jamy
v byvalém dobyvacim prostoru ZbysSov, navdzal Ing. Kiiz,
Ph.D. z firmy DIAMO, ktery prezentoval price spojené
s budovanim novych ohlubtiovych povalt na povrchu dal§ich
jiz dfive likvidovanych jam v tomto dobyvacim prostoru.
S vysledky monitoringu chovéni frikénich svorniki v pod-
minkdch severo&eskych uhelnych dolu, zejména s ohledem na
dlouhodobou pevnost ukotveni svornikovych ty¢i, sezndmil
t¢astniky seminafe doc. Stiuparek z Ustavu geoniky AV CR,
ktery zpracoval prispévek spole¢né s Ing. Starzycznym z fir-
my DSI Underground Multitex s. r. 0. Re§enim vychozi pro-
razky v nizkych slojich OKD, dobyvanych mechanizovanou

pro méfenf statického i dynamického naméhani predpjatych zeminy a fluidniho popilku, problematiku monitoringu infilt-

Zelezobetonovych konstrukei, véetné opérnych zdi a zemnich race deStovych srdzek do podloZi dopravnich staveb a moni-

kotev, se zabyvali autofi z firmy INSET s.r.0. toringu negativnich dusledku této neZddouc{ infiltrace a déle
Aplikaci lanovych kotev pro stabilizaci opérné zdi na slo- | byly prezentoviny vysledky laboratornich zkousek aplikace

venské ddlnici D1 se vénoval pifspévek autorli z firmy polyuretanovych a organicko-mineralnich adheziv pro tésnéni

Uranpres spol. s r.o. O aplikaci trvalych pramencovych kotev a zpeviiovdni porusenych hornin a betonovych materidla.

na trech objektech dalnice D8 v CR (zarez v useku Rehlovice,

pilotova sténa v useku Dobkovic¢ky, mostni opéry na estakade doc. RNDr. EVA HRUBESOVA, Ph.D.,

Prackovice) referovali autori prispévku z firmy Minova eva.hrubesova@vysb.cz,

Bohemia s.r.o. Fakulta stavebni VSB — Technickd univerzita Ostrava

TUNELARSKE ODPOLEDNE 1/2017

TUNNEL AFTERNOON 1/2017

The first of this year’s Tunnel Afternoon events was held Prvni ¢ast koordinoval Ing. Miroslav Kolec¢kdr. Byly pfi-
on 8 March 2017. It joined two circuits of lectures, so its praveny Ctyfi prednasky. Jako prvni seznamil Ing. Ales
title was The Radlice Radial Road and Rock Blasting. The Merta (PUDIS a.s.) ptitomné s Celkovou koncepci Radlické
Tunnel Afternoon was opened by Ing. Ivan Hrdina, the chair- radidly a souc¢asnym stavem pripravy. Zminil historii pro-

man of the Czech Tunnelling Association of the ITA-AITES. | Jektu, pribéh investorské pripravy, charakteristiku stavby
i novou koncepci. Svou prednasku shrnul prehledem Caso-

vych milnika, kdy je teoretické zahdjeni stavby redlné nej-
drive v roce 2019.

Ing. LukaS Griinwald (SATRA, spol. s r.0.) pokracoval
s predndskou RaZeny tunel Radlice. Uvedl zdkladni technické
parametry tunelu Radlice, podélny rez, situaci, vzorové pric¢-
né fezy a predpoklady jeho vystavby — je velkd pravdépo-
dobnost zastiZeni krasovych jevu.

Six lectures in total were prepared for the afternoon — four on
the Radlice Radial Road and two on the topic of rock blas-
ting. The Tunnel Afternoon was attended by an audience of
approximately 100 people. The individual presentations can
be found on the CzTA web pages www.ita-aites.cz

Prvni leto$ni Tuneldfské odpoledne, které se konalo

8. brezna 2017, se od predchozich lisilo tim, Ze spojovalo dva Ing. Jan Panuska (Subterra a.s.) mél tieti prednasku
okruhy predndsek — jeho nézev byl Radlickd radidla a Trhaci | v potadi na téma Realizace priizkumné $toly. Stola se zakala
prdce. Tunelfské odpoledne zahdjil predseda Ceské tuneldf- | razit v roce 2014, do listopadu 2015 ji bylo vyrazeno 850 m
ské asociace ITA-AITES Ing. Ivan Hrdina. a je situovana v budouci severni tunelové troubé. Dédle bylo




26. rocnik - €. 2/2017

rozhodnuto o pokracovani — bylo vyraZeno dalSich 180 m,
které smérovaly do prostoru budouci jizni tunelové trouby,
prace probihaly do zacatku roku 2017.

Jako posledni pred prestivkou vystoupil RNDr. Radovan
Chmelar, Ph.D. (PUDIS a.s.) s tématem Vysledky priizkum-
nych praci. Popsal provddény inZenyrsko-geologicky pru-
zkum a pripomnél i mimoradnou uddlost pri razbé stoky ,,P*
v roce 1981, kdy doslo k pravalu zvodnélych zemin vyplné
100 m hluboké krasové deprese. Obavy z vyskytu dalSich
krasovych jevu jsou jednim z duvodu provddéni pruzkumné
Stoly.

Po prestivce zacCala druhd neméné zajimava cdst
Tunelarského odpoledne na téma Trhaci prdce, kterou mél
na starosti doc. Dr. Ing. Jan Pruska (FSv CVUT). V prvni
poloviné pan Ondfej Cermdk (Austin Detonator s.r.0.) pred-
stavil Prumyslové rozbusky v podzemnim stavitelstvi. Mezi

hlavni vyrobky spolecnosti patii ndlozkové trhaviny, rizné
druhy rozbusek apod. Déle uvedl pouziti nékterych vyrobka
na konkrétnim prikladu vystavby Zelezni¢niho tunelu
v Oslu.

Jak posledni vystoupil pan Vladimir Pravda (Metrostav a.s.)
s prispévkem Trhaci prdce nejen v podzemnim stavitelstvi.
Posluchaci si mohli udélat predstavu o postupu pri trhacich
pracich a diky promitnutym videim se presved¢ili, jaké pres-
nosti jsou schopni dosahovat lidé pracujici s trhavinami (at’pri
vystavbé, nebo pii demolicich).

Celkem se Tunelarského odpoledne zucastnilo priblizné
100 posluchalu. Jednotlivé prezentace jsou umistény na
webovych strankdch CzTA www.ita-aites. cz.

Ing. MARKETA PRUSKOVA, Ph.D.,
CzTA ITA-AITES, z. s.

ZINTENZIVNENI SPOLUPRACE MEZI OBORY PODZEMNIHO STAVITELSTVI A UZEMNIHO PLANOVANI
ENHANCED COOPERATION BETWEEN UNDERGRAOUND CONSTRUCTIONS

AND URBAN PLANNING PROFFESIONS

The Young Professionals’ Think Deep Programme
(YPTDP) organised by ISOCARP, ITACUS, Think Deep UK
and City of Glasgow on “Rethinking the Clyde Waterfront”,
was held in Glasgow, United Kingdom, from 23 to 28th
October 2016. The event was an inspiring experience and
remarkable example of what a cross disciplinary design app-
roach can bring to our cities. Professionals in urban planning,
architecture, tunnelling, geology, civil and geotechnical engi-
neering came together with city officials to research, discuss
and design multiple solutions for the brownfields redevelop-
ment.

Z davodu rostouci populace je stdle vétSi snaha vyuZit pod-
zemi mest ve vetsi mite, napriklad jako parkovaci prostory
nebo jako podzemni dopravni tepny (napr. tunel Blanka
v Praze). Tento odliv automobild mimo zastavéné plochy md,
i pres vysoké finan¢ni nédklady a ndro¢nou technologii
vystavby, velké vyhody. Lze zminit zlepSenf Cistoty vzduchu,
zménu vyuziti ploch, které jsou nyni pouzivané jako parkova-
cf a odstavné, na parky ¢i jind mista, kde by mistni obyvatelé

Obr. 1 Uéastnici workshopu v Glasgowé
Fig. 1 Participants of the workshop in Glasgow

mohli aktivné travit ¢as. Pro naplnéni téchto vizi v dlouho-
dobych i kratkodobych pldnech, nebo inovativnich vizi pro
metropole po celém svété, je nutné zajistit izkou spolupréci
mezi profesiondly z oboru tizemniho pldnovani s experty na
podzemni stavby. Aby se potreba této spoluprace dostala do
SirSiho povédomi mladych inZenyru a profesiondld, vznikaji
workshopy, které spojuji lidi z celého svéta a snazi se zvidi-
telnit potfebu této kooperace.

Prikladem je YPTDP workshop v Glasgow, ktery probehl
23.-28.1ijna 2016 a byl prvnim takovym spole¢nym pocinem
organizaci ISOCARP (International Society of City and
Regional Planners) a ITACUS (International Tunneling and
Underground Space Association) tohoto druhu. MySlenka na
pravidelné poradani akci tohoto typu, kdy se sejdou mladi
profesiondlové z riznych oboru, vzesla z programu YPPP
(Young Planning Professionals Programme). Konkrétné
workshop v Glasgowé byl zaméfen na revitalizaci brehu feky
Clyde. Souc¢asna mestska rada si uvédomuje nutnost priblizit
zpétky tuto ¢dst mésta lidem, aby ji vyuZivali a zdroven se
zpristupnily jiZ vybudované atrakce na misté byvalych doku
(napf. Dopravni muzeum navrZené slavnou architektkou
Zahou Hadid), v nynéjsi dobé téZzko dostupné. Proto se na
tyden seslo 25 mladych profesionalu do 35 let — urbanistu,
architektu, geotechniku, tuneldru jak z Velké Britdnie, tak i ze
zdmori, nad kterymi dohliZeli zkuSeni mentofi, univerzitni
profesofi a i profesiondlové se zkuSenostmi z vyznamnych
staveb (obr. 1). Vystupem, predloZzenym méstské radé jakoz-
to objednateli, se stal obsdhly report s péti moznymi varian-
tami rozvoje brownfieldu kolem feky Clyde. Studie prispéla
predevsim k hluboké analyze vzdjemnych vztaht mezi mést-
skym planovdnim a podzemnim stavitelstvim.

CEng., CMgr., MSc. PETR SALAK
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA
MODERNIZACE TRATI ROKYCANY - PLZEN

Od zahdjeni raZeb severni tunelové trouby Ejpovickych
tunelu v zari 2016 tyto prekonaly jiZ polovinu své vzdélenos-
ti. V soucasné dobée (zacatek dubna 2017) se tunelovaci stroj
Herrenknecht S-799 v severni tunelové troubé nachazi v geo-
logicky komplikované ¢asti s nizkym nadlozim. Do této chvi-
tych zkuSenosti z razeb jizni tunelové trouby a efektivitu pred-
stihovych opatfeni v podobé podzemnich monolitickych stén
uréenych pro bezpecné provadéni praci na fezné hlavé a rov-
néz pro zvyseni bezpecnosti razbou ovlivnéného okoli.

Cily stavebni ruch je v soucasnosti i v jizni tunelové troubg.
Probihd zde razba prvnich propojek, které jsou raZzeny v pro-
stiedi grafitickych bridlic. Na rozdil od tratovych tunelu je
v tomto pripadé provadéna razba metodou konvenéni podle
zdsad NRTM. Pozvolna se dokoncuje také betondz dna tunelu
spolu s betonovou deskou jako zdkladu budouciho Zelezni¢ni-
ho spodku. Dokoncuji se i lokdlneé specifikované sanaéni
prace tunelového osténi. V prubéhu dubna budou jiz rovnéz
zapoCaty prace na instalaci technologie v tomto pripadé na
osazovani zavésu pro trakéni vedeni.

Ing. BORIS §EBESTA, boris.sebesta@metrostav.cz,
Metrostay a.s.

KOLEKTOR HLAVKUV MOST

Vystavbu kolektoru provadi sdruzeni firem Subterra a.s.
a HOCHTIEF CZ a. s.

Zadavatelem stavby je Magistrat hl. m. Prahy. Jednd se
o vystavbu razeného kolektoru s pouZzitim trhacich praci
a mechanického rozpojovani, hloubeného kolektoru s kruho-
vym profilem do 8 m, vystavbu technickych a kabelovych
komor a odboiné vétve na ostrové Stvanice. Tento novy
kolektor bude propojen se stavajicimi kolektory na ndbrezi
L. Svobody, resp. na severnim predmosti Hldvkova mostu.
Délka raZenych tseku (hlavni trasa i komory) bude predsta-
vovat cca 413 m, celkovd hloubka &tyr Sachet je priblizné
130 m.

Projekt, jeho specifika a vyznam byly popsédny v Cisle caso-
pisu Tunel 1/2017. Stejn¢ tak v ném byly popsany aktudlné
provedené prace. Od té doby vystavba kolektoru postoupila
do dal3i faze. Dulezitym bodem bylo vysvéceni a osazeni
sochy svaté Barbory dne 22. 3. 2017 za dcasti zastupce inves-
tora Magistratu hl. mésta Prahy radni Jany Plaminkové. Do
soucasné doby, tj. prelom 3. a 4. mésice 2017, byly dosud pro-
vedeny ddle popsané prace.

Na téSnovském predmosti bylo vyrazeno 30 m kaloty
a opéfi hlavni kolektorové trasy smérem od Sachty J101
k Sachté J102. Spole¢né s tim byla Sachta J101 prohloubena na
své definitivni dno. Timto byly razby od Sachty J101 v hlavni
trase ukonceny a nyni budou zahdjeny prace na razb¢ technic-
ké komory TK101, nad kterou byl predem zajistén proplacho-
vaci kandl Té$nov — Liben.

Na ostrové Stvanice bylo na $achté J102 vyraZeno 16 m
hlavni kolektorové trasy v kaloté smérem k Sachté J102
a 10 m k Sachte¢ J103. Nésledne¢ byla do Sachty spusténa

THE CZECH REPUBLIC

MODERNISATION OF ROKYCANY — PLZEN RAILWAY
TRACK SECTION

Since the commencement of driving the northern tunnel
tube of the Ejpovice tunnels in September 2016, the comple-
ted excavation length has exceeded a half. At the moment (at
the beginning of April 2017) the Herrenknecht S-799 tunnel
boring machine in the northern tunnel tube is located in
a geologically complicated section with a low overburden.
The until now achieved daily advance rates confirm the
effectiveness of the experience gathered during the course of
driving the southern tunnel tube and effectiveness of the mea-
sures implemented in advance of the excavation in the form
of cast-in-situ diaphragm walls designed to allow safe wor-
king on the cutterhead and to improve the safety of the tun-
nel surroundings affected by the underground excavation.

Busy construction activities are currently proceeding in the
southern tunnel tube. Initial cross passages are being driven
through the environment formed by graphitic shale. In con-
trast with the running tunnels, the excavation of the cross
passages is carried out using the principles of the conventio-
nal NATM. The concreting of the tunnel bottom and the slab
foundation of the future track bed is gradually being finished.
Even the locally specified rehabilitation work on the tunnel
lining is being completed. Even the work on the installation
of tunnel equipment, in our case the installation of droppers
for the catenary system will commence during April.

Ing. BORIS SEBESTA, boris.sebesta@metrostav.cz,
Metrostav a.s.

HLAVKUV BRIDGE UTILITY TUNNEL

The construction of this utility tunnel is carried out by
a consortium of companies consisting of Subterra a. s. and
HOCHTIEF CZ a. s.

The Prague City Hall is the project owner. The works con-
tract is concluded for the construction of a mined utility tun-
nel using rock blasting and mechanical disintegration, a cut-
and-cover utility tunnel with a circular cross-section diame-
ter up to 8m, the construction of service and cable chambers
and the tunnel branch on Stvanice Island. The new utility tun-
nel will be interconnected with utility tunnels existing on the
Ludvika Svobody Embankment and on the northern head of
Hlavkuv Bridge, respectively. The length of the mined secti-
ons (the main route and chambers) will amount to ca 413m,
the total depth of four shafts is approximately 130m.

The project, its specifics and importance were described in
the previous journal issue, TUNEL No. 1/2017. The current-
ly completed work operations were also described in it. Since
that time the utility tunnel construction has advanced to the
next phase. The consecration and installation of a statuette of
St. Barbara on 22nd March 2017 was another important point.
The event was attended by Ms Jana Plaminkova, a councillor
representing the project owner, the Prague City Hall. The fol-
lowing work items have been finished so far, i.e. the end of
March and beginning of April. 2017:
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kompletni strojni sestava pro razbu dseku z Sachty J102 do
Sachty J103. Razba je provadéna mechanickym rozpojova-
nim s pouZitim duln{ frézy Alpine AM50. V soucasnosti je
vyrazeno 35 m. Déle u Sachty J103 byla kompletn¢ doraze-
na komora TK 103, Sachta prohloubena a nyni se zde dokon-
cuje razba Zumpovni jimky, do které je cely kolektor vyspa-
dovan. Na hloubené odbo¢né vétvi vedouci od Sachty J103
smérem k tenisovému stadionu byly dokonceny betonéze
podkladnich betont. Odbo&na vétev je rozdélena na tfi dila-
tac¢ni dseky, k dneSnimu dni jsou dokoncéeny dva tseky izo-
laci dna a stén, dva useky betonaZe dna a jeden tsek beto-
naze stén.

Na holesovické stran€ byly zahdjeny préce spojené se Sach-
tou J104, kde byly provedeny prace specidlntho zakladani
spoéivajici ve zhotoveni 31 sloupt tryskové injektdZe. V sou-
Casné dobé jsou zahajovany prace na hloubeni Sachty.

Ing. VACLAV DOHNALEK, vdohnalek @subterra.cz,
Subterra a.s.,

Ing. RADEK KOZUBIK, radek.kozubik@hochtief.cz,
HOCHTIEF CZ a. s.

SLOVENSKA REPUBLIKA
TUNELY POLANA A SVRCINOVEC

Na stavbe tseku dialhice D3 Svr¢inovec — Skalité sicastou
stavby su aj tunely Polana (898 m) a Svr¢inovec (445 m),
ktoré sa realizuju ako jednorirové s obojsmernou prevadzkou
a samostatnou unikovou $tolnou.

Tunel Polana je 898 m dlhy jednordrovy tunel na dialhic-
nom useku D3 Svréinovec — Skalité (obr. 1).

S razenim sa zacalo 31. 7. 2014 a razilo sa najskor len zo
zdpadného portdlu. V dosledku nepriaznivych geologickych
podmienok a spomalenia razenia sa v rdmci akceleracnych
opatreni neskor zacalo razit' aj z vychodného portalu. Tunel
bol sldvnostne prerazeny 7. 9. 2015.

Tunel Svréinovec je 420 m dlhy jednordrovy tunel situova-
ny na zaciatku dialnicného dseku D3 Svrcinovec — Skalité
tesne za krizovatkou Svréinovec, s razenim sa zacalo 30. 10.
2014 a razilo sa zo zdpadného portdlu. Tunel bol sldvnostne
prerazeny 23. 6. 2015.

Obidva tunely si momentdlne po stavebnej a technologickej
stranke ukoncené a prebiehaji funk¢né skisky systému. Su
pripravené na preberacie konania a na spustenie do prevadzky.

Vystavbu udseku zabezpeCuje zdruzenie Styroch spolocnosti:
Vihostav — SK, a.s., Doprastav, a.s., Strabag, a.s., a Metrostav SK, a.s.

TUNELY OVCIARSKO A ZILINA

Na tseku D1 Hri¢ovské Podhradie — Lietavskd Liicka s diz-
kou 13,2 km sa nachddzaji dva dialni¢né dvojrirové tunely:
Ov¢iarsko a Zilina.

Tunel Ov&iarsko s dizkou 2367 m sa zacal razit 12. 9. 2014,

Severnd tunelovd rira — realizuje sa sekunddrne ostenie
tunela. Ku dnu 4. 4. 2017 je vybeténovanych 140 blokov hor-
nej klenby z celkového poctu 184 blokov, ¢o predstavuje cca
76 % zrealizovanych prac.

Juzna tunelovd rdra — prebieha realizdcia sekunddrneho
ostenia, ktord sa zacala 29.9.2016. Ku diu 4. 4. 2017 je vybe-
ténovanych 66 blokov, z celkového poctu 187 blokov, tj. 35 %
zo sekunddrneho ostenia hornej klenby (obr. 2).

Tunel Zilina je 687 m dlhy dvojrirovy tunel realizovany na
stavbe D1 Hricovské Podhradie — Lietavska Lucka. S razenim
tunela sa zacalo 5. 11. 2014. Priamym zhotovitelom tunela je

Thirty metres of the top heading and bench excavation of
the main utility tunnel route in the direction from shaft J101
toward shaft J102 were finished on the Tésnov bridgehead.
Concurrently, the depth of the shaft J10lexcavation reached
the definitive bottom. It means that the underground excava-
tion from shaft J101 on the main route has been finished and
the work on the service chamber TK101 excavation will com-
mence (the flushing sewer between TéSnov and Liben run-
ning above the chamber was stabilised in advance).

On Stvanice Island, the excavation of 16m of the main uti-
lity tunnel route was finished in the top heading in the direc-
tion of shaft J102 and 10m toward shaft J103. The complete
mechanical set for the excavation of the section from shaft
J102 to shaft J103 was subsequently lowered down the shaft.
The excavation is carried out using mechanical disintegration
with Alpine AMS50 mine roadheader. Until now, 35m of the
excavation have been completed. In addition, the excavation
of chamber TK103 at shaft J103 has been completely finis-
hed, the shaft has been deepened and the excavation of the
cesspool, to which the gradient of the entire utility tunnel is
directed, is under completion. The casting of blinding conc-
rete has been finished on the cut-and-cover branch leading
from shaft J103 in the direction of the tennis stadium. The
utility tunnel branch is divided into three expansion sections;
as of today, two sections of the waterproofing bottom and
walls, two sections of concreting the bottom and one section
of concreting the walls have been finished.

On the HoleSovice side, the work associated with shaft
J104 commenced. Specialist foundation work lying in the
installation of 31 jet grouted columns was finished. At the
moment the shaft sinking operations are being commenced.

Ing. VACLAV DOHNALEK, vdohnalek@subterra.cz,
Subterra a.s.,

Ing. RADEK KOZUBIK, radek.kozubik@hochtief.cz,
HOCHTIEF CZ a. s.

THE SLOVAK REPUBLIC
POLANA AND SVRCINOVEC TUNNELS

There are the Polana tunnel (898 m) and Svr¢inovec tunnel
(445m) on the Svrcinovec — Skalité section of the D3 motor-
way. Both tunnels are single-tube structures for bi-directional
traffic, each with an independent escape galley.

The Polana is an 898m long, single-tube tunnel on the
Svrcinovec — Skalité section of the D3 motorway.

The tunnel excavation commenced on 31st July 2014. In the
beginning the tunnel was driven only from the western por-
tal. Later, within the framework of acceleration measures, the
excavation started even from the eastern portal with respect
to unfavourable geological conditions and reduced excavati-
on advance rates. The tunnel was ceremonially broken
through on 7th September 2015.

The Svrc¢inovec tunnel is a 420m long, single-tube structu-
re for bi-directional traffic. It is located at the beginning of
the Svr¢inovec — Skalité section of the D3 motorway, just
behind the Svrcinovec interchange. The tunnel excavation
started from the western portal on 30th October. The breakt-
hrough ceremony took place on 23rd June 2015.

Both tunnels are currently structurally and technologically
finished and functional tests of the system are underway.
They are prepared for handing over to the client and opening

to traffic.



Obr. 1 Tunel Polana - vychodny portdl
Fig. 1 Poluna tunnel — eastern portal

spolo¢nost’ Doprastav, a.s. Bratislava a Metrostav a.s. Obe
tunelové rdry boli razené v narocnych hydrogeologickych
podmienkach.

JuZzna tunelova rira — momentdlne sa realizuje sekundarne
ostenie tak spodnej, ako aj hornej klenby. Ku dnu 4. 4. 2017
je vybeténovanych 11 blokov sekunddrneho ostenia hornej
klenby v Casti razeného tunela. Celkovy pocet blokov hornej
klenby v JTR v razenej Casti tunela je 54 blokov, o predsta-
vuje rozpracovanost'cca 20 %. Zaroven prebieha priprava por-
talovych Casti hornej klenby zo zdpadného portdlu.

Severnd tunelové rdra — prerdzka tunelovej riry bola v sta-
ni¢eni 518,695 m a sldvnostne bola prerazend dna 9. 2. 2017.
Momentélne prebieha profilovanie tunela a priprava na reali-
zaciu sekundarneho ostenia (obr. 3).

Vystavbu useku zabezpeCuje zdruzenie Styroch spoloCnosti:
Doprastav, a.s., Strabag, a.s., Vdhostav — SK, a.s. a Metrostav SK, a.s.

TUNEL CEBRAT

Sucastou dialni¢ného tdseku D1 Hubova — Ivachnova je
dvojrirovy tunel Cebrat (1994 m).

V uplynulych mesiacoch boli diagnostikované rozsiahle
problémy so stabilitou tzemia na zdpadnom portdli tunela
Cebrat'a nadvizujicom tseku dialnice, ktoré si vyzaduji roz-
siahle zmeny v technickom rieSeni. Z tohto dbévodu su
v sticasnosti eSte stdle prace na tomto tuneli pozastavené.

Obr. 3 Tunel Zilina — osadenie dna Sachty s napojenim drendinych rir
Fig.3 Zilina tunnel - installation of a manhole bottom with connections for
drainage tubes
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Obr. 2 Tunel Ovciarsko — armatiira zosilnenej spodnej klenby STR
Fig. 2 Ovciarsko tunnel — steel reinforcement of the thickened NTT invert

The construction of the motorway section is provided by
a consortium of four companies: Vdhostav — SK, a. s.,
Doprastav, a. s., Strabag, a. s., and Metrostav SK, a.s.

OVCIARSKO AND ZILINA TUNNELS

Two twin-tube motorway tunnels, the Ovciarisko and the
Zilina, are located on the 13.2km long Hri¢ovské Podhradie
— Lietavska Licka section of the D1 motorway.

The 2367m long Ov¢iarisko tunnel excavation commenced
on 12th September 2014.

Concreting of the secondary lining is underway in the nort-
hern tunnel tube. As of 4th April 2017, the concreting of 140
blocks of the upper vault of the total number of 184 blocks
(representing ca 76% of the total number) has been finished.

In the southern tunnel tube, the realisation of the seconda-
ry lining is underway. It commenced on 29th September 2016.
As of 4th April 2017, 66 concrete casting blocks of the total
number of 187 have been finished, representing 35% of the
secondary lining of the upper vault.

The Zilina tunnel is a 687m long twin-tube structure under
construction on the Hricovské Podhradie — Lietavska Lucka
section of the D1 motorway. The tunnel excavation operations
commenced on 5th September 2014. The direct contract for
the tunnel construction was concluded with Doprastav, a. s.,
Bratislava and Metrostav a.s. Both tunnel tubes were driven
through complicated hydrogeological conditions.

In the southern tunnel tube, the secondary lining of both the
invert and the upper vault is being realised. As of 4th April
2017, 11 casting blocks of the secondary lining of the upper
vault have been finished in the mined tunnel section. The
total number of the upper vault lining blocks in the STT, in
the mined section of the tunnel, amounts to 54, which means
that ca 20% of the blocks have been finished. The preparati-
on of the portal parts of the upper vault concurrently proce-
eds from the western portal.

In the northern tunnel tube, the ceremonial breakthrough of
the tunnel tube at chainage metre 518.695 took place on 9th
February 2017. At the moment the tunnel circumference is
being profiled and the realisation of the secondary lining is
under preparation.

The construction of the motorway section is provided by
a consortium of four companies: Doprastav, a.s., Strabag,
a. s., Vahostav — SK, a. s. and Metrostav SK, a.s.
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Zhotovitelom stavby je zdruZenie spoloc-
nosti OHL 7S, a.s., a Vdhostav — SK, a.s.

TUNEL POVAZSKY CHLMEC

Dvojrirovy dialni¢ny tunel Povazsky
Chlmec (juZna tunelova rdra 2186,5 m, sever-
na tunelova rira 2249 m) je stucastou dialnic-
ného dseku, ktory tvori juhozdpadny obchvat
mesta Zilina D3 Zilina (Strdzov) — Zilina
(Brodno).

K 13. 4. 2017 bola na oboch tunelovych por-
tdloch ukoncena hrubd stavba prevadzkovo-
technologickych objektov a prebiehala v nich
montdz kéblovych rostov a zdvojenych podlah.
Na vychodnom portdli bol vybeténovany
mohutny beténovy zédklad pre gabiénové oporné
mury s projektovanou vyskou 10 m. V severnej tunelovej rdre je
ukoncend betondz vozovky vratane Skdrorezu, v juznej tunelovej
rire sa momentdlne beténuje vozovka v smere od vychodného
portédlu k zdpadnému. Paralelne so stavebnymi pracami prebieha
aj montaz technologického vybavenia tunela. Ide o zatahovanie
kablov do kablovodov a montdz svietidiel vo vrchole klenby
tunela. Na obr. 4 je zobrazeny fini$ér pri betondZi vozovky v juz-
nej tunelovej rdre v oblasti vychodného portélu.

Zhotovitelom stavby je zdruzenie Eurovia a.s., Hochtief
a.s. a Stavby mostov Slovakia, a.s.

TUNEL VISNOVE

Razenie najdlhSieho slovenského dialni¢ného tunela Visnové
(7537 m), ktory je stcastou tseku dialhice D1 Lietavska Licka
— Visnové — Dubna Skala sa zacalo v aprili 2015.

V jarnych mesiacoch roku 2017 pokracuje razenie najdlh-
Sieho slovenského dialni¢ného tunela Visnové (7537 m) od
oboch portdlov v oboch tunelovych rdrach. Zaciatkom aprila
2017 je od zdpadného portdlu vyrazenych 1820 m severnej
tunelovej riry a 1674 m juZnej tunelovej riry. Od vychodné-
ho portdlu je vyrazenych 2383 m severnej tunelovej rdry
a 2148 m juznej tunelovej rdry. Celkovo je teda zaCiatkom
aprila 2017 vyrazenych 8026 m, ¢o predstavuje viac neZz polo-
vicu celkovej diiky razenych tunelovych rir. Metéda razenia
je plnoprofilové razenie podla pristupu ADECO - RS.
Sucasne s razenim tunelovych rur prebieha aj razenie priec-
nych prepojeni. Na konci marca bolo prerazenych 10 tychto
prepojeni z celkového poctu 29. Prebieha tieZ betondz sekun-
dérneho ostenia od oboch portdlov, priCom je ukoncenych
priblizne 850 m tunelovych rir. Pokracuje aj hibenie vetracej
Sachty, pricom v aprili 2017 je vyhiben;’zch viac nez 30 m, ¢o
predstavuje pribliZne tretinu jej hibky.

Tunel Visnové je sdcastou useku dialnice D1 Lietavska
Licka — Visnové — Dubnd Skala, ktorého zhotovitefom je
zdruZenie firiem Salini Impregilo S.p.A a Diha, a.s.

Ing. MILAN MAJERCIK, milan.majercik @ndsas sk,
NDS, a. s.,

Ing. LIBOR MARIK, libor.marik@hochtief.cz,
HOCHTIEF CZ a. s.

TUNELY NA MODERNIZOVANEJ ZELEZNICNEJ TRATI
TUNELY DIEL A MILOCHOV

Tunel Diel prechddza masivom vrchu Diel, ktory tvori cent-
rdlnu ¢ast meandru Vahu. Tunel je dlhy 1081,7 metrov. Bude
razeny v masive popod kipele Nimnica. Zapadny portal je

Obr. 4 Tunel PovaZsky Chimec — betondz vozovky
Fig. 4 PovaZsky Chlmec — concreting the roadway

CEBRAT TUNNEL

The twin-tube Cebrat tunnel (1994m) is part of the Hubova
— Ivachnova section of the D1 motorway section.

Extensive problems with the stability of the area at the wes-
tern portal of the Cebrat tunnel and at the following motor-
way section, requiring extensive changes in the technical
solution, were diagnosed during the past months. For this rea-
son the work on this tunnel is currently still suspended.

The contractor for the construction is a consortium consisting
of the companies of OHL 7S, a.s., and Védhostav — SK, a. s.

POVAZSKY CHLMEC TUNNEL

The Povazsky Chlmec twin-tube tunnel (the southern tun-
nel tube 2186.5m long, the northern tunnel tube 2249m long)
is part of the D3 motorway section forming the south-western
bypass of the town of Zilina between municipal districts of
Zilina StrdZov and Zilina Brodno.

As of 13th April 2017, the fabric of the service-technologi-
cal structures at both tunnel portals has been finished and the
installation of cable racks and access floors has been under-
way inside the structures. A massive concrete foundation
block for gabion retaining walls with the design height of
10m has been carried out at the eastern portal. Concreting of
the roadway including cutting of joints has been finished in
the northern tunnel tube, whilst the roadway is currently
being concreted in the southern tunnel tube in the direction
from the eastern portal toward the western portal. The instal-
lation of the tunnel equipment also proceeds in parallel with
the construction work. The operations comprise the pulling of
cables into cable ducts and the installation of luminaires at
the crown of the tunnel arch. The Fig. 4 shows the paver
during the process of concreting the roadway in the area of
the eastern portal of the southern tunnel tube.

The contractor for the construction is a consortium consis-
ting of Eurovia a. s., HOCHTIEF CZ a. s. and Stavby mostov
Slovakia, a. s.

VISNOVE TUNNEL

The excavation of the 7537m long Visnové tunnel, the lon-
gest Slovakian motorway tunnel, which is part of the
Lietavska Licka — Visnové — Dubnd Skala section of the D1
motorway, commenced in April 2015.

In the spring months 2017, the excavation of the longest
Slovakian motorway tunnel, the 7537m long Visnové motor-
way tunnel, proceeds from both portals in both tunnel tubes.



situovany na okraji obce Nimnica, vychodny portdl bude zre-
alizovany v tzemi lesa nad cestou druhej triedy II/507, ktord
vedie z Pichova so Povazskej Bystrice po pravom brehu prie-
hrady. Tunel Diel bude mat tnikovi §tdlnu, ktord bude dstit
do priestoru vychodného portélu.

V stcasnosti sa na zdpadnom portali hibi portdlova staveb-
néd jama. Boli zrealizované pil6tové steny po strandch, ktoré
sa postupne odkopavajui, beténuji sa roznaSacie prahy na via-
cerych drovniach a cez ne sa inStaluji predpété lanové horni-
nové kotvy. Na Celnej stene stabilizovanej strieckanym beto-
nom a ocelovymi sietami sa zhotovuji mimo profil budiceho
tunela rozndsacie ZB prahy (obr. 5), cez ktoré si vedené
lanové kotvy a v priestore budiiceho tunelového profilu sa
vita mikropilétovy ddzdnik. Po uberani jednotlivych tdrovni
sa &elba bude dalej zaistovat' sklolaminatovymi a ocelovymi
svornikmi.

Na preklenutie dpétia vrchu Stavnd, juZzne od miestnej
Casti Horny Milochov — mestskej casti Milochov mesta
Povazska Bystrica, je navrhnuty novy tunel Milochov.
Projektovand diZka tunela je 1861 metrov. Tunel bude mat

Fig. 5 Stabilisation of the front end wall at the western portal of the Diel tunnel
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Until the beginning of April 2017 the excavation of 1820m
from the western portal had been finished in the northern
tunnel tube and 1674m in the southern tunnel tube. From the
eastern portal, 2383m and 2148m of the excavation of the
northern tunnel tube and the southern tunnel tube, respecti-
vely. It means that 8026m of the tunnel excavation had been
finished until the beginning of April 2017, representing
more of a half of the total length of the mined tunnel tubes.
The ADECO-RS approach is applied to the full-face exca-
vation method. The cross passages are being driven concur-
rently with driving the tunnel tubes. Until the end of March,
10 cross passages of the total number of 29 had been broken
through. The concreting of the secondary lining from both
portals is also underway; the secondary lining has been
finished in approximately 850m of the tunnel tubes. Sinking
of the ventilation shaft continues. Over 30m of the shaft
have been sunk until the end of April 2017. This depth
represents approximately one third of the total depth.

The Visnové tunnel is part of the Lietavskd Liucka —
Visnové — Dubna Skala section of the D1 motorway. The
contractor for the construction of this section is a consorti-
um consisting of Salini Impregilo S. p. A and Dtha, a. s.

Ing. MILAN MAJERCIK, milan.majercik@ndsas.sk,
NDS, a. s.,

Ing. LIBOR MARIK, libor.marik@hochtief.cz,
HOCHTIEF CZ a.s.

TUNNELS ON THE MODERNISED RAILWAY LINE
DIEL AND MILOCHOV TUNNELS

The Diel tunnel passes through the massif of Diel Hill,
forming the central part of the Vdh River meander. The tun-
nel is 1081.7m long. It will be driven through the massif
under Nimnica Spa. The western portal is located on the
outskirts of the village of Nimnica, whilst the eastern por-
tal will be realised in the area of a wood located above the
secondary road II/507 leading on the right bank of a water
reservoir from Pidchov to Povazska Bystrica. The Diel tun-
nel will have an escape gallery, which will end in the space
of the eastern portal.

The construction pit for the western portal is currently
being excavated. Pile walls were realised along both exca-
vation sides. They are being gradually dug away; walers are
carried out in several tiers and pre-tensioned cable anchors
are being installed through them. Reinforced concrete
walers are being carried out on the front end wall stabilised
with shotcrete and steel mesh, outside the future tunnel
profile (Fig. 5), and cable anchors are installed through
them. Boreholes for canopy tube pre-support are being car-
ried out in the space of the future tunnel profile.
Concurrently with excavating the individual levels, the
excavation face will be further stabilised with fibreglass
and steel rockbolts.

The new Milochov tunnel is designed for passing under
the bottom of Stavna Hill, south of Horny Milochov muni-
cipal district of the town of Povazska Bystrica. The tunnel
design length is 1861 metres. The tunnel will have one
escape gallery. The tunnel western portal will be realised
in a wood environment located above a tertiary road
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jednu dnikovd §t6liu. Zdpadny portél tunela bude realizova-
ny v lesnom prostredi nad cestou tretej triedy spdjajicej
Dolny Milochov s Hornym. V oblasti portdlu prebehli odles-
novacie prace. Vychodny portal je situovany do obce Horny
Milochov, kde boli asanované rodinné domy a cakd sa na
prelozky inZinierskych sieti, aby bolo mozné zacat’s hibenim
portalovej jamy.

Celd stavbu realizuje zdruZenie Nimnica zloZené zo spoloc-
nosti Doprastav — TSS Grade — Subterra — EZ Praha. Tunel
Diel bude realizovat 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 as.

Ing. JAN KUS'NfR, kusnir@reming.sk,
REMING CONSULT a.s.

OMLUVA

connecting Dolny Milochov with Horny Milochov. The
area of the portal was deforested. The eastern portal is
located in the municipality of Horny Milochov, where fami-
ly houses were redeveloped and utility diversions are waited
for so that it is possible to start to excavate the portal con-
struction pit.

The entire construction is realised by the Nimnica consor-
tium consisting of Doprastav — TSS Grade — Subterra — EZ
Praha. The Diel tunnel will be realised by TUBAU, a. s., and
the Milochov tunnel will be constructed by Subterra, a.s. The
general designer for the project owner, the Railways of the
Slovak Republic, is REMING CONSULT a. s.

Ing. JAN KUSNIR, kusnir@reming.sk,
REMING CONSULT a.s.

V asopise Tunel &. 1/2017 byla v rubrice Aktuality z podzemnich staveb v Ceské republice a Slovenské republice na str. 93—-94
uverejnéna aktualita ,, Tunel — Karl-Friedrich-Strasse v Karlsruhe — raZba tunelu v pretlaku*. Jako autor této aktuality je nesprdv-
né uveden Ing. Jiri Patzdk ze spolecnosti Subterra a.s., Divize 1. Ve skutecnosti je vSak jejim autorem Ing. Karel Milichovsky, MBA
ze spolecnosti Metrostav a.s., tehdy v dobé zpracovdni aktuality jeSté zaméstnanec Subterra a.s. Timto se obéma pdniim za tuto neu-

myslnou zdménu omlouvdm.

Ing. Jan Vintera, Subterra a.s., ¢len redakéni rady casopisu Tunel

VYROC( 7/ ANNIVERSARIES

PROF. ING. PAVEL PRIBYL, CSC.
PROF. ING. PAVEL PRIBYL, CSC.

Rodak a milovnik jiznich Cech,
se narodil 19. ¢ervna 1947.

Po absolvovani Ceského vyso-
kého uceni technického a kratké
praxi v Chirané Modrany nastou-
pil jako vyzkumny pracovnik ve
Vojenském vyzkumném dtstavu.
Za jeho spolupusobeni bylo vyvi-
nuto nekolik vysoko hodnoce-
nych akustickych zafizeni dspes-
né patentovanych. Ve druhé polo-
viné osmdesatych let se zacal
vénovat projektovani a vystavbé regulacnich a automatizac-
nich zafizeni, coZ jej pfivedlo postupné k zakladum fizeni
dopravy, kterd v té dobé zaznamenala predevs§im v oblasti sil-
ni¢ni dopravy prekotny rozvoj. Stejné tak vystavba prvniho
velkého silni¢niho tunelu v hlavnim mésté Praze a vyvojové
prace systému fizeni technologickych a bezpeénostnich
prvku byly zdkladem pro rozvoj a ovéreni teoretickych praci
zdkladu telematiky, za jejihoZ spoluzakladatele musime pana
profesora Pribyla povazovat. Jeho dalsi prace, reprezentace
Ceské republiky na zahrani¢nich setkanich, aktivni Gcast na
evropském i svétovém standardizaénim procesu, na vyznam-
ném boji o bezpecnost tunelovych staveb, péfe o nastupujici
generace, celosveétova prednaskova ¢innost jsou dokladem Site
jeho teoretického i filozofického pusobeni. Pan profesor je
oblibeny nejen pro své znalosti, ale i pro svuj laskavy pristup,
snahu pomoci v8em, ktefi pomoc potfebuji. Prosté je ,,srdcar*.

Zvlastni pozornost si zaslouZi nekonecnd prace pro Ceské
vysoké uéeni technické. Utast v kolektivu profesorii, docenti

As a native and lover of South Bohemia he was born on 19th
June 1947.

After graduating from the Czech Technical University in
Prague and passing a short practice in Chirana Modrany, he
entered the Military Research Institute in the position of a rese-
arch worker. Several highly rated acoustic appliances were
developed and successfully patented under his collaboration. In
the second half of the 1980s he began to devote himself to
designing and constructing control and automation equipment.
It gradually brought him to the basics of the traffic control,
which at that time experienced rapid development first of all in
the field of road transportation. The development of the first
large road tunnel in Prague, the capital of the Czech Republic,
and the development work on the system of technology and
safety control elements were also the basis for the development
and verification of theoretical pieces of work in the field of the
basics of telematics. Professor Pfibyl has to be considered a co-
founder of this scientific branch. The other pieces of his work,
the representation of the Czech Republic at meetings abroad,
the active participation in the European and worldwide standar-
disation process, the significant fight for the safety in tunnels,
the care of emerging generations and global lecturing activities
are the proof of the scope of his theoretical and philosophical
activities. Professor Pribyl is popular not only for his knowled-
ge, but also for his kind attitude, effort to help all who need it.
Simply he is a “heart enthusiast”.

Special attention is deserved by the endless work for the
Czech Technical University. The participation in the collective
of professors, docents and teachers is not only a dream come true
for him but also good luck for the Czech Technical University
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a pedagogil je jeho splnény sen, ale také §tésti pro CVUT and all who collaborate with him and attend any of his lectures.
a vSechny, ktefi s nim spolupracuji a jeho jakychkoliv pred- He also contributed to the good name of the Czech Technical
nasek se dcastnili. K dobrému jménu CVUT v zahrani&i také University abroad by his lecturing activities at international
prispél vyznamnou predndskovou ¢innosti v zahranici. events.

Pane profesore, Pavle, kamarade, prejeme Ti, aby byl Dear professor, Pavel, our friend, we wish you enough good
dostatek dobrého vina, aby Ti fungovaly sekacky, auto a jiné wine, functioning mowers, car and other equipment. But above
nastroje. Ale predev§im hodné zdravi, vizi. all, good health and lots of visions.

Kolektiv redakce casopisu Tunel, jejimZ jsi byl dlouhd léta The collective of the TUNEL journal editorial board a long
platnym clenem standing valid member of which you used to be

ROZLOUCENI LAST FAREWELL

VZPOMINKA NA ING. BOHUMIRA STASTNEHO, CSC.
COMMEMORATING ING. BOHUMIR STASTNY, CSC.

Ing. Bohumir Stastny, CSc., a renowned expert in the field of
underground structural engineering, the Czech father of the
Mechanical Pre-cutting Method, a sportsman, a Francophile and
a precious man, left this world and our tunnelling community on
the 27th February 2017.

Ing. Stastny was born on the 4th November 1931 in Jimramov.
After graduating from the high school in Svitavy, he studied and
finished the studies at the Faculty of Civil Engineering of the
Technical University in Brno. Then he worked for many years in

Dvacatého sedmého unora 2017
opustil tento svét a naSi tune-
larskou komunitu vyznamny odbor-
nik v oboru podzemnich staveb,
Cesky otec metody obvodového vru-
bu s predklenbou, sportovec, franko-
fil a vzacny clovék Ing. Bohumir
§t’astn}7, CSc.

Ing. Stastny se narodil 4. listopadu

1931 v Jimramové. Po maturité na the position of a teacher — civil engineer — at the Military
svitavském gymndziu vystudoval Staveni fakultu Vysokého Academy in Brno. After the social earthquake at the end of the
ucenf technického v Brné. Potom dlouhd Iéta pusobil jako peda- 1960s he was forced to leave the academy. He worked at the Brno
gog — stavebni inZenyr — na Vojenské akademii v Brné. Po spo- workplace of the Research Institute of Civil Engineering (VUIS)
leGenském zemétieseni na prelomu 60. a 70. let minulého sto- | 10 Bratislava until the 1990s.

leti byl nucen Vojenskou akademii opustit. AZ do devadesétych During his work at the VUIS, he was a member of teams sol-
let minulého stoleti pracoval v brnénském pracovisti ving numerous research tasks. With respect to his erudition and

wide knowledge in the field of civil engineering, he even partici-
pated in normative activities. He was a co-author of fundamental
state standards in the field of underground construction, namely
CSN 73 7501 Design of structures for mined underground struc-
tures and CSN 73 7508 Railway tunnels. During the 1980s he sig-
nificantly contributed to solving the research task titled “The int-
roduction of modern methods into the development of underg-
round construction in Czechoslovakia”. He was responsible for
a partial task dealing with methods of assessing underground
excavation through weak rock and soil. In this case Ing. Stastny
discovered for Czechoslovakia the till that time unknown
Perforex Method. The basic idea of the method lies in carrying out
a primary lining by means of a special horizontal pre-trenching rig
prior to the excavation of the underground space. The method cap-
tured him already at the end of the 1970s. He became enthused by
it, purposefully tried to promote it in the domestic professional
environment and looked for its application in Czechoslovakian
conditions. He came up with its Czech name - ,, Metoda obvodo-
vého vrubu s predklenbou* (the Mechanical Pre-cutting Method).
He gathered rich knowledge of this method during the course of
his study tour in France in 1986 at the TGV Atlantique project
construction site, where tunnels were driven using the Perforex
Method. There he met experts of the company of Perforex exis-
ting at that time and stayed with them in contact. The relationship
grew up in friendship over time.

Vyzkumného tstavu inZinierskych stavieb Bratislava (VUIS).
Béhem svého pusobeni ve VUIS byl &lenem fesitelskych
tymu mnoha vyzkumnych tkold, vzhledem ke své erudici
a rozhledu v oboru se tcastnil i normotvorné ¢innosti. Byl spo-
luautorem zdkladnich statnich norem v oboru podzemniho sta-
vitelstvi a to CSN 737501 Navrhovani konstrukci raZenych
podzemnich objekti a CSN 737508 Zelezniéni tunely. V osm-
desétych letech vyznamné prispél k feSeni vyzkumného dkolu
,,Zavddeni modernich metod do vystavby podzemnich staveb
v Ceskoslovensku“. Byl odpovédny za diléi tdkol, ve kterém
byly posuzovany metody raZeni v poloskalnich hornindch
a zeminéch. Zde Ing. Stastny objevil pro Ceskoslovensko dosud
nezndmou metodu razby — Metodu Perforex. Zakladni myslen-
kou metody je provedeni primarniho osténi pomoci specidlniho
vrubovaciho stroje dfiv neZ vlastni vyrub podzemniho dila.
Metoda jej zaujala jiz koncem 70. let minulého stoleti, nadchl
se pro ni, cilevédomé se snazil ji propagovat v tuzemském
odborném prostiedi a hledal pro ni uplatnéni v nasich podmin-
kéach. Vymyslel jeji Cesky nazev — ,, Metoda obvodového vrubu
s predklenbou“. Bohaté védomosti o ni nacerpal béhem studij-
ni cesty ve Francii v roce 1986 na stavbé TGV Atlantique, kde
byly razby tuneld provddény pravé metodou Perforex.
Sezndmil se zde s odborniky tehdejsi spolecnosti Perforex,
s nimiZ zustal trvale v odborném i osobnim kontaktu, ktery

Casem pferostlvv pratelstvi. Ing. Stastny’s wish to apply the Mechanical Pre-cutting Method

Prani Ing. Stastného aplikovat metodu obvodového vrubu in adequate geotechnical conditions in Czechoslovakia was met
s pvfedklenbou v odpovidajicich geotechnickych podminkach only at the beginning of the new millennium. The method was
v Ceskoslovensku se splnilo aZ na pocatku nového tisicileti. successfully applied to driving the new Biezno tunnel through
Metoda byla dspéSné pouZita pii novostavbé Tunelu Bfezno clayey soil and claystone. He participated intensively in the con-
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v jilovitych zeminéch a jilovcich. Intenzivné se na stavbe podi-
lel jako odborny konzultant investora i projektanta. I kdyz se
tunel, nikoliv z davodu technickych, nybrz obchodnich, po
zdvalu v roku 2003 nepodafilo touto metodou dokoncit, zustal
nadale ¢inny v oboru podzemnich staveb a to nemoci navzdory
do poslednich chvil svého Zivota.

Ti z nas, kdo Ing. Stastného znali, nezapomenou na jeho pra-
telskou, srde¢nou povahu, vzdy usmévavou tvar, vielé a gentle-
manské jedndni. Rdd sportoval a kutil na své chalupé
v Jimramoveé. Byl velmi vzdélanym, kulturnim clovékem
a frankofilem. Své francouzské prétele ohromoval recitaci dél
francouzskych bésniku zpaméti.

Na prani manZelky Zuzany vyfizujeme touto cestou velké
diky za projevy soustrasti, které dostala, nebot neni v jejich
silach v§em odpovédét.

Zdat Buh Miro.

Ing. TOMAS EBERMANN, Ph.D., Ing. ROMAN SMIDA

struction in the position of an expert consultant for the project
owner and the consulting engineer. Despite the fact that, for busi-
ness and not technical reasons, the tunnel could not be finished
using this method after a collapse in 2003, he remained, despite
an illness, active in the field of underground construction engine-
ering to the last moments of his life.

Those of us who knew Ing. Stastny will not forget his friendly
and cordial nature, the always smiling face, ardent and gentle-
manly manners. He liked to sport and potter around his cottage in
Jimravov. He was a highly educated and cultural man and
a Francophile. He used to astonish his French friends by reciting
works of French poets by heart.

On request of his wife, Zuzana, we convey her great thanks for
condolences she received because it is not in her power to answer
all of them.

God speed you, Mira.

Ing. TOMAS EBERMANN, Ph.D., Ing. ROMAN SMIDA

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELEM MONT BLANC

PICTURE POSTCARDS SHOWING MONT BLANC TUNNEL

We have already introduced two picture postcards showing
the Mont Blanc tunnel leading under the Europe’s highest
mountain, Mont Blanc, in TUNEL journal issue No. 4/2001.
In this part of our series we are adding other five picture post-
cards commemorating this important transport-related pro-
ject. Still at the beginning of the 20th century, overcoming the
Mont Blanc massif from France to Italy on foot took three
days. This time was reduced to approximately 12 minutes of
driving after opening the tunnel under the mountain to traffic.
The Mont Blanc tunnel (Tunnel sous du Mont-Blanc in
French, Il traforo del Monte Bianco in Italian), was ceremo-
nially opened on 16th July 1965. It connects the town of
Courmayor in Italian valley with the town of Chamonix-Mont
Blanc in France. The single-tube, bidirectional tunnel is
11.611km long. It was the world’s longest tunnel for motor
vehicles for thirteen years, until 1978, and is still in seventh
place in this particular segment of underground structures.
After bringing the tunnel into service, it was considered to be
the safest for crossing the Alps. It was so until 24th March
1999, when a big mass disaster unfortunately happened insi-
de the tunnel. Because of the coincidence of many chances,
the disaster balance was harrowing — 39 dead. After the tra-
gedy, the tunnel was closed for three years, during which it
was extensively reconstructed and the rescue units were com-
pletely reorganised.

V Casopisu TUNEL ¢. 4/2014 jsme v naSem seridlu jiz pred-
stavili dvé pohlednice s ddlniénim tunelem Mont Blanc, vede-
nym pod stejnojmennou nejvyssi horou Evropy. V tomto dilu
k tomu pripojujeme dal§ich pet pohlednic pfipominajicich tuto
vyznamnou dopravni stavbu.

Jesté na zacdtku XX. stoleti trvalo pési prekonani masivu Mont
Blancu z Francie do Itélie tfi dny chuze, po otevieni horského
tunelu se tato cesta zkrdtila na asi 12 minut jizdy autem pod
nejvyssi evropskou horou.

Montblansky tunel (francouzsky Tunnel sous du Mont-
Blanc, italsky Il traforo del Monte Bianco), slavnostné otevie-
ny 16. 7. 1965, spojuje Courmayeur v italském tudoli d'Aosta
s francouzskym méstem Chamonix-Mont Blanc. Je dlouhy
11,611 km, jednotroubovy, obousmérny. Trinédct let, az do
roku 1978, byl nejdel$im tunelem pro motorovéd vozidla na
svete a jeSté dnes se nachazi v tomto segmentu podzemnich
staveb na sedmém miste.

Tunel byl po svém zprovoznéni povazovan za nejbezpeénéj-
§i prechod Alp, a to az do 24. 3. 1999. Toho dne, jak je zndmo,
doslo v tunelu k hromadnému nestésti, které vstoupilo do déjin
dopravnich staveb. Tragédie byla jiZ mnohokrat popsdna, nic-
méné pro pripomenuti a struénou rekapitulaci:

Belgicky kamion Volvo vezouci margarin a mouku (v dobé
nehody asi rok stary, nicméné jiz s ndjezdem pres 100 000 km)
zahotel v motorovém prostoru. Pravdépodobné doslo k nasati
odhozeného nedopalku cigarety a naslednému vzniceni vzdu-
chového filtru. Ridi¢ nékladiku, jedouci z Francie, v tunelu
zastavil a rychle kamion opustil. Zastavily rovnéz dalsi
ndkladni i osobni automobily. Ackoli nebyl ndklad vozidla
povazovén za rizikovy, ukdzalo se naopak, Ze jde o velmi
nebezpe¢nou horlavinu. Tunelem se zacal §ifit husty kouf.
Ridici jedouci z italské strany z tunelu vycouvali. Ridici
jedouct ze strany francouzské, vzhledem k nedostatku kysliku
v zakoufeném prostoru, jiZ nemohli svd vozidla nastartovat
a uvizli v pasti.

Tunel mél dvé odloucend zachrannd a ridici pracovisté, kterd
vsak spolu nekomunikovala. Zdsah provadély pouze francouz-
ské zdchranné sbory, italské o nestésti nevedély. Doslo



Obr. 1 4518 — Mont Blanc tunel mezi Chamonix — Mont Blanc (Francie)
a Entréves — Courmayeur (Itdlie). Nejdel5i silniéni tunel na svété. Délka tune-
Tu: 11 km 600. Stika: 2 pruhy 3 m 50. Vyka klenby: 6 m. Provoz fizeny rada-
ry. Okénka:
e Plocha pred tunelem a vstup do tunelu (ze strany Francie).
 Vstup do tunelu (ze strany Francie).
o Tunel (ze strany Francie).
1965-70? Editions FAEGER Genéve. [sbirka autori]
Fig. I The 4518 long Mont Blanc tunnel between Chamonix and Mont Blanc
(France) and Entréves — Courmayeur (Italy). The world’s longest road tun-
nel. Tunnel length: 11.6km. Width: 2 traffic lanes 3.5m.Vault height: 6m.

Radar controlled traffic. Windows:
o The area in front of the tunnel and the tunnel entrance (from
the side of France).
o Tunnel entrance (from the side of France).
o Tunnel (from the side of France).
1965-70? Editions FAEGER Genéve. [authors’ collection]

k pochybeni pracovnika obsluhujictho ventilaci. Misto odsa-
vani naopak do tunelu vhdnél Cerstvy vzduch, ¢imz doslo
k Ziveni ohné a §iren{ koure.

Hasic¢i nedokdzali vyjet k pozaru, ponévadZ i jim, vzhledem
k nedostatku kysliku, zhasinaly motory aut. Postupovali proto
pesky, vybaveni dychacimi pfistroji a s ohledem na nulovou
viditelnost pouze podél zdi. Rada hasi¢t pri poZzaru zahynula,
Sest z nich se jako zdzrakem zachrdnilo ve vyklenku ¢islo 17,

Obr. 3 Courmayeur — Entréves 1 381 m. Novy tunel Mont Blanc — délky
11 600 m. 1965-70? 633 — Ediz. SACAT - Torino — Publifoto. [sbirka autoru]
Jeden z iivodnich nouzovych zdlivii pri italské strané. Udaj 1 381 m se vztahu-
Jje k nadmoiské vysce. Z dnesniho pohledu je pozoruhodnd kvalita povrchu
betonu sekunddrniho osténi. Stejné tak je zajimavy charakter dobového vozo-
vého parku.

Fig.3 Courmayeur — Entréves 1381m. The new Mont Blanc tunnel — 11,600m
long. 1965-70? 633 — Ediz. SACAT - Torino — Publifoto. [author’s collec-
tion]

One of the initial emergency lay-bys on the Italian side. The figure 1381m is
related to the altitude. From today’s perspective notable is the quality of surfa-
ce of the concrete secondary lining. The character of the contemporary vehicle
fleet is equally interesting.

Obr. 2 Chamonix — Mont Blanc (1 050 m). Tunel Mont Blanc (1 381 m) spo-
Jujici Chamonix (Francie) s Entréves — Courmayeur (Itdlie). Vstup do tune-
lu Mont Blanc na francouzské strané. Délka: 11 600 m, nejdelsi na svété.
Sirka: 2 jizdni pruhy 3,50 m. Vy$ka nad vozovkou: 6 m. Provoz Fizeny rada-
rem. 1965-70? Editions Lutetia, 4, rue des Charpentiers, 67 Strasbourg.
[sbirka autorii]

Na pohlednici je videt nocné osvétlend piisobivd konstrukce vysunutého kra-
korcového prikryti viezdového portdlu na francouzské strané.

Fig. 2 Chamonix — Mont Blanc (1050m). The Mont Blanc tunnel (1381m)
connecting Chamonix (France) with Entréves — Courmayeur (Italy). Mont
Blanc tunnel entrance on the French side. Length: 11,600m, the world’s lon-
gest tunnel. Width: 2 traffic lanes 3.50m. Height above roadway: 6m. Radar
controlled traffic. 1965-70? Editions Lutetia, 4, rue des Charpentiers, 67
Strasbourg. [authors* collection]

The picture postcard shows the impressive structure of the extended cantilever
cover of the entrance portal on the French side under night illumination.

kde zustali uvéznéni asi 7 hodin. Kone&ny tdet za nestésti byl
otfesny — 39 mrtvych.

Po tragédii byl tunel uzavien tfi roky, béhem kterych doslo
k jeho rozsahlé rekonstrukci a k zdsadni reorganizaci zachrannych
slozek. Obnova tunelu pfi§la na 350 mil. eur, investovanych
zejména do vystavby tnikovych vychodi a do dusledného
vylepSeni varovného a evakua¢niho systému.

Plany na rozsiteni tunelu o druhou troubu vsak dlouhodobé
narazeji jak na nedostatek financi, tak na odpor mistnich oby-

vatel. [1, 2, upraveno]

Obr. 4 Courmayeur — Entréves (m 1 381). Tunel Mont Blanc — délka
11 600 m. 1965-70? 652 — Ediz. SACAT - Torino. [sbirka autori]

Obdobné jako na obr. 3 jde o jeden z ivodnich nouzovych zdlivii pfi italské stra-
né. Udaj 1 381 m se vdze k nadmorské vySce. Z dnesniho pohledu je opét pozo-
ruhodnd kvalita povrchu sekunddrniho ostént.

Fig. 4 Courmayeur — Entréves (1381m). The Mont Blanc tunnel — 11,600m
long. 1965-70? 652 — Ediz. SACAT - Torino. [authors* collection |

Similarly to Fig. 3, this is one of the initial emergency lay-bys on the Italian
side. The figure 1381m is related to the altitude. The character of the surface of
the secondary lining is again interesting.
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Obr. 5 Tunel Mont Rlanc — Courmayeur Chamonix. Délka: 11 600 m. Vyska:
5,98 m. Stika: 8,60 m. Maximdlni vyska skdly nad tunelem: 2 480 m. 1966
[sbirka autori]

Na pohlednici je zajimavé (vedle dobového vozového parku) i komplikované
osvétlent tunelu a vyrazné patrné zavlhnuti osténi v pristropt.

Fig. 5 The Mont Blanc tunnel — Courmayeur Chamonix. Length: 11,600m.
Height: 5.98m. Width: 8.60m. Maximum height of the rock above the tunnel:
2,480m. 1966 [authors® collection]

The complicated tunnel illumination and the distinctly visible dampening paich
on the tunnel lining in the vault crown shown in the picture postcard is also
interesting (apart from the contemporary vehicle fleet).

LITERATURA / REFERENCES

Tunel Mont Banc v Cislech:

Délka: 11 611 m
Sitka: 8,6 m (dva jizdni pruhy po 3,50 m)
Vyska: 435 m

Nejvyssi bod v tunelu: 1395,5 m n. m.
Vyska nadlozi: vice nez 2 km
Mnozstvi automobili/den: pies 5 000
Mytné (jen za tunel): 8 €
Dopravni omezenti: rychlost mezi 50 a 70 km/h, jen
se zapnutym radiem a vzdéle-
nosti mezi vozidly nejméné
150 m
Pohlednice s puvodnimi portély i s ndhledy do tunelu jsou na
obr. 1 az 5. doc. Ing. VLADISLAV HORAK, CSc.,
Ing. RICHARD SVOBODA, Ph.D.,
Ing. MARTIN ZAVACKY

Podékovdni: Prispévek byl vypracovdn s finanéni pomoci EU ,,OP
Wyzkum a vyvoj pro inovace*, projekt reg. ¢. CZ.1.05/2.1.00/03.0097,
v rdmci ¢innosti regiondlniho centra AdMas ,, Pokrocilé stavebni mate-
ridly, konstrukce a technologie*“ a programu Centra kompetence Tech-
nologické agentury Ceské republiky ( TACR) v rdmci projektu Centrum
pro efektivni a udrZitelnou dopravni infrastrukturu (CESTI), ¢islo pro-
Jektu TEO1020168.

[1] Tunel Mont Blanc [online]. [cit. 2017-03-01]. Dostupné na internetu
<http://cs.wikipedia.org/wiki/Montblanck%C3%BD_tunel> upraveno

[2] Tunel-pod-Mont-Blancem-slavi-50-let-od-otevieni [online]. [cit. 2017-03-01]. Dostupné na internetu
<http://auto.idnes.cz/tunel-pod-mont-blancem-slavi-50-let-od-otevreni-fop-/automoto.aspx 2c=A150720_153113_automo-

to_hig> upraveno

Z CINNOSTI PRACOVNICH SKUPIN CZTA / CZTA WORKING GROUPS

INFORMACE PRACOVNI SKUPINY MECHANIZOVANEHO TUNELOVANI

O TENDRU HLUBOKE KANALIZACE (DTSS2) V SINGAPURU

INFORMATION OF CZTA WORKING GROUP MECHANIZED TUNNELING

ON THE DEEP TUNNEL SEWAGE SYSTEM (DTSS2) TENDER IN SINGAPORE

The second phase of the deep
tunnel sewage system in Sin-
gapore (DTSS2) extends the
existing sewage system to the
western and southern part of the
city. New 50km of the TBM
tunnels will collect used water
from municipal and industrial
sources to the new Water Re-
clamation Plant with total treat-
ment capacity of 800,000 cubic
metres per day.

The project is divided into five
design-build contracts T7 to
T11. Mott MacDonald (Singa-
pore office) is involved in within gugm?::nm \
several joint ventures. In a case L >"/
of success the Czech office will |

=
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I

participate on the tunnel and
shaft design.

Obr. 1 Schéma DTSS
Fig. 1 DTSS scheme
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Obr. 2 Situace kontraktu T09
Fig. 2 Contract T09 layout

Druhd faze projektu hluboké kanalizace v Singapuru
(DTSS2) spoéiva v doplnéni soucasného systému, provozo-
vaného od roku 2008, o novych 50 km TBM tunelu patern{
kanalizace v zdpadni a jizni ¢asti mésta, obr. 1, které odve-
dou splaskové vody do nové Cistirny odpadnich vod s kapa-
citou az 800 000 kubickych metri vody denné.

Zakdzka je rozdé€lena do péti balicka T7-T11 a je vypsédna
jako Design & Build. V rdmci ruznych sdruzeni se spolec-
nost Mott MacDonald (konkrétné pobocka Singapur) Gcast-
ni jako projektant &tyf z téchto péti nabidkovych fizeni.
Ceska pobocka by se v pripadé tispéchu t&astnila projekto-
véni Sachet a tunelu.

Kontrakt TO9
Pro predstaveni rozsahu projektu se zaméfme na jeden
z kontraktii. Cast TO9 zahrnuje 8 km TBM tuneld patefni

Obr. 3 3D model komplexni Sachty
Fig. 3 Gate shaft 3D model

kanalizace vnitfniho profilu 6 m, jednu pfistupovou Sachtu
(02), Sest komplexnich Sachet (O3, N2, N1, N, Ol1, N3),
z nichZ posledn{ tfi jmenované jsou zdroven Sachty pro start
a prijem tunelovacich stroju, obr. 2.

Pod nejasnym nazvem komplexni Sachta se skryva slozity
systém hlavni a spadiStové Sachty, propojovaci Stoly
a komory. Celkem se pro kazdou komplexni Sachtu jedna
o konstrukci dvou docasnych a dvou trvalych Sachet, dvou
Stol a tfi komor, obr. 3. U kazdé z téchto Sachet je na povr-
chu technologicky objekt.

Sachty budou vyhloubeny pied projetim tunelovacich
stroju a budou slouZit jako prostor k jeho tdrzbé. Pro raZbu
tunell jsou uvazovany celkem tfi tunelovaci stroje. S nej-
vetsi pravdépodobnosti se bude jednat o konvertibilni
(Mixshield) nebo zeminové Stity (EPBM). Ty byly rovnéz
pouzity pfi vystavbé prvni fadze projektu.

Do segmentového osténi tunelt bude nédsledné betonova-
no sekundérni osténi odolné vici korozi a erozi.

Geologie

Geologické podminky na jihu ostrova jsou charakterizo-
vany vépenci, piskovci a jilovci Jurongovy formace v niz-
§ich polohdch a piscité, jilovité hliny ve vyssich polohach.
Razba tunelu tak bude pravdépodobné probihat ve smiSe-
nych horninovych a zeminovych podminkdch. Vystavba
Sachet bude ve slozitych zeminovych podminkdch pod hla-
dinou podzemni vody.

Po zprovoznéni druhé faze v roce 2025 umozni systém
hluboké kanalizace naplnovat dlouhodoby cil, kterym je do
roku 2060 pokryt az 55 % spotreby vody v Singapuru vodou
recyklovanou.

Ing. PETR MAKASEK, Ph.D.,
petr.makasek@mottmac.com,
Mott MacDonald CZ, spol. s r.o.



Rekonstrukce Teplického tunelu na trati Trutnov - Teplice nad Metuiji

Reconstruction of the Teplice tunnel on the Trutnov - Teplice nad Metuiji railway
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\ Jsme spolehlivy partner v podzemi,
= na Zeleznici i na povrchu,
~ plsobime v Ceské republice
N i v zahranici.

~We are a reliable partner
under-the ground, on the railways
and above™the ground,active in both

the«Czech Republisiand abroad.
SIBTERA

www.subterra.cz

NedrZime se pfi zemi

Never stuck on the ground



Kvalita, presnost a dislednost v kazdém detailu. Spolecna koordinovana prace lidi
desitek oborti a profesi. Schopnost resit narocna zadani a odvaha hledat nova reseni.
Je tohle uméni? Mozna ne. Jen to dobfe umime.

Metrostav a.s. KoZeluzska 2450/4 Praha 8 me I n@s I a“ www.metrostav.cz






