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VaZeni Ctenari,

v kvétnu tohoto roku se v Praze konala jiz 15. mezinarodni konference Podzemni stavby Praha, ktera svou velmi vysokou odbor-
nou drovni pfildkala op&t nékolik stovek odbornikii z celého svéta. Konference byla organizovéna Ceskou tuneldrskou asociaci, kterd
je narodnim ¢lenem mezinarodni tunelafské asociace ITA-AITES a nabidla bohaty program prednések, diskuzi i exkurzi na zajimavé
podzemni stavby v okoli Prahy, v€etné pravée rozestavéné linky D prazského Metra. Byla to jedinecna piilezitost pro odborné disku-
ze, vyménu zkusenosti a novych poznatkl v oblasti podzemniho stavitelstvi.

Nas Casopis Tunel byl hrdym medialnim partnerem této prestizni akce a fada ¢lenti Redakéni rady se podilela pfimo na pfiprave,
préci a fizeni jednotlivych odbornych sekci. Navstévniky konference mohly zaujmout zejména prezentace o aktudlnich rozestave-
nych stavbach jak v Ceské republice, tak v zahrani¢i. V oblasti pripravy budoucich pldnovanych projekti byl nastinén pohled na
podzemni stavby na silniéni &i Zeleznicni siti v CR, véetné pravé Metra. Velky prostor byl vénovan inovativnim technologiim a mo-
dernim feSenim pro podzemni stavby a jsem piesvédcCeny, ze i v fadach $irSi zucastnéné odborné vetejnosti se t€sily nebyvalému
zajmu. Tento zdjem pfirozené zvySuje napfi¢ celou Evropou rezonujici t¢éma Green Dealu. Stéle Castéji se tak setkdvame s novymi pozadavky, jak se vyporadat
napfic obory, a to nejen stavebnimi, se spolecenskou odpovédnosti vyjadienou tzv. hodnocenim ESG kritérii (z anglického ,,Environmental, Social and Gover-
nance”). Vedle standardnich pozadavki ESG jde ve stavebnictvi zejména o betonové konstrukce, omezeni vyroby nékterych druhti cementt, hledani vhodnych
druhotnych materiala a také o stale vétsi prostor pro recyklaci material a nakladani s odpady tak, abychom napliovali principy cirkularni ekonomiky. Byt
to dnes jesté neni zcela patrné, jist€ v blizké budoucnosti nastane doba, kdy statni i soukromi investofi na tyto pozadavky budou muset ve stale vétsi mife
reagovat. Pfi financovéni stavebnich projektl totiZ bude nutné prokazovat vyhovujici rating v oblasti ESG, bez kterého neziskaji bankovni tivéry a garance.

Prvni ¢lanek piedklddaného Cisla ¢asopisu Tunel popisuje zkusenosti z razeb v samostatné svornikové vyztuzi na dole CSM a aktualné se zaméfuje i na
perspektivu projekt, které jsou Setrné k Zivotnimu prostiedi a snizuji pouziti vysoce energeticky naro¢nych materialti. Autofi ze spole¢nosti Minova Bohemia
a OKD nabizeji mozna inspirativni feSeni. Druhy a tfeti ¢lanek v poradi je taktéz od autort ze spolecnosti Minova (které je toto ¢islo mj. vénovano) a prinasi
jednak pozoruhodnou zkusenost z rekonstrukce tunelu Queensbury v Anglii a dale predstavuje moznosti zajisténi pfedpoli uhelnych mechanizovanych razeb
ve zhorSenych geologickych a geotechnicky podminkach. Druhd skupina pfispévkil predstavuje préci kolegi ze spolecnosti Amberg Slovakia. Prvni z trojice
jejich ¢lankd, povice teoreticky, fesi vliv zpisobu vypoctu na navrh sekundarniho osténi tunelu, dalsi ¢lanek se zabyva findlnim vyuzZitim ptivodné prazkumné
Stoly na tunelu Visniové a ve tfetim z prispévku se dozvime, jak dulezita je interpretace dat z inZenyrskogeologického pruzkumu a jaka rizika vnasi do zpraco-
vani zaddvaci dokumentace pro tunel.

Osobné jsem piesvédcéeny, Ze aktudlni ¢islo ¢asopisu Tunel Vam pfinese poutavé Cteni a Cerstvou davku odbornych informaci v podobé zajimavych piispév-
ki a dal3ich rubrik Gasopisu. A pravé obsah ¢asopisu TUNEL tak pomaha udrZovat toto periodikum mezi respektovanymi odbornymi médii, a to v CR i na
mezinarodni scéné.

Vsem Ctenafim naseho Casopisu tak preji prijemné cteni.
Ing. PAVEL RUZICKA, Ph.D.,
¢len redakéni rady ¢asopisu Tunel

Dear readers,

In May of this year, the 15" international conference the Underground Construction Prague took place in Prague. It once again attracted several hundred
professionals from all over the world with its high professional level. The conference was organised by the Czech Tunnelling Association, which is a national
member of the ITA-AITES tunnelling association, and offered a rich program of lectures, discussions and excursions to interesting underground structures
around Prague, including the currently under construction Line D of the Prague Underground (Metro). It was a unique opportunity for professional discussions,
exchange of experience and new knowledge in the field of underground construction.

Our Tunel journal was the proud medium guide of this prestigious event, and many members of the Editorial Board participated directly in the preparation,
work and management of individual professional sections. The conference participants were particularly interested in the presentations dealing with currently
progressing constructions, both in the Czech Republic and abroad. From domestic projects, it is mainly about the state of preparation of planned underground
constructions on the road or railway network in the Czech Republic, including the Metro. A large space was dedicated to innovative technologies and modern
solutions for underground constructions, and I am convinced that they enjoyed unprecedented interest even among the wider participating professional public.
This interest naturally increases the theme of the Green Deal resonating across Europe. That is why we more and more often encounter new requirements on
how to deal across specialisations, not only civil engineering, with the social responsibility expressed by the so-called assessment of the ESG (Environmental,
Social and Governance) criteria. In addition to the standard ESG requirements, the construction industry is mainly concerned in concrete structures, restrictions
on the production of certain types of cement, the search for suitable secondary materials, as well as an ever-increasing space for recycling materials and
management of waste in order to follow the principles of the circular economy. Although it is not yet completely evident, there will certainly come a time in
the near future when state and private investors will have to respond to these demands to an ever greater extent. When financing construction projects, it will
be necessary to demonstrate a satisfactory ESG rating, without which they will not receive bank loans and guarantees.

The first paper contained in the current issue of the Tunel journal describes the experience gained in the excavation using separate rock bolt reinforcement
at the CSM mine, and currently focuses on the perspective of projects which are environmentally friendly and reduce the use of highly energy-intensive
materials. Authors from Minova Bohemia and OKD companies offer possible inspiring solutions. The second and third paper in the sequence are also by
authors from the Minova company (to which this journal issue, is, among other things, dedicated) and bring a remarkable experience from the reconstruction
of the Queensbury tunnel in England and also present the possibilities of securing the forefields of mechanised coal excavation in worsened geological and
geotechnical conditions. The second group of contributions presents the work of colleagues from Amberg Slovakia. The first of their three papers, mostly
theoretical, deals with the influence of the calculation method on the design of the secondary lining of the tunnel, the next paper deals with the final use of
the original exploratory gallery for the ViSnové tunnel, and in the third paper we will learn how important the interpretation of data from the engineering-
geological survey is and what risks it brings to the preparation of tender documentation for the tunnel.

I am personally convinced that the current issue of the Tunel journal will bring engaging reading and a fresh dose of professional information in the form
of interesting papers and other parts of the journal. And it is the content of the Tunel journal what helps maintain this periodical among respected professional
media, both in the Czech Republic and on the international scene.

I wish all the readers of our journal not pleasant reading.

Ing. PAVEL RUZICKA, Ph.D.,
Member of Tunel Editorial Board




VAZENI KOLEGOVE A CTENARI,

citim se znovu poctén aktudlné predstavit spolecnost
Minova Bohemia s.r.o. prostfednictvim prestizniho ¢aso-
pisu Tunel, a to pravé v dob¢, kdy jsme méli v nedavné
dobé vSichni prileZitost se znovu setkat v rdmci mezind-
rodni konference Podzemni stavby Praha 2023 a zaroven
jsme se seznamili s problematikou domdcich a fadou
zahranicnich tunelovych staveb. Pozitivni byl zde i pre-
zentovany vyhled s relativné velkym mnoZstvim pfipra-
vovanych podzemnich staveb, tedy hlavné tunelt, které
nés &ekaji v dal§im obdobi na izemi Ceské republiky. V&-
fim, Ze proces stavebniho fizeni a povolovani staveb bude kone¢né
zefektivnén, a tedy znacnd ¢asova narocnost, které jsme v této legis-
lativné-pravni oblasti svédky jiZ fadu let, bude odstranéna, a Ze Cas
od vécného zdméru po realizaci bude vyrazné zkracen.

Mezinarodné ptisobici skupina Minova piedstavuje svym zamére-
nim a vyrobnim programem dodavatele technologii pro kotveni a in-
jektaze, jak pro geotechniku, véetné oblasti tunelové vystavby, tak
pro hornictvi, s cilem poskytnout naSim partnerm technicky efektiv-
ni a spolehlivd feSeni pro rizné podminky podzemniho svéta, a tim
dosazeni maximalni mozné bezpecnosti. Minova Bohemia s.r.o., pro
kterou jsou hlavni teritoria z4jmu Cesk4 republika, Slovenska re-
publika a nékteré staty balkdnského poloostrova, pokracuje ve svych
hlavnich aktivitdch na té€chto uzemich na fad¢ projektt ve spolupraci
se stavajicimi i novymi kolegy a obchodnimi partnery. Co se tyka
aktuélnich tunelovych projektt na tizemi Ceské republiky, je pro nas
nejdilezitéjSim projektem v oblasti podzemni vystavby trasa Metra
D v tseku Pankrac-Olbrachtova, ktery je provadén ve velmi promén-
livém horninovém prostfedim, a kde jsou naSe kotevni a injek¢ni
technologie tspés$né vyuzivany jiz od diive zahdjeného dopliikového
geologického prizkumu. Lze tedy dnes konstatovat, Ze i pies celko-
vou ¢asovou i rozsahovou ndrocnost tohoto projektu se stale dafi, ve
spolupraci se vSemi zainteresovanymi stranami, zajistit predevsim
celkovou bezpecnost a efektivitu t€chto podzemnich praci i ve vzta-
hu k okolni povrchové zastavbe.

K rozvoji informovanosti o novych materidlech a technologiich
pfispivala spole¢nost Minova Bohemia s.r.0. po dobu 25 let spolupo-
fadanim kaZdoro¢niho mezinarodniho seminare pod niazvem ,,Kot-
veni, zpeviiovani a tésnéni horninového masivu a stavebni konstruk-
ci®, na kterém jsme se spolupodileli s VSB-Technickou univerzitou
v Ostravé, katedrou geotechniky a podzemniho stavitelstvi stavebni
fakulty. Tento seminaf tradi¢né probihal pod patronaci Ceské tune-
l4fské asociace, predsedy Ceského batiského tadu a Ceské komory
autorizovanych inZenyri. Posledni 25. ro¢nik se uskutecnil na zacét-
ku biezna 2020 t&sné pted vypuknutim pandemie COVID-19 v Ces-
ké republice, ktera nas stfidavé ovliviiovala dalsi dva roky. Z tohoto
davodu jsme se dohodli s pani docentkou Ing. Evou HrubeSovou,
Ph.D., odbornym spolugarantem seminédie a vedouci katedry geo-
techniky a podzemniho stavitelstvi, Ze pfesuneme kontinuitu tohoto
semindfe do samostatné sekce v ramci mezinirodni konference Geo-
technika 2022, ktera probéhla v zari 2022, o jejimz pribéhu jste byli
zpraveni v ¢asopise Tunel. Dalsi konéni této konference planujeme
na zafi 2024, na které jiz ted srde¢né zveme a budeme se téSit na se-
tkani, v€etné zajimavych prednasek, prezentaci a formalnich i nefor-
malnich diskuzi. ZGstava trvale naSim cilem pfedstavovat pro nase
partnery dodavatele spolehlivych, provéfenych
materidlt a technologii, podpofenych kvalitnim
technickym zdzemim v oboru podzemni tunelové
vystavby.

Zavérem chci popfat vSem Ctenafim Casopisu
Tunel a vSem c¢lenim CzTA a STA pevné
zdravi a mnoho zajimavych tunelovych sta-
veb a také podékovat redakéni radé Casopisu
Tunel za dlouhodobou spolupraci.

ING. PETR KUCERA
Jjednatel spole¢nosti
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DEAR COLLEAGUES AND READERS,

I feel again honoured to present the company Minova
Bohemia s.r.o. through the prestigious magazine Tunnel,
just at a time when we all recently had opportunity to meet
again within the international conference Underground
Construction Prague 2023 and at the same time we were
acquainted with the issues of domestic and a number of
foreign tunnel constructions. Positive was also presented
outlook with a relatively large number of prepared
underground constructions, i.e. mainly tunnels, which await
us in the next period on the territory of the Czech Republic.
I believe that the process of building management and
permitting of constructions will finally be streamlined and thus the
considerable time demands, which we have seen in this legislative-
legal area for many years, will be removed and that the time from the
material intention to implementation will be significantly shortened.

With its focus and production program, the internationally active
Minova Group represent a supplier of anchoring and injection
technologies for both geotechnics, including tunnel construction, and
mining, aiming to provide our partners with technically effective and
reliable solutions for the various conditions of the underground world
to achieve the maximum possible safety. Minova Bohemia s.r.0., for
which the main territories of interest are the Czech Republic, the
Slovak Republic and some states of the Balkan Peninsula, continues
with its main activities in these territories on a number of projects in
cooperation with existing and new colleagues and business partners.
As far as current tunnel projects in the Czech Republic are concerned,
the most important project for us in the field of underground
construction is the Metro D line in the Pankrac-Olbrachtova section,
which is carried out in a very variable rock environment and where
our anchoring and injection technologies have been successfully
used since the complementary geological survey started earlier. It can
therefore be stated today that despite the overall time and extent of this
project, it is still possible to ensure in cooperation with all interested
parties the overall safety and efficiency of these underground works
also in relation to the surrounding surface construction.

Minova Bohemia s.r.o. has been contributing to the development
of awareness of new materials and technologies for 25 years
by co-organizing an annual international colloquium under the
title “Reinforcement, Sealing and Bolting of the Rock Mass and
Engineering Construction”, in which we co-participated with VSB-
Technical University in Ostrava, the Department of Geotechnics and
Underground Construction at the Faculty of Civil Engineering. This
colloquium traditionally took place under the patronage of the Czech
Tunnelling Association, the President of the Czech Mining Authority
and the Czech Chamber of Authorised Engineers. The last 25th year
took place at the beginning of March 2020 just before the COVID-19
pandemic outbreak in the Czech Republic which was alternately
influencing us for 2 years. From this reason, we have agreed with
Associate Professor Ing. Eva HrubeSova, Ph.D., expert co-guarantor
of the colloquium and head of the Department of Geotechnics and
Underground Construction, that we will move the continuity of this
colloquium to a separate section within the international conference
Geotechnics 2022, which took place in September 2022, and about
which you have been informed in the magazine Tunnel. We plan to
hold another conference in September 2024 and to which we are
already cordially inviting and looking forward to meetings, including
interesting lectures, presentations and formal and informal discussions.
It remains our goal to provide our partners with
reliable, proven materials and technologies,
supported by high-quality technical background in
the field of underground tunnel construction.

Finally, I want to wish all readers of Tunnel
magazine and all members of CzTA and STA

good health and many interesting tunnel
constructions and also to thank the editorial
board of Tunnel magazine for their long-term
cooperation.

Minova Bohemia, s.r.0.
Executive Director
of Minova Bohemia, s.r.o.
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VAZENI CITATELIA, MILI KOLEGOVIA,

AMBERG Engineering Slovakia, s.r.o. pdsobi na slovenskom
trhu uz 20 rokov. Aj vdaka stale rasticemu dopytu po sluzbach,
ktoré poskytujeme, a po odbornikoch z oblasti nielen podzem-
ného stavitelstva, sa firma od svojho vzniku neustédle rozrasta
adnes v nej pracuje viac ako 60 zamestnancov. Tvoria ju skiseni
a odborne vzdelani pracovnici, ktori dokdZu uspokojit aj toho
najnarocnejsieho zakaznika a vyrieSit va¢sinu problémov spoje-
nych s projektovanim a dozorovanim uz zdaleka nielen tunelov.

Hoci nase sesterské firmy zo skupiny AMBERG sa $pecia-
lizuju takmer vylucne na projektovanie a dozorovanie tunelov
a inych podzemnych stavieb, zameranie AMBERG Engineering
na Slovensku je podstatne SirSie a pokryva celé spektrum ¢i uz
inzinierskych alebo pozemnych stavieb. V roku 2004 sme zacali Gspesne pi-
saf nasu historiu v oblasti geotechnického a stavebného dozoru. Bolo to na
stavbe bratislavského tunela Sitina. Postupne sme sa v dozorovani doprav-
nych a vodohospodarskych stavieb stali lidrom na slovenskom trhu. Medzi
najvyznamnejSie stavby z dopravnej infrastruktiry by som zaradil tseky
dialnice D1 Mengusovce — Janovce s tunelom Borik, Janovce — Jablonov
s tunelom Sibenik, Jablonov — Studenec, dialnicu D3 Hric¢ovské Podhradie
— Zilina (StraZov), alebo moderniziciu Zelezni¢nej trate Pieitany — Nové
Mesto nad Vahom a Trencianska Tepld — Belusa. Nasa dcérska spolo¢nost
AE DOZORING, s.r.o. je lidrom zdruZenia na stavebny dozor dialnice D1
Presov, zapad — juh s tunelom PreSov odovzdanej do uzivania koncom roka
2021. Uvediem aj tri priklady z dozorovania vodohospodarskych stavieb:
COV a odkanalizovanie Trnavského regionu, dodavka pitnej vody a odkana-
lizovanie Hornych Kystc, respektive Strednych Kystic.

Odbornost, kvalita, vyuzivanie modernych technolégii, dynamika prace.
Lepsie sa snad ani neda charakterizovat krédo firmy AMBERG Enginee-
ring Slovakia, s.r.o. O tom, Ze spolo¢nost sa dynamicky rozvija, sved¢i aj
ta skuto¢nost, Ze v roku 2009 sme sa rozhodli plnohodnotne vstipit na trh
projekcie, ¢o sa nam aj ispesne podarilo. Preto bolo potrebné v roku 2010
vytvorit novi organiza¢nu Struktiru. Spolo¢nost tvoria dve divizie, a to Di-
vizia projekcie a inZinieringu a Divizia stavebného dozoru, pricom projekciu
pokryvajui okrem Bratislavy aj strediskd v Kosiciach, v Banskej Bystrici,
v Ziline a PreSove.

Z vyznamnych projektov by som rdd spomenul vypracovanie realiza¢nej
dokumentdcie pre zhotovitela v zmysle zmluvnych podmienok FIDIC, Zlta
kniha, dialnice D3 Cadca, Bukov — Svr¢inovec, respektive projekt rozsire-
nia dialnice D1 pri Bratislave na osempruh. Aktudlnou vyzvou je praca na
realizacnej dokumentacii a inZiniering pre nového zhotovitela zbabraného
tunela Visiiové, tunela, ktory je na Slovensku najdlhsi nielen svojou dizkou
cca 7,5 km, ale aj dobou vystavby. V roku 2015 sme odovzdali investorovi
projektovi dokumenticiu najdlhsSieho bulharského dialnicného tunela Kres-
na s dizkou 15,5 km. ZasluZnii a priekopnicku tlohu sme na seba prevzali
tym, Ze sme sa v minulosti rozhodli vypracovat chybajiice technické predpi-
sy potrebné na bezproblémové projektovanie, vystavbu a prevadzku tunelov
na Slovensku.

V ostatnych rokoch sme sa rozhodli preniknit do povedomia odbornej,
ako aj laickej verejnosti najmi projektami z oblasti pozemnych stavieb. Nase
snahy vyvrcholili v lete roku 2022 ziskanim zdkazky na komplexni pripravu
novej Univerzitnej nemocnice Bratislava v lokalite Rdzsochy. Jednd sa o vy-
pracovanie urbanisticko-architektonickej $tidie, projektovej dokumentécie
na stavebné povolenie a pre vyber zhotovitela, vratane inZinierskej ¢innosti
a poradenstva pri priprave realizdcie stavby. Néasledne mame robit investo-
rovi podporu pri vystavbe, uvadzani nemocnice do prevadzky, ako aj pri im-
plementdcii planu transferu zamestnancov.

Na ¢o som Specidlne hrdy, na prelome rokov 2022/2023 ziskala naSa
spoloénost, jej konatel a vybrani zamestnanci previerku NBU, ¢m sme aj
po tejto formalnej stranke pripraveni na nové vyzvy z oblasti obrannej in-
frastruktiry pripravované a realizované v utajenom rezime.

Co dodaf na zaver? Ako kaZzda spolo¢nost, aj my pocituje-
me nedostatok kvalifikovanych a pre projektovanie a dozo-
rovanie stavieb zapalenych Iudi. MoZno je to dané tym, Ze
praca v projekcii, alebo priamo na stavbe v pozicii dozora
nie je jednoducha. Naopak, je velmi zodpovedna a vyzaduje
si celého ¢loveka. Som rad, Ze v spolo¢nosti AMBERG Engi-
neering Slovakia, s.r.o. pracuju prave takyto ludia. Za vsetko,
¢o sme spolo¢ne za predchadzajucich 20 rokov dokézali, by
som im rad podakoval a zdroveii do naSich
radov pozval novych budicich kolegov, aby
sme spolu TVORILI BUDUCNOST.

Zdar Boh.

ING/MARTIN BAKOS, PHD.

kongtel a generalny riaditel
AMBERG Engineering Slovakia, s.r.o.

DEAR READERS, DEAR COLLEAGUES,

AMBERG Engineering Slovakia, s.r.o. has been operating on the
Slovak market for 20 years. It is also owing to the ever-increasing
demand for the services we provide and for experts in the field of
not only underground construction, the company has been growing
steadily since its inception and today has more than 60 employees.
It is formed by experienced and professionally educated employees
who can satisfy even the most demanding customer and solve most
of the problems associated with designing and supervising not only
tunnels.

Even though our sister companies from the AMBERG group
specialise almost exclusively in the design and supervision
of tunnels and other underground constructions, the focus of
AMBERG Engineering in Slovakia is significantly wider. It covers the entire
spectrum of both civil engineering and building engineering projects. In
2004, we began to successfully write our history in the field of geotechnical
and construction supervision. It was on the Sitina tunnel construction in
Bratislava. Gradually, we became the leader on the Slovak market in the field
of supervising of traffic and water management constructions. Among the most
important transport infrastructure projects I would include the D1 motorway
sections Mengusovce — Janovce with the Borik tunnel, Janovce — Jablonov
with the Sibenik tunnel, Jablonov — Studenec, the Hri¢ovské Podhradie — Zilina
(Strazov) section of the D3 motorway, or the modernisation of the railway line
sections Piestany — Nové Mesto nad Vahom and Trencianska Tepla — Belusa.
Our subsidiary AE DOZORING, s.r.0. is the leader of the consortium established
for the construction supervision of the Presov, west — south section of the D1
motorway with the PreSov tunnel, which was put into operation at the end of
2021. T will also give three examples from the field of supervision of water
management structures: the construction of the WTP and the development of
sewerage system in the Trnava region, drinking water supply and development
of sewerage system in Horna Kysuca or Central Kysuca regions.

Expertise, quality, use of modern technologies, work dynamics. The credo of
AMBERG Engineering Slovakia, s.r.o. could not be characterised better. The
fact that the company is developing dynamically is also evidenced by the fact
that in 2009 we decided to fully enter the design market, which we successfully
managed. Therefore, it was necessary to create a new organisational structure
in 2010. The company consists of two divisions, namely the Division of Design
and Engineering and the Division of Construction Supervision, while the
design is also covered by centres in KoSice, Banska Bystrica, Zilina and PreSov.

Of the important projects, I would like to mention the preparation of detailed
designs for the contractor in accordance with the FIDIC contract terms, the
Yellow Book, for the Cadca, Bukov — Svréinovec sections of the D3 motorway,
respectively the project of increasing the number of the traffic lanes of the
D1 motorway section width near Bratislava to eight. The current challenge is
the work on the detailed design and engineering for the new contractor of the
botched Visiiové tunnel, a tunnel that is the longest in Slovakia not only in terms
of its length of about 7.5km, but also its construction time. In 2015, we handed
over the design for the 15.5km long Kresna tunnel, the longest motorway tunnel
in Bulgaria. We have taken on a meritorious and pioneering role by deciding in
the past to draw up the missing technical regulations necessary for the smooth
design, construction and operation of tunnels in Slovakia.

In the other years, we have decided to penetrate the awareness of the
professional as well as general public, especially with projects in the field of
building engineering. Our efforts culminated in the summer of 2022 by winning
a contract for the comprehensive preparation of the new University Hospital
Bratislava in the locality of Razsochy. The contract comprises an elaboration
of an urban-architectural study, the final design and tender design, including
engineering activities and consultancy in the preparation of the implementation
of construction projects. Subsequently, we are to provide support for the
client for the construction, commissioning of the hospital, as well as for the
implementation of the employees transfer plan.

What I am especially proud of, at the turn of 2022/2023, our company, its
executive head and selected employees received a clearance of the National
Security Authority, which makes us ready for new challenges in
the field of the defence infrastructure prepared and implemented
in secret mode.

What to add in conclusion? Like any company, we also
feel a lack of qualified people passionate for designing and
supervising building constructions. Perhaps this is due to
the fact that working in the design office or directly on the
construction site in the position of a supervisor is not easy. On
the contrary, it is very responsible and requires a whole person.
I am glad that such people work at AMBERG Engineering
Slovakia, s.r.o. I would like to thank them for
everything we have achieved together over
the past 20 years, and at the same time invite
new future colleagues to join our ranks so that
together we can CREATE THE FUTURE.

God speed you.

Executive Head and Chief Executive Officer
AMBERG Engineering Slovakia, s.r.o.
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ZKUSENOSTI Z RAZEB TECHNOLOGII SAMOSTATNE SVORNIKOVE
VYZTUZE NA DOLE CSM V OSTRAVSKO-KARVINSKEM REVIRU
EXPERIENCE FROM USING TECHNOLOGY OF STAND-ALONE
ROOFBOLTING TECHNOLOGY AT MINE CSM IN THE OSTRAVA-
KARVINA DISTRICT

PETR CADA, JIRi KORBEL

ABSTRAKT

UdrZitelny rozvoj hornické cinnosti je v poslednich letech silné ovliviiovdn ekonomicko-ekologickymi a politickymi faktory. Nové smysl
a perspektivu ddvaji pouze projekty, které jsou Setrné k Zivotnimu prostiedi a sniZuji pouZiti vysoce energeticky ndrocnych materidli, jako
Jjsou ocelové podpérné vyztuZe chodeb. Jednou 7 cest, jak sniZit energetické ndklady v hlubinném hornictvi, by byl prechod na raZby s vy-
uZitim samostatné nebo kombinované svornikové vyztuZe diilnich chodeb. Na zkuSenostech z historie Dolu CSM v Ostravsko-karvinském
reviru jsou v ¢ldnku predstaveny nékteré poznatky z takového reSeni.

ABSTRACT

The sustainable development of mining activities has been strongly influenced by economic-environmental and political factors in recent
years. Only projects that are environmentally friendly and reduce the use of highly energy-intensive materials, such as steel corridor
support reinforcements, give new meaning and perspective. One way to reduce energy costs in deep mining would be to switch to mining
using a stand-alone or combined roof bolt system. The article presents some findings from such solutions based on experience from the

history of the CSM mine in the Ostrava-Karvind district.

REALIZACE SAMOSTATNE SVORNIKOVE VYZTUZE
PRI DOBYVANI KOKSOVATELNEHO UHLI
CHODBICOVANIM - PRVNI ETAPA

V historii hornické ¢innosti na Dole CSM v Ostravsko-karvin-
ském reviru byla pouZita samostatnd svornikova vyztuZ (dale jen
SSV) nékolikrét. Celkem lze hovofit o tfech etapich. Prvni etapa
nastala neprodleng po privatizaci Dolu CSM. Politické, strukturalni
a vlastnické zmény umoZznily nasazeni prvniho razictho kombaj-
nu Continuous Miner typu ABM 20 jiz v roce 1995. Cilem bylo
vytéZeni vazanych a klasickym st€énovanim nevytéZitelnych zasob.
Technologie byla na zdkladé odbornych posudkii povazovana za
metodu dobyvani bez zdvazného ovlivnéni jdmového ohradniku.
Pocatky pouZiti SSV byly ovlivnéné predevsim nedostatkem zku-
Senosti pracovniki a aplikaci ne zcela vhodnych materidlt ve sloZi-
tych dilné-geologickych podminkach 30. sloje. Profil razZené chod-
by byl 4900 x 2900 mm (8. x v.). Zajistovani stropnich vrstev bylo
pomoci 6 ks lepenych svorniki z Zebirkové oceli priméru 22 mm,
délky 2500 mm a boku dila 3 ks svorniki délky 1500 mm.

V obdobi 1/1995 az 6/1997 bylo v ramci zkuSebniho provozu
nové, dosud neschvilené, dobyvaci metody chodbicovani vyra-
Zeno celkem 3139 m chodeb v SSV. Celkovy objem vytéZeného
uhli byl 62 280 tun. Nejlepsiho mési¢niho vykonu bylo dosaZeno
v srpnu 1995, kdy v dobrych geologickych podminkdch s mini-
mdlni pfibirkou kamene bylo vyraZeno celkem 316 m s primér-
nym dennim postupem 14,36 m. Nejlepsi dosazeny denni vykon
byl 21 m. ZkuSebni provoz byl ukoncen zejména z divodu eko-
nomickych, kdy zména geologickych podminek zptisobila snizeni
mocnosti sloje pod 3 m, coz si vzhledem k vySce raziciho stroje
vyZadovalo pfibirku siln€ abrazivnich nadloZnich hornin. Svou
roli také sehrala nevhodna orientace ¢asti razenych chodeb vzhle-

dem k hlavnimu sméru horizontdlniho napéti, coz se prokazalo
naslednym métfenim. Od zamysleného chodbicovani bylo nakonec

IMPLEMENTATION OF THE STAND-ALONE ROOFBOLTING
TECHNOLOGY AT MINING OF COKING COAL BY ENTRY
WORKING - FIRST STAGE

In the history of mining activity at CSM Mine in the Ostrava-
Karvina district, a stand-alone roofbolting reinforcement (hereinafter
SRR) was used several times. In total, we can speak of three stages.
The first stage occurred immediately after the privatization of
CSM Mine. Political, structural and ownership changes enabled
the deployment of the first stamping combine Continuous Miner
ABM 20 as early as in 1995. The aim was to extract bound and by
classic walling un-excavatable reserves. Based on expert opinions,
the technology was considered as a method of mining not seriously
affecting the shaft pillar. The beginnings of the use of SRR were
mainly influenced by the lack of experience of workers and the
application of not quite suitable materials in the complex mining-
geological conditions of the 30™ seam. The profile of the stamped
corridor was 4900 x 2900mm (w. x h.). Securing the ceiling layers
was done using 6 bonded bolts from ribbed steel diameter 22mm,
length 2500mm and sides of the work 3 bolts of length 1500mm.

In the period 1/1995 to 6/1997, a total of 3 139m of galleries
using SRR were excavated as part of a trial operation of a new,
as yet unapproved, mining method. The total volume of coal
excavated was 62 280 tonnes. The best monthly performance was
achieved in August 1995, when a total of 316m was excavated in
good geological conditions with a minimum of stone ripping with
an average daily progress of 14.36m. The best daily performance
achieved was 21m. The trial operation was terminated mainly
due to economic reasons, when a change in geological conditions
caused a reduction in the depth of the seam below 3m, which, due
to the height of the excavator, required the ripping of strongly
abrasive upper rocks. An inappropriate orientation of part of the
excavated galleries due to the main direction of horizontal tension
also played a role, which was proved by subsequent measurements.
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v poloviné roku 1997 upusténo. Cely technologicky celek byl
prodan do zahranici. Pfesto lze fici, Ze prvni komplex splnil svou
historickou tlohu, kdy prokazal provozuschopnost a bezpecnost
pouzité technologie.

DRUHA ETAPA - ALTERNATIVNI PROJEKTY Z LET 2005
AZ 2009

Druha etapa zapocala spolecné se zménou vlastnika spole¢nosti
OKD, a.s. Vznikl poZadavek na modernizaci a zefektivnéni hornic-
ké Cinnosti podle vzorl vyspélych svétovych téZebnich spole¢nos-
ti. Byla najata renomovand konzultacni a poradenské firma RMT
z Velké Britanie. Podle britskych standardd doslo ke zpracovani
projektii, novému systému $koleni pracovnikii a vyssiho dozoru,
kontrole kvality provadénych praci a monitoringu dlouhych dal-
nich dél. Novym cilem bylo vyraZeni t€Znich chodeb sténovych po-
rubti v SSV. Razby byly vedeny technologii razicich kombajni AM
50 nebo AM 75 v profilu Sitky 5700 mm a vysky 3500 mm. Svor-
nikovani bylo provadéno pomoci ru¢nich svornikovacich souprav
Gopher, pozdéji modernizovanymi soupravami Super Turbo Bolter
a Turmag F IV-HT. V obdobi 1/2006 az 11/2009 bylo v samostat-
né svornikové vyztuZi vyrazeno celkem 2783 m tvodnich chodeb
sténovych porubi (tab. 1). Zasadni zména byla v poctu, situovani
a poradi instalace vyztuznych svornikl. Pocet se zvysil na 7 ks
stropnich svornikd. Prvné byl instalovan centralni svornik a dile se
pokracovalo smérem k boktim dila za pomoci dvou ru¢nich vrtnych
a svornikovacich souprav.

Tab. 1 Metrdz dulnich dél v samostatné svornikové vyztuzi v obdobi 1/2006 az
11/2009

Gislo | moemost | dvon Gelken Obdobi
porubu sloje chodby [m]
[cm] [m]
294 205 226 1094 533 01/2006-05/2006
294 207 191 481 364 10/2007-12/2007
300 209 172 952 636 09/2007-01/2008
331203 263 1016 629 04/2008-08/2008
320 209 206 981 621 06/2009-11/2009
ey

S postupem hornické Cinnosti do vétsi hloubky nebylo podle
metodiky schvilené Obvodnim batiskym tfadem (OBU) v Ostravé
jiZ mozné SSV realizovat v oblastech s nebezpec¢im dilnich otfest
(DO). Tim se vybér moZnych oblasti realizace SSV zacal postupné
zuzovat. Bez zmény platné legislativy provedené na zakladé védec-
kého a technického rozvoje a nové schvaleného zkusebniho provo-
zu vedeni dilnich dél v SSV v oblasti s nebezpe¢im DO nemize
dojit k rozsiteni jejiho vyuziti. Pouze zménou pfistupu na zakladé
pochopeni a prijeti vyhod aktivniho systému vyztuzovani dilnich
dél, které SSV predstavuje, 1ze prekonat prevladajici konzervativni
nazory zastancu pasivni poddajné vyztuZe.

Hlavnim piinosem efektivity druhé etapy SSV bylo zvySeni
dosahovanych té€Zeb v porubech a navySeni bezpecnosti prace na

vy v

uvodnich (t€Zebnich) chodbach, ¢ehoz bylo tspésné dosazeno [1].

TRETI VYVOJOVA ETAPA - INOVACE TECHNOLOGIE
BOLTER MINER

Cile té€Zebni spole¢nosti OKD, Dolu CSM z roku 1995 — vytéze-
ni vazanych zdsob, které by mohly prodlouZit Zivotnost dolu, ne-
byly v pribéhu pocatecnich etap plné realizovany. Proto se hledala
cesta, jak toho dosdhnout. S inovovanym feSenim kontinualniho

The intended excavation was finally abandoned in mid-1997. The
whole technological unit was sold abroad. Nevertheless, it can be
said that the first complex fulfilled its historical role of proving the
operability and safety of the technology used.

SECOND STAGE - ALTERNATIVE DESIGNS FROM 2005 TO
2009

The second stage began together with a change of ownership of
OKD, a.s. A requirement appeared to modernise and streamline
mining activities according to the models of developer global
mining companies. A renowned consultancy and advisory company
RMT from Great Britain was hired. According to British standards,
projects were prepared, a new system of training of workers and
higher supervision were implemented, quality control of the work
carried out and monitoring of long mining works were applied.
The new objective was the excavation entry driving of the mining
galleries of the wall roadways in the SRR. The excavations were
led by the technology of excavating combine machines AM 50 or
AM 75 in a profile of 5700mm width and 3500mm height. The
roofbolting was carried out using hand-held bolters Gopher, later
by modernized Super Turbo Bolter and Turmag F IV-HT. In the
period 1/2006 to 11/2009 a total of 2783m of opening galleries of
roadways were driven in a stand-alone roofbolting reinforcement
(Table 1). A fundamental change was in the quantity, positioning
and order of the installation of the reinforcing bolts. The quantity
was increased to 7 pcs of roof bolts. The central bolt was first
installed and continued towards the sides of the work using two
hand-held drilling and bolting machines.

Table 1 Length of mine works in stand-alone roofbolting reinforcement in
period 1/2006 to 11/2009

Average :
. Corridor Total
Corridor co_al seam length in SRR Period

No. thickness [m] [m]

[cm]

294 205 226 1094 533 01/2006-05/2006
294 207 191 481 364 10/2007-12/2007
300 209 172 952 636 09/2007-01/2008
331203 263 1016 629 04/2008-08/2008
320209 206 981 621 06/2009-11/2009

Total
in SRR 20

As mining activities progressed to a greater depth, it was no
longer possible to implement SRR in areas with a risk of mining
shocks (MS), according to the methodology approved by the
Regional Mining Authority (OBU) in Ostrava. The selection of
possible areas of implementation of the SRR began to be gradually
narrowed. Without a change of the valid legislation based on
scientific and technical development and the newly approved trial
operation of the mining works management in the SRR in the area
with a risk of MS, its use cannot be extended. Only by changing the
approach based on understanding and accepting the benefits of the
active system of mine reinforcement, which the SRR represents,
can the prevailing conservative opinions of the advocates of passive
yielding reinforcement be overcome.

The main benefit of the efficiency of the second phase of the SRR
was an increase in the achieved coal extraction from coalfaces and

an increase in the safety of work on the opening (mining) corridors,
which was successfully achieved [1].
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Obr. 1 Pohled na celbu pres Fezny orgdn kombajnu Bolter Miner
Fig. 1 View of the face from the cutter head of Bolter Miner

dobyvani ,,Room & Pillar” (déle jen RP) pfisla v roce 2012 firma
JOY. Na zéakladé znaleckych posudki a spoluprace s védecko-vy-
zkumnou sférou (UGN AV CR, VSB-TUO) byl v roce 2014 za-
héjen ovérovaci provoz metody chodba — pilif v oblasti jamového
ohradniku Dolu CSM-Sever. V pfipadé tispéiného ovéfovaciho
provozu méla byt technologie Bolter Miner (dile jen BM, obr. 1)
rozsifena do dalSich oblasti s vizanymi zdsobami koksovatelného
uhli.

V pribéhu zkusebniho provozu nové dobyvaci metody, tj. v ob-
dobi 5/2014 az 10/2017, bylo vyrazeno celkem 6558 m dulnich
dél a vytéZeno 161 611 tun koksovatelného uhli. Provoz pro-
béhl bez mimotadnych udilosti, bez urazii a bez technickych
havérii [2].

ALTERNATIVNI VYUZITIi TECHNOLOGIE BOLTER MINER
PO UKONCENI ZKUSEBNIHO PROVOZU

Vzhledem k aktualizaci planu hornické ¢innosti OKD, a.s., bylo
v roce 2017 rozhodnuto vedenim spolecnosti ukoncit zkuSebni
provoz a vyuZit technologii BM pro razbu t€Zni tfidy a prorazky
sténového porubu ¢. 300 201/1 priléhajiciho k okraji ochranného
pilife jam. PrestoZe historicka zkuSenost poukazovala na mozna
rizika spojend s nutnosti provadéni pribirky vysoce abrazivnich
privodnich hornin, ocekavalo se, Ze modernéjsi a vykonnéj$i BM
tuto situaci zvladne. Triletd zkuSenost z provozu RP s prochdzenim
tektonickych zén a oblasti se sniZenou mocnosti sloje s nutnosti
pribirky privodnich hornin slibovala uspé$né vyraZzeni projekto-
vané chodby.

Néjezd razby chodby 300 241/4, navazujici na chodbu I 3001, byl
1. 11.2017. Za prvnich 17 dni bylo vyrazeno 107 m, s primérnym
dennim postupem 6,29 m. V podstaté soucasné se zahdjenim razby
se zacaly zdsadné ménit geologické podminky na celbé. Doslo po-
stupné ke sniZeni mocnosti sloje z cca 240 cm aZ na cca 185 cm,
ale zejména ke zméné geomechanickych vlastnosti podloZi sloje.
Rozborem vzorku horniny odebraného z podlozi sloje ve st. 80 m
byla zjisténa vtlacna pevnost 923 MPa a koeficient abrazivnosti
4,12 mg/m. Zvysily se naklady na spotfebu kombajnovych nozi,
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THIRD STAGE - INNOVATION
OF BOLTER MINER
TECHNOLOGY

The objectives of the mining
company OKD, Mine CSM from
1995 — the extraction of bound
reserves, which could extend the life
of the mine, were not fully realized
during the initial stages. Therefore,
a way was sought to achieve this. In
2012, JOY company came up with
an innovative solution of continuous
mining “Room & Pillar” (hereinafter
referred to as RP). Based on expert
opinions and cooperation with the
scientific-research sphere (UGN AV
CZ, VSB-TUO), the verification
operation of the room — pillar method
in the area of shaft pillar CSM-North
mine was launched in 2014. In case of
successful verification operation, the
Bolter Miner technology (hereinafter
referred to as BM, Fig. 1) was to be
extended to other areas with bound

reserves of coking coal.

During the trial operation of the new mining method, i.e. between
5/2014 and 10/2017, a total of 6558m of mining works were
excavated and 161 611 tonnes of coking coal were extracted. The
operation was without incidents, without accidents and without
technical accidents [2].

ALTERNATIVE USAGE OF BOLTER MINER TECHNOLOGY
AFTER COMPLETION OF TEST OPERATION

Due to the update of the mining activity plan of OKD, a.s., it was
decided in 2017 by the management of the company to terminate the
test operation and to use the BM technology for excavation of the
loader gate and snicket gate of the longwall no. 300 201/1 adjacent
to the edge of the protective pillar of the pits. Although the historical
experience pointed out the potential risks associated with the necessity
of carrying out the ripping addition of highly abrasive accompanying
rocks, it was expected that a more modern and powerful BM would
manage this situation. The three-year experience of the operation
of the RP with crossing of tectonic zones and areas with reduced
seam power with the necessity of ripping the accompanying rocks
promised a successful excavation of the projected corridor.

Start of corridor excavation 300 241/4, adjacent to corridor I 3001,
was 1. 11. 2017. In the first 17 days, 107m was excavated, with an
average daily procedure of 6.29m. Basically at the same time as
the excavation began, the geological conditions at the face began
to change fundamentally. Slope thickness was gradually reduced
from about 240cm to about 185cm, but mainly the geomechanical
properties of the bedrock of the seam were changed. Analysis of the
sample taken from the bedrock of the seam in st. 80m revealed the
compression strength of 923 MPa and the abrasiveness coefficient of
4.12mg/m. Consumption costs of combine cutting tools, total time of
coal extraction increased and in particular downtime increased due
to malfunction caused by vibration of the BM machine.

The corridor excavation 300 241/4 was completed by reaching the
initial breaking point. For the period 1. 11. 2017 to 9. 2. 2018 a total
of 313m was excavated. Based on the unfavourable results of the
excavation and especially due to the condition of the combine after
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celkovy Cas vyuhleni a zejména na-
rostly prostoje z diivodu poruchovos-
ti vyvolané vibracemi stroje BM.

Razba chodby 300 241/4 byla
ukoncena dosazenim mista vychozi
prorazky porubu. Za obdobi 1. 11.
2017 az 9. 2. 2018 bylo vyraZeno
celkem 313 m. Na zdkladé nepfiz-
nivych vysledkll razby, a zejména
vzhledem ke stavu kombajnu po vy-
raZeni geologicky kritickych 313 m
v nevhodnych podminkich, bylo
rozhodnuto technologii BM ukoncit
a vyklidit na povrch [3].

ZHODNOCENI VYBRANYCH
PARAMETRU RAZEB

Provozni vykon
Srovnanim razeb BM 12CM30
s ostatnimi kombajny po dobu razby

ot e s Y

v ramci dobyvani metodou chodba
— pilif je patrné, Ze nejvysSi metraz
dosazena jednim kolektivem s razi-
cim kombajnem za rok je plné srov-
natelna (tab. 2). Pro porovnani byly pouZity nejlepsi ro¢ni vykony
v pripravach. Na ro¢nich postupech v technologii BM je znatelnd
progrese vykont, kdy od zahdjeni zkusebniho provozu, tedy v roce
2014, probihalo zaskoleni osadky a provoz pouze ve dvou sménéch,
nasledné byla osadka doplnéna a prace probihaly ve tfech sméndch
za den. Provoz byl v 10/2017 ukoncen. Naopak v ptipravach na razi-
cich kombajnech byl provoz organizovan ve ¢tyfech sménéch.

Tab. 2 Nejvyssi metrdZ dosaZend jednim kolektivem za rok

2014 2015 2016 2017
Razici kombajn 1585 1299 1428 1335
Bolter Miner 763 2017 2 281 1497

Spotieba materialu

Dalsim hlediskem je pouZziti materidlu pro zajisténi dulniho dila.
Razba technologii BM byla vedena v profilu 5,2 x 3,5 m (obr. 2),
tj. svétly profil dila 18,2 m?. Zakladni schéma svornikovani, tedy
svornikovani pfi b&Znych podminkach, sestdvd z 6 ks tyCovych
ocelovych svornika délky 2,4 m lepenych do stropu a 4 ks svorniki
lepenych do kazdého boku o délce 2,4 m na 1 m postupu. V pripadé
zhorSenych podminek na Celbé je svornikovani provadéno podle
schématu ,,zhorSené podminky“. Toto predstavuje pouZiti ocelo-
vych tyCovych svornika délky 2,8 m, a také zvySeni jejich poctu na
7 ks na 1 m postupu, kdy je svornikovani stropu doplnéno o svor-
nik v fadé vedené stfedem stropu dila. Béhem razby v mistech,
kde jsou prechédzeny tektonické poruchy ¢i mista s nesoudrZznym
nadloZim, je svornikovani provadéno podle schématu ,,Spatné pod-
minky*. Mimo pouZiti ocelovych svorniki délky 2,8 m a zvySeni
jejich poctu na jeden metr postupu (pocet ur¢i sménovy predak,
popt. sménovy dozor podle aktudlnich podminek) je strop dila na-
vic zaji§fovan pramencovymi kotvami délky min. 6 m, s hustotou
min. 2 ks na jeden metr postupu (obr. 3).

Pro srovnani se SSV bylo pouZito v OKD, a.s., u profilu LP 16
dilni vyztuze hmotnostniho stupné TH 29 se svétlym profilem
19,5 m% Podle geologickych podminek a s ohledem na poZadav-
ky unosnosti vyztuze dialniho dila je pouzita v hloubkich okolo

Obr. 2 Zajistovdni odbocek svorniky pri dobyvdni metodou chodba-pili¥
Fig. 2 Securing cross-passages by bolting in corridor-pillar method

excavation of the geologically critical 313m in unsuitable conditions,
it was decided to terminate the BM technology and clear it to the
surface [3].

EVALUATION OF CHOSEN EXCAVATION PARAMETERS

Operational output

Comparison of the excavation by BM 12CM30 with other mining
combines during the period of applying corridor — pillar method
shows that the highest metre achieved by one collective per year
is fully comparable (Table 2). The best annual performance in the
preparations was used for the comparison. On the annual progresses
in BM technology there is a noticeable progression of performance,
where from the start of the test operation, i.e. in 2014, the crew
was trained and the operation was carried out in only two shifts,
subsequently the crew was supplemented and the work was carried
out in three shifts per day. The operation was terminated in 10/2017.
On the contrary, in the preparations using roadheaders the operation
was organised in four shifts.

Table 2 Highest length of mine works achieved by one collective (per year)

2014 2015 2016 2017
Roadheader 1585 1299 1428 1335
Bolter Miner 763 2017 2281 1497

Material consumption

Another aspect is the use of the material for securing the mining
work. The BM technology excavation was carried out in a profile
of 5.2 x 3.5m (Fig. 2), i.e. a clear profile of the work of 18.2m?. The
basic scheme of the bolting, i.e. the bolting under normal conditions,
consists of 6 steel bar bolts of 2.4m length bonded into the ceiling
and 4 bolts of 2.4m length to each side per Im of progress. In case
of deteriorating conditions on the face, the bolting is carried out
according to the “deteriorating conditions” scheme. This represents
the use of steel bar bolts of 2.8m length, as well as an increase in
their number to 7 pcs per 1m of progress, where the roofbolting is
supplemented by a bolt in a row guided by axis of the ceiling of the



Obr. 3 Diilni dilo s vyuZitim samostatné svornikové vyztuZe a pramencovych kotev (vyznaéeno cervené) ve stropé
v mistech tektonickych poruch a nesoudrzného nadloZi
Fig. 3 Mine works using stand-alone roofbolting reinforcement and strand anchors (marked red) in areas of tecto-
nic failures and loosened overburden

1000 m pod povrchem rozte¢ budovéni 0,8 m, ve zhorSenych pod-
minkach 0,667 m a ve Spatnych podminkéch 0,5 m.
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works. During the bolting in places
where tectonic disturbances or
places with inconsistent overburden
are crossed, the bolting is carried out
according to the “poor conditions”
scheme. Apart from the use of steel
bolts of length 2.8m and the increase
of their number per one metre of
progress (quantity determined by
the shift foreman or shift supervisor
according to the current conditions),
the roof of the work is additionally
secured by strand anchors of length
min. 6m, with the density min. 2 pcs
per one metre of progress (Fig. 3).
In comparison with the SRR,
the OKD a.s. LP 16 profile of the
mining reinforcement of the TH29
weight grade with a clean profile of
19.5m? was used. Depending on the
geological conditions and with regard
to the requirements of the loading
capacity of the reinforcement of
the mining work, a pitch of 0.8m is
used at depths of about 1000m below
the surface, in degraded conditions
0.667m and in poor conditions 0.5m.

Table 3 Comparison of material costs for securing 1m of works in EUR (2020)

Tab. 3 Srovndni materidlovych ndkladii na zajisténi 1 m dilniho dila v EUR TH pitch 0.8m 0.667m 0.5m

(rok 2020) TH 29 491 602 732
Rozte¢ TH 0,8 m 0,667 m 05m Bolting scheme normal deteriorating poor

TH 29 491 602 732 SRR 296 346 500
Schéma svornikovani bézné zhorsené Spatné
SSV 206 346 500 The average cost of securing one metre of mining work (Table 3)

Podle ceny jednotlivych dilt vyztuze lze urcit primérné nakla-
dy na zajisténi jednoho metru dilniho dila (tab. 3). Z vysledného
souctu je patrné, Ze naklady na zajisténi dilniho dila pomoci TH
vyztuZe jsou podle podminek o vice nez 40 % vyssi, nez pro zajis-
téni pomoci SSV (cena vrtného néradi je zapoctena).

Tab. 4 Srovndni hmotnosti materidlu v kg na zajisténi 1 m diilniho dila

Rozte¢ TH 0,8m 0,667 m 0,5m
TH29 646 793 958
Schéma svornikovani bézné zhorsené Spatné
SSv 204 241 298

Porovnani hmotnosti vyztuzZnych prvka (tab. 4) vede k zavéru,
Ze bez ohledu na charakter geologickych podminek ma SSV na
1 m ddlniho dila trojndsobné nizsi hmotnost. Timto se zvySuje
manipulacni bezpec¢nost a snizuje fyzicka narocnost prace. Rozdil
fyzické zatéZe je hmatatelny pii porovndni dil¢i hmotnosti jednot-
livych stavebnich prvki. Pro srovnani 1 ks svorniku délky 2,8 m
vazi 8,5 kg, jeden dil horniho oblouku TH vyztuZe ma hmotnost
101 kg. Z hlediska bezpecnosti i hygieny prace je tento aspekt
nepiehlédnutelny.

Logistika dolu

Pfi SSV je také mnohem méné zatéZovan systém dopravy dolu,
od nakladky na povrchu, pres popousténi jamou, aZ po dopravu

can be determined by the price of each part of the reinforcement.
The resulting total shows that the cost of securing the mining
work with TH reinforcement is more than 40% higher under the
conditions than for securing with SRR (the price of the drilling
tools is included).

Table 4 Comparison of material weights for securing 1m of works in kg

TH pitch 0.8m 0.667m 0.5m
TH 29 646 793 958
Bolting scheme normal deteriorating poor
SRR 204 241 298

Comparison of the weight of the reinforcement elements
(Table 4) leads to the conclusion that, regardless of the nature of the
geological conditions, the SRR has a three times lower weight per
Im of mine works. This increases handling safety and reduces the
physical demands of the work. The difference of the physical load
is palpable when comparing the partial weight of the individual
construction elements. For comparison, 1 piece of bolt 2.8m long
weighs 8.5kg, one part of the upper arch of TH reinforcement
weighs 101kg. From the point of view of both safety and hygiene
of the work, this aspect is unmissable.

Mine logistics
The SRR also places much less strain on the mine’s transport

system, from loading on the surface, through the discharge of the
pit, to transport to a specific mining site. 64 600kg of material
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na konkrétni dilni pracovisté. Na zajisténi 100 m dualniho dila
v TH vyztuZi s rozte¢i 0,8 m musi byt dopraveno 64 600 kg ma-
teridlu, pro dalni dilo v SSV pfi béznych podminkéch 20 400 kg.
Mimo aspekt zajiSténi bezpecnosti pfi nakladce a dopravé ma-
teridlu je zfejmy i dopad na ekonomické naroky pri vSech eta-
pach dopravy. Cela logistika se trojndsobné zjednoduSuje, a to
jak v prostoru, tak v ¢ase. Vyznamnd Uspora se projevi i z ener-
getického hlediska v uspore elektrické energie a nafty. Zvy-
Suje se propustnost dopravy v hlavnich otvirkovych dulnich
dilech.

ZAVER A SHRNUTI POZNATKU

Na zakladé ti historickych etap aplikace SSV na Dole CSM Ize
obecné fici, Ze technologie razeni a dobyvani BM piinasi tyto vy-
hody:

e omezeni rozvrstveni a rizika tvorby vicevyloma v razbach uzi-

tim aktivni vyztuze;

* snizeni tlaku na pilif/Celbu omezuje vyjizdéni horniny z Cela

a boku;

* sniZeni fyzické namahavosti préce;

 snizeni pribirky kamene a objemu odvalu na haldach;

e urychleni doby operace zabirky raZzeného metru a zajisténi

stropu;

e odstranéni rizikové operace budovani v celbé;

e odstranéni nutnosti pouZiti ,,mechanické vykladky”;

¢ sniZzena sménnost na uvrati v porubu;

 snizeni miry rizika tvorby vicevylom a prostojt pfi budovani;

e odstranéni potieby likvidace dilni chodby za porubem;

e zvySeni smérného postupu/téZby z porubu (odrubana plocha);

 snizeni zdvazné tirazovosti na tvrati porubu;

e Uspora na logistice vertikalni i horizontalni dopravy;

e zéasadni sniZeni uhlikové stopy ve spotrebé oceli.

Bez ohledu na termin dokopani Dolu CSM v roce 2025 uhli zd-
stane i v 21. stoleti nejvyznamnéjS$im zdrojem uhliku na nasi pla-
neté s nejdelsi Zivotnosti technicky té€Zitelnych zdsob. Pomér zasob
a rocni spotieby na svétovych trzich je podle aktudlnich statistik
na dalSich 130 let. TéZba cerného uhli by méla zménit sviij cha-
rakter z uZiti energeticko-teplarenského ve prospéch chemického
a hutnicko-ocelarenského. Vhodnou volbou razici a dobyvaci me-
tody jsou ovlivnény ekonomicko-bezpecnostni parametry hornické
¢innosti. Smyslem optimalizace razici metody ma byt predevsim
uspora oceli potfebné k vyztuzovani dilnich dél pti zachovani je-
jich provoznich funkci a zaruceni plné bezpecnosti po celou dobu
jejich Zivotnosti.
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must be transported to secure 100m of the mining work in the TH
reinforcement with a pitch of 0.8m, and 20 400kg for the mining
work in the SRR under normal conditions. Apart from the aspect of
ensuring safety in loading and transport of the material, the impact
on economic demands at all stages of transport is also evident.
The whole logistics is triple simplified, both in space and time.
Significant energy savings will also be reflected in the saving of
electricity and diesel. Transport throughput in the main openings
of the mine is increasing.

CONCLUSIONS AND SUMMARY OF FINDINGS

Based on the three historical stages of SRR application in CSM
mine, it can be generally said that the technology of excavation and
mining BM brings the following benefits:

* reducing stratification and the risk of multiple break formation

in excavations by the use of active reinforcement;

* reducing the pressure on the pillar/face reduces the

displacement of the rock from the face and sides;

* easier maintenance and repair of the corridor;

* reducing the physical strain of the works;

* reducing the weight of the stone and the volume of the waste

on the heaps;

* accelerating the operation time of the excavated meter and

securing the roof;

* removing the risky operation of building in the face;

» removing the need for the use of "mechanical unloading";

¢ reduced number of shifts on the entrance in the coal face;

¢ reducing the risk of multibreak formation and downtime in the

construction;

* removing the need for the disposal of the mine corridor behind

the coal face;

* increasing the life of face/coal production from the coal faces

(deburred area);

* reducing the serious injury rate on coal faces;

* saving on the logistics of both vertical and horizontal transport;

* major reduction of the carbon footprint in steel consumption.

Regardless of the date of ceasing extraction of the CSM Mine
in 2025, coal will remain the most important source of carbon on
our planet in the 21 century with the longest life of technically
extractable reserves. The ratio of reserves and annual consumption
on world markets is according to current statistics for the next 130
years. Mining of hard coal should change its character from the use
of energy-heating in favour of chemical and metallurgical-steel.
With a suitable choice of the excavation and mining method we
will influence the economic-safety parameters of mining activity.
The purpose of optimization of the excavation method is primarily
to save the steel needed for the reinforcement of mining works
while maintaining their operational functionality and guaranteeing
full safety throughout their lifetime.
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REALIZACE PODPERNE KONSTRUKCE OSTENI V OBTIZNYCH
PODMINKACH HISTORICKEHO ZELEZNICNIHO TUNELU
QUEENSBURY VE VELKE BRITANII
IMPLEMENTATION OF SUPPORTING STRUCTURE IN DIFFICULT
CONDITIONS OF THE HISTORICAL QUEENSBURY RAIL TUNNEL
IN GREAT BRITAIN

ADAM JANICEK, MARTIN THOMPSON

ABSTRAKT

Rekonstrukce tunelovych staveb patii mezi béZné cinnosti stavebni praxe. V mnoha pripadech se jednd o léty provérené postupy spociva-
Jjici v provddéni dodatecnych hydroizolact, zastavovdni lokdlnich nebo ploSnych priisakii vody, ¢i zajisténi stability osténi. KaZdy rekonstru-
ovany tunel vyZaduje pri reSeni téchto problémii individudlni pristup. Ten je Casto uplatiiovdn s vyuZitim neobvyklych postupii vychdzejicich
z technologii pouZivanych v jinych oblastech stavebni nebo dilni ¢innosti. Jednim z takovych pripadii je predstavovany projekt zajisténi
stability osténi v misté vyiisténi vétraci Sachty v tunelu Queensbury ve Velké Britdnii.

ABSTRACT

Reconstruction of tunnel structures is a common practice in construction. In many cases, these are years-old practices of carrying out
additional waterproofing, stopping local or areal water leaks or ensuring the stability of the lining. Each reconstructed tunnel requires
an individual approach in dealing with these problems. This is often applied by using unusual procedures based on technologies used in
other areas of construction or mining. One such case is the project presented to ensure the stability of the lining at the vent mouth of the
Queensbury Tunnel in the UK.

uvoD INTRODUCTION

Zelezni¢ni tunel Queensbury v zdpadnim Yorkshiru v Anglii, dnes The Queensbury railway tunnel in West Yorkshire, England, no
jiZ nepouZzivany, byl vystavény spolecnosti Great Northern Rail- | longer in use today, was built by the Great Northern Railway (GNR)
way (GNR) v letech 1874 az 1878. Ve své dobé byl se svoji délkou | between 1874 and 1878. At the time, at 2.287m in length, it was the
2287 m nejdelSim, ktery spolecnost realizovala. Klasicky razeny longest ever built by the company. The classic brick-walled tunnel
tunel s cihelnou obezdivkou mé svétlou vysku 6,4 m a Sitku 7,9 m | has a clear height of 6.4m and a width of 7.9m (Fig. 1). The average

(obr. 1). Primérna vyska nadlozi ¢ini 135 m. Vzhledem ke své znac- height of the overburden is 135m. Due to its considerable length,
né délce je tunel opatien sedmi vertikalnimi vétracimi Sachtami. Ofi- the tunnel is fitted with 7 vertical ventilation shafts. Officially, the
cidln€ byl Zelezni¢ni provoz v tunelu ukoncen v roce 1956, o sedm | railway operation in the tunnel was terminated in 1956, seven years
let pozdéji doslo ke sneseni Zelezni¢niho svrsku. later the railway superstructure was dismantled.

Kvili minimélni ddrzbé tunelu po jeho vyfazeni z dopravni cesty, Due to the minimal maintenance of the tunnel after its removal
a rovnéz kvili soubéhu vice negativnich vlivi, kterymi jsou napii- from the service, as well as the concurrence of more negative effects
klad vysoka hladina podzemni vody a Casté castecné zatopeni sekci such as high groundwater levels and frequent partial flooding of
tunelu, se stav zdéného osténi a jeho stabilita postupné zhorSovaly. sections of the tunnel, the condition of the masonry lining and its

V poslednich dekadach zde bylo zaznamenéano nékolik lokélnich | stability gradually deteriorated. In recent decades, there have been
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Obr. 1 Pricny a podélny rez tunelem Queensbury
Fig. 1 Cross and longitudinal section of Queensbury tunnel
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kolapst osténi, které vyZadovaly odbornou sanaci. Ta spocivala
v opravé cihelné obezdivky, instalaci horninovych svornikii, nebo
vystavbé podpérnych rami. V poslednich deseti letech doslo v né-
kolika dsecich tunelu k dal$sim vyznamnéjSim kolapsiim a tunel se
stal nepriichodnym (obr. 2). Tyto havarie vedly majitele objektu k ra-
zantnéj$im a komplexn&js§im opravam, které byly zahdjeny v obdobi
let 2018-2019.

Pres veskeré komplikace spojené se stavem tohoto objektu existuje
dlouhodoby zijem riiznych organizaci na op€tovné zprovoznéni tu-
nelu. Nové by se v ramci turisticky atraktivni oblasti mél stat soucés-
ti cyklostezky spojujici Bradford a Halifax. At uz bude budouci ucel
tohoto historického tunelu jakykoliv, je primarné nezbytné zajistit
minimélné doCasnou stabilitu a bezpecnost tohoto podzemniho dila.

Tunel je aktudlné v majetku ministerstva dopravy Spojeného kra-
lovstvi Velké Britanie a Severniho Irska a je spravovan organizaci
Highways England ‘s Historical Railways Estate (HRE). V zaii 2019
byl Queensbury tunel zafazen do seznamu 10 nejohroZenéjsich sta-
veb v Anglii a Walesu.

STABILIZACNI OPATRENI

Nejvice kriticka mista s ohledem na jeho stabilitu jsou v blizkosti
napojeni vertikdlnich vétracich Sachet na osténi v klenbé a v sek-
cich, kde je tunel dlouhodobé zatopen. K zatopeni tunelu v urcitych
usecich dochézi po sezénnich destich a je nasledkem neodbornych
zasaht do krajiny (vyplnéni drendznich zarezi a podobné). Celkova
délka dlouhodobé zatopeného tseku dosahuje témér tretiny délky tu-
nelu, sezonnimu zatopeni podléhé az jeho polovina (obr. 1).

Sanacni prace zapocala spole¢nost AmcoGiffen v roce 2018 u se-
verniho portélu, pricemz v té dobé byl kvili zaplaveni vodou jizni
portél tunelu zcela nepiistupny. V detekovanych oblastech s kriticky
ohrozenou stabilitou osténi byly pouZity podpérné vyztuze tune-
Iu systému RamArch a v mistech napojeni vertikalnich Sachet pak
byla nutnd kombinace podpérného systému RamArch a stitkaného
betonu. Cihelné osténi bylo ve stavu, kdy jeho sanace nebo pokus
o vyménu za nové predstavovaly nepfimérené riziko.

RamAurch je systém podpory osténi tunelu (obr. 3) vyvinuty brit-
skou spole¢nosti Innovative Support Systems pro spravce Zelezni¢ni
cesty Network Rail. Sklada se z panelti z pfedem vytvarované a galva-
nizaci chranéné ocelové sité, které jsou seSroubovany tak, aby vytvo-
fily rdm ve tvaru oblouku. Tento rdm je pak pomoci kotev instalovan
apropojen se stavajicim osténim tunelu. Béhem
instalace je nejprve ram volné vestavén do pro-
filu tunelu a mechanicky rozepnut tak, aby byl
docilen co nejlepsi kontakt mezi rdmem, resp.
panely a osténim, a teprve nasledné je ukotven.
RamArch miZe slouZit jako doCasna podpérna
vyztuz, nebo v kombinaci se stfikanym beto-
nem jako podpérnd vyztuz trvala.

Popsané teSeni — kombinaci vestavénych
podpérnych rdmi RamArch a stifkaného be-
tonu — nebylo mozné pouzit v misté zatsténi
Sachty ¢&. 3. Sachta se totiZ nachazi v dseku
tunelu, ktery je dlouhodobé zaplaven. Vyska
hladiny vody se podle aktudlnich povétrnost-
nich podminek pohybovala mezi 3 a 4 m nad
pocvou tunelu. Navzdory této prekazce bylo
nezbytné osténi docasné podeprit ve velké
ploSe a zabranit hrozicimu kolapsu. Toho bylo
dosazeno diky vyuZiti specidlnich gabiono-
vych kosu vypliiovanych pomoci technologie
Minova — Long Distance Injection Technology
(dale jen LDIT).

several local collapses of the lining, which required professional
remediation. This consisted of repairing the brick lining, installing
rock bolts or constructing supporting frames. In last ten years,
several more significant collapses have occurred in several sections
of the tunnel and the tunnel has become impassable (Fig. 2). These
collapses have led the owner of the construction to more vigorous
and comprehensive repairs, which started in the period 2018-2019.

Despite all the complications involved in the condition of
this construction, there is a long-standing interest from various
organisations in getting the tunnel back in service. It is now to
become part of a cycle path linking Bradford and Halifax within the
tourist attractive area. Whatever the future purpose of this historic
tunnel, it is primarily necessary to ensure at least temporary stability
and safety of this underground work.

The tunnel is currently owned by the Department of Transport of
the United Kingdom of Great Britain and Northern Ireland and is
managed by Highways England’s Historical Railways Estate (HRE).
In September 2019, the Queensbury tunnel was included in the list of
10 most endangered structures in England and Wales.

STABILIZATION MEASURES

The most critical points regarding its stability are in the vicinity
of the connection of vertical ventilation shafts to the lining in the
vault and in sections where the tunnel is flooded for a long time. The
flooding of the tunnel in certain sections occurs after seasonal rains
and is the result of unprofessional interventions in the landscape
(filling of drainage ditches and the like). The total length of the long-
term flooded section is almost a third of the length of the tunnel, up
to half of it is subject to seasonal flooding (Fig. 1).

Remediation work started by AmcoGiffen in 2018 at the northern
portal, at which time the southern portal of the tunnel was completely
inaccessible due to water flooding. In detected areas with critically
compromised lining stability, the RamArch system’s tunnel support
reinforcement was used and in the vertical shaft connections a
combination of the RamArch support system and sprayed concrete
was required. The brickwork was in a state where its remediation or
an attempt to replace with new ones posed a disproportionate risk.

RamAurch is a tunnel lining support system (Fig. 3) developed by
the British company Innovative Support Systems for Network Rail.
It consists of panels of pre-formed and galvanised steel mesh, which
are screwed together to form an arch-shaped frame. This frame is

zdroj: ForgottenRelics source: ForgottenRelics

Obr. 2 Kolaps tunelového osteni v misté vétraci Sachty
Fig. 2 Collapse of the tunnel lining in ventilation shaft mouth



LDIT - LONG DISTANCE
INJECTION TECHNOLOGY

Principem zvoleného feSeni bylo
vytvoreni docasné, na misté vytvore-
né podpérné konstrukce ptipominajici
gabionové koSe. Podpérna konstruk-
ce musela byt dostatené twnosna,
schopna svym tvarem co nejpresnéji
vyplnit profil tunelu v potiebné délce
v blizkosti Sachty €. 3 a rozebiratelna
pro moznost naslednych sanacnich
praci. Problematicky tsek se nacha-
zel cca 500 m od nejblizsiho trvale
suchého useku tunelu. Z toho vyply-
val nutny a atypicky pozadavek na
technické feSeni — zplsob dopravy
podpérné konstrukce plavenim a jeji
instalace pod hladinou vody o teploté
8-10°C.

V tzké spolupréci se spolecnosti
AmcoGiffen a spravcem tunelu byl
spole¢nosti Minova zpracovan navrh
feSeni a nasledné provedena i samot-
nd realizace, vyuZivajici technologii
LDIT. Principem prijatého feSeni bylo pouziti klasickych gabio-
novych kost rozméru 0,6 x 1,0 x 1,0 m az 1,0 x 1,0 x 1,0 m, do
kterych byly upevnény pomoci védzacich ok vypliiové vaky typu
ADIPOL s plnicim a odvzdusiovacim ventilem. Kazdy gabionovy
ko$ s vakem byl na pramu po hladiné zatopeného useku dopraven
a uloZen na pfedem stanovené misto. Pro uloZeni koSt s vakem
bylo pouZzito tymu $kolenych potapécti. Kromé usazeni kost pod
hladinou vody v tunelu zajistil potdpécsky tym i napojeni plnici
hadice na ventily, kontrolu plnéni vaki a pfepojovani hadice mezi
jednotlivymi ventily (vaky). Aby bylo navrhované feSeni vibec
proveditelné, byla patefi navrhu technologie LDIT, ktera jako jedi-
na dovolila dopravu a zaCerpavani vyplinové smési v danych pod-
minkach, které rozhodné neslo oznadit za snadné.

LDIT - technologie cerpani dvoukomponentnich injekénich
smési na dlouhé vzdilenosti — je zndmé predevSim z uhelného
arudného hornictvi. V principu se jedna o pouziti velkokapacitniho
Cerpadla strategicky umisténého na dobyvacim patfe, pfipadné na
povrchu dolu (u dolit s nizkym nadloZim). V blizkosti Cerpadla jsou
situovany velkoobjemové zasobniky injekcnich slozek a z cerpadla

zdroj: archiv AmcoGiffen source: AmcoGiffen archive
Obr. 4 Cerpaci centrum LDIT v tunelu Queensbury
Fig. 4 LDIT pumping station in Queensbury tunnel
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zdroj: archiv AmcoGiffen source: AmcoGiffen archive

Obr. 3 Podpiirnd konstrukce RamArch osténi tunelu
Fig. 3 Tunnel lining support structure RamArch

then installed by means of anchors and connected to the existing
tunnel lining. During the installation, the frame is first loosely built
into the tunnel profile and mechanically expanded to achieve the
best possible contact between the frame or panels and the lining,
before being anchored. RamArch can serve as a temporary support
reinforcement or, in combination with sprayed concrete, as a
permanent support reinforcement.

The described solution — a combination of built-in RamArch
support frames and sprayed concrete — could not be used at the
mouth of shaft 3. The shaft is located in a section of the tunnel that
is flooded for a long time. The water level was between 3 and 4m
above the tunnel floor, depending on the current weather conditions.
Despite this obstacle, it was necessary to temporarily support the
lining in a large area and prevent the impending collapse. This was
achieved thanks to the use of special gabion baskets filled with
Minova Long Distance Injection Technology (furthermore as LDIT).

LDIT - LONG DISTANCE INJECTION TECHNOLOGY

The principle of the chosen solution was the creation of a temporary,
locally erected, supporting structure resembling gabion baskets. The
supporting structure had to be sufficiently bearable, able to fill the
tunnel profile as accurately as possible with its shape in the required
length near shaft No. 3 and disassemblable for the possibility of
subsequent remediation works. The problematic section was located
about 500 m from the nearest permanently dry section of the tunnel.
This resulted in a necessary and atypical requirement for a technical
solution — a method of transport of the supporting structure by
floating and its installation under water at a temperature of 8-10°C.

In close cooperation with AmcoGiffen and the tunnel caretaker,
the design of the solution was elaborated by Minova and then the
actual implementation, using LDIT technology, was carried out.
The principle of the adopted solution was the use of classic gabion
baskets of dimensions 0.6 x 1.0 x 1.0m to 1.0 x 1.0 x 1.0m, into
which ADIPOL filling bags with filling and venting valves were
fixed by means of binding straps. Each gabion basket with a bag
was transported on the raft along the flooded section and stored in
a predetermined place. A team of trained divers was used to place
the baskets with the bag. In addition to settling the baskets under
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jsou vedeny rozvody pro injekéni smés do jednotlivych pracov-
nich dsekd (obr. 4). Maximalni délka dopravni cesty muze byt az
3 000 m, béZné se pohybuje mezi 1 000 a 1 500 metry. Injekéni
komponenty A a B jsou dopravovany v samostatnych hadicovych
tazich aZ na misto pouziti a tam jsou teprve aktivovany ve sméso-
vaci pistoli. Dvoukomponentni smés nepotfebuje zvlastni pripravu
a proces vytvrzeni je zahdjen po smichani komponent v objemo-
vém poméru 1:1. Typickou aplikaci LDIT jsou opakujici se nebo
dlouhodobé provadéné kotevni prace, anebo zpeviiujici injektdze
na vice pracovnich tsecich, kdy je nevyhodné transportovat pro
kazdy usek zvlast injek¢ni smés a Cerpadlo. Naopak je snazsi pou-
ze zkracovat nebo prodluzovat ptivodni hadice, pfipadné ménit je-
jich smérové ulozeni podle aktudlni potieby. Hadice komponent
jsou stale naplnény, takzZe je injek¢ni smés ihned k dispozici, a to
v pfesné pozadovaném objemu.

V piipadé tunelu Queensbury byl pracovni usek jen jeden, nic-
méné bylo nutné vytvorit relativné masivni podpérnou konstrukci
s vyuzitim velkého objemu vypliiové hmoty. Predevsim vsak byla
priprava injek¢niho materidlu a pozice plniciho Cerpadla dostupna
ve vyznamné velké vzdélenosti od mista samotné aplikace.

V prfedmétném tseku byl nejprve instalovan 500 m dlouhy osvét-
leny plovouci pontonovy chodnik, ktery umoziioval pracovnikiim
prechdzet od okraje zatopeného useku aZ k mistu sanace (obr. 5).
Ponton chodniku mél maly vytlak a jeho nosnost se omezila pou-
ze pro pohyb osob. Veskeré vybaveni pro prici, zahrnujici napft.
tlakové lahve pro potdpéce, injekéni a montazni prislusenstvi, ale
predevsim zkompletované vyztuzné gabionové kose, bylo na misto
instalace plaveno na pramech. Vedeni dopravnich hadic injek¢ni
smési bylo zav&€§eno na konzolovych drzacich pfikotvenych na
osténi tunelu.

Jednotlivé gabionové koSe byly manualné montovany mimo za-
plaveny usek z pozinkovanych siti s velikosti ok 50 x 50 mm a dra-
tu tloustky 10 mm. Do kazdého ze 78 gabionovych kosu (jiz drive

zdroj: archiv AmcoGiffen source: AmcoGiffen archive
Obr. 5 Pontonovy chodnik v tunelu Queensbury
Fig. 5 Pontoon walkway in Queensbury tunnel

Tuel

the surface of the water in the tunnel, the diving team ensured the
connection of the filling hose to the valves, the control of filling the
bags and the transfer of the hose between the individual valves (bags).
To make the proposed solution even feasible, the LDIT technology
was backbone of the design, being the only one that allowed the
transport and filling mixture to be pumped in given conditions,
which certainly could not be described as easy.

LDIT - the technology of pumping two-component injection
mixtures over long distances — is known mainly from coal and ore
mining. In principle, it involves the use of a large-capacity pump
strategically located on the mining floor or on the surface of the
mine (in the case of mines with a low overburden). Large-volume
reservoirs of injection components are situated near the pump and
distribution lines for the injection mixture are routed from the pump
to the individual work sections (Fig. 4). The maximum length of the
transport journey can be up to 3 000m, normally between 1 000 and
1 500m. Injection components A and B are transported in separate
hose lines to the place of use, where they are only activated in a
mixing gun. The two-component mixture does not need special
preparation and the hardening process is started after mixing the
components in a volume ratio of 1:1. Typical applications of LDIT
are repetitive or long-term anchoring works, or strengthening
injections on multiple work sections, where it is disadvantageous to
transport the injection mixture and pump separately for each section.
Conversely, it is easier just to shorten or lengthen the feeding hoses,
or to change their directional positioning according to the actual
need. The feeding hoses are still filled, so the injection mixture is
immediately available, in the exact required volume.

In the case of the Queensbury Tunnel, there was only one working

section, however, it was necessary to create a relatively massive
supporting structure, using a large volume of filling material. Above
all, however, the preparation of the injection material and the position

zdroj: archiv AmcoGiffen source: AmcoGiffen archive
Obr. 6 Gabionovy kos s instalovanym vakem
Fig. 6 Gabion basket with installed filling bag
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zdroj: archiv AmcoGiffen source: AmcoGiffen archive
Obr. 7 Schéma podpiirné konstrukce
Fig. 7 Support structure scheme

uvedenych rozmért 0,6 x 1,0 x 1,0 ma 1,0 x 1,0 x 1,0 m) byl umis-
tén plnici vak ADIPOL odpovidajiciho rozméru (obr. 6). Vaky mély
pozitivni rozmérovou toleranci (vetsi nez objem samotného kose),
a to za ucelem zcela vyplnit prostor vyztuzného koSe pfi uvazovani
hydrostatického tlaku vody. Vaky byly usité z nepropustné tkaniny
a osazené plnicim a odvzdusSiiovacim ventilem s bezpe¢nostnim
uzéavérem proti Uniku injekéniho média. Po transportu gabionového
kose opatfeného vakem (hmotnost kose s instalovanym vakem cinila
40-70 kg) byl koS spustén z pramu a ponofen postupnym plnénim
vodou na misto urceni. Jeho pozice byla vizudlné kontrolovana po-
tapéem. Tak byly postupné usazeny vSechny kose tvorici zakladnu,
resp. jednotlivé patra podpérné konstrukce. Kose byly navzajem spo-
jeny kovovymi pozinkovanymi svorkami.

DalSim krokem bylo postupné vypliiovani vakil. Potapéc spojil
plnici hadici se zavitovym plnicim ventilem kazdého vaku. LDIT
¢erpadlo bylo ovladano z konce pontonového chodniku, a to otevie-
nim, resp. zavienim kohoutd na aplikacni pistoli. Diky poklesu, resp.
naristu tlaku v dilkovém rozvodu hadic, bylo ¢erpadlo spusténo,
resp. zastaveno. Po naplnéni kazdého vaku na 95 % jeho kalkulova-
né kapacity prepojil potapé¢ hadici na ventil dal§iho vaku a proces
se opakoval. Po vyplnéni vSech vaki v kosich tvoricich zakladnu
se stejnym postupem vytvorila dalsi vrstva. Kazda z navazujicich
vrstev byla ptidorysné€ mensi, ¢imZ se postupné vytvofila konstrukce
podpérné pyramidy (obr. 7).

Celkovy pocet instalovanych vrstev byl Sest, zakladna podpérné
konstrukce v misté Sachty méla rozmér 7,2 x 7,5 m. V ramci paté
a Sesté vrstvy pak byly pouZzity tvarové upravené koSe pro zajiste-
ni optimalniho kontaktu konstrukce s osténim tunelu (obr. 8). Sest4
vrstva koSt pak byla doplnéna volné uloZzenymi vaky ADIPOL pro
zajisténi maximélniho kontaktu kontury vyusténi Sachty v osténi
s vytvorenou konstrukci.

Pro vyplnéni instalovanych vaki byla pouzita vysokopevnostni si-
likatova dvoukomponentni pryskyfice fady Geoflex s prodlouzenou
dobou reakce. Specidlni receptura bézné pouzivaného injekéniho
materidlu musela zohlednit vlivy chladné vody (cca 8 °C) zpomalu-
jici pocatek reakce tuhnuti a vzdélenosti vice nez 500 m pii dopravé
komponent tunelem s nizkou teplotou.

ZAVER
Sanacni prace spole¢nosti AmcoGiffen v tunelu Queensbury ob-
sahly v letech 2018 az 2021 vice nez 78 000 pracovnich hodin.

Zahrnovaly rovnéZ instalaci rozsdhlého vétrani vice nez 1 500 m
tunelu postacujictho k tomu, aby bylo mozné provadét bez rizika

zdroj: archiv AmcoGiffen source: AmcoGiffen archive
Obr. 8 Detail instalace kosi v uisti vétraci Sachty
Fig. 8 Detail of basket installation at ventilation shaft mouth

of the filling pump were only available at a significant distance from
the application site itself.

In the section of interest, a 500m long illuminated floating
pontoon walkway was first installed, allowing workers to walk from
the edge of the flooded section to the site of the remediation (Fig.
5). The pontoon of the walkway had a small displacement and its
carrying capacity was limited to the movement of persons only. All
equipment for the work, including e.g. pressure cylinders for divers,
injection and assembly accessories, but especially the assembled
gabion reinforcement baskets, was floated to the installation site on
rafts. The lines of the transport hoses of the injection mixture were
suspended from brackets anchored to the tunnel lining.

Individual gabion baskets were manually assembled outside the
flooded section from galvanized nets with a mesh size of 50 x 50mm
and a wire thickness of 10mm. In each of the 78 gabion baskets
(previously mentioned dimensions of 0.6 x 1.0 x 1.0m and 1.0 x 1.0
x 1.0m) the ADIPOL filling bag corresponding to the dimension was
placed (Fig. 6). The bags had a positive dimensional tolerance (larger
than the volume of the basket itself) in order to completely fill the
space of the reinforcement basket when considering the hydrostatic
water pressure. The bags were sewn from impermeable fabric and
fitted with a filling and venting valve with a safety cap against leakage
of injection medium. After transporting the gabion basket fitted with
the bag (weight of the basket with the bag installed 40-70kg) the
basket was lowered from the raft and immersed by a gradual filling
of water to its position. Its position was visually checked by a diver.
In such manner all baskets forming the base or individual floors of
the support structure were gradually installed. The baskets were
connected to each other by metal galvanized clamps.

The next step was the gradual filling of the bags. The diver
connected the filling hose to the threaded filling valve of each
bag. The LDIT pump was controlled from the end of the pontoon
walkway by opening or closing the taps on the application gun. Due
to the decrease or increase of pressure in the long distribution hoses,
the pump was started or stopped. After filling each bag to 95% of
its calculated capacity, the diver switched the hose to the valve of
the next bag and the process was repeated. After filling all the bags
forming the base, another layer was created by the same process.
Each of the successive layers was smaller in size, which gradually
created the structure of the supporting pyramid (Fig. 7).

The total number of layers installed was six, the base of the
support structure at the shaft site was 7.2 x 7.5m. Within the fifth
and sixth layer, shaped baskets were used to ensure optimal contact
of the structure with the tunnel lining (Fig. 8). The sixth layer of
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stifkany beton, ale predevSim stabilizaci vice nez 300 bm osténi
tunelu potencidlné ohrozeného kolapsem. Provedeni téchto praci,
tj. vytvoreni podptrné konstrukce v misté Sachty, trvalo 13 tydna.
ce stfikaného betonu prosadila AmcoGiffen s podporou spolecnosti
Minova unikétni technické feSeni docasného podepreni osténi tunelu
pomoci kosu s vypliiovymi vaky. Pro jejich usazeni bylo nutné nejen
nasazeni specializovanych potédpécskych posadek, ale i specificky
navrhnout a vytvofit chemickou pryskyfici, optimalizovanou pro
dané pouZiti. Pro aplikaci této hmoty byl vyuzity dopravni systém
Minova LDIT, nasazeny ve Spojeném kralovstvi viibec poprvé.

O findlnim vyuZiti tunelu se stile jednd a definitivni rozhodnu-
ti v dobé€ psani ¢lanku nepadlo. Nicméné popsané feSeni pomohlo
stabilizovat problematické misto a v budoucnu, kdy bude znovu ob-
noven vnéjsi drenazni systém a tunel bude odvodnén, miZe byt kon-
strukce rozebrdna a odstranéna. Vytvrzena pryskyfice nepiedstavuje
ekologickou zatéZ a miZe byt budto deponovana nebo recyklovina
pro vypliové ucely. Jiz v pribéhu roku 2023 doslo k poklesu vodni
hladiny v tunelu na uroven, kdy byla cela konstrukce obnaZena a bylo
mozné neplanované ovéfit jeji celistvost a celkovy stav (obr. 9).

Projekt byl proveden zcela v ramci legislativnich nafizeni plat-
nych ve Velké Britanii o praci ve stisnénych prostorech se stfednim
rizikem, pfi¢emZ vSichni operatofi pracovali neustdle v ochrannych
maskach s filtraci vdechovaného vzduchu. Veskeré tyto prace navic
probihaly za pfisnych omezeni spojenych s epidemii Covid-19, které
jiz tak komplikované prace ddle organizacné ztézovaly.

Ing. ADAM JANICEK,
adam.janicek@minovaglobal.com, Minova International,

MARTIN THOMPSON,
Martin. Thompson@amcogiffen.co.uk, AmcoGiffen

Recenzoval Reviewed: Ing. Petr Hybsky

baskets was then supplemented with loosely stored ADIPOL bags to
ensure maximum contact of the shaft opening in the lining with the
created structure.

The high-strength silicate two-component resin of the Geoflex
series with extended reaction time was used to fill the installed bags.
The special recipe of the commonly used injection material had to
consider the effects of cold water (about 8°C) slowing the start of
the resin curing and distances of more than 500m when transporting
components through a low temperature tunnel.

CONCLUSIONS

AmcoGiffen’s remediation works in Queensbury Tunnel covered
more than 78,000 working hours between 2018 and 2021. They
also included the installation of extensive ventilation of more than
1,500m of tunnel sufficient to allow spraying concrete without risk,
but above all the stabilisation of more than 300m of tunnel linings
potentially at risk of collapse. These works, i.e. the creation of a
support structure at the shaft site, took 13 weeks to complete.

In addition to the more common technology of installing support
frames and application of sprayed concrete, AmcoGiffen, with the
support of Minova, pushed through a unique technical solution of
temporary support of tunnel lining by means of baskets with filling
bags. In order to place them, it was necessary not only to deploy
specialist diving crews, but also to specifically design and create a
chemical resin, optimised for the given application. Minova’s LDIT
transport system, deployed in the UK for the first time ever, was used
for the application of this material.

The final use of the tunnel is still under negotiation and no final
decision has been made to date. However, the solution described
has helped to stabilise the bottleneck and, in the future, when the
external drainage system is restored and the tunnel is drained, the
structure can be disassembled and removed. The hardened resin
does not represent an environmental burden
and can either be deposited or recycled for
filling purposes. Already during 2023, the
water level in the tunnel has fallen to a level
where the whole structure was exposed, and
its integrity and general condition could be
checked unplanned (Fig. 9).

The project was carried out entirely within
the legislative regulations in force in the UK
on work in confined spaces of medium risk,
with all operators working constantly in
protective masks with filtration of breathed
air. In addition, all this work was carried
out under the strict restrictions associated
with the Covid-19 epidemic, which made
the already complicated work even more
difficult organisationally.

Ing. ADAM JANICEK,
adam.janicek@minovaglobal.com,
Minova International,

MARTIN THOMPSON,

zdroj: QueensburyTunnelSociety source: QueensburyTunnelSociety
Obr. 9 ObnaZend podpiirnd konstrukce Sachty ¢. 3 po poklesu vodni hladiny
Fig. 9 Exposed support structure of shaft No. 3 after decrease of water level
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TECHNICKE MOZNOSTI ZAJISTENI PREDPOLI RAZBY VE
ZHORSENYCH GEOLOGICKYCH A GEOTECHNICKYCH PODMINKACH
TECHNICAL POSSIBILITIES FOR SECURING TUNNEL PREFACE AREA

IN WORSENED GEOLOGICAL AND GEOTECHNICAL CONDITIONS

PETR KUCERA

ABSTRAKT

Stdvajici technologie pri raZbdch tunelii Novou rakouskou tunelovaci metodou (NRTM) umoZiiuji poufiti rady technickych opatreni
vedoucich ke zvySeni bezpecnosti samotné raZby, ale také Zivotnosti tunelu pri jeho provozovdni. Nejednd se pritom pouze o bezpecnost
razby, ale také o dalsi vlivy vzhledem napr: k povrchové zdstavbé nebo ndkladiim na provozovdni tunelu. Tunel je projektovdn s Zivotnosti
100 let a v praxi je jeho Casové vyuZiti redlné vyssi. Komplexni pristup ke vSem témto aspektiim je tikolem projektové pripravy a samotné-
ho projektu, ktery se ovS§em neobejde bez vstupnich informaci a relevantnich podkladii, vetné znalosti technickych moznosti a vhodnosti
Jednotlivych TeSeni ve vztahu ke geologickym a geotechnickym podminkdm pri raZbé tunelii. V cldnku je na dvou konkrétnich prikladech
staveb realizace téchto opatieni predstavena.

ABSTRACT

Existing technologies applied during tunnelling operations respecting New Austrian Tunnelling Method (NATM) allow the use of a
number of technical measures leading to an increase in the safety of the tunnelling itself, but also in the lifetime of the tunnel during its
operation. This is not about the safety of the tunnelling itself, but also about other influences in relation to e.g. surface construction or
the cost of operating the tunnel. The tunnel is designed with a lifetime of 100 years and in practice its time use is realistically higher.
A comprehensive approach to all these aspects is the task of the project preparation and of the design itself, which however cannot be done
without input information and relevant background, including knowledge of technical possibilities and suitability of individual solutions
in relation to geological and geotechnical conditions in tunnelling. In the article, the implementation of these measures is presented on

two concrete examples of constructions.

uvob

Zadavatelé vystavby urcitého tunelu obvykle charakterizuji za-
kladni parametry, které ma vysledné dilo spliiovat s ohledem na
respektovani evropskych a ndrodnich zakond, smérnic, predpisi
a norem. Pokud je zadavatel tunelové stavby osviceny, necha vy-
pracovat fadu podkladu tak, aby projekcni tym mél tyto komplexni
informace k dispozici, a tedy mél i moznost zpracovat zodpovéd-
né vlastni projekt. V idedlnim vysledku bude projekt respektovat
vSechna potencidlni rizika podzemni ¢innosti dotena nebo s touto
¢innosti pfimo souvisejici.

BEZPECNOST RAZBY TUNELU

Samoziejmé mnoZstvi vlivli na bezpe¢nost razby tunelu a pfijata
bezpecnostni opatieni pfi ni samotné jsou v zakladnich paramet-
rech pfimo imérna inZenyrskogeologickym a hydrogeologickym
podminkdm, povrchovym pomérim na tzemi ovlivnéném trasou
tunelu, vySce nadlozi, kvalit¢ nadloznich vrstev, v€etné samotné
technologie razby (obr. 1).

Velmi a¢innym souborem prvku zajisténi bezpecné razby, ktery
je také s vyhodou kombinované vyuZzivan, je vyztuZovani nadlozi
a predpoli raZeného tunelu (pre-reinforcement), véetné stabilizuji-
ci, tésnici a zpeviujici injektdze (pre-grouting) [2]. Cilem t&chto
opatfeni je eliminovat nepfiznivé inZenyrskogeologické a hydroge-
ologické poméry, které maji vliv na vznik nadmérnych deformaci
horninového prostedi v pfedpoli raZzeného tunelu. Tyto technolo-
gie se obvykle kombinuji spolu s dalSimi opatfenimi pii vlastni
razbé tunelu jako napf. ¢lenénim vyrubu, zkracenim zabéru v kom-
binaci se zmensenim vzdalenosti prvkd vyztuZe.

INTRODUCTION

Investors for the construction of given tunnel typically
characterize the basic parameters that the resulting work has to meet
with the requirements of respecting European and national laws,
directives, regulations and standards. If the investor for the tunnel
construction is enlightened, it will have a number of documents
drawn up so that the design team has access to this comprehensive
information and thus has the opportunity to process the design
itself responsibly. Ideally, the design will respect all potential risks
of underground activity affected or directly related to this activity.

SAFETY OF TUNNELLING WORKS

The obvious number of influences on the safety of tunnelling
and the safety measures taken in the tunnelling itself are in
basic parameters directly proportional to the geological and
hydrogeological conditions, surface conditions in the area affected
by the tunnel route, the height of the overburden, the quality of the
overburden layers, including the tunnelling technology itself (Fig. 1).

In the complex point of view a very effective set of elements to
ensure safe excavation, which is also used with advantage, is the
reinforcement of the overburden and preface of the tunnel, including
stabilising, sealing and pre-grouting [2]. The aim of these measures
is to eliminate unfavourable geological and hydrogeological
conditions that influence the occurrence of excessive deformation
of the rock environment in the preface of the tunnel. These
technologies are usually combined with other measures in the
actual excavation of the tunnel, such as face sequencing, shortening
of the round in combination with a reduction of the distance of the
reinforcement elements.
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ZAJISTENI NADLOZI A PREDPOLI
JEHLOVANIM NEBO OCHRANNYMI
DESTNIKY

Pro zajisténi nadlozi tunelu je mozZno vyu-
Zit trubkovy mikropilotovy destnik se systé-
mem zatahovanych paZnic nebo zavrtavany
destnik injekc¢nich tyCi systému SDA (IBO),
popt. kombinace obou systému. Volba typu
nebo priméru prvkd vzdy vychdzi z aktudl-
nich geotechnickych podminek a stabilitnich
VypocCtl.

K dispozici jsou riznd provedeni a pri-
méry od obou typt ,,ocelovych* zajisténi od
@ 32 mm do @ 154 mm. Pokud jsou pro na-
slednou injektaZ té€chto prvkil pouZity cemen-
tové materidly, je vhodné pouZzit aktivované
smési s dirazem na rychly nabéh pevnosti
a minimdlni smrstitelnost, véetné pridrznosti
k horniné.

K vyztuzovani predpoli Celby lze s vyho-
dou pouzit zavrtivanych nebo vkladanych
sklolaminatovych prvka. Pouziti sklolami-
natu ma oproti ocelovym prvkim vyhodu
v jejich nésledné snadnéjsi odstranitelnosti
pfi razbé. Pfi pouZiti samozavrtnych sklola-
minatd (napf. typu R32 SPINMAX) je dalsi
vyhodou rychlost instalace a flexibilita pouZi-
ti, vCetné kompatibilnosti zavitu s ocelovymi
prvky (napt. SDA R 32).

Dulezitym faktorem muzZe byt pii instalaci
vySe popsanych prvki v urcitych geologic-
kych podminkach volba vyplachu, kdy stan-
dardné pouZivany vodni vyplach musi byt

RAZICI
CYKLUS

EXCAVATION

cvi:;z/ -

nahrazen vyplachem napf. pénovym. Pfi po-
uziti pénového vyplachu nedochdzi k mozné-
mu zhorSeni smykovych parametrii urcitych

Obr. 1 Schéma raziciho cyklu (Cervené oznacena moznd dopliiujici technickd opatieni, modre zacdtek
cyklu)

Fig. 1 Excavation cycle scheme (red marked possible additional technical measures, blue marked start
of the cycle)

typtt hornin v predpoli razeného dila, tak jako

u vyplachu vodniho. V kombinaci zavrtavanych prvka s vyplachem
do urcitého horninového prostiedi je rovnéz klicovym parametrem
volba typu zavrtavaci korunky. Spravny typ korunky je podminkou
efektivni instalace vSech vySe popsanych prvka.

STABILIZUJICI, TESNICI A ZPEVNUJICI INJEKTAZE
CHEMICKYMI MATERIALY

K pouziti chemickych materidlli pro provadéni injektdzi se pii-
stupuje tehdy, kdy podminky pro razbu jsou komplikované riizny-
mi negativnimi faktory a technologie konven¢nich mineralnich (ce-
mentovych) smési nedavd jistotu nebo technickou moznost jejich
pouziti.

Mezi nejvyznamnéjs$i negativni faktory se fadi nepfiznivé ulo-
Zeni geologickych vrstev, zvodnéni okolnich hornin s vyskytem
tlakové podzemni vody, lokdlni tektonika, tektonicky poruSené ¢i
zvétralé horniny a nestabilni vrstvy zemin nad obrysem raZené-
ho dila. Casta je i kombinace téchto negativnich faktord a pou-
ziti vhodného typu a technologie chemické injektaze se tak stava
nutnosti.

V ramci razby tuneld jsou v praxi nejvice vyuZivany polyureta-
nové pryskyfice a organicko-mineralni hmoty, kde pro rozhodnuti
o jejich pouZiti je vhodné provést injek¢ni zkousku v danych pod-
minkach s vyhodnocenim dosazenych vysledka.

SECURING OVERBURDEN AND PREFACE BY FOREPOLING
OR CANOPY TUBES

A canopy tube systems with retracted casings or a bored SDA
(IBO) injection bar forepoles or a combination of both systems can
be used to secure the overburden of the tunnel. The choice of the
type or diameter of the elements is always based on the current
geotechnical conditions and stability calculations.

Various designs and diameters are available from both types of
“steel” securing from @ 32mm to @ 154mm. If cement materials
are used for subsequent grouting of these elements, it is advisable
to use activated mixtures with an emphasis on rapid build-up of
strength and minimum shrinkability including adherence to the
rock.

It is possible to use bored or inserted glass-fiberglass elements
for the reinforcement of the preface. The use of fiberglass has
an advantage over steel elements in their subsequent easier
removability during the excavation itself. When using self-drilling
fiberglass bolts (e.g. type R32 SPINMAX) another advantage is
the speed of installation and flexibility of application, including the
compatibility of the thread with steel elements (e.g. SDA R 32).

An important factor can be the choice of flushing medium when
installing the elements described above in certain geological
conditions, when the water flushing normally used has to be replaced



Mezi dilezité fyzikalné-mechanické vlastnosti samotnych ma-
teriald a chemickou injektazi vzniklych geokompozitil patii pev-
nost v tlaku, pevnost v tahu, pevnost v tlaku za ohybu, pfidrZznost
k horning, smykova pevnost, stfihovd pevnost a odvozend veli¢ina
hodnota pretvarné prace. Vseobecnym benefitem chemickych smé-
si je pak rychla aktivace (reak¢ni ¢asy v fddu minut max. desitek
minut), stabilita smési a nerozplavitelnost vodou, véetné konecné
pevnosti a pridrZnosti k horniné.

Pro samotnou aplikaci vstupuji do vysledku injektadze dalsi in-si-
tu parametry jako napf. teplota prostiedi, teplota okolnich hornin,
teplota podzemni vody.

Tyto vnéjs$i podminky nasledn€ ovliviiuji u chemickych mate-
ridld reakéni Casy, viskozitu smési a dostupnost injektaZze v hor-
ninovém prostiedi. Tyto, pro provddéni chemickych injektaZi ne-
pfiznivé vlivy, 1ze samozfejmé do urcité miry kompenzovat. Napf.
nizka teplota podzemni vody je kompenzovéina zvySenim teploty
injektovanych hmot. Vysoky tlak podzemni vody 1ze kompenzovat
pouzitim kapacitnéjsiho ¢erpadla, pfipravou definované smési ,,na
miru® ve vyrobnim zavodeé a tak podobné.

PRIKLADY POUZITI TESNICICH A ZPEVNUJICICH

INJEKTAZI

Dva priklady pouziti rozdilnych chemickych injektdzi na vy-
znamnych a jiZ dokoncenych Ceskych tunelovych stavbach doku-
mentuji nutny, ale zcela rozdilny pristup v aplikovaném pracovnim
postupu a volbé chemického injekéniho materidlu nez bylo obvyk-
1é. Tyto pfistupy byly koncipovany tak, aby pfi potfebné podrobné
znalosti injektovaného prostfedi splnily stanovené cile injektaze,
tedy zpevnéni a utésnéni horninového masivu. Oba pripady poji
skute¢nost, Ze §lo o zdolavani velmi nepiiznivych geologickych
a technickych podminek.

V prvnim piipad€ se jednalo o klasickou zpeviiujici injektaZ hor-
ninového prostiedi v pfedpoli razeného tunelu. Jeji provedeni bylo
zaméreno na oblast pfimého nadlozi tunelu jako soucast pfijatych
sanacnich opatfeni po dvou mimotadnych udalostech — kolapsech
razeného tunelu.

Ve druhém pftipadé se jednalo o zajisténi ivodni ¢asti razby tu-
nelu v méstské zastavbe s velmi nizkym nadloZim, kdy se v ¢asti
razeného profilu nachazela nepfizniva geologicka situace — zvod-
néla Sté€rkopiskova vrstva. Zhotovitel tunelu musel reagovat na
zavazny prikaz statni banské spravy k zajisténi bezpecnosti prace
a provozu prijetim dodate¢nych technickych opatfeni, které spo-
Civaly ve zpeviujicich a tésnicich injektdZich problematického
prostredi.

1. Tunel Blanka - dopliiujici sanacni opatieni v razené
casti tunelu €. 0079 Spejchar - Pelc-Tyrolka v uiseku
Kralovska obora

Tunelovy komplex Blanka (TKB) je soucasti prazského mést-
ského okruhu v délce pres 5,5 km. Razené tunelové trouby, vcetné
provoznich, maji délku vice nez 6,0 km. Prvni tsek razenych tu-
nelll byl realizovan z portalu Troja k portdlu Letnd v délce 2231
a 2224 metr a vZil se pro n&j pracovni nizev ,,Spelc®.

Jeho soucasti je tsek tunelu Kralovska obora, ktery se v prostoru
Stromovka nachazi ve velmi obtiznych geotechnickych podmin-
kach. Z vysledkil geotechnického priizkumu a na zékladé¢ informaci
o technickém feSeni raZenych tunel byly patrné tyto skute¢nosti:

* budou zastiZeny velmi komplikované a proménlivé geotech-

nické podminky;

e bude podchézen vodni tok s nebezpecim pritrze zvodnélych

materialll a privalu vody;
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by e.g. flushing with foam. When using foam flushing, there is no
possible deterioration of the shear parameters of certain types of
rocks in the preface as in the case of water flushing. In combination
of bored elements with flushing to a certain rock environment, the
choice of the type of drill bit is also a key parameter. The correct
type of drill bit is a must for effective installation of all the elements
described above.

STABILIZING, SEALING AND STRENGTHENING GROUTING
USING CHEMICAL MATERIALS

The use of chemical materials for grouting is approached when the
conditions for excavation are complicated by various negative factors
and the technology of conventional mineral (cement) mixtures does
not provide certainty or technical possibility of their use.

The most significant negative factors include the unfavourable
deposit of geological layers, aquiferment of surrounding rocks with
occurrence of pressurized groundwater, local tectonics, broken
or weathered rocks and unstable soil layers above the contour of
the excavated work. A combination of these negative factors is
frequent, and the use of the appropriate type and technology of
chemical grouting becomes necessary.

In practice, polyurethane resins and organic-mineral materials
are most used in tunnelling, where it is advisable to carry out an
grouting test in given conditions with evaluation of achieved results
for the decision on their use.

Important mechanical-physical properties of the materials
themselves and resulting geocomposites from the chemical
grouting include pressure strength, tensile strength, bending
pressure strength, adhesion strength, shear strength, shear strength
and derived quantity value of transformation work. The general
benefit of chemical mixtures is rapid activation (reaction times in
range of minutes max. tens of minutes), stability of the mixture and
being non-soluble by water, including final strength and adhesion
to the rock.

For the application itself, other in-situ parameters such as ambient
temperature, ambient rock temperature, groundwater temperature
enter the result of the grouting.

These external conditions in turn influence reaction times,
viscosity of the mixture and availability of grouting in the rock
environment for chemical materials. These, which are unfavourable
for the performance of chemical grouting, can of course be
compensated to a certain extent. For example, low groundwater
temperature is compensated by an increase in injection mass
temperature. High groundwater pressure can be compensated by
using a more capacitive pump, preparation of a defined “tailor-
made” mixture in the production plant and so on.

EXAMPLES OF USING SEALING AND STRENGTHENING
GROUTING

Two examples of the use of different chemical grouting on
important and already completed Czech tunnel constructions
document the necessary but completely different approach in the
applied working procedure and the choice of chemical injection
material than was usual. These approaches were designed so
that, with the necessary detailed knowledge of the grouted
environment, they fulfilled the stated objectives of the grouting,
i.e. the reinforcement and sealing of the rock massif. Both cases
are connected by the fact that it was about overcoming very
unfavourable geological and technical conditions.

In the first case, it was a classic strengthening grouting of the
rock environment in the preface of the tunnel. Its implementation
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e razba v n¢kterych usecich bude probihat s minimalnim skal-

nim nadloZim;

* bude podchédzeno ze spolecenského hlediska velmi cenné pro-

stiedi.
1.1 Geologické a hydrogeologické pomeéry

Pokryvné dtvary v zdjmovém tzemi jsou pfevazné tvoreny fluvi-
alnimi sedimenty terasy Vltavy. Vysledkem erozivni Cinnosti feky
je hluboké koryto, tvorici tzv. prehloubenou brazdu v parku Stro-
movka pred Slechtovou restauraci. Nasledujici sedimentaci bylo
celé udoli vyplnéno piscitymi Sté€rky. Erozni baze je znatné€ pro-
ménlivd, mocnost se pohybuje v rozmezi 2,0-5,0 m.

Hydrogeologicky 1ze zvodné podzemni vody v zdjmovém tzemi
fadit ke dvéma typim:

e podzemni voda v prostfedi s prilinovou propustnosti v po-

kryvnych sedimentech;

e podzemni voda v prostredi s puklinovou propustnosti v horni-

ndch ordovického skalniho podkladu.
1.2 ZkuSebni injektdz?

V roce 2008 doslo v pribéhu razeb, provadénych podle zasad
NRTM, v prostoru Kralovské obory ke dvéma mimotfadnym uda-
lostem, které potvrdily velmi komplikované a proménlivé geotech-
nické podminky razby. Vzhledem k tomu, Ze razby obou tunelovych
trub se na jafe roku 2009 priblizily k usektim, ve kterych je vyska
horninového nadloZi tunelu nad kalotou minimdlni, a to v rozsahu
1,0 az 4,0 metry, bylo nutno pfedstihové provedend, a i nasledné
provadéna sanacni opatieni pied razbou a v ramci razby tunelu do-
plnit tak, aby byla zajiSténa bezpec¢nost prace a provozu a minima-
lizovan moZny vznik dalSi mimotadné udélosti.

Dle dohody se zhotovitelem a ve spolupréci s projektantem byly
v kvétnu 2009 provedeny zkousky stabilizujicich chemickych in-
jektazi podle predlozeného technického navrhu a technologického
postupu. Cilem zkousek bylo:

* ovefit polohy nezpevnénych hornin/zemin v nadloZzi, zjisténé

v ramci provadénych bezjadrovych predvrtd a prizkumnych
vrtll, vrtanych z prizkumné Stoly;
e odzkouSet navrhovanou technologii stabilizujicich injektdZi
pomoci dvouslozkovych polyuretanovych pryskyfic CarboPur
(2C PUR) pres dlouhé injekéni vrty;

¢ odzkouset efektivitu chemickych injektdzi v daném geologic-
kém prostredi dot¢eném predeslymi pracemi (injektidz z povr-
chu, injektdz z prizkumné Stoly);

¢ demonstrovat pracnost a Casovou naroc¢nost provedeni injekc-

nich praci.
1.3 Vyhodnoceni zkousek

Po vyhodnoceni injek¢nich zkousek bylo mozno konstatovat:

* Podle dosazenych spotfeb, maximalnich injek¢nich tlakt a sa-
motného pribehu injektaze bylo potvrzeno, Ze i po v predstihu
provedenych sanacnich pracich se v bezprostfednim okoli vy-
rubu nachazeji diskontinuity, které nejsou vyplnény injek¢ni
smési, a které pfi nevhodné kombinaci jejich kfizeni mohou
privadét do nevyztuZeného vyrubu podzemni vodu a zpiiso-
bovat tak sniZeni parametrit smykové pevnosti podél jednotli-
vych ploch téchto nespojitosti.

e Prabéh a vysledek zkousky potvrdily, Ze navrZena technologie
a typ injek¢ni hmoty jsou v daném prostedi vhodné a umoz-
Huji tlakovou injektdZ hornin s predpoklddanym dosahem
a vymezenim (pomoci obturatorti).

e Pribeh, vysledek a vyhodnoceni zkousky potvrdily, Ze navr-
Zend technologie a typ injek¢éni hmoty vede v daném prostiedi
k pozadovanému efektu — tj. dotésnéni a zpevnéni horninového

was focused on the area of the direct overburden of the tunnel as
part of the adopted remediation measures after two extraordinary
events — collapses of the tunnel.

In the second case it was about securing the initial part of
the tunnelling in the urban development area with very low
overburden, where the part of the tunnelling profile contained an
unfavourable geological situation — an aquiferred gravel layer. The
tunnel contractor had to react to a binding order of the state mining
administration to ensure safety of work and operation by adopting
additional technical measures, which consisted in strengthening
and sealing grouting of the problematic environment.

1. Tunnel Blanka - additional stabilization measures
in excavated part of tunnel No. 0079 Spejchar - Pelc -
Tyrolka in section Kralovska obora

Tunnel complex Blanka (TCB) is part of Prague’s inner ring with
overall length of 5.5km. Excavated tunnel tubes including service
tunnels have length of more than 6km. First part of mined tunnels
is realized from portal part Troja in direction Letnd with length
2231 and 2224m and is named Spelc.

Its part is section called Kralovska Obora which goes through very
difficult geotechnical conditions in location of Stromovka. Based
on results from geotechnical monitoring and based on information
regarding technical solution for mined tunnels following facts were
obvious:

e very difficult and variable geotechnical conditions will be

encountered;

* water course will be crossed with danger of inrushing water

and aquiferous material;

e excavation will take place in areas with minimum rock

overburden;

 very valuable location from the social point of view will be

under passed.
1.1 Geological and hydrogeological situation

Super incumbent formations in area of interest are mainly
formed by fluvial sediments of Vltava terrace. Result of Vltava
river erosion activities is deep riverbed which created so called
over dredged trench in Stromovka in front of Slechta’s restaurant.
During following massive sedimentation of sandy gravels the valley
was completely filled. Its erosion base is very variable. Thickness
varies from 2 to Smeters.

Underground waters in area of interest can be classified from
hydro geological point of view as follows:

* underground water in environment with intrinsic permeability

in covering sediments;

* underground water in environment with fissure permeability in

rock of Ordovician rock in the bedrock.

1.2 Testing grouting

In 2008, during excavation works according to NATM two
exceptional events occurred in area of Kralovskd obora which
proofed very difficult and variable geotechnical conditions for
excavation. Due to the fact that excavation of both tubes approached
in spring of 2009 to areas with minimum overburden height of 1 to
4m above calotte it was necessary to supplement already executed
and carried improvement measures to secure safety works and
operations and to minimize possible development of exceptional
event.

Based on agreement with contractor and together with designer

tests of stabilization chemical grouting based on presented



Obr. 2 Celkovy pohled na kalotu celby po odtéZeni horniny (lokalita Krdlovskd
obora, TKB)

Fig. 2 Overall view of top heading following mucking (locality Krdlovskd obo-
ra, TCB)

prostiedi v cilové oblasti, a je tedy mozné v predmétném dseku
s touto technologii uvaZovat jako s vhodnym technickym
opatfenim, které povede ke zvySeni bezpecnosti pfi razeni dila.

» Z potizené fotodokumentace bylo patrné, Ze pryskyfice vypl-

nuje plochy nespojitosti mezi vrstvami horniny a navzajem je
spojuje ve vysledny kompaktni celek. To se potvrdilo i pfi na-
sledné razbé kaloty tunelu (obr. 2, 3).

1.4 Aplikace technologie pri raZbdch

Na zdkladé jednoznac¢né pozitivniho hodnoceni pribéhu a vy-
sledkt provedené zkuSebni injektaZe polyuretanovymi pryskyfice-
mi bylo rozhodnuto o dalSim vyuZiti této technologie pii razbach
v tsecich s minimadlnim horninovym nadloZim tunelu. Stivajici
sanacni opatfeni byla tedy v téchto vytipovanych usecich a stani-
¢enich doplnéna o chemickou injektaz polyuretanovymi pryskyfi-
cemi.

Bylo nutné dolozit, Ze navrZené materidly disponuji schvalenim
pro styk s pitnou vodou a nemaji negativni vliv na Zivotni prostfedi.
Vzhledem k tomu, Ze jiZ v pfedchozim obdobi byly tyto materialy
aspésné pouzity, napriklad pii fesSeni nasledkit mimoradnych uda-
losti v Kralovské oboie v roce 2008, byly materidly pro injekta-
Ze zastupci objednatele schvéleny a injektdZze mohly byt zahdjeny
(obr. 4, 5).

Do obvodu délené kaloty tunelu bylo vrtdno 9-11 ks predvrtl
v délkéch 6,0-8,0 m. Vrtné schéma, injek¢ni postupy a parametry
vlastni injektdZe bylo nutné vzdy ptizpisobovat podle aktualniho
stavu geologického prostiedi v jednotlivych stani¢enich a technic-
kych podminek pro provadéni chemickych injektazi. Celkem bylo
provedeno cca 25 ks injek¢nich deStnikd v Casovém obdobi od
¢ervna do zari 2009. Pfi provadéni vlastnich chemickych injektazi
byla pouZita pistové injekcni Cerpadla GX 45, pneumatické obtu-
ratory BVS 40 a dvouslozkové polyuretanova pryskyftice CarboPur
WF (2C PUR).
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recommendations and technological
procedures were executed. Aim of
these tests were:

e to verify locations of uncon-
solidated rocks/soils in the over-
burden which were encountered
during exploratory drillings;

* to test proposed technology of
stabilization grouting using two
component polyurethane resins
CarboPur (2C PUR) through
long grouting holes;

* to test effectiveness of chemical
grouting in given geological
conditions  influenced by
previous  works  (grouting
from surface, grouting from
exploratory gallery):

* demonstrate laboriousness and
time demandingness of exe-
cuting grouting works.

Obr. 3 Detail pryskyrice CarboPur WF vyplitujici plochy odlucnosti vrstev hor-
niny (1 — injektdzni trubka, 2 — injektdZi zpevnéné plochy odlucnosti)

Fig. 3 Detailed view of CarboPur WF resin filling discontinuity planes (I — in-
Jection lance, 2 — discontinuity planes strengthened by resin grouting)

1.3 Test evaluation

Based on executed testing grouting following could be stated:
maximum pressures
and grouting itself was confirmed that also after already in

* Based on recorded consumptions,

advance executed improvement works discontinuities occur in
immediate surrounding of stope. These discontinuities are not
filled with injection material and in case of unfavourable
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Obr. 4 Vrtaci prdce pro realizaci zpeviiujicich injektdzi na ¢lenéné kaloté raZe-
ného tunelu (lokalita Krdlovskd obora, TKB)

Fig. 4 Drilling works for execution of strengthening grouting at divided top
heading of excavated tunnel (locality Krdlovskd obora, TCB)

Spotieby injekénich hmot byly zavislé na zastizenych geolo-
gickych podminkach a odpovidaly spotfebam, které byly zazna-
mendany pri realizaci injek¢nich zkouSek. Problémy pii provadéni
injektazi byly zaznamenany v kifemencovych polohach, kdy do-
chézelo k zavalovani vrtil jiz v pribéhu vrtani. Z tohoto divodu
byly s aspéchem v nékolika pripadech vyuzity injek¢ni zavrtavané
svorniky.

1.5 Vysledek chemickych injektdazi

Velmi komplikované a proménlivé geotechnické podminky pro
razbu tuneli, véetné nizkého horninového nadloZi v prostoru Kra-
lovské obory, predurcovaly nutnost pfijmout G¢inna sana¢ni opat-
feni.

Zaroven bylo nutno minimalizovat riziko vzniku dalSich mimo-
fadnych udalosti a zajistit bezpecnost prace a provozu v obou tu-
nelovych troubach na dsecich dlouhych cca 80 metrti. S ohledem
na vysledky, které byly dosaZeny, 1ze konstatovat, Ze chemicka in-
jektaz polyuretanovymi pryskyficemi vyrazné prispéla ke splnéni
stanoveného cile [3].

2. KRALOVOPOLSKY TUNEL - ZPEVNOVANI
A UTESNOVANI NESOUDRZNYCH ZEMIN V NADLOZI
STOLIIAAIIB

Vystavba Kralovopolského tunelu se potykala s ndro¢nymi pod-
minkami, jeZ fadi toto dilo mezi ojedinélé stavby. Problémy zpiiso-
bovaly zejména husta povrchova zastavba, souvisejici inZzenyrské
sit¢ a dopravni komunikace na povrchu — to vSe v geologickych
podminkéch predstavovanych prevazné brnénskymi neogennimi
jily, tzv. tégly.

Krétce po zahdjeni raZeb prizkumnych §tol vznikly problémy
u budov nad trasou tunelu II, kdy naméfené hodnoty poklest a de-
formaci prekraCovaly stanovené hodnoty varovnych stavii. Nejza-

voev

podchazely zastavbu az tfipodlaznich obytnych budov. Naopak

intersecting of those could
bring underground water to
unsecured stope and cause
lowering of shear strength along
single discontinuity planes.

e Course and
test proofed that pro-posed
technology and type of injection

results of the

material is in given environment
suitable and allows high pre-
ssure grouting of rocks with
expected range and limitations

(through packer).
¢ Course, results and evaluation
of the test proofed that

proposed technology and type
of injection material leads in
given environment to requested
effect — final
strengthening of rock massif in
area of interest and thus allows

sealing and

considering this technology as

Obr. 5 Provddéni injektdznich praci pryskyrici CarboPur WF v kaloté raZené-
ho tunelu (lokalita Krdlovskd obora, TKB)

Fig. 5 Execution of grouting works with CarboPur WF resin in top heading of
excavated tunnel (locality Krdlovskd obora, TCB)

appropriate technical measure during excavation works
leading to increased safety.

e Itis apparent from pictures that resins fills discontinuity planes
between rock layers and joints it in resulting compact complex
which was proofed during following excavation of the tunnel
top heading (Fig 2, 3).




u Stoly Ib, vedené v ose ulice, deformace ptivodni predpoklady ne-
prekrocily.

Priciny vzniklé situace u Stol Ila a IIb byly podle autora nasle-
dujici:

* velmi nizké nadloZi $tol v priportdli (mocnost pouze 5,0-8,0 m

v délce razby cca 50,0-80,0 m);

e zastiZzeni deprese v horizontu neogennich jil, vyplnéné vodo-
nosnymi vrstvami Stérkopisku;

e neocekdvané a trvalé vyrazné pritoky podzemni vody do Stoly
IIa;

e provedeni dvou pater nastavby na pivodné jednopodlazni
domy pfimo nad tunelem II, a to kratce pred zahdjenim raZeb.

2.1 Geologické a hydrogeologické poméry

Z provedenych prizkumt a méfeni byly odvozeny ¢tyti zakladni
geotechnické typy:

 antropogenni sedimenty (navazky);

* spraSe a sprasové hliny;

e kvartérni fluvidlni hliny;

e hlinité Stérky a pisky — problematické nepravidelné polohy
zahlinénych nesoudrZnych zemin, vysoké propustnosti (pfi
zvodnéni zplsobujici znacné pritoky vody) a s malou soudrz-
nosti (moZny vznik nadvylomu, pfipadé€ i komint);

e neogenni jily (charakteru vétSinou kompaktni zeminy az polo-
skalni horniny s velmi vysokou plasticitou).

Z hlediska zpracovani projektové dokumentace byly dilezité
vrstvy zahlinénych zvodnélych Stérkopiskl a piski uzaviené mezi
vrstvami neogennich jilt a sprasi, které maji relativné nizkou péro-
vitost a jsou obecné obtizné injektovatelné.

2.2 ZkuSebni injektd? nesoudriné sterkopiskové vrstvy

Vzhledem k uvedenym skutecnostem bylo pro ovéreni G¢innosti
injek¢nich hmot v daném prostredi projektantem vyzadéano prove-
deni pokusné injektaZe. V oteviené stavebni jamé v Brné Kralové
Poli proto prob&hla zkuSebni injektdZ odkryté vrstvy zvodnélych
Stérka a Stérkopiskd. Bylo zde navrtano 7 ks zkuSebnich vrtd dél-
ky 3,0 m, u kterych byla realizovana injektdZz tfemi typy nizko-
viskdznich polyuretanovych pryskyfic. Pii zkusSebni injektazi bylo
sledovano zejména injektované mnozstvi pryskyfic, injekcni tlaky,
teplota injektovaného prostiedi a teplota injek¢nich hmot. Po pro-
vedeni zkousky byla vrstva nesoudrZnych zemin v misté zkousky
odkopdna a byly ziskdny tyto poznatky:

¢ nejlepSiho vysledku proinjektovani zemin bylo dosaZeno za
pouziti jednoslozkové polyuretanové pryskyfice typu Carbo-
Stop 41 (1C PUR) se separatnim katalyzatorem CarboStop 41
ACC;

* 7zjistény dosah injektadze Cinil az 0,8 m, tzn., Ze pro zajisténi
dostatecného proinjektovani zeminy bude potieba instalovat
injek¢ni trubky s rozteci cca 0,6 m, s usporadanim injekénich
vrti do rovnoramennych trojihelnikéi o délce strany pravé
0,6 m;

* spotieba injek¢ni smési Cinila cca 50,0-55,0 I/m? zpevnéné ze-
miny;

e pramérna pevnost vzniklého geokompozitu byla 1,8 MPa, pri-
mérnd porovitost 12,5 %, stupein napénéni injekéni smési 2;

 vznikly geokompozit byl z hlediska pevnostnich i pfetvarnych
vlastnosti hodnocen jako vhodny pro zajisténi stropu i boki
vylomu tunelu metodou injektovaného vyztuZeného deStniku
(obr. 6, 7).
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1.4 Application during excavation

Based on very positive appraisal of course and results of testing
grouting with polyurethane resins decision was taken to use this
technology for further excavation works in areas with minimum
overburden height. Present improvement measures were in
predetermined sections and stationing supplemented with chemical
grouting using polyurethane resins.

It was necessary to proof that proposed materials have approvals
for contact with potable water and do not present environmental
issues. Due to the fact that these materials were already successfully
used in the past for example during works after exceptional
events in Kralovska Obora in 2008 materials were approved by
representatives of contractor and works could began (Fig. 4, 5).

From 9-11 boreholes with length of 6—8 meters were executed
in the circumference of divided top heading. Drilling patterns and
grouting procedures were necessary to adopt according to local
geological conditions in each stationing and according to technical
conditions for chemical grouting. In total 25 injection umbrellas
were executed in period from June to September 2009. Piston
injection pumps GX-45, packers BVS-40 and polyurethane resin
CarboPur WF were used for execution of grouting works.

Consumption of injection material depended on given geological
conditions and corresponded to consumption recorded during
testing grouting. Problems during grouting works were recorded
in case of reaching quartzite formations when boreholes were
collapsing already during drilling. Due to this fact successful use
of self-drilling bolts was recorded several times.

1.5 Conclusions from chemical grouting

Very complicated and variable geotechnical conditions for
excavation of tunnel tubes including very low overburden in
location Krélovskda obora predetermined usage of effective
improvement measures.

It was simultaneously necessary to minimize risks of further
exceptional events and securing work and operation safety in
both tunnel tubes in approx. 80m long sections. With respect to
achieved results it is possible to state that chemical grouting with
polyurethane resins contributed to achieve given objective [3].

2. TUNNEL KRALOVOPOLSKY - STRENGTHENING AND
SEALING OF NON-COHESIVE SOILS IN OVERBURDEN
OF GALLERIES IIA AND IIB

Construction of the Kralovopolsky tunnel complex faced
challenging conditions that make this work among unique
construction. Problems were caused mainly by dense surface
residential construction, related engineering networks and surface
transport communications — all in the conditions of Brno’s neogenic
clays, so-called "tegls”.

Shortly after the start of excavation of exploratory tunnels,
problems arose in the buildings above the tunnel II route, when
the measured values of declines and deformations exceeded the set
critical limits. The most serious problems related to the portal area
of the Ila and IIb galleries, which underwent the construction of up
to three-storey residential buildings. On the other hand, for the IIb
tunnel, which runs in the street axis, deformations did not exceed
the original assumptions.

The causes of the situation for ITa and IIb galleries were:

* very low overburden of the galleries in the portal area (thickness

only 5-8m in the length of the excavation about 50-80m);
 existence of a depression in the horizon of neogenic clays,
filled with aquifer layers of gravel sand;

» unexpected and persistent significant groundwater infiltrations

into the excavation of the gallery Ila;
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Obr. 6 Zkusebni pole s injekénimi vrty ¢. 1-7 ve vrstvé zvodnélych Stérkopiskii (lokalita Brno, Krdlovopolsky tunel)
Fig. 6 Test field with boreholes No. 1-7 in aquiferred gravel sands (locality Brno, Krdlovopolsky tunnel)

2.3 Projekt chemickych injektdZi ve Stoldch Ila a IIb

Na zaklad€ informaci z geologického prizkumu, zkuSenosti z ra-
Zeb prizkumnych $tol a vysledkl ovéfovacich injek¢nich zkousek
byl vypracovan projekt zpeviiujicich injektazi.

Projekt pocital se systémem radidlnich injek¢nich vrtd, uspo-
fadanych do vé&jitt kolmych na podélnou osu tunelu. Smérovani
a Cetnost vrtd a vzdalenost mezi vé&jifi musely zajistit fadné proin-
jektovani zastiZenych poloh piscitych Stérkl v nadlozi Stol. S ohle-
dem na pribéh baze nesoudrZznych zemin a omezeny prostor Stol
byla vypracovana tfi vrtna/injek¢ni schémata s délkou injek¢nich
vrtd v rozsahu 0,8—4,8 m a vzdjemnou rozte¢i mezi véjiti 0,6 m
(obr. 8). Provedeni chemickych injektdZi bylo navrzeno v obou pri-
zkumnych Stolach do vzdalenosti 42,6 m od provizornich portala

Obr. 7 OdtéZené téleso proinjektované zeminy — tzv. geokompozit (lokalita
Brno, Krdlovopolsky tunel)

Fig. 7 Extracted body of grouted soil — so called geocomposite (locality Brno,
Krdlovopolsky tunnel)

e carrying out the superstructure
of single-storey houses on a
three-storey  directly above
tunnel II shortly before the
excavations began.

2.1 Geological nad
hydrogeological conditions

The following four geotechnical

types were ascertained from the
surveys and measurements taken:
* anthropogeneous deposit (mainly
landfills)
¢ dry moulds and dry mould clays
e quaternary fluvial clays
e clay gravels and sands -
problematic irregular positions
of grouting uncompacted soil,
coal, aquiferred below the
level of underground water,
layers are not continuous, the
thickness has changed from a
few decimetres up to several
meters, the presence of these
will make the tunnelling of
tunnel tubes more difficult due
to the permeability (causing
a large inflow of water) and
low consolidation (possible origination of over-breaks or
chimneys)
e neogene clays (mostly compacted soil with very high plasticity)
In terms of preparation of the project documentation, the layers
of clayed aquiferred gravels and sands which are closed between
layers of neogene clays and dry moulds are important. This soil has
relatively low porosity and is difficult to inject
2.2 Test grouting of the non-cohesive gravel sand layer

With respect to stated facts designer requested to execute
trials in order to confirm effectiveness of injection materials in
given environment. Test grouting was done in the Kralovo Pole
construction ditch into an open layer of aquiferred gravels and
gravel sands. Seven testing boreholes with a length of 3m were
made for which the grouting was done using three types of low-
viscosity polyurethane resin. The injected volume of resin,
injection pressures, temperature of injected environment and the
temperature of injection substances were monitored during the test
grouting. After the test, the layer of non-cohesive soil in the place
of the test was removed resulting in the following information:

e the best result was achieved by using a single-component resin
CarboStop 41 (1C PUR) with separate catalyst Carbostop 41
ACC;

* the scope of the grouting was up to 0.8m; to achieve a reliable
grouting, it is necessary to install injection lances with a span
of 0.6m and to arrange the grouting boreholes into isosceles
triangles with side lengths of 0.6m;

e consumption of injection mixture is 50-55L/m* of the
compacted soil;

* the average strength of the originated geocomposite is 1.8MPa,
the average porosity is 12.5%, foaming of the injection
substance is double;

e the originated geocomposite is suitable in terms of strength
and deformation properties for securing the ceiling and sides
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Obr. 8 Navriend schémata chemickych injektdZi pro jednotlivé diléi vyruby
(lokalita Brno, Krdlovopolsky tunel)

Fig. 8 Proposed sch for chemical grouting for individual cuts (locality
Brno, Krdlovopolsky tunnel)

tunelu. Celkova délka injek¢nich vrtl Cinila 4 260 m a celkova ku-
batura proinjektované zeminy byla 688 m?>.

Pro zpevilujici injektdZ byla pouZita jednosloZzkova polyureta-
nova pryskyfice CarboStop 41 (1C PUR), ktera pfi ovérovacich
zkouSkach prokdzala nejvyssi ucinnost. Pro vystrojeni vrtl byly
pouzity injekéni manZetové trubky.

2.4 Vysledek chemickych injektdZi

Chemickou injektazi se v prvé fadé podafilo zpevnit polohy
zvodnélych nesoudrznych zemin v oblasti kaloty, coZ znamenalo

of the tunnel breaks by the method of injecting a reinforced
umbrella (Fig. 6, 7).
2.3 Design of chemical grouting in galleries Ila and IIb

Based on information from geological survey, experience from
excavation of exploration galleries and results of verification
grouting trials design for strengthening grouting works was
prepared.

Design incorporated system of radial grouting boreholes forming
fans perpendicular to longitudinal axis of the tunnel. Directions,
number of boreholes and distances between fans had to ensure
proper grouting of encountered sandy gravels in the galleries
overburden. With respect to orientation of non-cohesive soil basis
and limited space in galleries three drilling patterns were designed
with borehole lengths of 0.8—4.8m and distance between fans 0,6m
(Fig. 8). Execution of grouting works was designed in both galleries
up to distance of 42.6m from portals, stationing km 1,512 612 to
km 1,470 000. Bill of quantities stated total length of grouting
boreholes as 4 260.3m and total volume of injected soil 688m?.

Single component polyurethane resin CarboStop 41 (1C PUR)
was used for strengthening grouting which exhibited during
verification trials the best efficiency. Sleeved pipes (tube-a-
manschette pipes) were used for instrumentation of boreholes.

2.4 Results of chemical grouting

In the first place, chemical grouting succeeded in strengthening
the positions of the aqueous non-cohesive soils in the top hea-
ding area, which meant achieving stability of the upper part of
the excavation. This ensured not only the safety of the tunnel
excavation works but also managed to seal significant groundwater
infiltrations into the galleries. This stopped the degradation of the
lining which locally reached a near-emergency state.

The effectiveness of the proposed solution of strengthening
grouting with sealing effect was demonstrated during subsequent
excavations, which took place without any problems [3] (Fig. 9,

10).

CONCLUSION

The described technologies and their various combinations
have been successfully used in tunnel constructions not only in



the Czech Republic for many years.
It is only a question of responsible
approach of all interested parties
and entities, in case of occurrence
of expected or unexpected wor-
sened geotechnical conditions of
tunnelling and professional rea-
diness, to appropriately address
and resolve these situations in order
to ensure maximum safety and
prevent occurrence of emergencies.
The author of the article offers the
experience of the Minova Bohemia
team as well as the above mentioned
materials and products of the Minova
Group in search of suitable technical
solutions in the implementation of
tunnel constructions.

Ing. PETR KUCERA,
petr.kucera@minovaglobal.com,
Minova Bohemia s.r.o.

Obr. 9 Proinjektované zvodnélé nesoudriné zeminy v kaloté (lokalita Brno,
Krdlovopolsky tunel)

Fig. 9 Grouted aquiferred loose soils in tunnel top heading (locality Brno,
Krdlovopolsky tunnel)

dosaZeni stability horni ¢asti vyrubu. Tim byla zaji$téna nejen bez-
pecnost pri razbé tunelu, ale zaroven se podafrilo utésnit vyrazné
vyrony podzemni vody do $tol. Zastavila se tak degradace osténi
prizkumnych Stol, kterd lokalné dosahovala témér havarijniho sta-
vu.

Ucinnost navrzeného feSeni zpeviiujicich injektaZi s tésnicim
ucinkem byla prokdzana pfi ndslednych razbéach, které prob&hly
bez jakychkoliv problému [3] (obr. 9, 10).

ZAVER

Popisované technologie a jejich rlizna kombinace se jiZ fadu let
tisp&sné vyuZivaji na tunelovych stavbach nejen v Ceské republice.
Je jen otdzkou zejména zodpovédného pristupu vSech zaintereso-
vanych stran a subjektd, pfi vyskytu ocekdvanych ¢i neocekdva-
nych zhorSenych geotechnickych podminek razby tunelu a profesni
pripravenosti, vhodné tyto situace fesit a vyresit pro zajisténi maxi-
malni bezpecnosti a prevence vzniku mimotadnych udalosti. Autor
¢lanku nabizi zkuSenosti tymu Minova Bohemia i vySe zmiflované
materidly a vyrobky skupiny Minova pfi hledani vhodnych technic-
kych feSeni pii realizaci tunelovych staveb.

Ing. PETR KUC'ERA,
petr.kucera@minovaglobal.com, Minova Bohemia s.r.o. Obr. 10 Radidlni injekéni vrty vystrojené injekcénimi trubkami (lokalita Brno,
Krdlovopolsky tunel)

Fig. 10 Radial grouting boreholes equipped with injection lances (locality

Recenzoval Reviewed: Ing. Tomds Ebermann, Ph.D. Brno, Krdlovopolsky tunnel)

LITERATURA / REFERENCES

[1] Interni materidly spole¢nosti Minova Internal materials Minova

[2] KUCERA, P. a kol. Technologie stabilizujici nadloZi a pfedpoli pouzité pfi vystavbé tunelového komplexu Blanka. Tunel, 2014,
roc. 23, ¢. 1, s. 4-8.

[3] KUCERA, P. a kol. Technologie chemickych injektaZi a jejich pfinos na tunelovych stavbach v CR. In: Podzemni stavby Praha
2023. Praha: Ceska tunelafska asociace ITA-AITES z.s., 2023.




32. rotnik - €. 3/2023

VPLYV SPOSOBU VYPOCTU NA NAVRH SEKUNDARNEHO OSTENIA
INFLUENCE OF THE METHOD OF CALCULATION ON THE DESIGN
OF THE SECONDARY LINING

JURAJ ORTUTA, JAN BOLTVAN, VLADIMIR STEFKO

ABSTRAKT

Tunely patria medzi najzlozitejSie geotechnické stavby nielen v hornatom teréne krajiny. Nejde len o zloZitost samotnej realizdcie, ale aj
o zloZitost projektovej pripravy takejto stavby. Prvé problémy pri projektovani sa vyskytujii hned na zaciatku pripravy, v sivislosti s inZi-
nierskogeologickym prieskumom a opisom prostredia, v ktorom sa bude tunel realizovat. Dalsim problémom je samotny staticky vypocet,
ktory zah¥ria hodnoty urcené na zdklade prieskumu, ktoré sa musia v zdujme idealizdcie urcitym sposobom zjednotit. Staticky vypocet sa
v siicasnosti spravidla vykondva pomocou metody konecnych prvkov, v ktorej je mozné simulovat proces razenia, ako aj samotnii vystavbu
tunela. Cldnok sa zaoberd vplyvom réznych vypoctovych postupov na dimenzovanie sekunddrneho ostenia a vplyvom tychto postupov na
vysledok, ktory ovplyviiuje najmdii ekonomické aspekty sivisiace s optimalizdciou ndvrhu.

ABSTRACT

Tunnels belong among the most complex geotechnical structures not only in the mountainous terrain of the countryside. It is not only
about the complexity of the construction itself, but also about the complexity of the design preparation of such a construction. The first
design problems appear at the very beginning of the preparation in connection with the engineering-geological survey and the description
of the environment in which the tunnel structure will be implemented. Another problem is the static calculation itself, which includes the
values determined on the basis of the survey, which must be unified in a certain way for the sake of idealisation. Currently, the static
calculation is usually carried out using the Finite Element Method, in which it is possible to simulate the tunnel excavation process, as well
as the tunnel construction itself. The paper deals with the influence of various calculation procedures on the dimensioning of the secondary
lining and the influence of these procedures on the result, which mainly influences the economic aspects related to the optimisation of the

design

uvob

Jednym zo znakov moderného $titu je aj vyspeld infraStruktira
a rozvinuta doprava. Prioritou kazdej vlady je spojit velké aglome-
racie pomocou cestnej, najmi dialni¢nej siete. Tato snaha sa pre-
niesla do budovania dialnic naprie¢ Gzemiami, ktoré nie si vzdy
spojené s idedlnym topografickym tvarom. S tym sui spojené finan-
¢né problémy a navySovanie ceny hlavne kvoli zlym geologickym
podmienkam a rad dalSich z toho vyplyvajtcich problémov, ako je
oneskorenie vystavby, popripade dostavby uz zacatych stavebnych
usekov.

Medzi najzlozitejSie stavby v hornatych reliéfoch krajiny pat-
ria tunely. Tu sa nejednd len o zloZitost samotnej realizécie, ale aj
o zlozitost projekénej pripravy takého objektu. Prvé problémy pri
navrhu sa vyskytnd hned na zaciatku, ktory je spojeny s inZinier-
skogeologickym prieskumom a popisom prostredia, v ktorom sa
bude tunel realizovat. Dal§i problém je samotny staticky vypocet,
do ktorého vstupuju prave hodnoty urcené na zdklade vysledkov
prieskumu, ktoré sa musia kvoli idealizécii urcitym spdsobom
zjednocovat. Staticky vypocet sa v sucasnosti robi prevazne po-
mocou metédy konecnych prvkov, pri ktorej je mozné simulovat
postup razenia, ako aj samotnu vystavbu tunela.

Clanok sa bude venovat prave vplyvom odli§nych vypoctovych
postupov na dimenzovanie sekundarneho ostenia a dopadu tychto
postupov na kone¢ny vysledok, ktory ovplyviluje ekonomické as-
pekty spojené s optimalizaciou névrhu.

HLADANIE SPRAVNEHO POHLADU NA MECHANIKU
HORNIN

Rozvoj podzemného stavitelstva na zaciatku 20. storocia, ale

INTRODUCTION

One of the signs of a modern state is also advanced infrastructure
and developed transport system. The priority of every government
is to connect large agglomerations using a road network, especially
a motorway network. This effort has been transferred to the
development of motorways across territories which are not always
associated with an ideal topography. Financial problems and price
increases are associated with this, mainly due to poor geological
conditions and a number of other resulting problems, such as the
delay in construction, or completing of already started construction
sections.

Tunnels are among the most complex structures in the
mountainous relief of the countryside. This is not only about
the complexity of the implementation itself, but also about the
complexity of the design preparation of such an object. The first
design problems appear at the very beginning. They are connected
with the engineering-geological survey and the description of the
environment in which the tunnel will be built. Another problem is
the static calculation itself, which includes the values determined
on the basis of survey results, which must be unified in a certain
way due to idealisation. Currently, the static calculation is mainly
done using the Finite Element Method, where it is possible to
simulate the tunnel excavation process, as well as the construction
of the tunnel itself.

The paper will dedicate itself to the influence of different
calculation procedures on the dimensioning of secondary lining
and the influence of these procedures on the final results, which
affects the economic aspects associated with the optimisation of
the design.
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hlavne po druhej svetovej vojne priniesol so sebou zvySené poZia-
davky na mechaniku zemin a hornin z hladiska hladania a spracova-
nia takych metéd navrhu vystuZe do ostenia podzemnych diel, ktoré
by technicky a ekonomicky boli podriadené praxi. Ako velky ne-
dostatok sa prejavil fakt, Ze mechanika hornin sa zaoberala len jed-
nou strankou problému, a to otdzkou zataZenia ostenia tlakom hor-
niny, zatial ¢o druhd stranka, navrhovanie konstrukcie ostenia, bola
odsuvana. Tedrie stavebnej mechaniky boli rozvijané bez ohladu na
Specifika, ktoré sa pri konStrukcii osteni ako stavebnej konStrukcii
v podzemi objavia. Preto pretrvavali staré vypoctové postupy, ktoré
nereSpektovali zdvazné odliSnosti v spravani sa konStrukcie ostenia
v porovnani s ostatnymi stavebnymi konstrukciami [1].

V podzemnom stavitelstve sa tento problém prejavuje v stile
pouzivanej metdde analdgie zaloZenej na empirickych skdsenos-
tiach a nie exaktnom poznani prirodnych procesov. To vedie k pre-
dimenzovaniu konstrukcii v snahe poistit si staticky vypocet pre
pripad neocakavanych alebo nezndmych vplyvov. Exaktné mate-
maticky prepracované tedrie stavebnych konStrukcii tu narazaju
na nedostatky v pozndvani procesov odohrdvajucich sa v horni-
novom masive. To vyvoldva mnoZstvo nejasnosti vo funkcii vy-
stuZe ako takej; vzdjomné ovplyviiovanie horninového prostredia
a vystuze a podobne.

Mechanika hornin presla niekolkymi etapami svojho vyvoja.
V prvej etape to bolo spoznivanie vysvetlujicich funkcii. Cize
snaha najst tedrie objastiujice procesy, s ktorymi sa geotechnik
stretava v podzemi. Druh4 etapa sa spaja so snahou spoznat pric¢iny
vzniku horninovych tlakov a inych javov v podzemi. Rozvoj po-
znavacej funkcie bol pri¢inou rozvoja pozorovani in situ, rozvoja
laboratérnych met6d, matematického a fyzikalneho modelovania.
Tato etapa je samozrejme stdle Ziva a vyzaduje si stale vela prace.
Tvori ale zaroven prechod k tretej etape, etape prognostickej. Toto
najvyssie Stadium rozvoja nduky stile doraznejSie vyzaduje, aby
veda pruzne reagovala na zmeny prirodnych a technickych pod-
mienok pri realizacii podzemnych stavieb.

TEORETICKE ZAKLADY

Stanovenie zataZenia ostenia podzemnych stavieb vzdy bolo
jednou zo zakladnych a najtazsich tloh geotechnika. Na rozdiel
od uloh, ktoré stoja pred statikom v ramci pozemnych stavieb a ich
konstrukcii s relativne presne danymi vonkajs$imi zataZeniami, je
uloha geotechnika v podzemnom stavitelstve neporovnatelne ob-
tiaznejSia. Nie je to dané len neurcitosfou zataZenia konstrukcie,
ale hlavne rozdielnym ponatim statickej funkcie ostenia ako celku
(2].

Sucasné chapanie ostenia ako spolupdsobiaceho a stabilizac-
ného prvku v systéme hornina — ostenie predpokladd, Ze znalost
o pevnostnych a deformacnych vlastnostiach hornin tvoriacich
horninovy masiv a materidli ostenia zodpoveda poziadavkam
na rieSenie dlohy. Tu sa ale nardZa na cely rad tazkosti, a to aj
napriek tomu, Ze sa vyskum (hlavne in situ) vlastnosti hornin
z hladiska stability podzemnych diel stile rozvija. Vsetko to
suvisi najmi s tym, Ze hornina ako reprezentant masivu si plni
svoju ulohu len CiastoCne, pretoZe svojimi pevnostnymi a defor-
macnymi vlastnostami vo vacSine pripadov nezodpoveda spra-
vaniu horninovych blokov. Tento rozdiel medzi spravanim prvku
a celého systému je predovSetkym vysledkom zloZitej genézy
a procesom vyvoja horninového masivu, ktorymi behom svojej
existencie presiel. Jedné sa o vnttorné, ako aj vonkajSie vplyvy.
Jednym z najdodlezitejSich je vplyv tektonickych procesov, ktoré

SEARCHING FOR CORRECT VIEWING OF ROCK
MECHANICS

The development of underground construction engineering at the
beginning of the 20" century, but especially after the Second World
War, brought with it increased requirements for soil and rock
mechanics from the point of view of finding and processing such
methods of designing reinforcement for the lining of underground
workings, which would be technically and economically
subordinate to the practice. A significant shortcoming was the
fact that rock mechanics only dealt with one side of the problem,
namely the issue of rock pressure acting of the lining, while the
other side, the design of reinforcement, was pushed aside. The
theories of structural mechanics were developed without respect
to the specifics that will appear in the case of excavation support
as a building structure in the underground. Therefore, the old
calculation procedures, not respecting the significant differences in
the behaviour of reinforcement in comparison with other building
structures, persisted [1].

In underground construction, this problem is manifested in
the still used method of analogy based on empirical experience
and not exact knowledge of natural processes. This leads to the
over-dimensioning of structures in an attempt to secure the static
calculation in case of unexpected or unknown influences. Exact
mathematically refined theories of building structures collide with
shortcomings in the knowledge of the processes existing in the
rock massif. This raises a number of ambiguities in the function of
reinforcement as such; mutual influence of rock environment and
reinforcement and the like.

Rock mechanics has passed through several stages of its
development. In the first stage, it was the recognition of explanatory
functions. That is, the effort to find theories clarifying the processes
that a geotechnical engineer encounters underground. The second
stage is associated with the effort to find out the causes of rock
pressures and other phenomena underground. The development
of the cognitive function was the cause of the development of
in situ observations, the development of laboratory methods,
mathematical and physical modelling. Of course, this stage is still
alive and still requires a lot of work. But it also forms a transition
to the third stage, the prognostic stage. This highest stage of the
development of science strongly demands that science flexibly
responds to changes in natural and technical conditions during the
implementation of underground constructions.

THEORETICAL BASES

Determining the load acting on the lining of underground
structures has always been one of the basic and most difficult tasks
of a geotechnical engineer. In contrast to the tasks faced by a static
engineer in the framework of building and building structures with
relatively precisely given external loads, the role of the geotechnical
engineer in underground construction is incomparably more
difficult. It is not only due to the indeterminacy of the load acting
on the structure, but mainly to a different concept of the function of
the lining as a whole [2].

The current understanding of the lining as an interacting and
stabilising element in the rock-lining system assumes that our
knowledge of the strength and deformation properties of rocks
forming the rock massif and the material of the lining meets
the requirements for solving the task. But here we encounter a
whole range of difficulties, despite the fact that research (mainly




spdsobili cely rad diskontinuit, a tym zmenu jeho mechanickych
vlastnosti. Tieto okolnosti spolu s dal§imi anomalnymi zmenami
napitosti v priestore a ¢ase vytvorili velmi zlozity systém pre-
mennych, ktoré je nutné v statickom vypocte urcitym spdsobom
zohladnit. V tejto faze je vicSinou potrebné vyuzit skusenosti
geotechnika a tymto empirickym faktorom korigovat numericky
vysledok.

V stcasnosti existuje mnozstvo teoretickych rieSeni, ktoré su
pontikané obvykle bez kritického pristupu a bez bliZSie vymedze-
nych podmienok platnosti, a tym aj pouzitelnosti rieSenia. Velmi
podstatnt ulohu tu ale zohravaji skusenosti rieSitela.

MATEMATICKE MODELOVANIE V GEOMECHANIKE

Horninovy masiv, v ktorom sa razi podzemné dielo, sa musi
skimat ako systém so svojou Struktirou danou poctom prvkov
a vzajomnymi vztahmi, t.j. zameriavat sa na Struktiru a sprava-
nie. V pripade, Ze skimanie tychto zdkonitosti redlneho systému
je tazké, alebo dokonca nemozné, nahradzuje sa pdvodny systém
inym, zjednodu$enym, tzv. modelom. Tento model moze byt re-
alny (modelovanie ekvivalentnymi materidlmi) alebo abstraktny
(matematicky). Medzi origindlom a modelom musi existovat ana-
16gia, aby mohol model prognézovat vyvoj origindlu. Zikladom
je rozhodnutie, ktory model je pre dand tlohu najvhodnejsi. Aj
ked jednou zo zakladnych vlastnosti ¢loveka je schopnost vyt-
véarat abstraktné modely zodpovedajice objektivnej realite, ich
matematicka formulécia je velmi zlozita a niekedy aZz nemoZna.
Z toho vyplyva, Ze ziadny modelovy systém nemodZe obsahovat
vSetky vlastnosti objektivnej reality. Preto sa vZdy musi pocitat
s odchylkami medzi spravanim originalu a vysledkami ziskanymi
z modelu. Aby bola zachovana prijatelna miera adekvatnosti med-
zi origindlom a modelom, konStruuje sa model tak, aby sa vytvo-
rilo jeho priblizne rovnaké spravanie ako pri origindli. Model je
preto nutné neustile overovat a dopliat, a to najmi vtedy, ked sa
ziskajui nové informacie (napriklad pocas projektovania alebo uz
samotného razenia).

Geotechnické problémy a nutnost matematického modelovania
sa podla mnoZstva a kvality informécii mdZu rozdelit do Styroch
oblasti (obr. 1). Pre tvorbu modelov je idedlna oblast 4, v rdm-
ci ktorej je k dispozicii maximum znalosti a poznatkov, ako aj
mnoZstvo dat. V oblasti 3 je obvyklé spolichat sa na Statistické
spracovanie dat a hladanie empirickych korelacii. Nanestastie je
vicSina geotechnickych uloh z oblasti 1 a 2. Modely vytvorené
v ramci tychto oblasti by sa nemali stat rutinou, lebo ich nie je
mozné Uplne overit a je pri nich potrebny pragmaticky pristup.
Casto je lepsie vytvorif niekolko jednoduchych modelov ako

3. empiricka korelacia +

Statisticky predikované | 4. znalosti + redine

data data
Data 3. empiric correlation 4. knowledge + real
Data + statistically predicted data

data

1. pragmaticky pristup | 2.nekompletné data
1. pragmatic approach 2. incomplete data

Znalosti
Knowledge

Obr. 1 Zndzornenie klasifikdcie problémov
Fig. I Representation of problem classification
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in situ) of rock properties from the point of view of the stability
of underground workings is still developing. All of this is mainly
related to the fact that the rock as a representative of the massif
fulfils the role only partially, because its strength and deformation
properties in the majority of cases do not correspond to the
behaviour of rock blocks. This difference between the behaviour
of the element and the whole system is primarily the result of the
complex genesis and the process of development of the rock massif
that it passed through during its existence. These are internal as well
as external influences. One of the most important is the influence of
tectonic processes, which caused a number of discontinuities, and
thus a change in its mechanical properties. These circumstances,
together with other anomalous changes in stress in space and time,
created a very complex system of variables which must be taken
into account in a certain way in the static calculation. In this phase,
it is usually necessary to use the experience of e geotechnical
engineer and correct the numerical result with the empirical
factor.

Currently, there are a number of theoretical solutions which
are usually offered without a critical approach and without
further defined conditions of validity, and thus the applicability
of the solution. However, the experience of the person solving the
problem plays a very important role here.

MATHEMATICAL MODELLING IN GEOMECHANICS

The rock massif through which the underground working is
driven, must be examined as a system with its structure given
by the number of elements and mutual relations, i.e. focus on
structure and behaviour. In the event that the examination of these
regularities of the real systems is difficult or even impossible,
the original system is replaced with another, simplified, a so-
called model. This model can be real (modelling with equivalent
materials) or abstract (mathematical). An analogy must exist
between the original and the model so that the model can forecast
the development of the original. The basis is to decide which model
is most appropriate for the given task. Even though one of the basic
characteristics of a person is the ability to create abstract models
corresponding to objective reality, the mathematical formulation
of the models is very complex and sometimes even impossible. It
follows from this fact that no model system can contain all the
properties of objective reality. Therefore, deviations between
the behaviour of the original and the results obtained from the
model must always be taken into account. In order to maintain the
acceptable degree of adequacy between the original and the model,
the model is constructed to produce approximately the same
behaviour as the original. Therefore, the model must be constantly
verified and supplemented, especially when new information
is obtained (for example, during design or during the actual
excavation).

Geotechnical problems and the necessity for mathematical
modelling can be divided into four areas according to the amount
and quality of information (Fig. 1). For creating models, area 4,
within which the maximum amount of knowledge and a lot of data
is available, is ideal. In area 3, it is customary to relay on statistical
processing of data and the search for empirical correlations.
Unfortunately, the majority of geotechnical tasks are from areas
1 and 2. Models created within these areas should not become
routine, as they cannot be fully verified and require a pragmatic
approach. It is often better to create several simple models than one
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jeden komplexny. Jednoduché modely sa
daju nasledne vylepSovat a upravovat [4]. i

Je nutné ale pochopit, Ze matematicky
model je len ndstroj pre pochopenie a rie-
Senie problému. Musia sa vnimat nielen
jeho silné stranky, ale aj slabé. Ddlezité si
je uvedomit, Ze matematicky model sam
o sebe nie je rieSenim, pretoZe realitu iba
imituje a aj to nie Uplne presne.

VYSTAVBA MATEMATICKEHO

~= DP: fit na MC pro 6 = 30°
C

-

ccotg¢

MODELU A POUZITA VYPOCTOVA
METODA

Volba
vztahu a nésledné zaddvanie parametrov hornin, resp. zemin do

materidlového  konStitu¢ného

vypoctu, je jednou z najdolezitejSich a zaroven najproblematicke;j-
Sich dloh pri modelovani konstrukcie metdédou kone¢nych prvkov.
Hlavnou tlohou materidlového modelu je ¢o mozZno najvierohod-
nejSie popisat chovanie horniny, resp. zeminy. Preto je spravna
volba materidlového modelu priamo spojend so spravnym mode-
lovanim (obr. 2).

Materidlové modely sa daju rozdelit do dvoch skupin, a to na li-
nedrne a nelinedrne. Pre vypocty viacSich konStrukcii su nelinedrne
modely jedinou moZnostou ako minimalizovat neistotu vysledku,
pretoZe linedrne modely zemin, napriklad pri vypoctoch podzem-
nych konStrukcii, ako su tunely (obr. 3), poskytuji Gplne neredlne
vysledky.

Modelovanie metédou konecnych prvkov je pomerne zloZity
proces. VicSina geotechnikov mé snahu vyriesit komplikovand
ulohu na prvy pokus. Nasledne, ak tloha nekonverguje, je tazké
ndjst pric¢inu a musi sa pristipit k vystavbe nového modelu. Postup
modelovania by sa dal zhrnit do niekolkych bodov:

1. Kompletné namodelovanie konstrukcie.

2. Zeminy/horniny a kontaktné prvky sa zadaju ako pruzné (li-

nearne modely).

Obr. 2 Priemet ploch plasticity do devidtorovej a merididnovej roviny
Fig. 2 Projection of plasticity surfaces onto the deviator and meridian planes

complex model. Simple models can subsequently be improved and
modified [4].

However, it is necessary to understand that the mathematical
model is only a tool for understanding and solving the model. It is
necessary to perceive not only its strengths, but also its weaknesses.
It is important to realise that the mathematical model in itself is not
a solution, because it only imitates reality, and even not completely
exactly.

DEVELOPMENT OF MATHEMATICAL MODEL
AND CALCULATION METHOD USED

Choice of material constitutional relationship and subsequent
input of rock or soil parameters into the calculation is one of the
most important and at the same time most problematic tasks in the
modelling of the structure using the Finite Element Method. The
main task of the material model is to describe the behaviour of the
rock or soil as reliably as possible. Therefore, the correct choice of
the material model is directly connected with the correct modelling
(Fig. 2).

Material models can be divided into two groups, namely linear

3. Vygenerovanie hrubej siete.
Namodelovanie vSetkych faz vypoc-
tu.

5. Vypocet vSetkych faz.

6. Prvé vyhodnotenia:

* Ak vypocet skoncil chybou, je
konstrukcia pravdepodobne zle
zadana (nosnik ma vela vnutor-
nych kibov, svorniky nie sd uchy-
tené do konStrukcie atd.).

* Ak vypocet skoncil poslednou fé-
zou, je nutné urobit kontrolu de-
formécii, a tym aj redlnost zada-
nych parametrov. Pri plastickom
modeli zeminy su deformécie
vzdy vicsie ako pri elastickom.
Ak vychadzaju uz v tejto faze
velké, je potrebna tprava a k vy-
poctu s nelinearnym modelom sa
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nemusi pristupovat.
* Ak vypocet skoncil bez chyb

Obr. 3 Model dvojriirového tunela, nadloZie v modeli od 20-25 m, Sirka vyrubu 12,6 m a vyska 10 m, osovd

vzdialenost tunelovych riir 30 metrov

a deformacie zodpovedaju realite,
modze sa postupovat dalej.

Fig. 3 Double-tube tunnel model, overburden thickness in the model ranging from 20-25m, excavation
width 12.6m and height 10m, axial distance between tunnel tubes 30 metres




7. Zmena linedrneho materidlového modelu na nelinedrny
(Mohr-Coulomb, Drucker-Prager, Hardening Soil Model,
atd.).

8. Vypocet vSetkych faz a opdtovné vyhodnotenie podla
bodu 6.

9. Zjemnenie siete kone¢nych prvkov a konecny vypocet.

Pri vybere spravneho nelinedrneho modelu horniny je potreb-
né mat ¢o moZno najviac inzZinierskogeologickych informécii
o mieste, kde bude konStrukcia umiestnend. Vychadza sa totiz
z predpokladu, Ze kazdy konStituny vzfah popisujici materidl
ma urCité obmedzenia. Mohr-Coulombov, Drucker-Pragerov, ako
aj a modifikovany Mohr-Coulombov model sa mdze zaradit do
skupiny modelov, ktoré vychadzaju z klasickej Coulombovej pod-
mienky porusenia. Spolo¢nym rysom tychto modelov je neobme-
dzené elastické pretvorenie za predpokladu geostatickej napétosti
(obr. 2).

Druhu skupinu modelov tvoria Hardening Soil Model, modi-
fikovany Cam Clay, zovseobecneny Cam Clay a hypoplasticky
model. Tieto modely maju uz priamo v sebe zabudovany mecha-
nizmus spevilovania a pre vypocet v lokalite, ktord je porusend
trhlinami alebo zlomami, je ich pouZitie nevyhovujtce.

MODELOVANIE POSTUPU VYSTAVBY A POSUDENIE
SEKUNDARNEHO OSTENIA

V ramci studie bol urobeny staticky vypocet dvojrirového tune-
la (obr. 3) s pouzitim geotechnického pristupu. Ako software bol
pouzity program GEOS5 2023, modul Tunel [3].

Nadlozie nad tunelovymi rurami je 24 metrov a v ramci geolo-
gie je zahrnuté celé horninové prostredie. Ide o geneticky pestré
kvartérne zeminy, ktoré prechadzaji do hornin skalného podlozia.
Jedna sa o zastupcov kriedy od sliefiovcov az po vépence.

Generalne je na povrchu skalného podlozia vyvinutd premenne
mocna eluvidlna vrstva charakterizovana Strkovitymi az kameni-
tymi ilmi. Mocnost je ovplyvnend erozivnymi pochodmi v minu-
losti. Tymto predpokladom zodpovedali aj geotechnické paramet-
re pouZite vo vypocte.

Modelovalo sa primarne ostenie a v dalSich fazach aj sekun-
darne ostenie. To sa staticky posudzovalo na zdklade vypoctom
urcenych vnutornych sil.

Prvy variant predstavoval geotechnicky pristup, kde sa uz
v ramci vystavby modelu zohladiiuje celkové skladba dvojplas-
tového tunela.

Druhym variantom bolo postdenie beZne pouZivané v praxi,
a to modelovanie postupu razenia so zapojenim kontaktnych na-
péti, pricom vypocet primarneho ostenia bol ako posledny krok
fazy budovania a vypocitané kontaktné napitia sa preniesli do kla-
sického statického posudzovania sekundarneho ostenia.

A (geotechnicky pristup): Fdzy budovania, ktorych stic¢astou je
aj sekunddrne ostenie:

1. Urcenie primarnej geostatickej napitosti.

2. Modelovanie vyrubu kaloty LTR, osadene kotiev, aktivacia

vyrubu.

3. Vystrojenie klenby kaloty primarnym ostenim z Cerstvého

betonu.

4. ZvySenie materidlovych charakteristik tvrdého beténu pre

kalotu.

5. Modelovanie vyrubu stien tunela, osadenie kotiev, aktivacia

vyrubu.

6. Vystrojenie stien primarnym ostenim z erstvého betonu.
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and non-linear. For the calculations of larger structures, non-linear
models are the only option to minimise the uncertainty of the result,
because linear soil models, for example, in the calculations of
underground structures such as tunnels (Fig. 3), provide completely
unrealistic results.

Modelling using the Finite Element Method is a rather complex
process. Most geotechnical engineers try to solve a complicated
task on the first attempt. Subsequently, if the task does not converge,
it is difficult to find the cause and a new model must be developed.
The modelling procedure could be summarised in several points:

1. Complete modelling of the structure.

2. Soils/rocks and contact elements are entered as elastic ones
(linear models).

Generation of a coarse network.
Modelling of all calculation phases.
Calculation of all phases.

First assessments:

SN e

e If the calculation ended with an error, the structure is
probably entered incorrectly (the beam has many internal
joints, the rockbolts are not fixed in the structure, etc.).

 If the calculation ended in the last phase, it is necessary
to check the deformations, and thus also the reality of
the specified parameters. In the case of a plastic model
of the soil, deformations are always greater than in the
case of elastic one. If they are already large at this stage,
adjustment is needed and it is not necessary to approach
the calculation with a non-linear model.

e Ifthe calculation ended without errors and the deformations
correspond to reality, it is possible to proceed further.

7. Changing the linear material model to a non-linear one
(Mohr-Coulomb, Drucker-Prager, Hardening Soil Model,
etc.).

8. Calculation of all phases and repeated assessment according
to point 6.

9. Refinement of the finite element mesh and final calculation.

When choosing the right non-linear rock model, it is necessary
to have as much engineering-geological information as possible
about the place where the structure will be located. It is based on
the assumption that every constitutive relationship describing the
material has certain limitations. Mohr-Coulomb, Drucker-Prager,
as well as the modified Mohr-Coulomb model can be included in
the group of models based on the classical Mohr-Coulomb fracture
conditions. A common feature of these models is unlimited elastic
deformation under the assumption of geostatic state of stress
(Fig. 2).

The second group of models consists of the Hardening Soil
Model, the modified Cam Clay, the generalised Clam Clay and
a hypoplastic model. These models already have a consolidation
mechanism built in them, and their use is unsuitable for calculation
in a location that is disturbed by cracks or fractures.

MODELLING OF THE CONSTRUCTIUON PROCEDURE AND
ASSESSMENT OF THE SECONDARY LINING

As part of the study, a static calculation of a double-tube tunnel
(Fig. 3) was carried out using a geotechnical approach. The GEOS
2023 program, the Tunel module [3] was used as the software.

The tunnel overburden is 24 metres high and the geology covers the
entire rock environment. There are genetically diverse Quaternary
soils there, passing into the bedrock. These are representatives of
the Cretaceous rock, from marlstone to limestone.
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7. ZvySenie materidlovych charakteristik tvrdého beténu pre
kalotu.

8. Modelovanie vyrubu kaloty PTR, osadene kotiev, aktivicia
vyrubu.

9. Vystrojenie klenby kaloty primarnym ostenim z Cerstvého
beténu.

10. ZvySenie materidlovych charakteristik tvrdého beténu pre
kalotu.

11. Modelovanie vyrubu stien tunela, osadenie kotiev, aktivacia
vyrubu.

12. Vystrojenie stien primarnym ostenim z ¢erstvého betonu.

13. ZvySenie materidlovych charakteristik tvrdého betonu pre
kalotu.

14. Modelovanie sekundédrneho ostenia LTR.

15. Modelovanie sekundarneho ostenia PTR.

16. Odstranenie kotiev z modelu.

17. Odstranenie primarneho ostenia z modelu, simulécia jeho
degradacie.

18. Zatazenie ostenia teplotou: leto.

19. Zatazenie ostenia teplotou: zima.

B (staticky pristup): Fdzy budovania na uréenie kontaktnych
napdti:

1. Urcenie primarnej geostatickej napitosti.

2. Modelovanie vyrubu kaloty LTR, osadene kotiev, aktivacia
vyrubu.

3. Vystrojenie klenby kaloty primarnym ostenim z cerstvého
betonu.

4. Zvysenie materidlovych charakteristik tvrdého beténu pre
kalotu.

5. Modelovanie vyrubu stien tunela, osadenie kotiev, aktivacia
vyrubu.

6. Vystrojenie stien primdrnym ostenim z ¢erstvého beténu.

7. ZvySenie materidlovych charakteristik tvrdého beténu pre
kalotu.

8. Modelovanie vyrubu kaloty PTR, osadene kotiev, aktivicia
vyrubu.

9. Vystrojenie klenby kaloty primarnym ostenim z cerstvého
beténu.

10. ZvySenie materidlovych charakteristik tvrdého beténu pre
kalotu.

11. Modelovanie vyrubu stien tunela, osadenie kotiev, aktivicia
vyrubu.

In general, a variably thick eluvial layer characterised by
gravelly to stony clay is developed on the surface of the bedrock.
The thickness is affected by erosive processes in the past. The
geotechnical parameters used in the calculation correspond to these
assumptions.

The primary lining was modelled and, in the next stages, also
the secondary lining. This was statically assessed on the basis of
internal forces determined by calculation.

The first variant represented a geotechnical approach, where the
overall composition of the double-shell lined tunnel is already taken
into account within the framework of the creation of the model.

The second variant was an assessment commonly used in
practice, namely the modelling of the excavation procedure with
the involvement of contact stresses, while the calculation of the
primary lining was the last step of the construction phase and the
calculated contact stresses were transferred to the classic static
assessment of the secondary lining.

A (geotechnical approach): Model creation phases, the part of
which is also secondary lining:

1. Determination of primary geostatic state of stress.

2. Modelling of the excavation of the top heading of the left-
hand tunnel tube (LTT), installation of anchors, the activation
of the excavation.

3. Installation of the top heading vault primary lining made
from fresh concrete.

4. Increasing the material characteristics of hard concrete for
the top heading.

5. Modelling of the excavation of the side walls, installation of
anchors, the activation of excavation.

6. Installation of fresh concrete primary lining of walls.

7. Increasing the material characteristics of hard concrete for
top heading.

8. Modelling of the excavation of the top heading of the right-
hand tunnel tube (RTT), installation of anchors, the activation
of the excavation.

9. Installation of the top heading vault primary lining made
from fresh concrete.

10. Increasing the material characteristics of hard concrete for
top heading.

11. Modelling of the excavation of the side walls, installation of
anchors, the activation of excavation.

12. Installation of fresh concrete primary lining of walls.
13. Increasing the material cha-
racteristics of hard concrete

) = - —

for top heading.

14. Modelling of the LTT se-
condary lining.

15. Modelling of the RTT secon-
dary lining.

16. Removing anchors from the
model.

17. Removing primary lining
from the model, simulating its
degradation.

18. Loading of the lining with
temperature: summer.

+M

Obr. 4 Vysledny priebeh vniitornych sil v sekunddrnom osteni bez vplyvu teploty pre pristup A (maximdlne hodnoty: 19. Loading of the lining with

a) normdlovd sila (N) 259,9 kN; b) ohybovy moment (M) 22,7 kNm)

Fig. 4 The resulting distribution of internal forces in the secondary lining without the influence of temperature on

temperature: winter.

approach A (maximum values: a) normal force (N) 259.9kN; b) bending moment (M) 22.7kNm)
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Obr. 5 Priebeh vypocitanych kontaktnych napdti pre pristup B (maximdlna
hodnota: o= 352,8 kPa)

Fig. 5 Distribution of calculated contact stresses for approach B (maximum
value: o= 352.8kPa)

12. Vystrojenie stien primdrnym ostenim z ¢erstvého beténu.

13. ZvySenie materidlovych charakteristik tvrdého beténu pre

kalotu.

Hlavny rozdiel s pohladu optimalizécie je v tom, Ze pri static-
kom pristupe k celkovému postideniu sa kontaktne napétia prena-
$aju na sekundarne ostenie v plnom rozsahu. Je to spdsobené tym,
Ze v rdmci modelu sa medzi primarne a sekundarne ostenie vnasa
teoreticka vrstva (predstavuje hydroizolaciu, ktora zabratuje prie-
sakom), ktora eliminuje Smykové sily. Takto sa eliminuje spolupd-
sobenie primarneho ostenia a sekundérne ostenie sa dimenzuje na
celkové, mnohokrat az nerealne, zafaZenie.

V geotechnickom pristupe nebol tento zauzivany pohlad apli-
kovany na optimalizéciu a hydroizola¢na vrstva sa zanedbala. Na
sekundarne ostenie sa sice prenest aj Smykové sily, ale tym, Ze sa
ponechalo primérne ostenie, bolo dosiahnuté zniZenie celkového
zataZenia sekundarneho ostenia natolko, Ze aj celkovy dimenzac-
ny posudok bol ovela priaznive;jsi.

Vystupom geotechnického pristupu k vypoctu sekundarneho
ostenia podla pristupu ,,A* st vnutorné sily, na zaklade ktorych sa
bude navrhovat vystuz (obr. 4).
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B (static approach): Creation phases for the determination of
contact stresses:

1. Determination of primary geostatic state of stress.

2. Modelling of the excavation of the top heading of the LTT,

installation of anchors, activation of the excavation.

3. Installation of the top heading vault primary lining made

from fresh concrete.

4. Increasing the material characteristics of hard concrete for

the top heading.

5. Modelling of the excavation of the side walls, installation of

anchors, the activation of excavation.

6. Installation of fresh concrete primary lining of walls.

7. Increasing the material characteristics of hard concrete for

top heading.

8. Modelling of the excavation of the top heading of the RTT,

installation of anchors, the activation of the excavation.

9. Installation of the top heading vault primary lining made

from fresh concrete.

10. Increasing the material characteristics of hard concrete for

top heading.

11. Modelling of the excavation of the side walls, installation of

anchors, the activation of excavation

12. Installation of fresh concrete primary lining of walls.

13. Increasing the material characteristics of hard concrete for

top heading

The main difference from an optimisation point of view is that in
the static approach to the overall assessment, the contact stresses
are fully transferred to the secondary lining. It is caused by the
fact that within the model, a theoretical layer (representing the
waterproofing which prevents seepage) is introduced between the
primary and secondary linings, eliminating shear forces. In this
way, the interaction of the primary lining is eliminated and the
secondary lining is dimensioned for the total, often even unrealistic,
load.

In the geotechnical approach, this usual view was not
applied to the optimisation and the waterproofing layer was
omited. It is the fact that shear forces are also transferred to
the secondary lining, but by retaining the primary lining, the
overall load on the secondary lining was reduced to such an
extent that the overall dimensioning assessment was much more
favourable.

The output of the geotechnical

approach to the calculation of
the secondary lining according to
approach “A” provides the internal
forces, on the basis of which the
reinforcement will be designed
(Fig. 4).

The result which is required for
the design of the reinforcement
in the case of a combination of
geotechnical calculation and clas-
sical static calculation according
to approach “B”, is, as mentioned
above, the pattern of distribution

Obr. 6 Vysledny priebeh vniitornych sil v sekunddrnom osteni bez vplyvu teploty pre pristup B (maximdlne hodnoty:

a) normdlovd sila (N) 1592,48 kN, b) ohybovy moment (M) 869,24 kNm)

Fig. 6 The resulting distribution of internal forces in the secondary lining without the influence of temperature for
approach B (maximum values: a) normal force (N) 1592.48kN, b) bending moment (M) 869.24kNm)

of contact stresses (Fig. 5), which
will be transferred to the model of
the secondary lining. Subsequently,

a calculation is carried out to
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Vysledok, ktory sa vyZaduje pre navrh vystuze v pripade kom-
binicie geotechnického vypoctu a klasického statického vypoctu
podla pristupu ,,B*, je, ako bolo spomenuté hore, priebeh kon-
taktnych napiti (obr. 5), ktoré sa prenest do modelu sekundédrne-
ho ostenia. Nasledne prebehne vypocet na urcenie vnutornych sil
a navrhne sa vystuZenie (obr. 6).

V statickej praxi bola v poslednych desatroCiach pouZivana
metdda navrhovania a posudzovania konstrukcii podla medznych
stavov. Dosiahnutie niektorého z medznych stavov (inosnost, de-
formacia, vznik trhlin) zavisi od mnohych faktorov.

Vypocty podla prvej skupiny medznych stavov sa robia s oh-
ladom na porusenie kritického prierezu ostenia. Kritickym prie-
rezom sa rozumie taka Cast ostenia, v ktorej ddjde pri urcitom
spdsobe namdahania k vycerpaniu tnosnosti. Ked sa predpoklada
vyuZitie ostenia v oblasti pruznosti (tu sa nepripusta vznik plas-
tickych kibov), potom kriticky prierez uréuje celkovi tinosnost.
Vypoctom sa teda preukaze, Ze ostenie je pri spolupOsobeni
s horninovym masivom dostato¢ne tnosne a zabezpecuje trvali
stabilitu.

Vypocty podla druhej skupiny medznych stavov sa robia so za-
meranim na pretvorenie ostenia, vznik a spravanie trhlin. Tymto
sa kontroluje, ¢i deformécia ostenia neprekro¢i medzné hodnoty,
pri ktorych by doSlo k problémom pri beznej prevadzke tunela.
Vypoctom vzniku a spravania trhlin sa preukazuje, Ze pouZitelnost

Tab. 1 Porovnanie zataZeni pre oba postupy vypoctu
Vypocet pri zachovani degradovaného primarneho ostenia

determine the internal forces and the reinforcement is designed
(Fig. 6).

In the statics practice, the method of designing and assessing
structures according to limit states has been used in recent decades.
Reaching one of the limit states (bearing capacity, deformation,
formation of cracks) depends on many factors.

Calculations according the first group of limit states are made
with regard to the breaking of the critical cross-section of the lining.
The critical cross-section is understood as that part of the lining
in which the bearing capacity will be exhausted under a certain
way of stressing. When it is assumed that the lining will be used in
the area of elasticity (the formation of plastic joints is not allowed
here), the critical cross-section is determined by the overall load-
bearing capacity. The calculation will therefore prove that the load-
bearing capacity of the lining is sufficient when interacting with the
rock massif and ensures permanent stability.

Calculations according to the second group of limit states are made
with a focus on the strain in the lining, the formation and behaviour
of cracks. This is used for checking whether the deformation of the
lining does not exceed the limit values which would cause problems
during normal tunnel operation. By calculating the occurrence
and behaviour of cracks, it is demonstrated that the utility of the
tunnel will not be impaired by the permeability of the lining or the
corrosion of the reinforcement.

Vypocet pri vneseni kontaktnych napéti na sekundarne ostenie v pinom rozsahu

. | Pridavok Sucinitel . | Pridavok Sucinitel
Charak- | Maxi- 5 5 Charak- | Maxi- 5 5
LA 2 k charakt. i pre  |Navrhové F : k charakt. i pre  |Névrhové
.. |teristické | malne Parcialny " Sami .. |teristické | malne Parcialny . S
Bod | Veli¢ina e i zat. od stdinitel pre'me?nu zatazenie Bod | Veli¢ina e i o zat. od stdinitel prep'le?nu zatazenie
nam’ | nam’ | Prem cast | nam nam’ | nam’ | Prem cast | nam
zaf. zataZenia zaf. zataZenia
N (kN) 924 | 21084 | -11844 1 09 [-1989,96 | posudok N (kN) | -926,32 |-1251,17 | -324,85 1 09 |[-1218,685| posudok
1 V (kN) 20,6 37 -16,9 1,35 1,5 2,46 |bez vystuze 1 V(kN) | 7486 | 101,07 | 26,21 1,35 1,5 140,376 |bez vystuze
M (kNm) [ 10,3 -58,7 -69 1,35 1,5 -89,595 M (kNm) | 29,47 39,89 10,42 1,35 1,5 55,415
N(kN) | -947,9 | -1899,9 | -952 1 0,9 -1804,7 | posudok N (kN) | -930,66 |-1257,08 | -326,42 1 0,9 [-1224,438| posudok

2 V (kN) 90,2 197,9 107,7 1,35 1,5 283,32 |bez vystuze
M (kNm) -13 7,1 -58,1 1,35 15 -104,7

2 V(kN) | 7386 99,64 25,78 1,35 1,5
M (kNm) | 17,32 38,23 20,91 1,35 1,5

138,381 |bez vystuze
54,747

N (kN) | -963,6 | -1890,9 | -927,3 1 09 |-1798,17 | posudok
3 V(kN) | -100,7 | -166,7 -66 1,35 1,5 | -234,945 | bez vystuze
M (kNm) &S 7/, -58,1 1,35 15 -104,7

N(kN) | -936,27 |-1264,72| -32845 | 1 09 |-1231,875| posudok
3 | viN) | 7243 | 9771 | 2528 | 1,35 15 | 135701 |bez vystuze
M(KNm)| -871 | 3657 | 45028 | 1,35 15 | 56,162

N (kN) | -939,3 | -2180,4 | -1241,1 1 09 |-2056,29 | posudok N (kN) | -910,42 |-1229,48 | -319,06 1 09 |-1197,574| posudok
4 V (kN) 27,4 3,7 31,1 1,35 1,5 9,66 |bez vystuze 4 V (kN) 158,56 | 214,72 | 56,22 1,35 1,5 298,305 |bez vystuze
M (kNm) 58 -58,7 -64,5 1,35 1,5 -88,92 M (kNm) | 68,7 92,83 24,13 1,35 1,5 128,94
N (kN) -963 -1841 -878 1 0,9 -1753,2 | posudok N (kN) | -943,56 |-1274,59 | -331,03 1 0,9 [-1241,487| posudok

5 V (kN) -82,6 -138,2 -55,6 1,35 1,5 -194,91 |bez vystuZe
M (kNm) | 32,1 -40,4 72,5 1,35 1,5 -65,415

5 V (kN) 70,6 95,33 24,73 1,35 1,5 132,405 | 12/150
M (kNm) | -17,43 | 37,35 54,78 1,35 1,5 58,640

N(kN) | -898,7 | -1905,7 | -1007 1 0,9 -1805 | posudok N (kN) | -975,07 | -1316,77 | -341,7 1 0,9 -1282,6 | posudok

6 V (kN) -87,9 -189,3 | -101,4 1,35 1,5 | -270,765 | bez vystuze 6 V(kN) | -8242 | -111,8 | -29,38 1,35 15 |-155337 | 12/150
M (kNm) 88 -85,2 -94 1,35 1,5 -129,12 M (kNm) | 147,94 | 200,07 | 52,13 1,35 1,5 277,914

N(kN) | -951,9 | -1958,9 | -1007 1 0,9 -1858,2 | posudok 7 N (kN) | -969,23 |-1308,93 | -339,7 1 0,9 [-1274,96 | posudok

7 V (kN) 107,5 190,4 82,9 1,35 1,5 269,475 |bez vystuze V(kN) | -91,89 | -124,34 | -32,45 1,35 15 |-172,727 | 12/150
M (kNm) | -10,9 -69,3 -58,4 1,35 15 |-102,315 M (kNm) | 168,97 | 228,59 | 59,62 1,35 1,5 317,540

N (kN) | -949,5 | -1974,8 | -1025,3 1 0,9 |[-1872,27 | posudok N (kN) | -965,49 |-1303,95 | -338,46 1 0,9 [-1270,104| posudok

8 V (kN) -64 -146,9 -82,9 1,35 15 210,75 |bez vystuze 8 V(kN) | -7824 | -10594 | -27,7 1,35 15 |-147,174 | 16/150
M (kNm) | -10,9 -69,3 -58,4 1,35 15 |-102,315 M (kNm) | 187,81 | 254,21 66,4 1,35 1,5 353,144




Table 1 Comparison of loads for both calculations
Calculation with maintaining degraded primary lining
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Calculation with applying full size contact stresses to the secondary lining

Addition Coeffi-
Caracteri-[Maximum| to cha- | Partial | cient for | Design

Addition Coeffi-

Caracte- Maximum| to cha- | Partial | cientfor | Design

Point | Quantity | stic load | load per |ract. load| coeffici- | variable | load per Point | Quantity Iogts!ﬁcer load per [ract. load| coeffici- | variable | load per
perm’ m by prem.| ent part of m’ m'p m’ by prem.| ent part of m’
load load load load
N (kN) 924 | -2108.4 | -1184.4 1 0.9 [-1989.96 |assessment N (kN) | -926.32 | -1251.17 | -324.85 1 0.9 [-1218.685|assessment
without rein- without rein-
1 V (kN) 20.6 37 -16.9 1.35 1.5 246 (% rcament 1 V(kN) | 7486 | 101.07 | 26.21 1.35 1.5 140.376 | "¢ rcement
M (kNm)| 103 -58.7 -69 1.35 1.5 -89.595 M (kNm) | 29.47 39.89 10.42 1.35 1.5 55.415

N (kN) | -947.9 | -1899.9 [ -952 1 0.9 -1804.7 |assessment
without rein-
2 V (kN) 90.2 197.9 107.7 1.35 15 283.32 e

M (kNm) -13 -71.1 -58.1 1.35 1.5 -104.7

N (kN) | -930.66 |-1257.08 | -326.42 1 0.9 [-1224.438|assessment
without rein-
2 V (kN) 73.86 99.64 25.78 1.35 1.5 138.381 -
M (kNm) | 17.32 38.23 20.91 1.35 1.5 54.747

N (kN) | -963.6 | -1890.9 | -927.3 1 0.9 -1798.17 |assessment
without rein-
3 V (kN) | -100.7 | -166.7 -66 1.35 1.5 -234.945 "

M (kNm) -13 -71.1 -58.1 1.35 1.5 -104.7

N (kN) | -936.27 | -1264.72 | -328.45 1 0.9 [-1231.875[assessment
without rein-
3 V (kN) 72.43 97.71 25.28 1.35 1.5 135.701 e
M (kNm) | -8.71 36.57 45.28 1.35 1.5 56.162

N(kN) | -939.3 [ -2180.4 | -1241.1 1 0.9 |-2056.29 [assessment
without rein-
® Vi(kN) 966 | orcement

M (kNm) 5.8 -58.7 -64.5 1.35 1.5 -88.92

N (kN) | -910.42 | -1229.48  -319.06 1 0.9 [-1197.574]|assessment
without rein-
4 V (kN) 1585 | 21472 | 56.22 1.35 1.5 298.305 R

M (kNm) | 68.7 92.83 2413 1.35 1.5 128.94

N (kN) -963 -1841 -878 1 0.9 -1753.2 |assessment N (kN) | -943.56 | -1274.59  -331.03 1 0.9 |-1241.487|assessment
5 V(kN) | -826 | -138.2 -55.6 1.35 1.5 -194.91 W%?g:;g? 5 V (kN) 70.6 95.33 | 2473 1.35 15 132.405 | 12/150

M (kNm) | 32.1 -40.4 -72.5 1.35 15 -65.415 M (kNm) | -17.43 37.35 54.78 1.35 1.5 58.640

N (kN) | -898.7 | -1905.7 [ -1007 1 0.9 -1805 |assessment N (kN) | -975.07 | -1316.77 [ -341.7 1 0.9 -1282.6 |assessment
6 V(kN) [ -879 | -189.3 | -101.4 1.35 15 | -270.765 W%?g:;g? 6 V(kN) [ -8242 | -111.8 | -29.38 1.35 15 | -155.337 [ 12/150

M (kNm) 8.8 -85.2 -94 1.35 1.5 -129.12 M (kNm) | 147.94 | 200.07 52.13 1.35 15 277914

NKN) | -951.9 | -1958.9 | -1007 1 09 | -1858.2 |assessment 7 | N(N) | -969.23 |-1308.93 | -339.7 1 09 |-1274.96 |assessment
7 | V() | 1075 | 1904 | 829 | 135 15 | 269.475 ‘"’fgfgé‘r;fr:’t‘ V(KN) | -91.89 | -124.34 | 3245 | 135 15 |-172727| 12/150
M@KNm) [ -109 | -693 | -584 | 135 15 |-102.315 M (kNm) | 168.97 | 22859 | 59.62 | 135 15 | 317540

N (kN) | -949.5 | -1974.8 [ -1025.3 1 0.9 -1872.27 |assessment
without rein-
8 V (kN) -64 -146.9 -82.9 1.35 1.5 -210.75 e t——
M (kNm) | -10.9 -69.3 -58.4 1.35 1.5 |-102.315

tunela nebude narusend priepustnostou ostenia alebo korodovanim
vystuZe.

Zatial ¢o posudenie ostenia podla prvého medzného stavu sa
striktne vyZaduje, postidenie vzniku a spravania trhlin je spravidla
len sucastou statického vypoctu ostenia s ohladom na poziadavku
na odolnost proti priesakom podzemnej vody.

DVA PRISTUPY

Po urceni/vypocitani vnitornych sil v sekundarnom osteni bolo
mozné pristupit k ndvrhu vystuZe a celkovému statickému posude-
niu Zelezobetonovej konstrukcie.

Uz vo velkosti vypocitanych hodnot sa ukazovali prvé rozdiely.
Kontrola priebehu sil a napdtostnych stavov ale ukazala spravnost
vypoctu a teda aj potvrdenie tedrie, ako je dolezité brat do tva-
hy spravanie sa horninového masivu z pohladu mechaniky hornin
a spolupdsobenia s navrhovanou konstrukciou.

Doélezity rozdiel je, Ze pri geotechnickom vypocte prierezovych
sil sa uvaZovalo s postupnou degradiciou primdrneho ostenia.
Tato degradécia bola vnesend priamo ako vypoctovy krok s po-
stupnym stracanim pevnostnych charakteristik. Tato degradaciu
v modeli predstavuje vypustenie primarneho ostenia ako prvok

N (kN) | -965.49 [-1303.95 | -338.46 1 0.9 [-1270.104| assessment

8 V(kN) | -7824 | -105.94 | -27.7 1.35 15 | -147.174| 16/150

M (kNm) | 187.81 | 254.21 66.4 1.35 1.5 353.144

While the assessment of the lining according to the first limit
state is strictly required, the assessment of the occurrence and
behaviour of cracks is usually only part of the static calculation
of the lining with regard to the requirement for resistance against
inflows of groundwater

TWO APPROACHES

After determining/calculating the internal forces in the secondary
lining, it was possible to proceed with the reinforcement design and
the overall static assessment of the reinforced concrete structure.

The first differences already appeared in the magnitude of the
calculated values. However, the checking on the distribution of
forces and states of stress showed the correctness of the calculation
and thus confirmed the theory, how important it is to take into
consideration the behaviour of the rock massif from the point of
view of rock mechanics and interaction with the structure being
designed.

An important difference is that in the geological calculation
of cross-sectional forces, the gradual degradation of the primary
lining was taken into account already during the calculation.
This degradation was introduced directly as a calculation step
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Tab. 2 MnoZstvd vystuZe stanovené pre oba postupy vypoctu

Geotechnicky vypocet vnitornych sil

Vypocet vnitornych sil na zaklade kontaktnych napéti

dizka bloku ostenia 12,5 m dizka bloku ostenia 12,5 m
dizka celkom [m] dizka celkom [m]
pol. ds ks L pol. ds ks L
B 500B B 500B
mm m ds=12 | ds=16 | ds=18 | ds=20 mm m ds=12 | ds=16 | ds=20 | ds=25 | ds=28 | nosnik
1 12 166 10,900 | 1809,40 1 16 166 10,900 1809,40
2 20 83 9,500 788,50 2 25 166 10,900 1809,40
3 12 166 5,900 | 979,40 3
4 18 166 3,500 581,00 4 20 166 3,500 581,00
5 18 166 3,300 547,80 5 28 166 3,300 547,80
6 18 166 5,600 929,60 6 20 166 5,600 929,60
7 18 166 3,500 581,00 7 20 166 3,000 498,00
8 10 4814 - 2108,20 8 12 4814 - 1660,00
9 12 148 11,400 | 1687,20 9 12 148 11,400 | 1687,20
10 16 112 11,400 1276,80 10 16 100 11,400 1140,00
1 12 48 3,350 | 160,80 11 12 48 3,350 | 160,80
12 12 48 1,000 48,00 12 12 48 1,000 48,00
13 16 26 3,850 100,10 13 16 26 3,850 100,10
14 16 26 1,500 39,00 14 16 26 1,500 39,00
15 16 20 3,500 70,00 15 16 15 3,500 52,50
16 16 20 1,500 30,00 16 16 15 1,500 22,50
17 12 483 1,500 | 724,50 17 12 23 1,500 34,50
dizka celkom [m] | 7517,50 | 151590 | 2639,40 | 788,50 nosnik - 6 - 3300,00
jedn. hmotnost [kg/m] | 0,888 1,579 1,998 2,466 dizka celkom [m] | 3590,50 | 3163,50 | 2008,60 | 1809,40 | 547,80 | 3300,00
hmotnost [kg] | 667554 | 2393,61 | 527352 | 1944,44 jedn. hmotnost [kg/m] | 0,888 1,579 2,466 3,853 4,834 1,000
hmotnost celkom [kg] 16287,1 hmotnost [kg] | 3188,36 | 4995,17 | 495321 | 6971,62 | 2648,07 | 3300,00
hmotnost celkom [kg] 26056,4
Table 2 Amount of reinforcement determined for both calculation procedures
Geotechnical calculation of internal forces Calculation of internal forces based on contact stresses
secondary lining section length 12.5m secondary lining section length 12.5m
length total [m] length total [m]
pol. ds ks L pol. ds ks L
B 500B B 500B
mm m ds=12 [ ds=16 | ds=18 | ds=20 mm m ds=12 | ds=16 | ds=20 | ds=25 | ds=28 | beam
1 12 166 10.900 | 1809.40 1 16 166 10.900 1809.40
2 20 83 9.500 788.50 2 25 166 10.900 1809.40
3 12 166 5.900 | 979.40 3
4 18 166 3.500 581.00 4 20 166 3.500 581.00
5 18 166 3.300 547.80 5 28 166 3.300 547.80
6 18 166 5.600 929.60 6 20 166 5.600 929.60
7 18 166 3.500 581.00 7 20 166 3.000 498.00
8 10 4814 - 2108.20 8 12 4814 - 1660.00
9 12 148 11.400 | 1687.20 9 12 148 11.400 | 1687.20
10 16 112 11.400 1276.80 10 16 100 11.400 1140.00
11 12 48 3.350 | 160.80 1 12 48 3.350 | 160.80
12 12 48 1.000 48.00 12 12 48 1.000 48.00
13 16 26 3.850 100.10 13 16 26 3.850 100.10
14 16 26 1.500 39.00 14 16 26 1.500 39.00
15 16 20 3.500 70.00 15 16 15 3.500 52.50
16 16 20 1.500 30.00 16 16 15 1.500 22.50
17 12 483 1.500 724.50 17 12 23 1.500 34.50
length total [m] | 7517.50 | 1515.90 | 2639.40 | 788.50 beam - 6 - 3300.00
unit weight [kg/m] [ 0.888 1.579 1.998 2.466 length total [m] | 3590.50 | 3163.50 | 2008.60 | 1809.40 | 547.80 | 3300.00
weight [kg] | 6675.54 | 2393.61 | 5273.52 | 1944.44 unit weight [kg/m] [ 0.888 1.579 2.466 3.853 4834 1.000
total weight [kg] 16287.1 weight [kg] | 3188.36 | 4995.17 | 4953.21 | 6971.62 | 2648.07 | 3300.00
total weight [kg] 26056.4

a nahradza sa pomocou plochy, do ktorej sa vnesi materidlové
parametre. To znamend, Ze ked bolo primarne ostenie budova-
né z beténu C20/25, tak jeho degraddcia predstavuje zniZenie
parametrov na hodnoty beténu C12/16. Pri betéone ako takom
je jasne dany jednoosy tlak a pomocou Hoek-Brownovej pod-
mienky bolo mozné dopocitat parametre, potrebné ako vstup do
vypoctu.

with gradual loss of strength characteristics. This degradation is
represented in the model by the omission of the primary lining as
an element and replacing it with a surface to which the material
parameters are introduced. This means that when the primary
lining was carried out using C20/25 concrete grade, its degradation
represents a reduction of the parameters to the values of C12/16
concrete. For concrete as such, the uniaxial pressure is clearly




Tym, Ze sa jedna o dvojplastovy tunel, je na mieste si ponechat
spolupdsobenie priméarneho ostenia, ktoré v Case sice straca svoju
funkciu, ale nikdy o fiu neprichadza tuplne. Takymto spdsobom je
mozné zniZovat mechanické vlastnosti v Case, ale zaroven o ne
neprichddzat uplne.

Tab. 1 sumarizuje celkové posudenie (kvoli priestoru ide len
o Cast tabulky).

Vysledky ukazuju, Ze pri dalSom speviiovani a ustalovani hor-
ninovej klenby sa dosahovali také hodnoty pevnostnych charakte-
ristik, pri ktorych bolo mozné uplné vypustenie vystuze a stacilo
pouZitie prostého beténu. V najviac namahanych miestach, kde
bola nutna vystuz, sa mohlo pristipif minimalne k jej profilovej
redukcii (tab. 2).

Po rozkresleni vystuZe pre jeden blok bolo preukazané, ako je
dolezité vediet spravne prepdjat geotechniku s klasickou statikou
a najst ten spravny moment, kedy sa prestivaju vypocitané hod-
noty z matematického modelu do findlneho postdenia kritického
prierezu.

Spravne zvoleny spdsob modelovania a jeho ndsledna interpre-
tacia obvykle vedie k optimalizacii, ktord je spojend s Usporou.
V tomto pripade sa jedna o uSetrenie takmer 37 % vystuZe v ramci
bloku a to len tym, Ze matematicky model obsahoval cely postup
vystavby a zohladnoval vsetky aspekty horninového prostredia
spolu s prvkami, ktoré st sicasfou razenia a svoju funkciu stra-
caju len postupne.

ZAVER

Na zaciatku akéhokolvek statického geotechnického vypoctu je
potrebné poloZit si zdkladné otazky, s ktorymi je spojené modelo-
vanie, a od ktorych sa odvija dalsi postup: ¢o sa bude modelovat
a aké vysledky zo statického vypoctu su ofakdvané. Kazd4 takdto
analyza ma svoje Specifikd, ktoré sa musia respektovat. Tuto zasa-
du je dolezité si uvedomit hlavne pri jednotlivych fazach statického
vypoctu a budovania podzemnych diel.

Ako bolo v ¢lanku ukdzané, spravna interpretdcia spravania sa
horninového masivu vedie k optimalizacii navrhu a ekonomickej
uspore pri realizacii diela. Dolezité je ale zddraznit, Ze spravne
popisovanie mechanickych vlastnosti hornin je zaloZené najmé na
skusenostiach, ale v neposlednom rade aj na teoretickej priprave,
a to uz na univerzitnej pode. Bez tychto zakladov nie je mozné, aby
geotechnicky inZinier iplne pochopil, ¢o mu chce priroda povedat,
ale to je uZ na tplne inud diskusiu...
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given, and with the help of the Hoek-Brown criterion it was possible
to calculate the parameters needed as an input to the calculation.

Since a double- shell tunnel is in question, it is appropriate to
retain the interaction of the primary lining, which loses its function
over time, but never loses it completely. In this way, it is possible
to reduce the mechanical properties over time, but at the same time
not lose them completely.

The Table 1 summarises the overall assessment (due to space, it
is only a part of the table).

The results show that during the further strengthening and
stabilisation of the rock vault, such values of the strength
characteristics were achieved where it was possible to completely
omit the reinforcement and it was sufficient to use unreinforced
concrete. In the most stressed places, where reinforcement was
necessary, it was possible to proceed at least to its profile reduction
(Table 2).

After drawing the reinforcement of one block in detail, it was
demonstrated how important it is to know how to correctly connect
geotechnics with classical statics and to find the right moment
when the calculated values are transferred from the mathematical
model to the final assessment of the critical cross-section.

A correctly chosen method of modelling and its subsequent
interpretation usually leads to optimisation, which is associated
with savings. In this case, almost 37% of the reinforcement within
the block is saved and that is only because the mathematical model
contained the entire construction process and took into account all
aspects of the rock environment together with elements that are
part of the excavation and lose their function only gradually.

CONCLUSION

At the beginning of any static geotechnical calculation, it is
necessary to ask the basic questions which modelling is associated
with and on which the next procedure depends: what will be
modelled and what results provided by the static calculation are
expected. Each such analysis has its own specifics that must be
respected. It is important to be aware of this principle during
the individual phases of static calculation and construction of
underground workings.

As it was shown in the paper, the correct interpretation of the
behaviour of rock massif leads to optimisation of the design and
economic savings in the implementation of the working. However,
it is important to emphasise that the correct description of the
mechanical properties of rock is mainly based on experience, but
not least also on theoretical training, already at university. Without
these fundamentals, it is impossible for a geotechnical engineer to
fully understand what the nature is trying to tell him, but it is for a
completely other discussion.
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ODVODNOVACIA STOLNA V TUNELI VISNOVE
DRAINAGE GALLERY OF THE VISNOVE TUNNEL

JAN BOLTVAN, PETER PALOCKO, VLADIMIR STEFKO

ABSTRAKT

Cldnok sa zaoberd vystavbou a funkciou odvodiiovacej $tolne tunela Vistiové, ktord shiZi ako hlavny zbera¢ drendzneho odvodnenia
tunela. Popisuje historiu a geotechnické pomery $télne, ktord bola povodne navrhnutd ako prieskumnd a neskor prebudovand na odvod-
fiovaciu $toliiu. Dalej sa venuje technickému rieSeniu §télne, ktord md prierez 1,8 x 2,2 m a dlku 7446,75 m. V &ldnku sii uvedené $peci-
fické stavebné prvky, ktoré boli pouZité pri realizdcii §tdlne, ako napriklad servisné prestupy do priecnych prepojeni, uzavretie priecnych
chodieb a rozrdzok, kriZovania s priecnymi prepojeniami a odvodriovacie vrty. Zdverom sa konstatuje, Ze vyuZitie povodnej prieskumnej
Stolne ako trvalého objektu prinieslo vyhody pre Zivotnost vozovky v tuneli tym, Ze nebolo nutné budovat centrdlny zberac drendzneho
odvodnenia. To je v konecnom dosledku pozitivny prinos pre dopravu v oblasti Ziliny.

ABSTRACT

The paper deals with the construction and function of the Visriové tunnel, which serves as the main collector of the tunnel drainage
system. It describes the history and geotechnical conditions of the tunnel, which was originally designed as an exploratory gallery and was
later rebuilt as a drainage gallery. It also deals with the technical design of the gallery, the cross-section dimensions of which are 1.8 x
2.2m and the length amounts to 7446.75m. The paper presents specific structural elements that were used in the construction of the gallery,
such as service entrances to cross passages, closing of transverse galleries and excavation stubs, intersections with cross passages and
drainage boreholes. In the conclusion, it is stated that the use of the original exploratory gallery as a permanent object brought benefits
for the durability of the roadway in the tunnel, as it was not necessary to build a central collector of the drainage system. Ultimately, this

is a positive benefit for transport in the area of Zilina.

1. UvOD

Tunel Visiiové tvori rozhodujticu Cast budovaného useku dialnice
D1 Visiiové — Dubnd Skala, ktora je sucastou zapado-vychodného
dopravného prepojenia Bratislava — Trnava — Trenc¢in — Zilina —
Martin — Poprad — PreSov — KoSice — Michalovce — Sobrance —
Statna hranica SR/UA. Predmetny tusek dialnice ma spojit tseky
Lietavska Licka — Visniové a Dubna Skala — Turany. Orientacia
trasy tunela podla svetovych stran je v osi zdpad — vychod.

Tunel Visiiové sa nachddza na tzemi pohoria Mal4 Fatra. Mala
Fatra je 55 km dlhé horské pasmo v severozapadnej Casti Sloven-
ska, rozprestierajiice sa na juhovychod od Ziliny v linii hlavného
oblika Zapadnych Karpat. Hlavny hrebeii smeruje od juhozapadu
na severovychod. Stred horského pasma je rozdeleny korytom rie-
ky Vah. Na tomto mieste vytvorila rieka 12 km dlhé tzke tudolie
zname pod menom Stre¢nianska tiesfiava. Nadmorska vyska hor-
ského pasma v trase projektovaného a uz aj budovaného tunela sa
pohybuje v rozmedzi od 8§00 do 1300 m.

2. HISTORIA STOLNE PRED OBDOBIM VYSTAVBY
TUNELA VISNOVE

Stdliia bola pdvodne navrhnuti ako prieskumn4 a sldZila na zis-
tenie inZinierskogeologickych charakteristik horninového masivu
po celej dizke tunela. Trasa prieskumnej §tolne viedla povodne
v osi juznej tunelovej riry budiiceho 2-rurového tunela Vistiové
a sledovala jej vyskové a smerové vedenie. Zaciatok razenia $tolne
bol v septembri roku 1998. Stdliia bola razeni od oboch portilov
sucasne. Zo strany zédpadného portélu (za obcou Visiiové) sa razilo
metédou NRTM. V dizke 573 m sa razilo dovrchne so sklonom
0,50 %, dalej ipadne so sklonom 2,27 % v dizke 2545 m. Od vy-
chodného portalu (pri lome Dubnd Skala) sa razenie uskuto¢tiova-
lo pomocou tunelovacieho plnoprofilového raziaceho stroja (TBM
ATB 35 HA) s priemerom frézovej hlavy 3,5 m. Tento tsek sa

1. INTRODUCTION

The Visnové tunnel forms a critical part of the under-construction
section of the D1 motorway Visiiové — Dubna Skala, which is a
part of the west-east transport link Bratislava — Trnava — Trencin
— Zilina — Martin — Poprad — Prefov — KoSice — Michalovce
— Sobrance — the SR/UA state border. The motorway section in
question is expected to connect the Lietavska Lucka — Visfiové and
Dubné Skala — Turany sections. The tunnel alignment orientation
to cardinal points is on the west-east axis.

The Visiiové tunnel is located on the territory of the Little Fatra
mountain range. The Little Fatra is a 55km long mountain range in
the northwestern part of Slovakia, extending southeast from Zilina,
following the main arc of the Western Carpathians. The main ridge
runs from southwest to northeast. The centre of the mountain range
is divided by the Vah River bed. At this place, the river created
a 12km long narrow valley known as Stre¢nianska Tiestiava. The
altitude of the mountain range along the route of the tunnel being
designed as well as the already built tunnel ranges from 800 to
1300m.

2. HISTORY OF THE GALLERY BEFORE THE PERIOD OF
THE VISNOVE TUNNEL CONSTRUCTION

The gallery was originally designed as an exploratory working
and was used to identify the engineering geological characteristics
of the rock massif along the entire length of the tunnel. The route
of the exploratory gallery originally ran on the axis of the southern
tunnel tube of the future double-tube ViSiiové tunnel and followed
its vertical and horizontal alignment. The driving of the gallery
started in September 1998. The gallery was driven from both
portals concurrently. The NATM was used for tunnelling from the
western portal (behind Visiiové village). The gallery was driven
inclined 0.50% upwards at the length of 573m, downwards in a



razil od portalu Dubna Skala dovrchne so sklonom 2,27 % v dizke
4362 m. Stoliu s celkovou dizkou 7480 m prerazili 24. augusta
2002. Neskor bola prieskumnd Stolia prebudovand na unikovi
$tolilu, v tom Case sa uvazovalo o vybudovani iba jednej (severnej)
rury tunela, obdobne ako na tuneloch Branisko a Horelica. Bolo
dobudovanych 25 priecnych chodieb smerom k severnej (Tavej)
tunelovej rure, ktoré mali sliZit ako prie¢ne prepojenia medzi se-
vernou tunelovou rdrou a inikovou §tdliou, resp. juznou (pravou)
tunelovou rirou po jej neskorSom dobudovani. V rdmci inZinier-
skogeologického prieskumu bolo zrealizovanych aj viacero rozra-
7ok, v ktorych boli realizované in-situ skusky horninového masivu.

3. GEOTECHNICKE POMERY

Od zapadného portalu bola $tdlfia razend v hornindch central-
nokarpatského paleogénu Zilinskej kotliny, vo vyvoji hutianskych
vrstiev, v tseku stani¢enia od pdvodného portidlu odvodnovacej
Stolne (1000 m) po stanic¢enie 1115 m. Vrstvy maju prevahu ilov-
cov nad pieskovcami. Uvodny tsek v diZzke cca. 60 m bol poruseny
svahovymi blokovymi deformaciami, s dosahom porusenia az pod
niveletu $tolne do vzdialenosti 50-60 m od pdvodného zdpadného
portalu.

V useku od 1115 m do 2400 m je $tolia budovana v horninich
mezozoika so zastipenim vrstevného sledu v usekoch:

e 1115-1530 m Fatrikom — kriznanskou tektonickou jednotkou

vo vyvoji zliechovskej série;

e 1530-2346 m Fatrikom — kriziianskou tektonickou jednotkou
vo vyvoji dur¢inskej série;

* 2346-2400 m Tatrikom — malofatranskou tektonickou jednot-
kou v zastipeni kataklasticky poruSenych vrstiev spodného
triasu.

Horniny fatrika, kriziianského prikrovu budujui tsek $tdlne do
stanicenia cca 2346 m. V §tdlni tieto horniny reprezentuji vyrazne
heterogénne horninové prostredie so zastipenim z6n neporusenych
masivov oddelenych rdzne Sirokymi a rdozne tektonicky poruseny-
mi zénami s rozdielnou orientaciou vrstevnatosti, resp. bez zjavnej
vrstevnatej textiry. Masiv je tu tvoreny najmé vapnitymi ilovcami,
ilovitymi vapencami, pies¢itymi vdpencami, bridlicami, brekciami
karbonatickymi a tektonickymi.

Pritoky vody st trvalo viazané iba na tizku zénu v pdvodnom sta-
nic¢eni 2100-2345 m od zdpadného portalu, s rozpétim vydatnosti od
25-301.s', maximalne do 50-70 1.s™!, kratkodobo az do 80-100 1.s™.
Pritoky su viazané na ojedinelé sustredené pritoky v oblasti pity
juznej steny a na skryté rozptylené pritoky v dne Stdlne.

Na vychodnom okraji useku mezozoika bol v prieskumnej §tdlni
zisteny silne redukovany masiv tatrika — obalovej, malofatranskej
jednotky spodného triasu so zastipenim silne tektonicky poru-
Senych, tlomkovitych az drvenych hornin tvorenych kremitymi
pieskovcami az kremencami a ilovitymi bridlicami. Spolu s vy-
chodnym okrajom mezozoika, Sirokou tektonickou zénou, sa ma-
siv tatrika pondra pod komplex krystalinika, ¢o nasvedCuje na jeho
spdtny ndsun na zapad.

Krystalinikum tvori masiv v tseku od stanic¢enia 2400 m aZ po
vychodny portal. Od zdpadného okraja smerom k vychodu mozno
kryStalinikum rozdelit na dva zdkladné dseky:

e 2400-2880 m — kryStalinikum tvorené mylonitmi;

e 2880-8480 m — krystalinikum tvorené granitoidmi (vSeobec-

ne).

Na zdpadnom okraji masivu kryStalinika (v oblasti kontaktu
s mezozoickym masivom) je masiv mylonitizovanych granitoidov
s roznym stupiiom mylonitizicie a mladSieho porusenia, od cha-
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2.27% gradient at the length of 2545m. From the eastern portal
(near the Dubné Skala quarry), a full-face tunnel boring machine
(TBM ATB 35 HA) with the cutterhead diameter of 3.5m was used.
This section was driven from the Dubna Skala portal upwards in a
2.27% gradient at the length of 4362m. The 7480m long gallery
was broken through on 24 August 2002. Later, the exploratory
gallery was rebuilt to an escape gallery; at that time only one
tunnel tube (the northern tube) was under consideration, similarly
to the Branisko and Horelica tunnels. The excavation of 25 cross
passages heading towards the northern (left-hand) tunnel tube was
completed. They were to serve as transverse connections between
the southern tunnel tube and the escape gallery, or the southern
(right-hand) tunnel tube after its later completion. As part of the
engineering geological survey, several excavation side stubs were
carried out, in which in-situ tests of the rock massif were carried
out.

3. GEOTECHNICAL CONDITIONS

From the western portal, in the chainage section starting from the
original portal of the exploratory gallery (1000m) up to chainage
1115m, the gallery was driven through rock types forming the
Central Carpathian Palacogene system of the Zilina Basin, in
the evolution of the Lutin formation. In the formation, claystone
predominate over sandstone. The initial section at the length
of ca 60m was disturbed by slope block deformations with the
disturbance reaching up to the alignment of the gallery up to the
distance of 50-60m from the original western portal.

In the section from the chainage of 1115m to 2400m, the gallery
was built in the following Mesozoic rock types with the presentation
of the sequence of strata:

e 1115-1530m Fatrikom — KriZfiany tectonic unit in the evolu-

tion of the Zliechov series;

* 1530-2346m Fatrikom — KriZiiany tectonic unit in the evolu-
tion of the Dur¢in series;

e 2346-2400m Tatrikom — Mald Fatra tectonic unit in the
representation of cataclastically disturbed layers of the Lower
Triassic Period.

The Fatrikom rock types of the KriZzilany nappe build the gallery
section up to the chainage m ca 2346. In the gallery, these rock
types represent distinctly heterogeneous rock environment with
the representation of zones of undisturbed massifs separated
by variously wide and variously disturbed zones with different
orientation of layering, or without obvious layering texture. The
massif is formed mainly by calcareous limestone, clayey limestone,
sandy limestone, shale, carboniferous and tectonic breccias.

Water inflows are permanently bound to a narrow zone in the
original absolute chainage 2100-2345m from the western portal,
with the yield ranging from 25-30L.s"!, 50-70L.s" as a maximum,
80-100L.s" in a short term. The inflows are bound to sporadic
concentrated inflows in the area of the base of the southern wall
and to hidden scattered inflows at the gallery bottom.

On the eastern edge of the Mesozoic section, a heavily reduced
Tatricom massif — a Little Fatra wrapping unit of the Lower Triassic
with representation of heavily tectonically faulted, clastic to
crushed rock types formed by quartzose sandstone to quartzite and
clayey shale were identified in the exploratory gallery. Together
with the eastern edge of the Mesozoic section, a wide tectonic
zone, the Tatricom massif submerges under a crystalline complex,
which fact indicates its thrusting back westward.
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rakteru krystalickych bridlic az po masivnejSie granitoidné blas-
tomylonity. Horninovy masiv je prevazne nepriepustny. Zény my-
lonitov st vSak z hladiska stability na styku s vodou nestabilné
a CiastoCne rozbredavé, najmé v dsekoch omladenej, destruktivne;j
tektoniky (SirSie zony S—J smeru). Sprievodné, ale uz tzke zony
mylonitov sa vyskytuju aj v dalSich usekoch masivu kryStalinika.

Na vychodnom okraji tejto zony postupne narastd obsah poloh
SoSoviek granitoidnych hornin charakteru biotitickych granitoidov
(od cca. 2750 m). V celej zone mylonitov je mylonitizacia vyrazne
heterogénna.

Od 2880 m je uz horninovy masiv tvoreny prevazne biotitickym
granitoidom s polohami porfyrickych a hybridnych granitoidov, lo-
kélne Zil lamprofyrov, kremefia.

Na mladSie obdobia tektonického vyvoja st viazané systémy
listrickych zlomov s vyraznej$im rozvolnenim najmid smerom
k Turianskej a Zilinskej kotline. Rozvolnenie dosahuje az pod
urovei nivelety tunelovej stavby. V masive sa striedaju tseky s roz-
ne intenzivnymi pritokmi podzemnej vody. V prieskumnej $tolni
sa pocas razenia vyskytovali aj silne zvodnené useky s rozptyle-
nymi, ale aj ststredenymi pritokmi podzemnej vody s vydatnostou
v jednotkach 1.s!, viackrat vSak az s vydatnostou 10-20 1.s™!, ba aZ
100 Ls! (Matejéek et. Al., 1999).

4. REZIM PODZEMNYCH VOD

Po prerazeni $tdlne klesli odtoky na zdpadnom portdli na takmer
nulovu drovei. Prehlad odtokov zo §tdlne na vychodnom portili je
v tabulke 1 (Coplék et. al., 2017).

Tab. 1 Odtok podzemnych vod zo Stélne

Vychodny portal
Obdobie/rok minimalny | maximalny | priemerny
odtok odtok odtok
Priemer 2005-2014 |l.s" 129,9 162,3 170,7
04.-12.2016 l.s? 193,4 236,4 212,0
01.-07.2017 l.s? 125,5 240,5 186,7

5. DRENAZNE ODVODNENIE AKO KRITICKA SUCAST
TUNELA

Drendzne odvodnenie tunela zabezpecuje odvadzanie priesa-
kovych vdd z pozdiZnych drendZnych potrubi za rubom ostenia
a z plane vozovky. Z hladiska koncepcie drendZzneho odvodnenia
sa pouZivaju dva systémy, a to:

* gystém odvodnenia bez hlavného zberaca;

e systém odvodnenia s pouZzitim hlavného zberaca.

Systém odvodnenia bez hlavného zberaca sa pouZiva predovset-
kym pri kratSich a menej zavodnenych tuneloch, kde nie je problém
navrhnit kapacitne dostato¢né potrubie rubovej drenaze bez nega-
tivnych vplyvov na navrh ostenia.

Systém odvodnenia s pouZitim hlavného zberaca sa pouZiva pri
dlhsich tuneloch a pri tuneloch silne zavodnenych, kde nie je efek-
tivne pouZitie iba bo¢nej rubovej drenaze.

Pokial je to mozné, uprednostiluje sa pouzitie systému odvod-
nenia bez hlavného zberaca. Pri tomto systéme z dévodu absencie
kanaliza¢nych Sachiet vo vozovke tunela sa vyznamne redukuju
miesta vzniku portich vozovky (pri Sachtiach) a nésledne nutnost
ich pravidelnych opréav.

Priemer drenazneho potrubia sa stanovuje hydrotechnickym

The crystalline complex forms a massif in the section from
chainage of 2400m up to the eastern portal. From the western edge
eastward, the crystalline complex can be divided into two basic
sections:

* 2400-2880m — crystalline complex formed by mylonite;

e 2880-8480m — crystalline complex formed by granitoide (in

general).

On the western edge of the crystalline massif (in the area of
the contact with the Mesozoic massif) the massif formed by
mylonitised granitoids with various degree of mylonitisation and
earlier faulting, with the character varying from schist to more
massive granitoid blastomylonite. The rock massif is mostly
impermeable. However, in terms of stability on contact with water,
the mylonite zones are instable and partly slaking, mainly in the
sections of rejuvenated, destructive tectonics (wider N-S trending
zones). Accompanying, but already narrow mylonite zones occur
also in other sections of the crystalline massif.

On the eastern edge of this zone, the amount of the interbeds of
the lenses of granitoid rock with the character of biotite granitoids
(from ca 2750m) gradually increases. The mylonitisation is
significantly heterogeneous in the whole mylonite zone.

From chainage of 2880m, the rock massif is formed mainly
by biotite granitoid with interbeds of porphyric and hybride
granitoides, locally lamprophyre and quartzite veins.

Systems of listric faults with more significant loosening mainly
in the direction of the Turéany and Zilina basins are bound to later
periods of the tectonic history. The loosening process reaches up to
the level of the tunnel structure alignment. Sections with variously
intense inflows of groundwater alternate in the massif. Even heavily
water bearing sections with scattered, but also concentrated inflows
of groundwater with the yield in the couple of L.s!, but several
times with the yield up to 10-20L.s™" , occurred during the gallery
excavation (Matejcek et. Al., 1999).

4. GROUNDWATER REGIME

After the gallery breakthrough, the outflow at the western portal
dropped to zero level. The overview of outflow rates at the eastern
portal is in Table 1 (Coplék et. al., 2017).

Table 1 Outflow of groundwater from the gallery

Eastern portal
Period/year minimum | maximum average
outflow outflow outflow
Average 2005-2014 |L.s" 129.9 162.3 170.7
04.-12.2016 Ls' 193.4 236.4 212.0
01.-07.2017 Ls! 125.5 240.5 186.7

5. DRAINAGE SYSTEM AS A CRITICAL PART
OF THE TUNNEL

The drainage system of the tunnel secures removal of seepage
water from longitudinal drainage pipes behind the extrados of the
lining and from the roadway bed. From the point of view of the
drainage system concept, two systems are used, i.e.:

* drainage system without a main collector;

* drainage system using a main collector.

The drainage system without a main collector is used mainly in
shorter and less water-yielding tunnels, where designing external
drainage pipes with a sufficient capacity, without negative effects
on the design of the lining, is not a problem.



Tufel

vypoctom s ohladom na mnoZstvo vody pritekajicej z horninového
masivu. Priemer potrubia bo¢nej drendze tunela v zmysle platnych
predpisov (TKP 26 2017) musi byt minimalne 200 mm pre systém
odvodnenia s pouzitim hlavného zberaca a 250 mm pre systém od-
vodnenia bez hlavného zberaca. Priemer drendZneho potrubia v os-
tatnych Castiach stavby s mensimi profilmi, napriklad v prie¢nych
prepojeniach, musi byt minimélne 150 mm. Priemer prepojovacie-
ho potrubia (priecne prepojenie bo¢nej drendze s hlavnym zbera-
¢om) musi byt minimalne 200 mm. Priemer drendZneho potrubia
odvodnenia plane musi byt minimélne 150 mm.

Priemer hlavného zberaca priesakovych vod musi byt dimen-
zovany s ohladom na mnoZstvo vody pritekajicej z horninového
masivu. Hlavny zbera¢ mdZe plnit aj funkciu odvodnenia plane.
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The drainage system using a main collector is used for longer
tunnels and for heavily water-yielding tunnels, where the use of
external side drains is not effective.

If possible, the use of the drainage system without a main
collector is preferred. At this system, locations of the origination of
defects in the roadway (at shafts and manholes) and subsequently
the necessity for regular repairing them are significantly reduced.

The diameter of the drainage pipes is determined by a
hydrotechnical calculation taking into consideration the amount
of water flowing from the rock massif to the tunnel. The diameter
of the tunnel side drainage pipeline in the meaning of current
regulations (TKP 26 2017) has to be 200mm as a minimum for the
drainage system using a main collector and 250mm for drainage
systems without a main collector. The diameter of the drainage

pipeline in the other parts of the
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The diameter of the main
collector of seepage water has
to be designed with respect to
the amount of water flowing into
the tunnel from the surrounding
massif. The main collector can
also fulfil the function of the
roadway bed drainage.

6. CHANGE IN THE
CONCEPT OF THE
DRAINAGE SYSTEM OF
THE VISNOVE TUNNEL

Obr. 1 Situdcia portdlového tseku §tolne na zdpadnom portdli
Fig. 1 Plan of the portal section of gallery at the western portal
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for the Visinové tunnel using a
main collector. The drainage
gallery assumed the function
of the main drainage collector

Obr. 2 Situdcia portdlového useku $tolne na vychodnom portdli
Fig. 2 Plan of the portal section of gallery at the eastern portal

in the space of the tunnel tubes,
which fact allowed for excluding
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6. ZMENA KONCEPCIE DRENAZNEHO ODVODNENIA
TUNELA VISNOVE

Pred zaciatkom vystavby samotného tunela Visiiové bolo rozhod-
nuté o zmene funkcie pdvodnej prieskumne;j $tdlne tunela Visiové.
Povodna prieskumna $tdliia mala vyrazenim juznej tunelovej rary
zaniknut. Z dovodu stabilne vysokych pritokov vody do prieskum-
nej Stdlne a nutnosti nadvrhu systému drendZzneho odvodnenia tunela
Vistiové s pouzitim hlavného zberaca bolo rozhodnuté o zmene fun-
kcie povodne prieskumne;j $tolne na funkciu drendZnej Stdlne. Dre-
néazna $t6lia na seba prebrala funkciu hlavného zberaca drenaZneho
odvodnenia, ¢o umoZznilo vylicenie realizacie hlavného drendzneho
zberaca v priestore tunelovych rur. V dosledku tejto zmeny muselo
byt prepracované smerové aj vyskové vedenie oboch tunelovych rir
a odvodniovacia §toliia musela byt kompletne pretrasovana na oboch
portalovych tsekoch. Trasa juznej tunelovej riry bola posunuté viac
smerom na juh, tak aby povodna cast odvodiiovacej §tolne vied-
la priblizne v strede medzi tunelovymi rdrami. Vyskovo bola trasa
tunelovych riir posunuta vysiie, aby sa tunelové riry v celej dizke
tunela nachddzali nad odvodiiovacou §tdliiou a tym bolo zabezpe-
¢ené gravitacné odvadzanie vod z tunelovych rir do odvodiiovacej
Stolne. Po prerazeni novotrasovanych portdlovych tsekov boli po-
vodné portalové iseky vyplnené vypliiovym betdnom, resp. zanikli
prerazenim juZnej tunelovej riry (obr. 1 a 2).

Na prevedenie vdd z rubovej drendze tunelovych rir do odvo-
diiovacej $tolne boli vybudované odvodiiovacie vrty priemeru cca.
300 mm vystrojené kanaliza¢nymi rdrami DN 250 mm, v niekto-
rych oblastiach DN 200 mm. Odvodiiovacie vrty su v tunelovych
rurach situované vo vyklenkoch pre Cistenie drendZe a v miestach
tychto vrtov je Standardne realizované aj priecne prepojenie Cistia-
cich Sachiet drenaze popod vozovku.

7. TECHNICKE RIESENIE ODVODNOVACEJ STOLNE

Odvodiiovacia Stoliia tunela ViSiiové sa nachddza medzi sever-
nou a juznou tunelovou rirou po celej dizke tunela. SIizi ako hlav-
ny zbera¢ drendZneho odvodnenia tunela ViSiiové a na prevadza-
nie horninovej vody z rubovej drendZe tunelovych rir do oblasti
portilov tunela Visnové. Odvodinovaciu $toliiu tvoria Styri tseky
v zavislosti od pouZitej metédy razenia a od obdobia, kedy bola
dana Cast vyrazena:
1) dobudovana ¢ast odvodiniovacej $tolne od zdpadného portalu;
metdda razenia NRTM; dizka tseku je 292,03 m;

2) pdvodna Cast prieskumnej $tolne; metdda razenia NRTM;
dizka tseku je 2799,78 m;

3) pdvodna ast prieskumnej §tolne; metdda razenia TBM; diz-
ka dseku je 3800,22 m;

4) dobudovana cast odvodiovacej §tolne od vychodného porta-
lu; metdda razenia NRTM; dizka dseku je 554,72 m.

Celkov4 dizka $tdlne je 7446,75 m. V odvodiiovacej $tolni bude
zriadeny trvaly odberny objekt pre zasobovanie nadrZe poZziarne-
ho vodovodu vodou. V odvodiiovacej $tdlni sa nachadza 10 ver-
tikalnych servisnych prestupov pre ddrzbu tunela do prejazdnych
priecnych prepojeni (v mieste nidzovych zdlivov) a v priestore
zaustenia odvodiovacich vrtov sa nachidzaji odvodinovacie vy-
klenky (OV), v ktorych st odvodiiovacie vrty ukoncené tak, aby
nezasahovali do profilu §tolne.

8. SMEROVE A SKLONOVE POMERY, PRIECNE
USPORIADANIE

Stoliia v pdvodnej Casti priblizne sleduje smerové a vyskové ve-
denie tunelovych rir. V novobudovanych Castiach je jej smerové

the construction of the main drainage collector in the space of the
tunnel tubes. As a result of this change, the directional and vertical
alignment of both tunnel tubes and the drainage gallery had to be
completely redesigned in both portal sections. The alignment of
the southern tunnel tube was shifted more southward, so that the
original part of the drainage gallery ran approximately in the centre
between the tunnel tubes. The vertical alignment of the tunnel tubes
was shifted higher, so that the tunnel tubes were located above the
drainage gallery along the entire length of the tunnel, and thus the
gravity removal of water from the tunnel tubes to the drainage
gallery was ensured. After the portal sections of the gallery with
the newly designed alignment were broken through, the original
portal sections were filled with backfill concrete, or they came to
an end by the breakthrough of the southern tunnel tube (Fig. 1, 2).

Drainage boreholes ca 300mm in diameter, outfitted with
DN 250mm sewerage tubes, in some areas DN 200mm, were
carried out for transferring water from the external drainage of
the tunnel tubes to the drainage gallery. The drainage boreholes
in the tunnel tubes are located in drainage cleaning niches and
transverse linking of the cleaning manholes of the drainage under
the roadway is carried out in the locations of the boreholes as a
standard.

7. TECHNICAL DESIGN OF THE DRAINAGE GALLERY

The drainage gallery of the ViSnové tunnel is located between the
northern and southern tunnel tubes along the entire length of the
tunnel. It is used as the main collector of the drainage system of the
Vistiové tunnel and for transferring groundwater from the external
side of the drainage of the tunnel tubes to the area of the ViSniové
tunnel portals. The drainage gallery is formed by four sections,
depending on the tunnelling method used and the period in which
it the given part was excavated:

1) completion of the part of the drainage gallery from the

western portal; the NATM method; section 292.03m long

2) the original part of the exploratory gallery; the NATM

method; section 2799.78m long;

3) the original part of the exploratory gallery; the NATM

method; section 3800.22m long;

4) the newly built part of the drainage gallery from the eastern

portal; the NATM method; section 554.72m long.

The total length of the gallery amounts to 7446.75m. A permanent
extraction point for supplying the fire water tank will be provided
in the drainage gallery. There are 10 vertical service entrances for
the maintenance of the tunnel leading to cross passages passable
for vehicles (in the locations of emergency lay-bys) and, in the
space of joining the drainage boreholes, drainage niches, in which
the drainage boreholes are terminated so that they do not extend
into the gallery profile, are carried out.

8. DIRECTIONAL AND GRADIENT-RELATED CONDITIONS,
CROSS-SECTIONAL ARRANGEMENT

In the original part, the gallery roughly follows the horizontal
and vertical alignment of the tunnel tubes. In the newly built parts,
its horizontal alignment is adapted so that the ends at the portals
is between the tunnel tubes and the vertical alignment does not
collide with the cross passages located closest to the portals.

The longitudinal gradient of the drainage gallery is variable,
from 0.1% to 9%. The longitudinal gradient in the major part of the
gallery is ca 2.5%. The highest point of the gallery is at chainage
km 0.580 83.
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odvodnovaci Zlab na vychodnim portali
drainage trough at eastern portal

Obr. 3 Priecny rez Stoliiou — portdlové iiseky
Fig. 3 Gallery cross-section — portal sections

vedenie prisposobené tak, aby vyustenie na portaloch bolo medzi
tunelovymi rdrami a aby vyskovo nekolidovala s prie¢nymi prepo-
jeniami umiestnenymi najblizie pri portaloch.
Pozdizny sklon odvodiiovacej §tolne je premenlivy od 0,1 % po
9 %.V prevaznej Casti §tdlne je pozdizny sklon cca 2,5 %. Najvyssi
bod $tdlne sa nachadza v km 0,580 83.
Priechodny prierez odvodiiovacej §tdlne je navrhnuty $irky 1,8 m
a vySky 2,2 m. Vniitorny tvar sa meni podla metddy razenia nasle-
dovne:
a) pdvodna Cast prieskumnej Stolne — usek razeny TBM: kruho-
vy profil s polomerom 1,55 m;
b) pdvodna Cast prieskumnej §tdlne — isek razeny NRTM: profil
s dvojitym polomerom (1,75-2,4 m);
¢) dobudovana Cast odvodiiovacej $tolne — tsek razeny NRTM
(obr. 3): profil s dvojitym polomerom (1,675-2,325 m).
V osi odvodiiovacej $tolne sa v dne nachddza odvodnovaci zlab
rozneho prierezu v zavislosti od tseku §tdlne, ktorym je odvadzana
podzemnd voda do oblasti portalov.

9. KONSTRUKCIA RAZENEJ CASTI STOLNE

KonStrukcia razenej Casti odvodiovacej S$tolne pozostava
z dvojvrstvového ostenia s medzilahlou drenaZnou a izolacnou

The 1.8m wide and 2.2m high drainage gallery cross-section
passable for vehicles is designed. The internal shape varies
depending on the tunnelling method as follows:

a) The original part of the exploratory gallery — section driven

using a TBM: circular profile with radius of 1.55m;
b) The original part of the exploratory gallery — section driven
using the NATM: the profile with double-radius (1.75-2.4m);

¢) The newly built part of the drainage gallery — section driven
using the NATM (Fig. 3); profile with double-radius (1.675—
2.325m).

A drainage trough with various profiles, depending on the gallery
section along which groundwater is led to the portal areas, lies on
the drainage gallery centreline.

9. MINED PART OF THE GALLERY STRUCTURE

The structure of the mined part of the drainage gallery consists of
a double-layer lining with an intermediate drainage and insulation
layer. Specifications of the concrete mixtures used differ depending
on the period in which the particular part of the structure was built
and the standards current in the given period of time. The secondary
lining of the drainage gallery is formed by C30/37 grade shotcrete.
The secondary lining is applied only in the gallery sections with
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vrstvou. Specifikdcie pouZitych beténov sa ligia v zavislosti od ob-
dobia budovania konkrétnej Casti konStrukcie a platnych noriem
v danom obdobi. Sekundérne ostenie odvodniovacej Stolne je tvo-
rené striekanym beténom triedy C30/37. Sekundérne ostenie je re-
alizované iba v tisekoch $tolne s nepriaznivymi geologickymi pod-
mienkami a v novovybudovanych portdlovych tsekoch §tdlne. Na
ochranu odvodiiovacej $tolne proti podzemnej vode je navrhnuty
otvoreny systém hydroizolécie. Izolacia je tvorena pasmi nopovej
folie Sirky 500 mm, ktoré st osadené lokalne v miestach pritokov
podzemnej vody cez primarne ostenie. Ststredené pritoky podzem-
nej vody su zvedené cez kratky odvodniovaci vrt flexibilnou hadi-
cou do odvodiiovacieho Zlabu v dne $tdlne.

10. ODVODNENIE STOLNE

V strede dna odvodiiovacej §tdlne sa nachddza odvodniovaci zlab
s rdznym prierezom v zavislosti od useku $tolne, ktorym sa odva-
dza podzemn4 voda do oblasti portalov. Tam sa v hibenom bloku
$tolne napdja na Sachtu drendZneho odvodnenia tunela.

Lokélne pritoky st v $t6lni zvadzané do odvodiiovacieho Zlabu
pomocou vybudovaného systému zvodov. Tento systém pozostiva
z kratkych odvodnovacich vrtov, ktoré si umiestnené v miestach
sustredenych pritokov a flexibilnych hadic, ktoré st zavedené v os-
teni a cez dno do odvodiniovacieho Zlabu.

Pre zatstenie odvodniovacich vrtov, ktoré zvadzaji vodu z ru-
bovej drendze tunela, si navrhnuté OV (obr. 4). Minimélna svetld

unfavourable geological conditions and in the newly built portal
sections of the gallery. An open waterproofing system is designed
for the protection of the drainage gallery against groundwater. The
waterproofing consists of a 500mm wide dimpled sheet membrane,
which is installed locally, in locations of groundwater inflows
through the primary lining. The concentrated groundwater inflows
are directed through a short drainage borehole, through a flexible
hose to the drainage trough in the gallery bottom.

10. DRAINAGE OF THE GALLERY

In the centre of the bottom, there is a drainage trough with
variable cross-section, depending on the gallery section along
which groundwater is directed to the portal areas. There, in the
cut-and-cover block of the gallery, it is connected to the tunnel
drainage shaft.

Local inflows in the gallery are directed to the drainage trough
by a collecting system. This system consists of short drainage
boreholes, which are carried out in the locations of concentrated
inflows, and flexible hoses, which are installed in the lining and
lead through the bottom to the drainage trough.

Drainage niches (Fig. 4) are designed for connecting the
drainage boreholes collecting water from the external tunnel
drainage. The niche is 550mm wide as a minimum (Fig. 5). There
are 62 boreholes between the tunnel and the gallery carried out
from the northern tube and 64 from the southern tube. The net
height of the niche is adapted separately to each drainage borehole,

depending on the level of the

pdvodné sekundarne ostenie
original secondary lining

OV vyklenok
drainage niche

vyUstenie potrubia s osadenou
spéatnou klapkou b

pipeline mouth with a back-flap
installed

connection of the borehole in the
drainage gallery. The minimum
net depth of the niches is equal
to 590mm in the widest location
of the gallery. A back-flap is
installed on the borehole mouth.
It prevents the overpressure of air
to the external tunnel drainage

( gabarit T‘ during ventilation of the drainage
" gabarit 2% gallery. A trough made of pre-
} %E cast components is in the bottom
| °g of the niche. It is covered by a
\ grating with minimum loading
} class B125 (part of the pre-cast
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| the main drainage trough (Fig. 6).
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11. SERVICE ENTRANCES
TO CROSS PASSAGES

With respect to the client”s

monolitické dno
monolithic bottom

boény odvodiovaci Zlab s krycou mreZou
side drainage trough with a covering grid

drainage trough |

requirements, entrances in the
form of chimneys passable for
persons were designed between
cross passages and the drainage
gallery. In this way, employees of

Obr. 4 OV - priecny rez
Fig. 4 Drainage niche — cross-section

the operation services will be able
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Sirka vyklenku je 550 mm
(obr. 5). Pocet vrtov medzi tune-
lom a $tdliiou je 62 zo severnej
rary a 64 z juznej rary. Svetld
vyska vyklenku je prispdsobena
pre kazdy odvodiiovaci vrt zv1ast
v zavislosti od vyskovej polohy
zaustenia vrtu v odvodiiovacej
$tolni. Svetla hibka vyklenkov je
v najSirSom mieste S$tolne mini-
mélne 590 mm. Na vyusteni vrtu
je osadena spitna klapka, ktorda
zamedzuje pretlaku vzduchu do
rubovej drenaze tunela pocas pre-
vetrdvania odvodiovacej Stolne.
V dne vyklenku je vytvoreny Zlab
z prefabrikovanych dielcov s pre-
kryvacou mreZou triedy zataZenia
minimalne B125 (sucast pre-
fabrikatu), ktory je napojeny na
hlavny odvodiovaci Zlab (obr. 6).
Vyklenky si oznacené porado-
vym cislom vyklenku, stranou
odvodiiovacej §tdlne, na ktorej sa
vyklenok nachadza, a doplnko-
vym oznacenim bloku tunelovej
rury, z ktorej je vedeny odvodiio-
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Obr. 5 OV - pédorys
Fig. 5 Drainage niche — ground plan

11. SERVISNE PRESTUPY
DO PRIECNYCH
PREPOJENI

Vzhladom na poziadavku in-
vestora boli medzi priecnymi
prepojeniami a odvodiiovacou
Stoliiou navrhnuté prestupy v po-
dobe prieleznych kominov. Tymto spdsobom budid moct pracovnici
prevadzky vstupovat do priecnych prepojeni bez nutnosti vstupu do
tunelovych rur (obr. 7).

Prestupy majui minimélny svetly prierez priemeru 800 mm v Cas-
ti dna priecneho prepojenia a 1400 mm v dseku cez horninovy
masiv a odvodiiovaciu Stdlfiu. St vystrojené stratenym debnenim
z kompozitnych rir a priestor medzi debnenim a vyrubom je vypl-
neny beténom triedy C30/37. Prestupy st vybavené kompozitnymi
rebrikmi a uzavreté si vzduchotesnym, poziarne odolnym poklo-
pom.

boény odvodriovaci zlab
side drainage trough

to enter the cross passages without the necessity for entering the
tunnel tubes (Fig. 7).

prefabrikovany odvodiovaci Zlab
pre-cast drainage trough \

pochddzna vrstva
layer capable of walking traffic

12. UZAVRETIE PRIECNYCH CHODIEB A ROZRAZOK

Prie¢ne chodby boli v pdvodnej prieskumnej $tdlni uvazované
ako priecne prepojenia juznej a severnej tunelovej riry. Vzhladom
na zmenu funkcie $tolne na odvodiiovaciu a z toho vyplyvajice
zmeny v smerovom a vySkovom vedeni tunelovych rur ich povod-
ne uvazovana funkcia nebude realizovana a bolo potrebné ich ¢ias-
to¢ne alebo Uplne uzavriet. Priecne chodby a rozrdzky su uzavreté
na dizku minimalne 3 m od pravého okraja severnej tunelovej riiry
(obr. 8).

V pripade poruch na osteni priecnych chodieb alebo dna boli
niektoré priecne chodby celé uzavreté. Uzavretie bolo realizova-
né vyplnenim priestoru priecnych chodieb a rozraZok popolceko-
vo-cementovou maltou s minimalnou pevnostou v tlaku 10 MPa.

\\\\\\\
AR

monolitické dno
monolithic bottom

ostenie 50 mm zo sanacnej malty
lining 50mm from repair mortar

Obr. 6 OV — boény odvodiiovaci Zlab v OV
Fig. 6 Drainage niche — side drainage trough in drainage niche
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Obr. 7 Servisny prielez — pozdlZny a priecny rez §toliiou v mieste servisného prielezu
Fig. 7 Service entrance passable for persons — longitudinal section and cross-section through the gallery in the location of the service entrance passable for

persons

Nevyplnené priestory priecnych chodieb by mohli byt v budicnos- The net cross-section diameter of the passages is 800mm as a
ti vyuzité ako priestor na uskladnenie materidlu a vybavenia pre | minimum in the part of the cross passage bottom and 1400mm
udrzbu Stdlne. in the section passing through the rock massif and the drainage
_ gallery. They are outfitted with composite pipes providing a
13. I,(RIZOVANIA S PRIECNYMI PREPOJENIAMI sacrificial formwork, and the space between the formwork and the
€. 25,26 A 27 excavation is filled with C30/37 grade concrete. The entrances are
Vertikdlne vedenie trasy tunela bolo navrhnuté s ciefom mi- | equipped with composite ladders and are closed by an airtight, fire

nimalizovat pripadné droviiové kriZovanie prieCnych prepojeni resistant cover.

12. CLOSING CROSS

PASSAGES AND
priecny rez prepojovacej chodby EXCAVATION STUBS
cross passage cross-section
The cross passages were con-
cemento-popoldekova zalievka sidered in the original exploratory
s pevnostou min. 10 MPa // llery desien transver 0
cinder-cement grout 7 gallery design as lransverse con-
//g 10MPa min. strength 7 nections between the southern
N L ) . 7 % and northern tubes. With respect
g& severna tunelova rira 7 ) A )
a! northern tunnel tube to the change in the function of the
A i
%!\ vonkajsi teoreticky obrys primarneho gallery to the. drainage ga“ery and
4’\ ostenia severnej tunelovej riry the changes in the horizontal and
R outer theoretical contour of primary . .
A lining of northern tunnel tube vertical alignment of the tunnel

tubes, their originally planned
function will not be applied

prieény rez v mieste prepojovacej chodby odvodriovacia $tolfia and it will be necessary to close
cross-section in the location of cross passage : drainage gallery them partially of completely. The

Gekova zdlievk ; in. 10 MP prepojovacia chodba
cemento-popoléekova zélievka s pevnosfou min. a _ 1055 passage cross passages and excavation
cinder-cement grout 10MPa min. strength ; min. 3000 o
stubs are closed at the minimum
000000 - /A length of 3m from the right-hand
00007 m i
70,7, u i wall of the northern tunnel tube
Z /////// 7 E " (Fig. 8)
00000007 "\DT 500x250x250 i 18. 6).
// 70, 7 T i\
Z. N\ In the case of a defect of the
lining or the bottom of the cross
dizka vypine Lv = var. |, nevyplnena Cast rozrazky Ln = var. passages, some Cross passages
fill length Lv = var. " non-filled part of the excavation stub
5 o Canar Ln = var. were completely closed. The
diZka rozrazky prieskumnej $téliie . . .
length of excavation stub from exploratory gallery closing involved filling of the

Obr. 8 Uzavretie prie¢nych chodieb space of the cross passages

Fig. 8 Closing of cross passages and excavation stubs  with
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priecne prepojenie €. 27
cross passage No.27

cindercement grout with mini-
mum compressive strength of
10MPa. The unfilled spaces of
the cross passages could be used
in the future as rooms for storing
materials and equipment for the
maintenance of the gallery.

13. INTERSECTIONS WITH

CROSS PASSAGES
NO. 25, 26 AND 27

The vertical alignment of the
tunnel route was designed with
the aim of minimising possible
single-level with
cross passages and the existing

intersections
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;.;\“AS\\\‘“\\“\\\\\\&&X&)X%MMW

drainage gallery. A 6.0m diffe-
of

S rence between the levels

the tunnel alignment and the

LEGENDA LEGEND

1

2

3

alignment of the drainage gallery
was designed. The level difference
H between the bottom of each
cross passage and the vault of the
drainage gallery depends on the

o0s odvodnovaciej §tolfe

drainage gallery axis

gabarit Stolfhe

gabarit of the gallery

kompletna nahrada ostenia - striekany
vidknobeton C30/37

complete replacement of the lining — C30/37
fibre reinforced shotcrete

svorniky IBO, dizka 3 m

IBO rock bolts, 3m long

opora pre zékladové pasy a zakladovi
dosku prieéneho prepojenia

support for foundation

nosnikovy zakladovy pas

beam strip foundation

presah vyztuze zakladového pasu
strip foundation reinforcement overlap
zékladova doska prie¢neho prepojenia
cross passage foundation slab
ocelovy priehradovy nosnik

steel lattice girder

type of the cross passage and its
location.

In the case of cross passages No.
25, 26 and 27, the level difference
between the cross passage and the
drainage gallery is smaller than
2m, therefore it was not possible
to use the standard solution to
the intersection. For that reason,
different solutions were designed
for those cases.

In the cases of the cross passages
No. 25 and 26, the difference
in the levels H was achieved
approximately 1.5m from the
drainage gallery by increasing the

Obr. 9 KriZovanie s prie¢nym prepojenim ¢&. 27 — priecny a pozdlZny rez stoliiou

Fig. 9 Intersection with cross passage No. 27 — cross-section and longitudinal section through the gallery

a jestvujucej odvodiiovacej §tolne, pricom sa navrhol vyskovy od-
stup 6,0 m medzi niveletou tunela a niveletou odvodnovacej Stolne.
Vyska H medzi zakladom kazdého priecneho prepojenia a klenbou
odvodiiovacej $tdlne zavisi od typu prie¢neho prepojenia a jeho
polohy.

V pripade prie¢nych prepojeni ¢. 25, 26 a 27 je vySka medzi
priecnym prepojenim a odvodiovacou §tdlilou mensia ako 2 m,
preto nebolo mozné pouZit Standardné rieSenie kriZovania. Z toho
dovodu boli pre tieto pripady navrhnuté odliSné riesenia.

Pri prie¢nych prepojeniach ¢. 25 a 26 sa pomocou zvicSenia po-
zdizneho sklonu prie¢neho prepojenia aZ po maximélnu hodnotu
10 % dosiahne vySka H od odvodnovacej $tolne priblizne 1,5 m,
preto bola nutnd len lokdlna rekonstrukcia ostenia odvodiiovacej
Stdlne.

longitudinal gradient of the cross
passage up to the maximum value
of 10%. For that reason only local
reconstruction of the drainage
gallery lining was necessary.

In the case of the cross passage 27, difference between the drai-
nage gallery level while using the maximum gradient reached a
value smaller than 0.5m — in the location of the intersection the
ground beams of the standard profile extended into the space of
the drainage gallery. For that reason it was necessary in the area
of the intersection with the cross passage to carry out locally new
anchoring of the primary lining of the cross passage using IBO
anchors, to reconstruct the lining of the drainage gallery outside
the area of the intersection with the cross passage, within the reach
of the newly anchored primary lining with IBO anchors and to
carry out comprehensive treatment of the drainage gallery lining
and foundations of the cross passage in the intersection with the
drainage gallery (Fig. 9, 10).
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V pripade prie¢neho prepojenia
¢. 27 dosahuje vyska od odvodiio-
vacej Stdlne pri pouziti maximal-
neho sklonu hodnotu mensiu ako
0,5 m — v mieste kriZovania zasa-
hovali zdkladové pasy Standard-
ného profilu priecneho prepojenia
do priestoru odvodiiovacej §tolne.
Preto bolo potrebné v mieste kri-
Zovania s odvodiiovacou §tdliiou
zrealizovat lokdlne prekotvenie
primarneho ostenia priecneho
prepojenia pomocou IBO kotiev,
rekonStruovat ostenie odvodiio-
vacej S$tolne mimo kriZovania
s prieCnym prepojenim v dosahu
prekotvenia primérneho ostenia
IBO kotvami a vykonat komplex-
nu Upravu ostenia odvodiiovacej
Stolne a zakladovych pasov priec-
neho prepojenia v prieniku s od-
vodinovacou $tolnou (obr. 9 a 10).

14. ZAVER

Formovanie ucelu odvodniovacej §tdlne tunela Vistiové preslo od
jej vystavby dynamickym vyvojom, a to v zdvislosti od meniacich
sa poziadaviek investora a rdznych rieSitelskych pristupov zhoto-
vitelskych a projekénych firiem. Rozhodnutie o vyuZiti pdvodnej
prieskumnej $tdlne ako trvalého objektu prinieslo vyhodu v tom,
Ze boli vylucené hlavné drendZne zberace z tunelovych rur, ¢im
sa zabranilo vzniku kanaliza¢nych Sachiet vo vozovke tunela. Toto
rozhodnutie bude mat pozitivny vplyv na Zivotnost vozovky v tune-
li a zaroven sa v buducnosti predide nutnosti odstavok tohto silno
vytazeného tunela kvdli opravdm vozovky, ¢o bude mat vyznamne
pozitivny dopad na dopravu v oblasti Ziliny. Toto rozhodnutie si ale
vyziadalo navrh stavebnych prvkov, ktoré sa v slovenskych tune-
loch doteraz nepouzivali a ktorych koncepcia nie je ustalend v plat-
nych normach a predpisoch. Zaverom mozno konStatovat, Ze je
prinosné, Ze nakladovo aj ¢asovo tak naro¢né dielo, akym povodna
prieskumna $tdlna bezpochyby je, bude mat uplatnenie pocas celej
Zivotnosti tunela Visiiové a bude prindsat nesporné vyhody pocas
prevadzky a udrzby samotného tunela.
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Obr. 10 KriZovanie s priecnym prepojenim ¢. 27 - fdza realizdcie
Fig. 10 Intersection with cross passage No. 27 — construction phase

14. CONCLUSION

The development of the purpose of the drainage gallery of the
Visniové tunnel has undergone dynamic development since its
construction, depending on the changing requirements of the client
and various designing approaches of the contractor and designing
companies. The decision regarding the use of the original
exploratory gallery as a permanent object brought an advantage
in the exclusion of the main drainage collectors from the tunnel
tubes, owing to which the origination of sewerage manholes in
the tunnel carriageway was excluded. This decision will have a
positive influence on the longevity of the roadway in the tunnel
and”, at the same time, the necessity for decommissioning this
heavily loaded tunnel for the roadway repairs in the future will
be excluded, which fact will have significantly positive effect
on traffic in the area of Zilina. However, this decision required a
design of structural elements which had not been used in Slovak
tunnels and the concept of which has not been established in current
standards and regulations. In conclusion, it can be stated that it is
beneficial that the working, demanding in terms of cost and time,
which the original exploratory undoubtedly is, and the ViSiiové
tunnel will bring indisputable advantages during the operation and
maintenance of the tunnel itself.
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RIZIKA TENDROVEJ DOKUMENTACIE TUNELA SPOJENE
S INTERPRETACIOU INZINIERSKOGEOLOGICKEHO PRIESKUMU
RISKS OF TENDER DOCUMENTATION OF THE TUNNEL ASSOCIATED
WITH INTERPRETATION OF ENGINEERING GEOLOGICAL SURVEY

PETER PALOCKO, JURAJ ORTUTA, JAN BOLTVAN

ABSTRAKT

Prispevok sa zaoberd rizikami spojenymi so vstupom do horninového prostredia pri vystavbe tunela Okruhliak na Slovensku. Autori
analyzuju vysledky inZinierskogeologického prieskumu, ktory odhalil pritomnost napiicavych hornin, ako st ilovce a siltovce v trase tu-
nela. Dalej popisujii ndvrh statického modelu tunela, vystrojovacich tried a predvrtov pre identifikdciu oblasti s napiicavymi horninami.
Autori tieZ poukazujii na vyznam zmluvnych podmienok FIDIC, riadenia kvality, stavebného dozoru a poistenia pri minimalizdcii sporov
a rizik spojenych s projektom. V zdvere sa venuji komplexnému pochopeniu inZinierskogeologickych charakteristik a stratégidm riadenia
geotechnickych rizik rozhodujiicich pre ispesni vystavbu tunela.

ABSTRACT

The paper deals with risks associated with the entry into ground environment of the Okruhliak tunnel in Slovakia. The authors analyse the
results of the engineering geological survey, which revealed the presence of swelling ground types, such as claystone and siltstone on the
tunnel route. They further describe the design of the static model of the tunnel, excavation classes and pilot boreholes for the identification
of areas with swelling ground types. The authors further point out the importance FIDIC terms and conditions, quality management,
construction supervision and insurance in cases of minimising disputes and risks associated with the project. In the conclusion, they
dedicate themselves to understanding of engineering geological characteristics and strategies of management of risks, which are crucial

for successful construction of the tunnel.

1. OvVOD

Priprava a realizdcia investi¢nej vystavby st spojené s rozli¢ny-
mi rizikami, medzi ktorymi sa vynimaju rizikd spojené so vstupom
do horninového prostredia, ktoré tvoria zaklad tohto prispevku.
Stipajuce naklady a oneskorené dokoncovanie infrastruktirnych
projektov potvrdzuju, Ze tito téma je aktudlna a zavazna.

Objektivizacia znalosti o horninovom masive medzi jednotli-
vymi stranami je podstatnym prinosom pre rieSenie tejto proble-
matiky. Vo faze projektovej pripravy riadi rizikd najmé investor,
inZiniersky geolog a projektant. Vo faze realizécie je to tloha inves-
tora, zhotovitela, nezavislého stavebného dozora a projektanta ako
podriadeného subjektu jednej zo stran.

Vsetky aspekty stvisiace s pravnymi otizkami a zmluvnymi
podmienkami st nevyhnutné faktory v oblasti tunelového stavitel-
stva. Tieto pravne a zmluvné zdleZitosti si klucové pre uspesné
riadenie a realizciu tunelovych projektov.

ITA-AITES odporica vo svojich usmerneniach sledovat nasle-
dovné typy rizik [1]:

VSeobecné rizikd:

1. zmluvné spory;

2. platobna neschopnost a problémy institucionalnej povahy;
3. zasahy organov;
4. zésahy tretich stran;

5. pracovné spory.
Specifické rizikd:
6. nahodné udalosti;
7. neolakavané nepriaznivé podmienky;
8. nedostatocné navrhy, Specifikécie a programy;
9. poruchy hlavnych zariadeni;
10. podpriemerné, pomalé alebo prace mimo tolerancie.

1. INTRODUCTION

The preparation and implementation of an investment
development project are associated with various risks, among
which the risks associated with entering ground environment,
which form the basis of this paper, stand out. Rising costs and
delayed completion of infrastructure projects confirm that this
topic is current and serious.

The objectification of knowledge about the ground massif
between the individual sides is a substantial contribution to the
solution to this problem. In the design preparation phase, risks are
mainly managed by the client, the engineering geologist and the
designer. In the implementation phase, it is the role of the client,
the contractor, the independent construction supervisor, as well as
the designer as a subject subordinated to one of the parties.

All aspects related to legal issues and contract conditions are
unavoidable factors in the field of tunnel construction. These
legal and contract-related issues are crucial for the successful
management and implementation of tunnelling projects.

In its guidelines, ITA-AITES recommends that the following
types of risk are observed [1]:

General risks:

1. contractual disputes;
2. insolvency and problems of an institutional nature;
3. interventions by authorities;
4. interventions by third parties;
5. employment disputes.
Specific risks:
6. random events;
7. unexpected adverse conditions;
8. inadequate proposals, specifications and programs;
9. failures of main equipment;
10. sub-average, slow or out-of tolerance work.
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Obr. 1 Vzorovy priecny rez razeného tunela
Fig. 1 Typical mined tunnel cross-section

2. NAVRH ROZSAHU INZINIERSKOGEOLOGICKEHO
PRIESKUMU

Pri navrhu podzemného diela sa projektant spolu s investorom
Casto stretdva s otazkou, aky je vhodny rozsah navrhovaného inzi-
nierskogeologického prieskumu. Nie je jednoduché na tito otdzku
odpovedat, pretoZe pri ndvrhu inZinierskogeologického prieskumu
sa vyzaduje zdovodnenie nemalych financnych a casovych dopa-
dov, ktoré dany prieskum so sebou prinasa.

Realizacia podzemnych stavieb je spojend s viacerymi neistota-
mi, ktoré je mozné rozdelit do viacerych oblasti [2]:

* Neistota spojend s navrhom trasy tunela, v ktorej sa mozu vy-
skytovat urcité situdcie. Napriklad nie je zname presné roz-
loZenie typov hornin pozdiZ trasy tunela, rozsah z6n pordch,
presnd oblast ndhlych pritokov vody, atd., ale je isté, Ze sa
budu vyskytovat.

e Neistota spojend s presnou intenzitou (ako maximélna hod-
nota), s akou sa budu vyskytovat urcité situacie ocakavaného
typu. Napriklad pri prechddzani ur¢itym horninovym masivom
existuju neistoty ohladom maximaélnej hodnoty posobiacich
zataZeni a naslednych konvergencii, hoci je mozné predpokla-
dat a priori extrémne referencné situicie.

* Neistota stivisiaca s moznym vyskytom uplne nepredvidanych
situdcii. Do tejto kategoérie je nutné zahrnit nepriaznivé geolo-
gické javy, pritomnost ktorych sa nepodarilo zistit pocas fazy
ndvrhu a vyZzaduje si to ¢iastocné alebo uplné prepracovanie
projektu; sem je potrebné zahrnut aj typ geomechanického
spravania, ktory nebol predpovedany v navrhu.

Spravne navrhnuty inZinierskogeologicky prieskum by mal
za primerané financ¢né néklady poskytnut dostato¢né informacie
o horninovom prostredi, ktoré si zaroven podkladom pre optimal-
ny navrh podzemného diela. Pri tom je potrebné podotkniit, Ze kon-
zervativne (bezpecné) vyhodnotenie vlastnosti horninového pro-
stredia vedie k navrhu robustného rieSenia samotného diela. TieZ
nedostatocné informacie o horninovom prostredi vedu projektanta
k volbe konzervativnejSieho navrhu.

2. DESIGN OF ENGINEERING GEOLOGICAL SURVEY
SCOPE

When designing an underground working, the designer with the
client often encounter the question of what the appropriate scope of
the engineering geological survey is. It is not simple to answer this
question, because the design of an engineering geological survey
requires substantiation of the significant financial and time-related
impacts which the particular survey entails.

The implementation of underground construction projects is
associated with uncertainties, which can be divided into several
areas [2]:

e Uncertainty associated with the design of the tunnel route, on
which certain situations may occur. For example, the exact
division of ground types along the tunnel route, the extent of
fault zones, the exact area of sudden inflows of water, etc. but
they certainly will occur.

e Uncertainty associated with the exact intensity (such as
maximum value) with which certain situations of the expected
type will occur. For example, when passing through a certain
ground massif, there are uncertainties regarding the maximum
value of the applied loads and subsequent convergences,
even though assuming a priori extreme reference situations is
possible.

e Uncertainty associated with the possible occurrence of
completely unforeseen situations. In this category, it is
necessary to include adverse geological phenomena, the
presence of which could not be identified during the design
phase and partial or complete redesigning is required; here it is
also necessary to include the type of geomechanical behaviour
which was not predicted in the design.

A correctly designed engineering geological survey should
provide sufficient information about the ground environment at
adequate financial costs, which is also the basis for the optimal
design of the underground construction. It is necessary to note that
a conservative (safe) assessment of the properties of the ground
environment leads to the design of a robust solution to the working
itself. Even insufficient information about the ground environment
leads the designer to choosing a more conservative design.

Even if there is no clear procedure or a manual developed,
according to which it should be proceeded when the scope of an
engineering geological survey, the references, instructions and
recommendations contained in various standards being designed
are summarised in [3]. Table 1 presents the recommended scope of
drilling operations based on the type of geological conditions or the
phase of design preparation.

3. CASE STUDY - OKRUHLIAK TUNNEL

The Okruhliak tunnel is part of the proposed express highway
R4 PreSov — Northern by-pass, which is part of the north-south
traffic connection by an express highway in the section SR/PR state
border — Vy$ny Koméarnik — Milhost — SR/MR state border.

The tunnel is designed as a double-tube structure in rural area,
with uni-directional traffic, the maximum permissible speed of
100km/h. Tunnel roadway configuration is prescribed by category
T =7.5 in the meaning of the STN 73 7507 standard. Typical cross-
section of the mined tunnel is in Fig. 1. The left-hand tunnel tube
is 1831.473m long, the right-hand tunnel tube is 1823.061m long.
The entire length of the tunnel will be driven through swelling clay,
which fact required a special approach of designers toward the
shape of the tunnel cross-section and the static assessment of the
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Table 1 Recommendations for the scope of drilling survey [3]

Zdroj Odporucéany rozsah vrtnych préac Source Recommended scope of drilling operations
Eurokéd7 (2007), . An 3 Eurocode7 (2007), . ] ]

Europska Unia 1/20-200 m (lineérne diela) European Union 1/20-200m (linear workings)

BS 5930 (2015), BS 5930 (2015),

Velka Britania 1/20-200 m (linearne diela)

EEa 1/20-200m (linear workings)

méakké podlozie:
1/15-30 m (nepriaznivé podmienky)

soft underlying ground:
1/15-30m (adverse conditions)

AASHTO 88 (1988), a 1/90-150 m (priaznivé podmienky) AASHTO 88 (1988), and 1/90-150m (favourable conditions)
USA zmieSané podlozie: USA mixed underlying ground:

1/8-15 m (nepriaznivé podmienky) 1/8-15m (adverse conditions)

a 1/15-23 m (priaznivé podmienky) and 1/15-23m (favourable conditions)
USNC (1984) L = 1,5 stop vrtu na kazdu stopu trasy L = 1.5 feet of borehole for each foot
USA ’ 1/125 m (databaza s velkymi tunelmi)* USNC (1984), of the route

1/80 m (databaza bez hibokych tunelov)* USA 1/125m (database with large tunnels)*
IGS (2016), 1/80m (database without deep tunnels)*
medzinarodna organi- 1/60-100 m (prirodzené aluvidine sedimenty) IGS (2016), . . .
fen international organisation 1/60-100m (natural alluvial sediments)
Look B. G. (2007), " Look B. G. (2007), g
individualny vyskum e individual research 1/25-50m

: Studia realizovatelnosti 1/200-400 m* g feasibility study 1/200-400m*

Elfatih M. A. A. (2014), o A e . Elfatih M. A. A. (2014), r . ey g .
individualny vjskum faza predbezného navrhu: 1/50-100 m individual research preliminary design phase: 1/50-100m

faza podrobného navrhu: 1/30-100 m*
* odportcania na zaklade historickych pripadov

Aj ked nie je vyvinuty jednoznacny postup alebo prirucka, podla
ktorej by sa malo postupovat pri navrhu rozsahu inZinierskogeolo-
gického prieskumu, v [3] st zhrnuté referencie, instrukcie a odpo-
rucania roznych noriem. V tabulke 1 je uvedeny odportacany rozsah
vrtnych prac na zdklade typu geologickych podmienok alebo fazy
projektovej pripravy.

3. PRIPADOVA STUDIA - TUNEL OKRUHLIAK

Tunel Okruhliak je ¢astou navrhovanej rychlostnej cesty R4 Pre-
Sov — Severny obchvat, ktord je stcastou severo-juzného doprav-
ného prepojenia rychlostnou cestou v tseku $tatna hranica SR/PR
— VySny Komérnik — Milhost — Statna hranica SR/MR.

Tunel je navrhnuty ako dvojrirovy v extravilane, s jednosmernou
premavkou s maximalnou dovolenou rychlostou 100 km/h. Sirkové
usporiadanie tunela je predpisané kategériou T= 7,5 v zmysle STN
73 7507. Vzorovy prie¢ny rez razeného tunela je na obr. 1. DiZka
lavej tunelovej riry je 1831,473 m, dizka pravej tunelovej riry je
1823,061 m. Tunel bude v celej dizke razeny v napicavych iloch,
o si vyziadalo zvlasStny pristup projektantov k tvaru prie¢neho rezu
tunela a k jeho statickému postudeniu. Investorom rychlostnej cesty,
vratane tunela, je Narodnd dialni¢nd spoloc¢nost a.s. a v Case prip-
ravy prispevku bola realizovana sttaZ na vyber zhotovitela daného
useku rychlostnej cesty R4 podla podmienok Cervenej knihy FIDIC.
Rizika zo vstupu do horninového prostredia boli identifikované
v zéverecnej sprave inZinierskogeologického prieskumu, ktora tvori
sucast sitaznych podkladov na realizciu diela.

3.1 Rizika vstupu do horninového prostredia
Inzinierskogeologické charakteristiky tunela Okruhliak s
ovplyvnené geologickou stavbou tizemia, ktora je tvorena neogén-
nymi a kvartérnymi sedimentmi. V oblasti vychodného portalu st
vyrazne vyvinuté svahové pohyby a zosuvy. Z hydrogeologické-
ho hladiska neogénne sivrstvia nevytvaraju vhodné prostredie pre
akumulaciu vydatnejSich zdrojov podzemnych vdd. Z endogén-
nych geodynamickych procesov su ddleZité neotektonické pohyby
a seizmicita.
Podrobny inZinierskogeologicky prieskum bol vykonany v obdo-
bi rokov 2013-2014 [4]. Jeho ulohou bolo zistit podmienky v tra-
se tunela, ktord bola navrhnuta v ramci pripravy dokumentacie na

detailed design phase: 1/30-100m*
* recommendations based on historic cases

tunnel. The client for the express highway construction is National
motorway society (Narodna dialni¢nd spoloCnost a.s.) and, at the
time of preparation of this paper, a tender was held for the selection
of the contractor for the given section of the R4 express highway
according to the conditions of the FIDIC Red Book. Risks that
ensue from entering the ground environment were identified in
the final report of the engineering geological survey, which forms
part of the tender documentation for the implementation of the
working.

3.1 Risks of entering ground environment

The engineering geological characteristics of the Okruhliak
tunnel are influenced by the geological structure of the territory,
which is formed by Neogene and Quaternary sediments. In the
area of the eastern portal, slope movements and landslides are
significantly developed. From the hydrogeological point of view,
Neogene formation does not form an environment appropriate
for accumulation of abundant sources of groundwater. Among
the endogenous geodynamic processes, neotectonic movements
and seismicity are important. A detailed engineering geological
survey was carried out in 2013-2014 [4]. Its task was to find
conditions along the tunnel route, which was designed as part of
the preparation of the documents for the construction permit. The
extent of the detailed engineering geological survey was determined
on recommendations of the previous level of documentation — the
territorial permission. No exploratory gallery was designed with
respect to the issues of funding and time schedule related to its
implementation.

The scope of geological work comprised:

1. the preparation of geological services after completion
of the geological task design and amendment, including
studies of archive materials in Geofond Bratislava,
obtaining entrances, approvals and opinions from owners
of land, State and Municipal forests Presov;

2. monitoring, management, coordination of operations,
safety of access roads, maintenance and reconstruction of
municipal roads during the survey work;
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stavebné povolenie. Rozsah podrobného inzinierskogeologického
prieskumu bol stanoveny na zdklade odporicani z predchadzajuice-
ho stupnia dokumentécie — dokumentéacia na uzemné rozhodnutie.
Prieskumna $tdliia nebola navrhnutd vzhladom na otazky financo-
vania a ¢asového harmonogramu spojené s jej realizaciou.

Rozsah geologickych prac zahfial:

1. pripravu geologickej sluzby po vypracovani projektu a do-
datku geologickej dlohy, vratane Stidia archivnych mate-
ridlov v Geofonde Bratislava, ziskavanie vstupov, povoleni
a vyjadreni od majitelov pozemkov, Stitnych a Mestskych
lesov Presov;

2. sledovanie, riadenie, koordinécia prac, zabezpecCenie pris-
tupovych ciest, udrzba a rekonstrukcia mestskych komuni-
kacii po realizécii prieskumu;

3. zabezpecenie geologickej dokumentécie vrtov a fotodoku-
mentécie, odber vzoriek;

4. zhodnotenie inzinierskogeologickych, geotechnickych,
hydrogeologickych a hydrochemickych pomerov v kori-
dore tunela a zaverecné spracovanie vysledkov prieskumu
v Ciastocnej zaverecnej sprave podla poziadaviek objedné-
vatela.

V etape podrobného inZinierskogeologického a hydrogeologic-
kého prieskumu (IGHP) pre tunel Okruhliak boli préace realizované
v rozsahu:

1. geofyzikalne prace, zahffiajuce seizmické profily v korido-
re tunela Okruhliak pre povodnu trasu na zdpadnom a vy-
chodnom portali;

2. priprava vrtnych préc;

3. realizécia inZinierskogeologickych a hydrogeologickych
vrtov v koridore variantu kratkeho tunela Okruhliak, vrita-
ne karotaze vrtov, vzorkovania a laboratdrnych prac;

4. geodetické prace;

5. prace geologickej sluzby a vypracovanie zaverecnej spravy
pre Cast kratkeho tunela Okruhliak.

Cely proces geologickych prac zahfial aj poskytnutie predbez-
ného grafického spracovania a zapracovanie vysledkov orientacné-
ho prieskumu do zdverecnej spravy podrobného inZinierskogeolo-
gického a hydrogeologického prieskumu.

Celkovo boli price zrealizované v nasledovnom rozsahu:

Geofyzikalne prace, ktoré zahfiiali 975 bm profilov, 27 vrtov
s celkovou dizkou 1072,0 metrov a dve Sachtice s metraZzou 14,5
metrov. Z vrtov bolo 678 metrov realizovanych v trase pravej
a Tavej tunelovej rary. Karotaz bola realizovana vo vrtoch v roz-
sahu 435 metrov. Okrem toho boli vykonané vzorkovacie price na
171 ks vzoriek. V prirovnani s tabulkou 1 boli prieskumné prace
realizované v medziach odportcani.

3.2 Tlaky z napucania

Stcastou laboratdrnych prac a skidSok na odobratych vzorkach
ilovcov a siltovcov z prieskumnych vrtov pre tunel Okruhliak boli
aj skdsSky na overenie napucavosti a tlakov z naptcania. V etape
orienta¢ného prieskumu boli testované vzorky zo Styroch vrtov.
V etape podrobného prieskumu boli testované vzorky zo siedmich
vrtov. V tejto etape boli odobraté vzorky aj z ostatnych vrtov, ale
v ddsledku nepriaznivych geotechnickych vlastnosti sa vzorky pri
priprave rozpadli. Predmetom skusok napticavosti bolo meranie
zvicSovania objemu horniny vplyvom pdsobenia vody. Tlak pri
napucavosti spdsobuje napitie, ktoré hornina vyvinie pri styku
s vodou za konstantného objemu horniny.

Odobraté vzorky na skdsky naptcavosti a tlaku z naptcania
boli v laboratériu sledované v triaxidlnom pristroji. Vypocitané
hodnoty tlakov z napucania su v rozsahu 0,754-2,922 MPa a pri

3. provision of geological documentation of boreholes and
photodocumentation, sampling;

4. assessment of engineering geological, geotechnical,
hydrogeological and hydrochemical conditions along the
tunnel corridor and final processing of survey results in the
partial final report according to client’s requirements.

In the stage of the detailed engineering geological and
hydrogeological survey (EGHS) for the Okruhliak tunnel, work
was carried out in the following scope:

1. geophysical work, comprising seismic profiles along the
Okruhliak tunnel corridor for the original route at the
western and eastern portals;

2. preparation of borehole work;

3. work on engineering geological and hydrogeological
boreholes in the corridor variant for the short Okruhliak
tunnel, including borehole logging, sampling and
laboratory work;

4. geodetic survey;

5. work of geological service and development of the final
report for the short Okruhliak tunnel part.

The entire process of geological operations also included the
provision of preliminary graphic processing and the incorporation
of the results of the orientation survey into the final report of the
detailed engineering geological and hydrogeological survey.

Overall, the work was carried out in the following scope:

Geophysical work, which comprised 975m of profiles, 27
boreholes with the total length of 1072.0 metres and two shafts with
the depth of 14.5 metres. Of the boreholes, 678 metres were carried
out on the routes of the right-hand and left-hand tunnel tubes.
The logging was carried out in boreholes in the extent of 435m.
In addition, sampling work was carried out on 171 specimens. In
comparison with Table 1, the survey operations were carried out
within the limits of the recommendations.

3.2 Swelling pressures

Laboratory work and testing on claystone and siltstone specimens
from the survey boreholes for the Okruhliak tunnel included tests
to verify swelling properties and swelling pressures. Specimens
from four boreholes were tested at the orientation survey stage.
Specimens from seven boreholes were tested in the stage of detailed
survey. At this stage, specimens were taken also from the other
boreholes, but due to unfavourable geotechnical properties, they
disintegrated during preparation. The measurement of the increase
in ground volume due to the action of water was subject of swelling
tests. Swelling pressure causes the stress that the ground develops
when in contact with water at a constant volume of ground.

The specimens taken for swelling and swelling pressure tests
were monitored in the laboratory in a triaxial press. The calculated
values of swelling pressures are in the range of 0.754-2.922MPa,
and reconsolidation pressures were also taken into consideration in
the resulting pressure. Volumetric changes range from 0.61-6.69%.

Tests in an oedometer,
reconsolidation pressure. The value of the swelling pressures is
in the range of 0.33-0.68MPa and the volume changes vary in
the interval of 0.2-4.6%. It follows based on the interpretation
of the measurements and the division of the tunnel into quasi-
homogeneous units that the risk of swelling occurs in 75% of the
tunnel alignment.

were also carried out without

3.3 Interpretation of results by designer

Based on the results of the detailed engineering geological
survey, it was necessary to adapt the design of the static model of the




vyslednom tlaku sa uvaZovalo aj s rekonsolidacnym tlakom. Obje-
mové zmeny sa pohybuju v intervale 0,61-6,69 %.

Boli tiez realizované skisSky v oedometrickom pristroji bez
rekonsolida¢ného tlaku. Hodnota tlakov z napucania je v rozsa-
hu 0,033-0,628 MPa a objemové zmeny sa pohybuju v intervale
0,2—4,6 %. Na zaklade interpretacie merani a rozdelenia tunela do
kvazihomogénnych celkov vyplyva, Ze riziko napicania sa vysky-
tuje v 75 % trasy tunela.

3.3 Interpretacia vysledkov projektantom

Na zaklade vysledkov podrobného inZinierskogeologického
prieskumu bolo potrebné prispdsobit navrh statického modelu
tunela. Vypocet bol realizovany v programe PLAXIS 2D, ktory
vyuZiva metédu konecnych prvkov, konkrétne variant rovinnej de-
formécie. Horninovy masiv bol modelovany pomocou Mohr-Cou-
lombovho modelu. V jednotlivych rieSenych priecnych profiloch
boli vypocitané deformécie ostenia a vnutorné sily, na zaklade kto-
rych bolo primérne ostenie dimenzované v programe GEO5 MKP
Vypocet zohladiioval postupné razenie tunelovych rr.

Konstrukcia bola posudzované na zataZenie od horninovych tla-
kov s ohladom na postup vystavby a rozvoliiovanie horninového
masivu. Pri posudzovani konStrukcie primarneho ostenia tunela
Okruhliak bol zohladneny aj stav vzniku tlaku z napicania, pri¢om
sa brala do tvahy poloha posudzovaného prierezu vzhladom na
geotechnicky blok a hodnota tlaku z napicania uvedend v inZinier-
skogeologickom prieskume.

Primarne ostenie zo striekaného beténu je v matematickom mo-
deli rieSené ako prutova konStrukcia s ohybovou a norméalovou tu-
hostou, ktord zodpoveda hribke ostenia 200 a 150 mm v zavislosti
od geotechnického tseku.

PretozZe bolo potrebné fyzikalne a mechanicky opisat vplyv tla-
kov z napucania identifikovanych pocas inZinierskogeologického
prieskumu, boli vykonané triaxidlne skuSky a oedometrické me-
rania. Treba vSak poznamenaf, Ze vstupné hodnoty dosahovali
pomerne velky rozptyl. Na druhej strane pocet skuSok nebol do-
stato¢ny na to, aby bolo mozné realizovat rozsiahlejSie Statistické
vyhodnotenie, preto boli vybrané iba extrémne hodnoty.

Na zaklade ziskanych inZinierskogeologickych dat bolo potrebné
vhodne interpretovat tieto tidaje, a to tak, aby model poskytoval re-
levantné vystupy. Vzhladom na to, Ze sa jedna o tlaky z napticania,
bolo rozhodnuté simulovat tieto tlaky formou obalky v okoli tune-
la, ktord reprezentuje predpokladany dosah vplyvu technologickej
vody pouZitej pri razeni tunela. Tato
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tunnel. The calculation was conducted in the PLAXIS 2D program,
which uses the finite element method, specifically a variant of plane
—strain deformation. The ground mass was modelled using the
Mohr-Coulomb model. The deformations of the lining and internal
forces were calculated in individual cross-section profiles, on the
basis of which the primary lining dimensions were calculated in the
GEOS5 FEM program. The calculation took into consideration the
gradual excavation of the tunnel tubes.

The structure was assessed for the load induced by the ground
pressure, taking into consideration the construction process and the
loosening of the ground massif. When assessing the primary lining
structure of the Okruhliak tunnel, the condition of the development
of the swelling pressure was also taken into account, taking into
consideration the position of the cross-section being assessed in
relation to the geotechnical block and the value of the swelling
pressure stated in the engineering geological survey report.

In the mathematical model, the shotcrete primary lining is
solved as a framework with bending and normal stiffness, which
corresponds the lining thickness of 200 and 150mm, depending on
the geotechnical section of the tunnel.

Triaxial tests and oedometer measurements were performed
because it was necessary to physically and mechanically describe
the effect of the swelling pressures identified during the engineering
geological survey. However, it is necessary to note that the input
values exhibited a relatively large scatter. On the other hand, the
quantity of tests was not sufficient to allow for a more extensive
statistical assessment, therefore only extreme values were selected.

Based on the obtained engineering geological data, it was
necessary to interpret the data appropriately, in such a way that
the model provides relevant outputs. With respect to the fact that
swelling pressures in question are in the form of an envelope
around the tunnel, which represents the expected reach of the
influence of the technological water used in the tunnel excavation.
This envelope can be seen in Fig. 2. The envelope represents only
a theoretical border, which cannot be determined exactly in the
ground environment itself, therefore even this entry is subject to
certain idealisation. Here it is also necessary to emphasise that such
an idealisation is associated with uncertainties in connection with
the model, without the possibility of a more detailed examination
of the problem directly in a real situation (which, with respect to
the fact that the tunnel excavation has not been finished yet, is not
even possible).

obdlku je mozné vidief na obr. 2.
Obélka predstavuje len teoreticku
hranicu, ktort nie je mozné v samot-
nom horninovom prostredi exaktne
urcit, a preto aj tento vstup podlieha
urcitej idealizacii. Tu je tieZ potreb-
né zdoraznit, ze takato idealizacia
je spojend s neistotami v suvislosti
s modelom, bez moznosti podrob-
nejsieho skimania problému priamo
v redlnej situdcii (Co sa vzhladom k
tomu, Ze tunel eSte nie je vyrazeny,
ani neda).

Dal%ou moZnostou je zaviest tento
postupny narast tlakov na celd mo-
delovanu vrstvu, ale to by viedlo k
nedmernému ndrastu sil pésobiacich

vysledky: celkové< veli¢ina: efektivni hlavni napéti o,
results: total; quantity: effective major principal stress o,

rozsah: <10,62;m 4690,18> kPa
range: <10,62;m 4690,18> kPa

3, eff’

3, eff?

10,62
400,00
800,00

1200,00
1600,00
2000,00
2400,00
800,00
320000
3600,00
4000,00
4400,00
4690,18

na ostenie a masivne vystuzovanie.
Na jednej strane sa takto zaisti, Ze

Obr. 2 Model tunela s viditelnou obdlkou pre potreby simulovania tlakov z napiicania
Fig. 2 Model of a tunnel with a visible envelope for the needs of simulation of swelling stresses



32. rocnik - €. 3/2023

Another option is to introduce this
gradual increase in pressures to the
entire layer being modelled, but this
would lead to excessive increasing in

the forces acting on the lining and on

aal 13kis(s—_s,ﬁce)tha 41 gc?sc:etﬁghheading the massive reinforcing. On the one

L - - hand, this ensures that the design
takes into consideration the worst
alternative, but on the other hand, it
affects the overall cost of the tunnel.
Due to the fact that there is no ideal
solution to this problem and this type

kotvy anchors

Linlydl.40m
. spiles 4.0m long .;

z horizontélny prieskumny vrt
S L=30m,atsm
horizontal exploration borehole
L=30m, a15m

glassfibre reinforced
anchors 16m long

wf
* 1 skiolaminatové kotvy dl. 16

of behaviour of the ground mass
must be responded to according to
Y the current conditions during the
tunnel excavation itself, a parametric
calculation was conducted, which
proceeded in the form of gradual
additions of
excavation with the aim of achieving
the largest laboratory determined

stress around the

Obr. 3 Vystrojovacia trieda Va-S2 urcend pre useky s vyskytom napiicavych hornin
Fig. 3 Excavation class Va-S2 designed for sections with occurrence of swelling ground

navrh pocita s tou najhorSou alternativou, ale na druhej strane to ma
dopad na celkovi cenu tunela. Vzhladom na to, Ze ideélne rieSenie
tohto problému neexistuje a na tento typ spravania sa horninového
masivu je potrebné reagovat podla aktudlnych stavov pri samotnom
razeni, pristipilo sa k parametrickému vypoctu, ktory prebiehal
formou postupného priddvania napétia v okoli vyrubu tak, aby sa
dosiahlo fazovo najvicsie laboratdrne uréené pritazenie.
Vzhladom na pouzité vstupy nie je mozné s istotou predpove-
dat presné spravanie sa horninového masivu. Je nutné pokracovat
v prieskume horninového prostredia aj pocas razenia tunela. To je
mozné realizovat predstihom razenia jednej tunelovej riry, geofy-
zikdlnymi metddami (tie vSak nemaji vysoku vypovedni hodno-
tu), alebo predvrtmi. Takyto postup vSak vyZaduje vhodné planova-
nie prieskumnych a raziacich prac, aby boli vysledky vyhodnotené
vCas a primerane zapracované do dalSieho postupu raziacich préc.

3.4 Navrh vystrojovacich tried

Néavrh vystrojovacich tried tunela je dolezity pre GspeSné raze-
nie. Celkovo bolo navrhnutych Sest vystrojovacich tried, z ktorych
niektoré boli Specidlne urcené pre oblasti s vyskytom napicavych
hornin. Pre tieto oblasti boli vyvinuté triedy s profilom S2, ktoré
predstavovali triedy V-S2, Va-S2 a Vb-S2 portdlové useky (obr. 3).
Tieto triedy boli navrhnuté s ohladom na zabezpecenie bezpecnosti
a ucinnosti pri razeni v naro¢nych podmienkach.

3.5 Navrh predvrtov

Pre identifikaciu tsekov s vyskytom napicavych hornin boli na-
vrhnuté predvrty z Celby tunela (obr. 4). Tieto predvrty s vhodnymi
rozostupmi medzi nimi umozZnia presnejsie urCit oblasti s pracho-
vitymi ilovcami a siltovcami, ako aj vysoky obsah zmieSanovrs-
tevného minerdlu smektitu. Toto poznanie zabezpeci optimdlny
postup pri razeni tunela s navrhnutymi vyrubovymi triedami, ¢im
sa vyrazne eliminuju rizikd spojené s neznalostou horninového
prostredia, resp. s rozsahom a vysledkami inZinierskogeologického
prieskumu v sivislosti s tendrovou dokumentéciou.

Vzhladom na obmedzené inZinierskogeologické znalosti horni-
nového prostredia zaloZené iba na vysledkoch vrtného prieskumu,

surcharge load in the phases.

Taking into consideration the
inputs, it is not possible to predict
with certainty the exact behaviour of
the ground massif. It is necessary to continue the exploration of
the ground environment even during tunnel excavation. It can be
done by driving one tunnel tube in advance, geophysical methods
(however, their predictive value is not high) or by boring pilot
holes. Such a procedure, however, requires appropriate planning
of exploration and tunnel excavation operations, so that the results
are assessed in time and adequately incorporated into the following
tunnel excavation procedure.

3.4 Design of excavation classes

The design of excavation classes is important for successful
tunnel excavation. Six excavation classes were designed in total.
Some of them were specially designed for areas with the occurrence
of swelling ground. Classes with the S2 profile were developed
for these areas. They represented classes V-S2, Va-S2 and Vb-S2
portal sections (Fig. 3). These classes were designed with respect
to securing safety and effectiveness when driving the tunnel in
demanding conditions.

3.5 Pilot boreholes design

Pilot boreholes from the tunnel heading face were designed to
identify the sections with the presence of swelling ground (Fig. 4).
These pilot boreholes, with adequate spacing between them, will
allow for more precise determination of areas with silty clay and
siltstone, as well as a high content of mixed-layered smectite.
This knowledge will ensure an optimal procedure when driving a
tunnel with designed excavation classes, owing to which the risk
associated with the lack of knowledge of the ground environment,
or with the scope and results of the engineering geological, are
significantly eliminated.

With respect to the limited engineering geological knowledge of
the ground environment based only on the results of the drilling
survey, there may be a risk of unidentified geological features in
the tunnel route. These risks may include geological anomalies that
may influence the safety and stability of the tunnel and the design
of the excavation classes. Therefore, it is critically important to
use appropriate technologies, methods and procedures that allow
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Obr. 4 PozdlZny rez vystrojovacou triedou Va-S2 s horizontdlnymi prieskumnymi vrtmi
Fig. 4 Longitudinal section through VaS2 support class with horizontal exploratory boreholes

moze v trase tunela existovat riziko neidentifikovanych geologic-
kych skutoc¢nosti. Tieto rizikd mdzu zahriiovat geologické ano-
malie, ktoré m&zu ovplyvnit bezpecnost a stabilitu tunela a navrh
vystrojovacich tried. Preto je kriticky dolezité pouzit primerané
technologie, metddy a postupy, ktoré umoznia presnejsie a pod-
robnejSie hodnotenie geologického prostredia v trase tunela, aby
sa minimalizovalo riziko necakanych zavaznych udalosti pocas vy-
stavby, ako aj prevadzky tunela:

e implementacia zasad projektového riadenia podla normy ISO
9001:2016 napomdha dosiahnutiu vysokej trovne dodanych
prac a redukcii rizik spojenych s ndvrhom, implementaciou
a prevadzkou tunelov;
navrh predvrtov z Celby tunela, ktoré umoznia presnejsie urcit
oblasti s vyskytom napicavych hornin a optimalizovat postup
pri razeni tunela s vhodnymi vyrubovymi triedami;
vyuzitie odbornych sluzieb nezavislého stavebného dozoru,
ktory bude podrobne monitorovat fizu vykonédvania prac a rie-
§it krizové situdcie s cielom dosiahnut dohodu medzi investo-
rom a zhotovitelom diela.

4. ZMLUVNE PODMIENKY FIDIC A RIADENIE RIZIK

o 2w

Jednym z klicovych prvkov zmliv zalozenych na zmluvnych
podmienkach FIDIC je poziadavka na riadenie rizik. Jednotlivé
strany by mali riadit rizika pocas celého Zivotného cyklu projektu.

Uéinné riadenie rizik podla zmluvnych podmienok FIDIC za-
hfiia niekolko kltcovych krokov, vratane:

1. Identifikacie rizik: Ide o identifikaciu vSetkych potenciél-
nych rizik, ktoré mézu mat vplyv na projekt, ako si po-
veternostné podmienky, nedostatok pracovnych sil alebo
oneskorenie materidlu.

Posudenie rizik: Po identifikécii sa rizikd musia posudit,
aby sa urcila ich pravdepodobnost a potencidlny vplyv na
projekt.

Zmiernovanie rizik: Jednotlivé strany musia nasledne vy-
pracovat stratégie na zmiernenie identifikovanych rizik. To
mdze zahfiat Upravu harmonogramu projektu, pridanie
finan¢nych prostriedkov napriklad z rezervy do rozpoctu
alebo zavedenie bezpecnostnych opatreni.

Monitorovanie rizik: Nakoniec musia jednotlivé strany
pokracovat v monitorovani rizik pocas celého Zivotného
cyklu projektu a v pripade potreby vykonat upravy.

which will allows for more

detailed determination of the

areas with the occurrence of
swelling ground and optimisation of the tunnel excavation
procedure with adequate excavation classes;

* The use of the professional services of independent construction
supervision, which will monitor in detail the work execution
phase and solve crisis situations in order to reach an agreement
between the project client and the contractor.

4. FIDIC CONTRACT CONDITIONS AND RISK
MANAGEMENT

One of the key elements of contracts based on the FIDIC
Terms and Conditions is the requirement for risk management.
Individual parties should manage risks throughout the project life
cycle.

Effective risk management according to the FIDIC Terms and
Conditions involves several key steps, including:

1. Risks identification: This involves identification of all
potential risks which may affect the project, such as
weather conditions, labour shortages or material delays.
Risk assessment: After the risks are identified, they must
be assessed to determine their probability and potential
impact on the project.

Risk mediation: Individual parties must then develop
strategies to mitigate the identified risks. This may include
adapting the project schedule, adding funds for example
from the reserve to the budget, or introducing safety
measures.

Risk monitoring: Finally, individual parties must continue
to monitor risks throughout the life cycle of the project and
make adjustments as necessary.

Proprentner [5] recommends the following key points of
the project management:

Creation of a geotechnical safety management plan,
which comprises information on expected tunnel
behaviour, a monitoring program, alert and warning
levels and intervention measures.

Assessment and analyse of the monitoring data on a
daily basis and comparison of the observed behaviour
with the expected behaviour defined in the design.
Organising regular in-situ meetings to discuss results
and defining appropriate measures if necessary.

* Modifying the design and updating the geotechnical
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5. Proprentner [5] odporica nasledovné oporné body riziko-
vého manaZzmentu projektov:

e Vytvorenie planu riadenia geotechnickej bezpecnosti,
ktory obsahuje informdcie o ofakdvanom spravani tu-
nela, programe monitorovania, vystraznych a varovnych
hodnotach a zasahovych opatreniach.

¢ Vyhodnocovanie a analyza monitorovanych udajov na
dennej baze a porovndvanie pozorovaného spravania sa
s oCakdvanym spravanim definovanym v projekte.

* Organizovanie pravidelnych stretnuti na mieste s cielom
prediskutovat vysledky a v pripade potreby definovat
vhodné opatrenia.

« Uprava projektu a aktualizdcia planu riadenia geotech-
nickej bezpecnosti v pripade odchylok v spravani sa sys-
tému alebo neoCakdvanych javov.

e Realizacia dodato¢ného zaistenia horninového masivu,
prac na predzaisteni horninového masivu alebo Special-
nych koncepcii navrhovania v pripade nestability, zly-
hania blokov, vysokého pritoku podzemnej vody alebo
poruchovych zén.

Vyznamnd dlohu pri riadeni projektu, vratane jeho rizik, zohrava
stavebny dozor. Stavebny dozor je Specidlny orgdn urCeny investo-
rom. Je klucovym ,,hrdiCom* na stavbe pocas realizcie prac a roz-
hodovacim organom medzi jednotlivymi stranami, ktoré uzatvorili
zmluvu podla zmluvnych podmienok FIDIC, Cervend alebo Zlta
kniha. Jeho ustanovenim mad investor zarucené, Ze sa prace budu
vykonavat v plnom stlade so zmluvnymi podmienkami. Staveb-
ny dozor musi ddsledne monitorovat fazu realizécie prac. Robi tak

02w

pomocou klucovych a neklicovych expertov, ktorych spravidla
zabezpeCuje externa obchodnd spolocnost, ¢im je garantovani ne-
zavislost stavebného dozoru. Iba tak sa da dosiahnut, aby si zhoto-
vitel, ale aj investor plnili dohodnuté zavizky [6].

Stavebny dozor je rozhodujicim aktérom na stavbe najmi v eta-
pe vykondvania prac, pretoZe zabezpecuje, aby si zhotovitel plnil
zmluvné podmienky, dodrziaval kvalitu prac, dohodnuty harmo-
nogram a zmluvnu cenu. Stavebny dozor mé na starosti rieSenie
krizovych situacii, zohrava rozhodujicu ulohu pri riadeni rizik
projektu a snazi sa dosiahnut dohodu medzi investorom a zhoto-
vitelom. Monitoruje harmonogram vystavby a rozpocet projektu
a vydava platobné potvrdenia a preberaci protokol stavby. Pred vy-
danim platobného potvrdenia musi stavebny dozor preskimat kva-
litu a mnoZstvo vykonanych prac, musi sa tieZ uistit, Ze zhotovitel
splnil vSetky zmluvné poziadavky. Pred prevzatim diela (vydanim
preberacieho protokolu) musi stavebny dozor vykonat dokladnd
kontrolu prac, aby sa uistil, Ze su v sulade so zmluvnymi podmien-
kami a Ze st bez vad a nedorobkov. Preberaci protokol je klicovym
dokumentom, pretoZe znamend koniec povinnosti zhotovitela a za-
Ciatok lehoty na ozndmenie vad, pocas ktorej je zhotovitel zodpo-
vedny za odstranenie vad.

Stavebny dozor je nezdvislym a nestrannym organom, ktorého
Siroky rozsah pdsobnosti je definovany v zmluvnych podmienkach
FIDIC. Podobne rozsiahle posobenie ma aj hlavny inZinier stavby,
ktory je zamestnancom objedndvatela poverenym vykondvanim
dennych tloh spojenych s riadenim projektu.

Stavebny dozor rozhodujicim sposobom prispieva k riadeniu ri-
zik projektu tym, Ze zadava dlohy, dokladne preveruje ich plnenie
a pontka, ¢i uZ technické alebo ekonomické rieSenia na minima-
liz4ciu rizik spojenych s nespravnym plnenim zmluvy o dielo, ak
je to potrebné. Stavebny dozor musi realizovat renomovana firma
prostrednictvom odbornikov, ktori maji dostato¢né skusenosti
a znalosti zmluvnych podmienok FIDIC.

safety management plan in case of deviations in the
system behaviour or unexpected phenomena.

e Implementation of additional stabilisation of ground
mass, work on stabilisation of ground massif in advance
or special designing concepts in case of instability, block
failure, high groundwater inflow or fault zones.

An important role in the project management, including risks,
is played by construction supervision. Construction supervision is
a special body designated by the client. It is a key player on the
construction site during the execution of the work and a decision-
making body between the individual parties which entered into
the contract according to the FIDIC Terms and Conditions, Red
or Yellow books. By establishing it, the client is guaranteed that
the work will be carried out in full compliance with contract
conditions. Construction supervision must consistently monitor
the work implementation phase. It does so with the help of key and
non-key experts, who are usually provided by an external company,
which guarantees the independence of construction supervision.
This is the only way to ensure that both the contractor and the client
fulfil the agreed obligations [6].

Construction supervision is a key actor on the construction
site, mainly during the execution stage, because it ensures that
the contractor fulfils the contract conditions, observes the
quality of the work, the agreed schedule and the contract price.
Construction supervision is in charge of solving crisis situations,
plays a decisive role in project risk management and attempts to
achieve an agreement between the client and the contractor. It
monitors the construction schedule and project budget and issues
payment receipts and construction acceptance protocols. Before
issuing a payment certificate, the construction supervisor must
review quality and amount of the work done, and must also make
sure that the contractor has fulfilled all contractual requirements.
Before taking over the work (issuing the acceptance protocol), the
construction supervision must perform a thorough inspection of
the works to ensure that they comply with contract conditions and
that they are without outstanding works. The acceptance protocol
is a key document, because it means the end of the contractor’s
obligations and the start of the defect notification period, during
which the contractor is responsible for removing defects.

The construction supervision is an independent and impartial
body, the wide extent of activities of which is defined in the
FIDIC Terms and Conditions. The Chief Project Engineer, who
is an employee of the client and is entrusted with the daily tasks
associated with project management, has a similarly extensive
role.

Construction supervision contributes to the project risk
management in a decisive way. It assigns tasks, thoroughly checks
their fulfilment and, if necessary, offers either technical or economic
solution to minimise the risks associated with incorrect fulfilling
of the work contract, if necessary. Construction supervision
must be performed by a reputable company through experts who
have sufficient experience and knowledge of FIDIC contract
conditions.

As part of the context of the design, construction supervision
tasks are also derived from TS021 Excavation Classes, part 1:
Cyclic Excavation. It includes keeping records of geological and
hydrogeological conditions in order to determine the necessary
measures during tunnel excavation. The final determination of the
construction and technical measures is carried out on the basis of
all the knowledge obtained directly on the construction site , while
it is unavoidable to ensure the safe and economical construction of




V ramci suvislosti projektu sa tlohy stavebného dozoru odvi-
jaju aj z TPO21 Vystrojovacie triedy, ¢ast 1: Cyklické razenie. To
zahfia evidenciu geologickych a hydrogeologickych podmienok
s cielom urcit potrebné opatrenia pri razeni. Kone¢né stanovenie
stavebno-technickych opatreni sa uskutocnuje na zaklade vSetkych
ziskanych poznatkov priamo na stavenisku, pricom je nevyhnutné
zabezpecit bezpecnu a hospodarnu vystavbu podzemného priestoru
v kazdej faze projektu. RiesSenie sa prijme po vzdjomnej dohode za-
stupcov objednavatela a zhotovitela. Stucasfou timu objednéavatela
je aj autorsky dozor a sucastou timu zhotovitela je projektant DV.

5. ZAVER

Na zaver moZno konstatovat, Ze pritomnost napuciavajicich hor-
nin v trase tunela Okruhliak, ako su ilovce a sliefiovce, predstavuje
vyzvu pre projektanta pred, ale najmi pocas vystavby tunela, a to
z pohladu namdhania ostenia, ako aj z toho vyplyvajicich moz-
nych deformdcii. Na presné urcenie rozsahu a rozloZenia napu-
Ciavajucich hornin po trase tunela je potrebné pocas jeho razenia
realizovat dalsi inZinierskogeologicky prieskum pomocou metdd,
ako st predvrty alebo geofyzikalny prieskum. PouZitie zmluvnych
podmienok FIDIC, zasad riadenia kvality, sluZieb odborného doh-
Tadu a stavebného dozoru, primeraného poistenia mézu byt uc¢inné
opatrenia na minimalizaciu rizik a sporov spojenych s projektom.
Celkovo mozno konStatovat, Ze komplexné pochopenie inZinier-
skogeologickych charakteristik a i¢inné stratégie riadenia rizik su
rozhodujucimi faktormi pre Gspesnu vystavbu tunela Okruhliak.

Dolezité ale vzdy je, aby si investor uvedomil, Ze opis rizik diela
uvedeny v projektovej dokumentécii a v prieskumoch, ktoré sa su-
Casfou projektu, musi byt primerany typu kontraktu. To znamena,
Ze pri postupoch podla zmluvnych podmienok FIDIC Zlta kniha
musi mat zhotovitel ovela podrobnejSie informécie o rizikach vstu-
pu do horninového prostredia, pretoZe tieto rizikd su stile na strane
investora a zhotovitel na zaklade tychto informécii dielo navrhuje.
Technické predpisy pre projektovanie by mali zohladiiovat alokaciu
rizik podla typu kontraktu. Preto v slovenskych podmienkach, kde
uZ existuje definicia zakladnej geotechnickej spravy (Geotechnical
Baseline Report), sa javi vyhodné pouzit ,,Smaragdovy FIDIC®,
ktory uZ s tymito kategériami operuje. Treba si vSak uvedomit, Ze
zmluvné podmienky FIDIC nie sui samospasitelné a vzdy zélezi na
ich konkrétnej interpretacii.
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the underground space in every phase of the project. The solution is
adopted after mutual agreement between the representatives of the
client and the contractor. The author’s supervision is also part of
the client’s team and, the detailed design is part of the contractor’s
team.

5. CONCLUSION

To conclude, it is possible to state that the presence of swelling
ground on the route of the Okruhliak tunnel, such as claystone
and marlstone, represents a challenge for the designer before,
but especially during the tunnel construction, from the point
of view of stress on the lining, as well as the resulting possible
deformations. In order to accurately determine the extent and
distribution of swelling ground on the tunnel route, it is necessary
to carry out an additional engineering geological survey during the
excavation using methods such as boring of pilot holes ahead of the
excavation heading face or geophysical survey. The use of FIDIC
terms, quality management principles, professional supervision
services and consultant’s services and adequate insurance can
be effective measures to minimise risks and disputes associated
with the project. In general, it can be stated that a comprehensive
understanding of the engineering geological characteristics and
an effective risk management strategy are decisive factors for the
successful construction of the Okruhliak tunnel.

But it is always important for the client to realise that the
description of the risks of work contained in the project docu-
mentation and in the survey reports that are part of the project must
be adequate for the type of the contract. This means that, when
proceeding according to the FIDIC Yellow Book, the contractor
must have much more detailed information about the risks of
entering the ground environment because these risks are still on
the side of the client and the contractors designs the work based on
this information. Technical regulations for designing should take
into consideration the allocation of risks according to the type of
contract. For that reason, in Slovak conditions, where a definition
of basic geotechnical management already exists (Geotechnical
Baseline Report), “Emerald FIDIC”, which already operates with
these categories seems advantageous to us. However, it is necessary
to realise that contract terms and conditions are not self-saving and
always depend of their specific interpretation.
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

STOLA VYBUDOVANA PRO VYUZITi MORSKE VODY V JADERNE ELEKTRARNE

FUKUSIMA 1

GALLERY BUILT FOR THE PURPOSE OF THE USE OF SEA WATER IN FUKUSIMA 1

NUCLEAR POWER PLANT

Havarie japonské jaderné elektrarny FukuSima 1 Daiichi 11. bfez-
na roku 2011 (obr. 1) spole¢nosti TEPCO (Tokyo Electrict Power)
byla nejhorsi jadernou havarii od Cernobylu v roce 1986 a po ni
jedinou dal8i havérii oznac¢enou na stupnici INES (The Internati-
onal Nuclear Event Scale — Mezindrodni stupnice jadernych uda-
losti) nejvyssim stupném 7. Katastrofa vznikla nasledkem zatopeni
elektrarny nicivou vlnou tsunami vysokou témét 40 m. Vinu zpu-
sobilo mimoradné silné zemétieseni o sile stupné 9 dle Richtera.
Epicentrum leZelo 130 km severovychodné od Fukusimy v hloub-
ce 24 km (obr. 2). Zemétieseni posunulo hlavni japonsky ostrov
HonSu o0 2,4 m a zemskou osu vychylilo o 16 cm.

Pti havarii doslo k obrovskym $koddm v regionu (obr. 3) a s vel-
kou pravdépodobnosti k zdvaznému poSkozeni tii tlakovych nd-
dob reaktoru ve vlastni elektrarné¢ Fuku§ima Daiichi. Pfi obnaZeni
a roztaveni jaderného paliva v reaktoru vznikal vodik, ktery byl
spély k tuniku a rozptyleni St€pnych produkti, které docasné ucini-
ly okoli elektrarny neobyvatelnym.

Kontaminovana voda, ktera se po havérii pouZziva k chlazeni roz-
taveného jaderného paliva, se v aredlu elektrarny upravuje v systé-
mu ALPS (Advanced Liquid Processing Systém), ktery odstraiuje
radioaktivni kontaminaci s vyjimkou tritia. Tato chladici voda je
v soucasné dobé po pouziti skladovana v cca 1000 nadrzich v are-
alu elektrarny. Celkova kapacita nadrZi ¢ini pfiblizné 1,37 mili-
oni m® s predpokladanym vyuzitim jejich plné kapacity na kon-
ci roku 2023, nebo zacatkem roku 2024. Japonsko v dubnu 2021
oznamilo, Ze planuje vypousténi upravené a v aredlu elektrarny
skladované chladici vody do mofe po dobu pfiblizné 30 let. Sou-
Casné si vyzadalo od Mezindrodni agentury pro atomovou energii
(MAAE) prezkouméni tohoto feSeni z hlediska bezpecnostnich
standardl. Zprava MAAE konstatovala, Ze spole¢nost TPEC pro-
kazala schopnost presného méteni radionuklidd v upravené vodeé.

Obr. 1 Jadernd elektrdrna Fukusima 1
Fig. 1 Fukusima I nuclear power plant
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podklad [2] source [2]
Obr. 2 Epicentrum zemeétieseniz 11. 3. 2011
Fig. 2 Epicentre of earthquake of 11/3/2011

V soucasné dobé se dokoncuje projekt vypousSténi upravené
chladici vody Stolou (obr. 4) ustici do mofe cca 1 km od pobieZi.
Pred vypusténim vody do mote bude ve specidlni nadrZi chladici
voda nafedéna motskou vodou tak, aby se koncentrace tritia sniZila
na priblizné jednu sedminu trovné, kterou Svétovd zdravotnicka
organizace navrhuje pro pitnou vodu.

Japonska vlada opakované Zadala mezindrodni spolecenstvi
o pochopeni a uvedla, Ze nejvyssi prioritou je bezpecnost opera-
ce zajistujici, Ze nedojde k Zadnému poskozeni Zivotniho prostiedi
nebo lidského zdravi. Proti tomuto pldnu se postavila Cina a ozna-
¢ila ho z hlediska bezpecnosti a lid-
ského zdravi za zavazny problém.
Obdobné obavy pretrvavaji také
v Jizni Koreji. Férum tichomoiskych
ostrovi pozaduje, aby vypousténi
upravené chladici vody bylo realizo-
vano az po ovéfeni bezpecnosti vSe-
mi zainteresovanymi stranami.

Na zavér lze pfipomenout, Ze
havarie jaderné elektrarny FukuSi-
ma 1, kterd byla zplGsobena vinou
tsunami po zemétfeseni nejsilnéj-
Sim v déjinach Japonska, paradoxné
vyvolala okamzitou a zdsadni reakci
v Némecku, kde nelze predpokladat
vznik a pusobeni obdobnych piirod-
nich jevi. Némecko pfed havarii Fu-
kuSimy 1 nebylo rozhodné zasadnim
odptrcem jaderné energie. Prave na-
opak, na po¢atku roku 2011 rozhodla

podklad [1] source [1]



podklad [2] source [2]
Obr. 3 Mésto Futaba ponicené piisobenim tsunami ziistalo zcela nepfistupné
az do roku 2022
Fig. 3 The city of Futaba destroyed by the tsunami remained completely in-
accessible until 2022

némecka vlada o prodlouZeni provozu nékterych atomovych elek-
traren. AvSak uZ o mésic pozdéji, tvaii v tvar obfim protijadernym
protestim, rozhodla spolkova vladda, Ze Némecko s uranem defi-
nitivné kon¢i. ,,Jadernou energetiku chceme co nejrychleji opus-
tit a prejit na zdsobovdni z obnovitelnych zdroji,* prohlésila tehdy
kanclérka Angela Merkelova. Posledni jadernd elektrarna v Né-
mecku byla odstavena v dubnu leto$niho roku.
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podklad [1] source [1]
Obr. 4 Stola pro vypousténi upravené chladici vody do more
Fig. 4 Gallery for discharging treated cooling water into the sea

Ceska republika na§tésti nenasleduje v této zaleZitosti svého sou-
seda a vyznamného hospodarského i politického partnera.

S vyuZitim podkladii ze Scoop-it ITA-AITES #94 [1]
a http://cs.m.wikipedia.org [2]
zpracoval prof. Ing. Jifi Bartdk, DrSc.

VYSTAVBA TUNELU BFCSI DOMB NA RYCHLOSTNI SILNICI M85 — V., MADARSKO
CONSTRUCTION OF BECSI DOMB TUNNELS ON FAST HIGHWAY M85 - V., HUNGARY

In Hongary, two tubes of double-lane highway tunnels, each
approximately 780m long, are under construction near the town
of Sopron. The contractor for these tunnels is the consortium
of companies Subterra — Raab Kft, Domper Kft and Pannon
Doprastev Kft. At the beginning of February this year, the driving
of the northern and southern tubes of the tunnel using the NATM
was successfully completed. Preparation for the concreting of the
secondary lining of the tunnel also started, including all previous work
operations required by the design, i.e. the installation of geotextile,
waterproofing of the vault and installing concrete reinforcement. At
the end of June, the concreting of the invert in the southern tunnel
tube was completed. In the southern tunnel tube, work continues
on the installation of the PVC waterproofing membrane, namely in
block No. 52. Furthermore, the reinforcement of the vault is being

Obr. 1 Realizace izolace jizniho tunelu
Fig. 1 Installation of waterproofing in the southern tunnel tube

placed in an advance, now at block No. 47. All these activities are
performed using the BIM method. A tunnel form traveller was
assembled for concreting the tunnel section in front of the portals in
open construction pits, and the concreting of the first block of this
section was also carried out. In the southern tunnel, the laying of
the fire water main, the installation of the information network and
lighting, as well as the construction of the walkway and all structures
related to the walkway, such as drainage pipes and sewerage, began.
The construction of three bridges is also underway.

V severozédpadni ¢asti Madarska, smérem k rakouskym hranicim
a hlavnimu mésta Rakouska Vidni, se u mésta Soproﬁ stavi v ram-
ci paté etapy dva tubusy dvoupruhovych délni¢nich tunelt, kazdy
o délce cca 780 m.

Obr. 2 Realizace armatury jizniho tunelu
Fig. 2 Placement of reinforcement in the southern tunnel tube
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Fig. 3 Concreting of the tunnel in an open construction pit

Dodavatelem téchto tunell je sdruzeni firem Subterra — Raab
Kft, Domper Kft a Pannon Doprastav Kft. (SDD Konsorcium).

Sdruzeni firem zac¢atkem tdnora letosniho roku tspé$né dokon-
¢ilo razbu severniho i jizniho tubusu tunelu metodou NRTM. Po
nezbytnych organizacnich opatfenich na zafizeni staveni$t€¢ po
ukonceni razeb byla zahdjena pfiprava na betondz sekundarniho
osténi tunelu, vcetné vSech projek-
tovou dokumentaci danych predché-
zejicich pracovnich operacich, tedy
pokladce geotextilie, izolace klenby
(obr. 1) a instalace armatury (obr. 2).

Koncem cervna byla dokoncena
betonaz protiklenby v jiZznim tunelu
a bude zahdjena betonaz protiklenby
v severnim tunelu od propojky ¢. 2.

V jiznim tunelu pokracuji prace
na instalaci PVC izolace klenby, a to
v bloku ¢. 52. Déle se provadi v ne-
zbytném predstihu armatura klenby,
nyni u bloku ¢&. 47.

Vsechny tyto cinnosti jsou rea-
lizovany metodou BIM, u které se
s uspéchem vyuziva 3D projektovani
v ndvaznosti na vlastni organizaci
vystavby jak sekundarniho osténi
tunelu, tak i naslednych vnitinich
instalaci.

usekil tunelu pred portaly v oteviené stavebni jameé (obr. 3) a pro-
vedena i betonaZ prvniho bloku tohoto useku.

Dle schvaleného harmonogramu praci bude betonaz sekundar-
niho osténi v jiZnim tunelu dokoncena v srpnu a ndsledné budou
zahdjeny préace na klenbé€ i v severnim tunelu, kde se predpoklada
na koordinaci praci na izolaci klenby a nasledné realizaci armatury
klenby.

V jiznim tunelu byla zahijena montaz pozarniho vodovodu, in-
stalace informacni sité a osvétleni, dale vystavba chodniku a vSech
s chodnikem souvisejicich konstrukei, jako je napt. drendZni potru-
bi a kanalizace.

Mimo vlastni tunel probéhne na zdpadnim portalu po dokonceni
archeologickych praci pokladka zaklad nasypu a instalace odvod-
novacich propustku.

Probihd i vystavba tfi mostnich objektd B033, B921 a B915
(obr. 4).

Ing. JAN FRANTL, jfrantl@subterra.cz,
Ing. CSABA BARTHALOS,
csaba.barthalos @subterra.cz, Subterra a.s.

A

Soubézné s témito pracemi byl

sestaven i bednici viiz pro betondZz  Fig. 4 Construction of the bridge

ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELLING CONFERENCES

ZHODNOCENI KONFERENCE PODZEMNi STAVBY PRAHA 2023
EVALUATION OF THE UNDERGROUND CONSTRUCTION PRAGUE 2023 CONFERENCE

29.-31. kvétna 2023 probehl v prostorach hotelu Clarion 15. roc-
nik mezindrodni konference Podzemni stavby Praha 2023. Celkem
bylo na konferenci zaregistrovano 657 ucastniku z 30 zemi.
Nejvy3si pocet Gastnikd byl tradi¢ng z Ceské republiky (356). Ze
zahranici bylo tradi¢né nejvic ucastnika ze Slovenska (67), déle
pak byl také vétsi pocet tcastnikii z Polska (32), Rakouska (22),
Némecka (11), Itdlie (6), USA (4) a Svycarska (3). Piitomni byli
i icastnici z fady dal§ich zemi (Australie, Cina, Japonsko, Jizni

On 29-31 May 2023, the 15" international conference Under-
ground Construction Prague 2023 was held in the premises of the
Clarion hotel. A total of 657 participants from 30 countries were
registered at the conference. The highest number of participants
was traditionally from the Czech Republic (365). From abroad, the
largest number of participants was from Slovakia (67), followed
by a larger number of participants from Poland (32), Austria

(22), Germany (11), Italy (6), the USA (4) and Switzerland (3).
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Obr. 1 Ing. Michal Lavko zahajuje doprovodny kurz o problematice BIM
Fig. 1 Ing. Michal Lavko opens the accompanying course on problems of the
BIM

Korea, Kanada, Norsko, Svédsko, Turecko, Velka Britanie, AlZir-
sko, Belgie, Dansko, Finsko, Francie, Chile, Indie, Irsko, Izrael,
Mexiko, Portugalsko, Recko, Slovinsko). V roce 2010 bylo na kon-
ferenci zaregistrovano 480 ucastnikl z 22 zemi, v roce 2013 to bylo
600 ucastnikil z 26 zemi, v roce 2016 to bylo 555 ucastnikt z 37
zemi, v roce 2019 to bylo 548 ucastnik z 31 zemi. V porovnani
s minulymi ro¢niky byla tedy leto$ni ticast nejvyssi.

Ve sborniku bylo otisténo 150 prispévku obdrZenych z 25
zemi. Pro srovnéani — v roce 2010 bylo celkem 171 prispévku z 25
zemi, v roce 2013 bylo 147 piispévki z 18 zemi, v roce 2016
bylo 174 prispévkil z 31 zemi, v roce 2019 bylo 141 pfispévki
z 25 zemi. TudiZ pocet prispévkil uvedenych ve sborniku se za-
sadnéji nelisil od predchozich ro¢nikd. V ramci ustnich prezen-
taci bylo predneseno celkem 68 prispévkl (vCetné 4 tvodnich
a 13 vyzvanych prezentaci). Béhem konference bylo vystaveno
35 postertl

V nedéli 28. kvétna 2023 od 9:00 do 16:00 se v hotelu Clarion
uskutec¢nil celodenni doprovodny kurz s nazvem ,,BIM — vSe co
jste chtéli védét, ale bali jste se zeptat‘. Na kurzu bylo celkem
zaregistrovano 29 tcastnikll a predneseno 8. prezentaci. Dvé pre-
zentace byly zahrani¢ni — Jure Cesnik (Slovinsko) a Paul Briedis
(Australie), zbytek prednasejicich byl z CR. Hlavnim organizito-
rem kurzu byl Ing. Michal Lavko ze spole¢nosti SATRA, spol. s r.o.
(obr. 1). V nedéli 28. Cervna 2023 vecer se pak uskutecnila recepce

Obr. 3 Zahdjeni konference v hotelu Clarion
Fig. 3 Conference opening in the Clarion hotel
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Obr. 2 Recepce v Rezidenci primdtora hl. m. Prahy
Fig. 2 Reception in Prague Mayor’s residence

Participants from a number of other countries were also present
(Australia, China, Japan, South Korea, Canada, Norway, Sweden,
Turkey, Great Britain, Algeria, Belgium, Denmark, Finland, France,
Chile, India, Ireland, Israel, Mexico, Portugal, Greece, Slovenia).
In 2010, 480 participants from 22 countries were registered at the
conference, in 2013 there were 600 participants from 26 countries,
in 2016 there were 555 participants from 37 countries, in 2019
there were 548 participants from 31 countries. In comparison with
previous conferences, this year’s participation was the highest.

150 contributions received from 25 countries
published in the conference proceedings. For comparison, in
2010 there were 171 contributions from 25 countries, in 2013
there were 147 contributions from 18 countries, in 2016 there
were 174 contributions from 31 countries, in 2019 there were
141 contributions from 25 countries. It means that the number
of contributions listed in the proceedings did not fundamentally
differ from previous conferences. A total of 68 contributions were
presented within the framework of the oral presentations (including
4 introductory and 13 invited presentations). 35 posters were
exhibited during the conference.

On Sunday, May 28, from 9:00 a.m. to 4:00 p.m. a full-day
accompanying course entitled “BIM - everything you wanted
to know but were afraid to ask’ took place at the Clarion hotel.
A total of 29 registered participants were present at the course and
8 presentations were delivered. Two presentations were foreign —

were

Obr. 4 Pohled do sdlu pri zahdjeni konference
Fig. 4 A view of the hall at the conference opening
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v Rezidenci primatora hl. m. Prahy, které se zicastnilo 75 pozva-
nych hostt (obr. 2).

Konference byla zahajena 29. 5. 2023 v 9:00 kratkym vide-
em predstavujicim Zivotni cyklus podzemnich staveb. Video bylo
promitano i v tivodu nekterych sekci. V ramci zahdjeni konferen-
ce (obr. 3 a 4) predal predseda CzTA Ing. Ivan Hrdina pamétni
medaili CzTA Dipl.-Ing. Heinzovi Ehbarovi ze Svycarska za jeho
dlouhodoby pfinos pro CzTA (obr. 5). V ramci tvodnich projevi
privital ucastniky konference prof. Arnold Dix z Australie, ktery
je soucasnym prezidentem mezindrodni tunelarské asociace ITA-
-AITES pro obdobi 2022-2025 (obr. 6).

Po zahdjeni konference byly predneseny nasledujici dvodni
prednasky (Keynote Lectures):

» Jiti Hrn&ii (Dopravni podnik hl. m. Prahy, CR): Pfiprava a re-

alizace trasy I.D metra v Praze;

» Radek Matl (generalni feditel RSD CR): Pfipravované tunely

na dalniéni siti v CR (obr. 7);

 Nasri Munfah (Gall Zeidler Consultants, USA): Vyzvy arizika

tunelovani v obydlenych oblastech — ziskané zkuSenosti;

e Gerhard Harer (OBB Infrastruktur AG, Rakousko): MoZnosti

a omezeni modernich metod geotechnického pruzkumu s pfi-
klady z dlouhych bazovych tunelt.

Po tvodnich prednaskach byl sal rozdélen na dva mensi sily,
ve kterych probihaly ustni prezentace v jednotlivych sekcich.
V pondéli 29. kvétna 2023 odpoledne se konala panelova diskuse
(obr. 8) s nazvem ,,Havarie tunelii — pficiny, rizika, opatfeni*. Pane-
lovou diskusi moderovali Dipl.-Ing. Urs H. Grunicke (Rakousko)
a Ing. Karel Rossler, Ph.D. (CR). Panelové diskuse se zddastnili
nasledujici odbornici z CR a zahrani¢i: Giovanna Cassani (Itdlie),
Gunilla Franzén (Svédsko), Michal Fronék (CR), Robert Galler
(Rakousko), Giorgio Hofer-Ollinger (Rakousko) a Johannes Jiger
(Rakousko), vzdalené byli také pripojeni Andrés Marulanda (Ko-
lumbie) a Guido Nuijten (Finsko).

Pfi jednanich v sekcich bylo pfedneseno nasledujicich 13 vyzva-
nych prfednasek od renomovanych zahrani¢nich fec¢niku:

Sekce 1: Konvencné razené tunely

e Davorin Kolic (Chorvatsko): Vystavba nové Zeleznicni trati

Divaca-Koper;

e Petr Salak (Izrael): Tunely French Hill: Projekt a vystavba sil-

ni¢nich tunelt v Jeruzalému).

Sekce 2: Mechanizované razené tunely

Obr. 5 Preddni pamétni medaile CzTA Dipl.-Ing. Heinzovi Ehrbarovi
Fig. 5 Presentation of the commemorative medal to Dipl.-Ing. Heinz Ehrbar

Jure Cesnik (Slovenia) and Paul Briedis (Australia), the authors of
the remaining presentations were from the Czech Republic. The
main organiser of the course was Ing. Michal Lavko from SATRA,
spol. s r.o. (Fig. 1). On the evening of Sunday, June 28, 2023, a
reception attended by 75 invited guests was held in Prague Mayor’s
residence (Fig. 2).

The conference was opened on 29 May 2023 at 9:00 a.m. with
a short video presenting the life cycle of underground structures.
The video was also displayed at the beginning of some sections.
As part of the conference opening (Figures. 3 and 4), the chairman
of the CzTA, presented the commemorative medal of the CzTA to
Dipl.-Ing. Ehrbar from Switzerland for his long-term contribution
to the CZTA (Fig. 5). Within the framework of the opening speeches,
Prof. Arnold Dix from Australia, who is the current president of
the International Tunnelling Association ITA-AITES for the period
2022-2025, welcomed the conference participants (Fig. 6).

The following introductory lectures (Keynot Lectures) were
delivered after the start of the conference:

e Jifi Hrnc¢it (Prague Public Transport Company Inc., CR):
Preparation and implementation of the ID Line of Prague
metro;

¢ Radek Matl (Chief Executive Officer of Directorate of Roads
and Motorways of the CR): Tunnels on motorway network of
the CR under preparation (Fig. 7);

e Nasri Munfah (Gall Zeidler Consultants, USA): Challenges
and risks of tunnelling in populated areas — lessons learned;

o Gerhard Harer (OBB Infrastruktur AG, Austria): Possibilities
and limitations of modern methods of geotechnical exploration
and examples from long base tunnels.

After the introductory lectures, the conference hall was divided
into two smaller halls, in which oral presentations took place
in individual sections. On Monday, May 29, 2023, a panel
discussion was held in the afternoon (Fig. 8), entitled “Tunnel
accidents — causes, risks, measures”. The panel discussion was
moderated by Dipl.-Ing. Urs H. Grunicke (Austria) and Ing. Karel
Rossler, Ph.D. (CR). The panel discussion was taken part in by
the following experts from the CR and abroad: Giovanna Cassani
(Italy), Gunilla Franzén (Sweden), Michal Fronék (the CR), Robert
Galler (Austria), Giorgio Hofer-Ollinger (Austria) and Johannes
Jiager (Austria), remotely connected were also Andrés Marulanda
(Colombia) and Guido Nuijten (Finland).

The following 13 invited lectures were delivered by renowned
foreign speakers:

i il -
Obr. 6 Proslov prezidenta ITA-AITES prof. Arnolda Dixe
Fig. 6 Speech of Prof. Arnold Dix, the president of ITA-AITES

gy
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Obr. 7 Uvodni prezentace reditele RSD CR Ing. Radka Mdtla
Fig. 7 Opening presentation by Ing. Radek Mdtl, CEO of Directorate of Roads
and Motorways of the CR

e Vojtech Gall (USA): Program Northeast Corridor Gateway —
tunelovy projekt pod fekou Hudson v New Yorku ve stat€¢ New
Jersey;

e Petr Makasek, Michal Babi¢ (CR): Zelezni¢ni uzel Praha z po-
hledu tunelovych staveb.

Sekce 3: Ostatni podzemni stavby, uloZisté, rekonstrukce

a historie

* Nasri Munfah (USA): Vyzvy projektu a vystavby stanice Chi-
natown v San Francisco;

e Davorin Kolic (Chorvatsko): Vodovodni projekt Alto Maipo
v Chile: priklad projektu Design and Build.

Sekce 4: Geotechnicky prizkum a monitoring

* Bai Yun (Cina): Vyhodnocovini dat o zemnich tlacich pfi vy-
stavbé metra v Sanghaji pomoci zeminového §titu;

e Robert Galler (Rakousko): Vyzkum vyuZiti rubaniny z razby
tunelu s vyuzitim urychlovac¢e FCC ve vyzkumném dtstavu
CERN.

Sekce 5: BIM, numerické modelovani, vyzkum a vyvoj

* Robert Galler (Rakousko): UdrZitelné tunelovani — vyzvy pro-
jektovani a vystavby budoucnosti;

e Shahab Yasrobi (Kanada): Tunelovani v prelidnénych mést-
skych oblastech — inovativni kombinace raZenych a hloube-
nych metod.

Sekce 6: Vybaveni, bezpecnost provozu a iidrzba

Obr. 8 Panelovd diskuse
Fig. 8 Panel discussion

Section 1: Conventionally driven tunnels

e Davorin Kolic (Croatia): Construction of the new Divaca-
Koper rail track;

* Petr Salak (Israel): French Hill tunnels: Design and construction
of road tunnels in Jerusalem).

Section 2: Mechanically driven tunnels

 Vojtech Gall (the USA): Northeast Corridor Gateway Program
— tunnelling project under the Hudson river in New York, state
New Jersey;

e Petr Makasek, Michal Babi¢ (the CR): Prague railway node
from the point of view of tunnel construction.

Section 3: Other underground structures, repositories,

reconstruction and history

e Nasri Munfah (the USA): Challenges of the design and
construction of the Chinatown station in San Francisco;

* Davorin Kolic (Croatia): Water supply project Alto Maipo in
Chile: an example of a Design and Build project.

Section 4: Geotechnical exploration and monitoring

e Bai Yun (China): Evaluation of earth pressure data during the
construction of the underground in Shanghai using an Earth
Pressure Balance TBM;

* Robert Galler (Austria): Research into the use of muck from
tunnel excavation using the FCC accelerator at the CERN
research institution.

Section 5: BIM,

development

numerical modelling, research and

Obr. 9 Harfovy soubor Prah-a-harP kvartet
Fig. 9 Prah-a-harP harp kvartet

Obr. 10 Zahdjeni spolecenského vecera
Fig. 10 Social evening opening
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Obr. 11 Spolecensky vecer v prostordch Brevnovského kldstera
Fig. 11 Social evening in the grounds of the Brevnov monastery

e Martin Knights (Velka Britdnie): Nova smérnice pro spravu
tuneld.

Sekce 7: Rizika, smluvni vztahy a financovani

 Heinz Ehrbar (Svycarsko): Kritéria a faktory tsp&chu pro op-
timalni planovéni, vystavbu a provoz velkych tunelovych pro-
jekta;

* Monika Mitew-Czajewska (Polsko): Prehled dopravnich tune-
I realizovanych nyni v Polsku.

Spolecensky vecer pro vSechny registrované ucastniky, dopro-
vodné osoby, sponzory a vystavovatele se tradicné uskutecnil v his-
torickém aredlu Bfevnovského klastera vecer v pondé€li 29. 5. 2023,
této recepce se zucastnilo 392 osob. Spolecensky vecer byl zahdjen
skladbou Vltava od Bedficha Smetany v podani harfového souboru
Prah-a-harP kvartet ve sloZeni Zbyiika Solcova, Hedvika Mousa
Bacha, Kamila Jouzova a Mariana Jouzova (obr. 9, 10 a 11).

Ve stiedu 31. 5. 2023 probéhly nasledujici technické exkurze:

e Exkurze A — Metro D — razby pristupovych tunelll smér stani-

ce Pankrac D (29 ucastniki);

¢ Exkurze B — Metro D — tisek Pankrac — Olbrachtova (45 tcast-
niki);

e Exkurze C — Hlavni dopravni fidici ustfedna Hlavniho mésta
Prahy (20 ucastniki);

o Exkurze D — UloZisté radioaktivnich odpadii Richard (16
ucastniki);

» Exkurze E — Rudolfova §tola a stard ¢istirna odpadnich vod (20
ucastniki).

Konferenci byla financné podporena nésledujicimi partnery:

e Platinovi partnefi: HOCHTIEF CZ a.s., Metrostav a.s., PORR
a.s., Subterra a.s.;

e Zlati partnefi: BeMo Tunnelling GmbH, Epiroc Czech Re-
public s.r.o., METROPROJEKT Praha a.s., OHLA 78S, as.,
STRABAG a.s.;

e Stiibrni partnefi: 3G Consulting Engineers s.r.o., ACCIONA,
AMBERG Engineering, Dolenco, DSI Underground,
GeoTec-GS, a.s., GEOtest, a.s., Herrenknecht, INSET s.r.o.,
KELLER - specidlni zaklddani, spol. s.r.o., Master Builders
Solutions, Minova Bohemia s.r.o., Mott MacDonald CZ, spol.
s 1.0., Nerve-Sensors SHM System, PUDIS a.s., PM CZ s.r.o.,
SAGASTA s.r.o., SATRA, spol. s r. 0., SG Geotechnika a.s.,
SUDOP PRAHA a.s.;

 Partner elektronického sborniku prispévki a partner interneto-
vého koutku: PRAGOPROJEKT, a.s.;

* Robert Galler (Austria): Sustainable tunnelling — challenges of

designing and future construction;

¢ Shahab Yasrobi (Canada): Tunnelling in crowded urban areas

— an innovative combination of mined and cut-and-cover
tunnelling methods.

Section 6: Equipment and service facilities, operational

safety and maintenance
e Martin Knights (Great Britain): A new directive on tunnel
administration .

Section 7: Risks, contractual relationships and funding

e Heinz Ehrbar (Switzerland): Criteria and factors of success
for optimum planning, construction and operation of large
tunnelling projects;

* Monika Mitew-Czajewska (Poland): Overview of traffic and

transport tunnels currently under construction in Poland.

A social evening for all registered participants, accompanying
persons, sponsors and exhibitors was traditionally held in the historic
grounds of the Bfevnov Monastery on the evening of Monday 29
May 2023; 392 people attended this reception. The social evening
began with the composition Vltava by Bedrfich Smetana. It was
performed by the Prah-a-harP harp quartet composed of Zbyiika
Solcova, Hedvika Mousa Bacha, Kamila Jouzovd and Mariana
Jouzova (Figures 9, 10 and 11).

The following technical excursions took place on Wednesday
31 May 2023:

* Excursion A — Metro D — excavation of access tunnels towards
the Pankrdc station (29 participants);

e Excursion B — Metro D — Pankrac — Olbrachtova section (45
participants);

e Excursion C — The main traffic control centre Prague (20
participants);

* Excursion D — The Richard radioactive waste repository (16
participants);

* Excursion E — The Emperor Rudolf’s water tunnel and the old
waste water treatment plant (20 participants).

The conference was financially supported by the following

partners:

e Platinum partners: HOCHTIEF CZ joint stock company,
Metrostav joint stock company, PORR joint stock company,
Subterra joint stock company;

e Golden partners: BeMo Tunnelling GmbH, Epiroc Czech
Republic s.r.o., METROPROJEKT Praha joint stock company,
OHLA 7S, joint stock company, STRABAG joint stock
company;

e Silver partners: 3G Consulting Engineers s.r.o., ACCIONA,
AMBERGEngineering, Dolenco,DSTUnderground, GeoTec-GS,
joint stock company, GEOtest, joint stock company,
Herrenknecht, INSET s.r.o., KELLER — Special foundations
Ltd., Master Builders Solutions, Minova Bohemia s.r.o0., Mott
MacDonald CZ Ltd., Nerve-Sensors SHM System, PUDIS
joint stock company, PM CZ s.r.o., SAGASTA Ltd., SATRA,
Ltd, SG Geotechnika joint stock company, SUDOP PRAHA
joint stock company;

e Partner of electronic proceedings and partner of the internet
corner: PRAGOPROJEKT, joint stock company;

» Partner of the navigation system: Minova Bohemia Ltd;

* Partner of the poster section: IDS Praha joint stock company;

 Partner of twines for name tags: Master Builders Solutions;



 Partner navigacniho systému: Minova Bohemia s.r.0.;

e Partner posterové sekce: IDS Praha a.s.;

o Partner $titirek na jmenovky: Master Builders Solutions;

e Partner technické exkurse: Hlavni baniska zdchranna stanice

Praha;

 Dalsi partnefi: Bekaert, OSTROJ a.s., Sprava ulozist radioak-

tivnich odpadi;

» Ddle konferenci podporily nésledujici organizace: ITA-AITES,

ISRM, ISSMGE.

Udaje o konferenci véetné fotografif 1ze nalézt na www.pspraha.
cz.

Obdobné jako pii minulé konferenci bylo ti€astnikiim umoznéno
stazeni mobilni aplikace do telefonu, kterd pfinasela fadu dulezi-
tych informaci (program konference, piistup k prispévkiim, mapy,
planky atd.). Mobilni aplikaci si stahlo 250 ucastnikl konference.
Registrace probihala poprvé samoobsluznym systémem pomoci
nacteni QR kodu, které byly tcastnikim zaslany s predstihem. Pro
ucastniky konference byla zfizena na webovych strankach plat-
forma, pomoci které se ti¢astnici mohou dostat k elektronickému
sborniku prispévki, ale také k videonahravkam prezentaci.

Celkové konference probéhla bez vétsich obtizi dle predpokla-
daného scénare, pripravny vybor obdrzel fadu kladnych ohlast
z Ceské republiky i ze zahrani¢i. Po konferenci bylo t¢astnikiim
umoznéno vyplnéni dotazniku spokojenosti. Obecné byly dojmy
ucastnikl z konference velmi pozitivni, vyhrady byly spise drob-
néjsi a nebyl v nich Zadny vyraznéjsi trend (Zadné pripominka ¢i
doporuceni nebyly ve vyznamné&jSim poctu uvedeny).

Touto cestou bych rad podékoval vSem tcastnikiim konferen-
ce, zejména pak vsem Clentim piipravného vyboru a védecké rady,
autordm piispévkd, fecnikiim a partnerim konference. TéSim se, Ze
se sejdeme v obdobném piipadné jesté ve vysSim poctu na konfe-
renci Podzemni stavby Praha 2026.

Za ptipravny vybor a védeckou radu

prof. Ing. MATOUS HILAR, Ph.D.,
predseda védecké rady konference PS 2023
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e Partner of technical excursion: Main Mine Rescue Station
Prague;

e Other partners: Bekaert, OSTROJ joint stock company,
Radioactive waste repository administration;

* The following organisations also supported the conference:
ITA-AITES, ISRM, ISSMGE.

Information about the conference, including photos, can be
found at www.pspraha.cz.

Similar to the previous conference, participants could download
a mobile application providing a lot of important information
(conference program, access to papers, maps, plans, e.t.c.) to
their phones. The mobile application was downloaded by 250
participants of the conference. The registration was carried out for
the first time through a self-service system by scanning the QR
codes which were sent to participants in advance. A platform was
set up for the participants on the website. The participants could
access the electronic collection of contributions, but also to video
recordings of the presentations.

Overall, the conference passed without major difficulties according
to the assumed scenario, the preparatory committee received a number
of positive responses from the Czech Republic and abroad. After the
conference, the participants could fill a satisfaction questionnaire.
In general, the impressions of the participants from the conference
were very positive, the reservations were rather minor and there was
no more significant trend in them (there was no significant number
of comments or recommendations).

In this way, I would like to thank all conference participants,
especially all members of the Preparatory Committee and
Scientific Board, authors of contributions, speakers and partners
of the conference. I look forward to meeting them in a similar or
even larger number at the Underground Construction Prague 2026
Conference.

On behalf of the Preparatory Committee and Scientific Board

Prof. Ing. MATOUS HILAR, Ph.D.,
Chairman of the Scientific Board of the UC 2023 Conference

SVETOVY TUNELARSKY KONGRES WTC 2023 V ATENACH
WORLD TUNNEL CONGRESS WTC 2023 IN ATHENS

This year’s 49" Tunnel Congress was held in Athens, Greece.
This congress was organised in a hybrid form (the possibility of in-
person as well as online participation). On Friday, May 12, 2023,
a training course for young tunnel engineers was held under the
auspices of the ITA-AITES. The congress was organised for two
days. On Saturday, May 13, 2023, in the morning, the meeting of
the ITA-AITES Executive Board took place, and in the afternoon,
the meeting of the leading working groups took place under ITA-
AITES (Working Groups). On Sunday, May 14, 2023, the first
General Meeting of ITA-AITES member countries was held in the
morning, and in the afternoon, the working groups started their
activities. A welcome reception was held on Sunday evening. The
welcome reception was held on Sunday evening. On 5/14/2023,
the 49" WTC was officially opened. The invited lectures (the so-
called Key Lectures), delivered by several experienced experts, and
technical/professional lectures delivered by participants presenting
in several selected sections followed from Monday afternoon until
Wednesday afternoon. The 2™ General Meeting of ITA-AITES took

place on Wednesday afternoon. Canada (Montreal) was chosen the
host country for the WTC 2026. Then a Gala dinner was held for
the congress participants. The following day, technical excursions
around provided underground construction sites took place, and
the final event of this year’s World Congress was organised as a
symbolic marathon started at the ancient Athens stadium.

Letosni 49. Tunelarsky kongres v reckych Aténach se konal po
del$im obdobi v fddném jarnim terminu (tj. od 12. do 18. 5. 2023)
a prakticky bez omezeni vici pandemii Covid-19. Tento kongres,
ktery byl porddan hybridni formou (moZnost prezencni i on-line
Ucast), prakticky navazal na predchozi Tunelarsky kongres konany
v Kodani v zafi roku 2022 (tento kongres byl pofadan mimo fadny
termin jeSté v nejisté dobé ovlivnéné zminovanou pandemii).

Svétovy tunelarsky kongres byl vedlejSim programem prakticky
odstartovan v patek 12. 5. 2023 v dopolednich hodinach. Jedna-
lo se o tréninkovy kurs pro mladé tunelové inZenyry pod zastitou
ITA-AITES, ktery byl organizovan po dobu dvou dnti. V sobotu
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13. 5. 2023 dopoledne probéhlo zasedani Vykonné rady ITA-AITES
a v odpolednich hodinich probihalo zasedani vedoucich pracov-
nich skupin pod ITA-AITES (Working Groups). V nedéli 14. 5.
2023 dopoledne se jiz konalo prvni Generalni zasedani tcastnic-
kych zemi ITA-AITES a v odpolednich hodinach zahgjily svoji
¢innost jednotlivé pracovni skupiny, které mély vyhrazeny jak Cas,
tak i prostory kongresové budovy rovnéZz na pondélni odpoledne.
Po rtizné€ naro¢ném programu téchto Working Groups byla organi-
zatory kongresu v ned€li vecer poradana uvitaci recepce ucastnikd
tohoto kongresu, kde se za prijemného jarniho aténského klimatu
seslo stovky tunelarskych inzenyra.

V pondéli rano dne 14. 5. 2023 byl 49. WTC oficidln¢ zahdjen
oteviracim ceremonialem predsedou organiza¢niho vyboru a pre-
zidentem ITA-AITES. Pak nésledovaly vyzvané prednasky (tzv.
Keynote Lectures) nékolika zkuSenych odbornikil a na né jiz nava-
zaly technické/odborné prednasky prazentujicich tcastnikii v né-
kolika vybranych sekcich, které probihaly od pondélniho odpoled-
ne az do stfede¢niho odpoledne. V ramci vSech tii dnti bylo mozné
shlédnout velké mnozstvi velmi kvalitnich a zajimavych prezentaci
z podzemniho stavitelstvi z celého svéta.

Ve stfedu odpoledne probéhlo 2. Generalni zasedani ITA-AITES
v ramci tohoto kongresu, kde byla zvolena poradatelskd zemé

WTC 2026 — Kanada (Montreal). Po doznéni poslednich tech-
nickych prezentaci a ukonceni generdlniho zasedédni byla tyz den
vecer na pobiezi Myrtoanského mote organizoviana Gala vecete
pro ucastniky kongresu. Nasledujici den jesté probéhly technické
exkurse po zajisténych stavbach podzemniho stavitelstvi a zcela
zaveérecnou udalosti letosniho svétového kongresu byl symbolicky
maraton odstartovany na starovékém Aténském stadionu. Posléze
se vSichni tcastnici kongresu rozjeli do svych domovi, aby se vel-
ka ¢ast z nich zase seSla na jubilejnim 50. Svétovém kongresu
v Cinském Shenzenu, ktery se bude konat od 19. do 25. 4. 2023.
Zaveérem autor prispévku struéné konstatuje, Ze letosSniho Tu-
nelarského kongresu v Aténach se za Ceskou tunelarskou asociaci
(CZzTA ITA-AITES, z. s.) zucastnili pouze dva zéstupci (predseda
CzTA Ing. Ivan Hrdina a zastupce WG-17 Ing. Radek Bernard).
Tato skromna tcast samoziejmé souvisela s finalizaci priprav na
mezinarodni tunelarskou konferenci PS 2023 v Praze, ktera se ko-
nala o dva tydny pozdégji. Autor tohoto prispévku povazuje uroven
letosniho svétového kongresu za velmi pfinosnou a samotnou tcast
za inspirujici. O jeho spolupraci ve WG-17 podal detailni infor-
maci na ¢ervnovém Valném Shromazdéni CzTA ITA-AITES, z. s.

Ing. RADEK BERNARD, Ph.D.

HORNICKY KONGRES 2023 — NEROSTNE SUROVINY VE 21. STOLETI

(VIZE A SKUTECNOST)

MINING CONGRESS 2023 — MINERAL RESOURCES IN THE 215" CENTURY

(VISIONS AND REALITY)

On June 15 and 16, 2023, the company of
MONTANEX organised the Mining Congress
2023 with the subtitle Mineral resources in the 21*
century (vision and reality). The event, held under
the auspices of the Chairman of the Czech Mining
Authority — Ing. Martin Sternberka, Ph.D., and
the dean of the Faculty of Mining and Geology of
the University of Mining — Prof. Hana Starikovd,
was held in the congress centre of the Kutna
Hora gallery of the Central Bohemian Region,
symbolically in the “shadow” of the Saint. Barbara Church.

A

Obr. 1 Pohled do kongresového centra Galerie stiedoceského kraje
Fig. 1 View of the congress centre of the Gallery of the Central Bohemian
Region

HORNICKY
KONGRES

2023

Ve dnech 15. a 16. ¢ervna 2023 uspotadala spo-
lecnost MONTANEX Hornicky kongres 2023
s podtitulem Nerostné suroviny ve 21. stoleti (vize
a skutecnost). Akce, nad nizZ prevzali zastitu predse-
da Ceského baniského tiadu — Ing. Martin Stember-
ka, Ph.D., a dékanka Hornicko-geologické fakulty
Vysoké skoly banské — prof. Ing. Hana Staiikova; se
konala v kongresovém centru kutnohorské Galerie
Stfedoceského kraje, symbolicky ve ,,stinu* chramu
svaté Barbory.

Samotny kongres mél dvé ¢asti — ¢ast slavnostni a ¢ast pracovni.

Obr. 2 Projev pFedsedy CBU Ing. Martina Stemberky, Ph.D.
Fig. 2 Speech of the chairman of the Czech Bureau of Mines Ing. Martin
Stemberka
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V tivodu slavnostni &asti vystoupil predseda Ces-
kého bariského tradu, ktery mj. uvedl, Ze zasad-
nimi vyzvami, které ¢eské hornictvi v nejblizsi
budoucnosti ¢ekaji, bude zdarny prabeh utlumu
uhelného hornictvi a pomoc pri dosazeni shody
celé spolecnosti na tom, Ze vyuzivani vlastnich
strategickych a stavebnich surovin, a s nim spo-
jené negativni dopady, jsou nezbytnou cenou za
konkurenceschopnost zemé.

Pti hledani optimélni cesty k vyuZivani doma-
cich surovin to v trznim prostiedi znamena neu-
stale hledat odpovéd na tii otdzky — co vytézit,
jak vytézit a kam je dodat.

»C0?% znamena rozhodnout, jaké nerostné
suroviny a v jakém mnoZstvi tézit na zakladé
analyzy jejich doméci spotieby.

»Jak?* znamena rozhodnuti, jakou techno-
logii upravy ¢i zuslechténi nerostnou surovinu
v pozadovaném mnoZzstvi, a s minimalnimi do-
pady na Zivotni prostredi, vyrobit.

»Kam?‘ dodat znamend zjistit, kde je misto
spotfeby nerostnych surovin a jakymi cestami je

zové soSky svaté Barbory si z rukou predsedy
Ceského baniského tradu pievzali Ing. Pa-
vel Fiala — pfedseda pfedstavenstva TéZebni
unie, ktery dlouhodobé netnavné a neustupné
prosazuje zajmy téZebnich spoleCnosti a Ing.
Bivoj Merz — dlouholety uspé€sny predseda
Obvodniho baniského tfadu v Plzni, ktery cely
pracovni Zivot zasvétil praci v hornictvi a jeho
popularizaci.

V pracovni ¢asti kongresu zaznélo 25 prispév-
ku rozde€lenych do Ctyf sekei:

e ochrana a vyuZiti nerostného bohatstvi;

e udrZitelny rozvoj v hornictvi;

* zlepSovani pracovniho prostiedi v hornictvi
pri naklddani s vybusninami a v souviseji-
cich oblastech;

* véda, vyzkum, inovace a vzdélavani v hor-
nictvi.

Pro zijemce, ktefi by se chtéli s obsahem
jednotlivych prispévka blize seznamit, doporu-
¢ujeme piecist si prvni Cislo ¢asopisu HORNIC-
KYSTAV.cz, ktery byl cely vénovany HORNIC-

tam dopravit, s dirazem na nejmensi zatéz Zivot- KEMU KONGRESU 2023.
niho prostiedi. : - o
Zavér slavnostni &asti patfil ocendni vy- 007 3 Zlaty permon — hornické ocenénifir- Ing. PETR HYBSKY,

. L. . . , mdm v oblasti bezpecnosti prdace
znamnych osobnosti Ceského hornictvi, které o 3 7iury permon — mining awards to Petr.Hybsky @m-tbr.cz,

se zaslouzili o jeho rozvoj. Originalni bron-  companies in the field of safety at work M-TBR a.s.

AKTUALITY 2 PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTIONS

CESKA REPUBLIKA THE CZECH REPUBLIC
METRO D — NOVA LINKA PRAZSKEHO METRA METRO D — NEW LINE OF PRAGUE METRO

V cervnu letoSniho roku jsme méli moZnost pripomenout si In June of this year, we had the opportunity to commemorate
dvouleté vyroci od data, kdy byla v roce 2021 podepséna realizacni the two-year anniversary of concluding the construction
smlouva mezi zadavatelem a zhotovitelem stavby. Pfiblizn€ o rok contract between the client and the building contractor in 2021.
pozdéji, v bfeznu 2022, bylo vybranému zhotoviteli stavebni Casti, | Approximately one year later, in March 2022, the construction site
kterym je SdruZeni Metro I. D se spolecniky Subterra a.s., Hochtief | 45 formally handed over to the contractor for the construction
CZ a.s., Hochtief Infrastructure GmbH, Strabag a.s. a Ed. Ziiblin

part selected in this way, which is SdruZeni Metro I. D with
Aktiengesellschaft, protokolarné pfedano stavenisté, a tim zahaje-

partners Subterra a.s., Hochtief CZ a.s., Hochtief Infrastructure

LA O LG L O Metra D. . GmbH, Strabag a.s. and Ed. Ziiblin Aktiengesellschaft, and the
O tom, kam za vice nez rok usilovné prace stavba postoupila

a dale postupuje, se miizeme presvédcit i pri navstéve Informacni-
ho stediska vystavby metra [.D — Pankrdc — Olbrachtova, které je
v pravidelnych ¢asech otevieno Siroké laické i odborné vetejnosti.
Tvrda data a Cisla pak ukazuji, Ze od severu, smérem do stanice
Pankrac, byla po vyraZeni pfistupového tunelu a technologické
propojky také zahijena a postupuje razba obratovych koleji sta-
nice (obr. 1), a to k ¢ervnu letoSniho roku jiz v délce 20 m. Z jizni
strany bylo pak smérem do této stanice vyrazeno cca 450 m ka-
loty levého a cca 350 m kaloty pravého tratového tunelu, ze kte-
rého se po realizaci rozpletu zah4jila i razba tunelové spojky C-D | for the turn-back tracks (Fig. 1) also started, reaching in June
mezi budovanou a provozovanou trasou metra C (obr. 2). Z jizni | this year already the length of 20m. From the southern side, the
strany byla formou provedeni patni \S't()]y’ a 7z ni také provedeni excavation of the approximately 450m of the left-hand tunnel tube
chemickych injektaZi zlepSujicich nestabilni horninové prostiedi | top heading and 350m of the right-hand tunnel tube top heading
stanice Pankrac, zahdjena i vlastni raZba stanice. Pro dali postup | was finished. After completion of the bifurcation, the excavation
vystavby druhé stanice Olbrachtova bylo dokonceno hloubeni jeji of the C-D link between the already running and the under

implementation of the new Prague Metro D line started.

We can persuade ourselves how far the construction has
progressed and continues to progress after more than a year
of hard work when visiting the Information Centre for the
construction of the ID — Pankrac — Olbrachtova metro line section,
which is open at regular times to the general lay and professional
public. Hard data and figures show that from the north towards
the Pankrédc station, after the completion of the excavation of
the access tunnel and the service cross passage, the excavation
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Obr. 1 Razba cédsti profilu kaloty obratovych koleji smérem do stanice Pankrdc
Fig. 1 Excavation of part of the top heading of the tunnel excavation for turn-

-back rails to Pankrdc station

oy

pfistupové Sachty (34 m) a rozsifeno potieb-
né zafizeni staveniSté na povrchu.

Jako nejzajimavéjSi udédlost od zahije-
ni stavby mozna muzZeme oznalit navstévu
prezidenta Ceské republiky Petra Pavla na
samotné stavbé. Dne 28. 6. 2023 si za dopro-
vodu priméatora hlavniho mésta Prahy Bohu-
slava Svobody a dal$ich hostl prosel jiz vyse
popsané vyrazené useky budouci trasy metra
(obr. 3 a4).

O dalsim pripravovaném dseku trasy Metra
D, tj. Olbrachtova (mimo) — Nové dvory v¢.
trafovych tuneld z Pisnice, toho moc nového
zatim, bohuzel, nevime. Vybérové fizeni na
zhotovitele stavby totiz stdle pokracuje a za-
davatel podané nabidky uchazecu stile zkou-
ma a vyhodnocuje. Rozhodnuti o vybéru nej-
vyhodnéjsi nabidky se tak aktudlné ocekava
koncem srpna letosniho roku. Na pokracovani
linky Metra D smérem do centra z Pankrace
na Namésti Miru pracuje projektant zadavate-
le na Dokumentaci pro stavebni povoleni a na
majetkopravni pfiprave.

Celkovou 1 dil¢i optikou pohledu na real-
ny stav naSeho projektu tedy miZeme doufat,
Ze jeden z hlavnich cilq, tj. zprovoznéni trasy
Metra D minimalné v tseku Pankrac — Nové
Dvory do konce roku 2029, zatim neni nijak
ohroZen.

Tuel

construction metro route started (Fig. 2). From the southern side,
the excavation of the station itself started in the form of a bottom
gallery and from it also the chemical grouting improving the
unstable rock environment of the Pankrac station. For progressing
the construction of the second station, Olbrachtova, further, the
excavation of the station access shaft (34m) was finished and
the corresponding construction site facilities on the surface were
added.

However, the visit of the President of the Czech Republic, Petr
Pavel, to the construction site may be the most interesting event
since the start of the construction. On June 28, 2023, accompanied
by the mayor of the capital city of Prague, Bohuslav Svoboda, and
other guests, he walked along the above described sections of the
future metro line (Figures 3 and 4).

Unfortunately, we do not know much new about the next
planned sections of the Line D, the Olbrachtova (excepted) —
Nové Dvory section ,including running tunnels The reason is
the fact that the tender for the contractor is still ongoing and the
contracting authority is still examining and evaluating the offers
submitted by the applicants. The decision on the selection of the
most favourable offer is currently expected this year, at the end
of August. As far as the continuation of the Metro D line towards
the city centre from Pankrac to Namésti Miru is concerned, the
client’s designer works on the documents for the construction
permit and on the preparation for property proceedings.

We can therefore hope that one of the main aims, namely putting
the Metro Line D into operation at least in the Pankrac — Nové
Dvory section by the end of 2009, is in no way threatened.

And that’s why, and precisely for that reason, we wish the
project only the best; God speed you!

Obr. 2 Razba tunelové spojky C-D
Fig. 2 Excavation of C-D linking tunnel




Obr. 3 Prezident Petr Pavel na ndvstévé stavby Metra D
Fig. 3 President Petr Pavel visiting the metro construction site

A proto dnes, a pravé proto velmi intenzivn€, poptejme projektu
Metro D jenom to nejlepsi, zdar bih!

Ing. BORIS SEBESTA, borissebesta61 @gmail.com,
Ing. MICHAL SERAK, serak@idspraha.cz

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunel Bikos

Usek R4 PreSov — severny obchvat, I. etapa tvori Cast dopravnej
siete Europskej tinie TEN-T, ktor4 je sucastou medzinarodného eu-
ropskeho tahu E 371 v smere zo severu na juh, znimym tieZ pod
nazvom Via Carpatia. Realizéciou tejto etapy sa prevedie doprava
v smere od Sabinova do mimouroviovej krizovatky Vydumanec na
dialnicu D1, ¢im sa odlahci doprava v meste PreSov. Na trase rych-
lostnej cesty R4 PreSov — severny obchvat sa nachadza tunel Bikos
s dizkou Tavej tunelovej riiry 1 144,5 m a diZkou pravej tunelovej
rary 1 164,5 m.

Stavebnii ¢ast tunela realizovala spolo¢nost TuCon a.s. Zilina
ako Clen ZdruZenia spolo¢nosti Vahostav-SK, a.s. a TuCon, a.s.,
ktoré je zhotovitelom stavby. Prace na stavebnej Casti tunela si na
zaCiatku jula 2023 ukoncené. Prebiehaju prace na finalizécii tech-
nologického vybavenia tunela, pricom v letnych mesiacoch budu
vykonédvané funkéné skusky jednotlivych prevadzkovych siborov.
Komplexné skiisky a uvedenie tunela do prevadzky sa ocCakavaju
v septembri 2023.

Tunel Cebrat
Tunel Cebrat dizky 3,6 km je sicastou tiseku dialnice D1 Hubo-
véa — Ivachnova, ktory je vo vystavbe od roku 2013. Zhotovitelom
stavby je zdruZenie spolo¢nosti OHLA ZS, a.s., a Vahostav-SK, a.s.
Zaciatkom leta 2023 pokracuju prace na betondzi definitivnych
beténovych konstrukcii oboch tunelovych rir (obr. 5). V juznej tune-
lovej rire je uz hotovych 219 blokov hornej klenby sekundarneho
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Obr. 4 Ndvstéva prezidenta Petra Pavla a dalSich hostit na stavbé Metra D
Fig. 4 President Petr Pavel and other guests visiting the metro construction site

Ing. BORIS SEBESTA, borissebesta61@gmail.com,
Ing. MICHAL SERAK, serak@idspraha.cz

SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

BikoS tunnel

The R4 road section, PreSov by-pass north, stage I forms part of
the European Union TEN-T transport network, which is part of the
international European route E 371 in the north to south direction,
also known as Via Carpatia. By implementing this stage, traffic in
the direction from Sabinov to the Vydumanec interchange will be
transferred to the D1 motorway, which will relieve traffic in the city
of PreSov. The BikoS tunnel with the construction lengths of the
left-hand tunnel tube of 1,144.5m and the right-hand tunnel tube of
1,164.5m is located on the route of the R4 Presov — Northern By-
Pass express highway.

The civil engineering part of the tunnel was carried out by TuCon
a.s. Zilina as a member of the Vahostav-SK, a.s. and TuCon, a.s.
consortium of companies, which is the construction contractor.
At the beginning of July 2023, the work on the construction part
of the tunnel is finished. Work is progressing to finalise tunnel
service facilities, while functional tests of individual operating units
will be carried out in summer months. Comprehensive tests and
commissioning of the tunnel are expected in September 2023.

Cebrat tunnel

The 3.6km long Cebrat tunnel is part of the D1 Hubovi —
Ivachnova section of the motorway, which has been under
construction since 2013. The construction contractor is the
consortium of the companies OHLA ZS, a.s. and Vahostav-SK, a.s.

At the beginning of the summer 2023, work continues on final
concrete structures of both tunnel tubes (Fig. 5). In the southern
tunnel tube, 219 blocks of the upper vault secondary lining have
already been completed, as well as 173 upper vault blocks in
the northern tunnel tube. In total, 392 blocks of the upper vault
secondary lining have been completed in the tunnel, which
represents approximately two thirds of the length of the tunnel.
Concreting of the foundations and preparation of the concreting
of the upper vaults also started in the tunnel cross passages. Cross
passages No. 10, 12 and 14 are prepared, work continues on cross
section No. 9. At the eastern portal, concreting started on the
construction part of the service centre.

It is assumed that the Hubovd — Ivachnovd section of the
motorway containing the Cebrat tunnel should be completed and
handed over for use to the public in early 2025.
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ostenia a v severnej tunelovej rure je
hotovych 173 blokov hornej klenby.
Celkovo je v tuneli hotovych 392
blokov hornej klenby sekundéarne-
ho ostenia, Co predstavuje priblizne
dve tretiny dizky tunela. BetoniZ
zakladov a priprava na betonaz hor-
nych klenieb zacala aj v tunelovych
priecnych prepojeniach. Pripravené
su prieCne prepojenia ¢. 10, 12 a 14,
prace pokracuju v prepojeni ¢. 9. Na
vychodnom portdli sa zacali beto-
narske prace na stavebnej Casti tech-
nologickej centraly.

Predpoklada sa, Ze dialni¢ny tsek
Hubova — Ivachnova s tunelom Ce-
brat by mal byt dokonceny a odo-
vzdany verejnosti na pouzivanie za-
¢iatkom roku 2025.

Ing. MILOSLAV FRANKOVSKY,
DOPRAVOPROJEKT, a.s.,

Ing. IVAN MICHALE,
Vihostav-Sk, a.s.,

Ing. ROBERT ZWILLING,
Skanska SK a.s.,

Slovenskd tuneldrskd asocidcia

Obr. 5 Debniaci voz v tuneli Cebrat
Fig. 5 Tunnel form traveller for the Cebrat tunnel

Ing. MILOSLAV FRANKOVSKY, DOPRAVOPROJEKT, a.s.,
Ing. IVAN MICHALE, Vihostav-Sk, a.s.,

Ing. ROBERT ZWILLING, Skanska SK a.s.,

Slovenskd tuneldrskd asocidcia

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

FRANCIE — POHLEDNICE S TUNELEM GALIBIER A NECO NAVIC
FRANCE - PICTURE POSTCARDS WITH THE GALIBER TUNNEL AND SOMETHING MORE

Every year in the beginning of summer, France is alive with a
single event — the Tour de France (TdF) cycling race. Mountain
stages usually decide the winner of this event. This is why the
standard of the race is often set even by heroic climbing trips to
mountain saddles. Three passes in particulat became famous —
Galibier in the Alps and Tourmalet and Aubisque in the Pyrenees
(Fig. 1). The roads in each of these locations pass through tunnels,
and it is picture postcards with them what introduces this part of
the series. A few interesting facts about the famous TdF are not
missing here.

Kazdy rok v pocinajicim 1ét¢ Zije Francie jedinou udélosti — cyk-
listickym zédvodem Tour de France (TdF). O vitézi tohoto podniku
zpravidla rozhoduji horské etapy. Proto jsou standardem zavodu
Casto az heroické vyjezdy cyklisti do horskych sedel. Proslulymi
se tak staly predevsim tfi prismyky — Galibier v Alpach a Tourma-
let a Aubisque v Pyrenejich (obr. 1). Silnice v kazdé z téchto lokalit
prochdzeji tunely a pravé pohlednice s nimi uvadi tento dil seridlu.
Nechybi ani par zajimavosti tykajicich se slavné TdF.

Tunel v priismyku Galibier
Prismyk Galibier (Col du Galibier), paty nejvyssi ve francouz-

skych Alpach, spojuje na hranici departementi Savoie a Hautes-
-Alpes historické kraje Dauphiné a Savojsko (obr. 1). Nachazi se ve
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Obr. 1 Francie — slavné priismyky na TdF s tunely na pohlednicich v ¢ldanku
(Cervené)

Fig. 1 France — famous passes on the TdF with tunnels on picture postcards
in the article (red)
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Obr. 2 1133 — Dauphiné. Le Lautaret — tunel (2 550 m) a priusmyk (2 658 m)
Galibier, svahy Maurienne. ?? 1917 [sbirka autorii].

Pozn.: Dnes se uddvd vyska priismyku 2 642 a tunelu 2 556 m n. m. Le Lautaret
Jje horské silnicni sedlo 2 058 m n. m. oteviené po cely rok. Jde o jeden z nej-
niZsich bodit hiebene rozdeélujiciho sever a jih francouzskych Alp. Prameni zde
vyznamnd reka Dauphineskych Alp Durance. Ze sedla Le Lautaret vede stoupd-
ni do Col du Galibier. V centru pohlednice je severni vstup do tunelu se starou
Stérkovou komunikact. Na silnici stoji zdstup vojdkii s péti soumary. Jde o kolonu
alpskych myslivcit béhem zimniho cviceni — viz ddle obr. 3.

Fig. 2 1133 — Dauphiné. Le Lautaret — tunnel (2550m) and the Galibier pass
(2658m), Maurienne slopes.?? 1917 [authors’ collection].

Today, the elevation of the pass of 2642 and the tunnel of 2556m a.s.l. is stated.
Le Lautaret is a mountain road saddle 2058m a.s.1. It is open all year round. It
is one of the lowest points of the ridge dividing the north and south of the French
Alps. The important river of the Dauphine Alps, Durance, originates here. From
the saddle of Le Lautaret, the road ascends to the Col du Galibier. In the centre
of the postcard, there is the northern entrance to the tunnel with an old gravel-
paved roadway. A crowd of soldiers with five sumpter horses is standing on the
road. It is a column of soldiers, the so-called alpine hunters, during winter train-
ing — see further Fig. 3.

vysSce 2 642 m n. m. (uvadi se i 2 645 m). Cesta na Galibier stoupa
ze Saint-Michel-de-Maurienne o téméf 1 900 m na délce 30 km.

Puvodni stary ,,piirodni“ kupecky chodnik a paseracka stezka
obchézejici solnou dari byly mistnim od praddvna zndmé jako ,,mu-
letier* (tj. pro mezky). Po francouzské anexi Savojska roku 1860
nabyla trasa také vojenského vyznamu, a proto byla v roce 1879
armadou upravena do podoby Stérkové ,,Routes des Grands Com-
munication #14.

Trvale svizelné klimatické poméry v prusmyku (v zédvislosti na
pocasi byval piistupny jen od poloviny ¢ervna do poloviny fijna) si
v letech 1890-91 vynutily vyraZeni jednoho z nejvyse poloZenych
vrcholovych tuneld v Evropé (obr. 2 az 7). Je vedeny cca 90 m pod
prasmykem ve vysce 2 556 m n. m. a je dlouhy 365 m (udava se
vSak 1 363 a 370 m). Vyznacuje se krajné¢ minimalistickymi pa-
rametry — pouze jednou troubou Sirokou 4 m a s jizdnim pruhem
3,20 m. Technickou kuriozitou byla masivni dubové vrata uzavi-
rajici tunel v dobé neptizné pocasi. Objekt tak byl provozovan az
do roku 1976, kdy musel byt, vzhledem ke znatnému zchatrani,
uzavien. Nasledna oprava tunelu, spolu se stavbou zbrusu nové as-
faltové silnice do sedla, se notné protdhla az do roku 2002. Tunel
byl poté znovu otevien, ale s fadou omezeni. Kamiony nad 19 tun,
karavany, cyklisté, a dokonce ani chodci jej jiZ pouZivat nesmi.
Provoz v jediném jizdnim pruhu tunelu fidi semafory a v zimnim
obdobi je prismyk zcela uzavieny.

Neékteré zajimavosti tykajici se prismyku a tunelu Galibier:

e Oficidlni panel na vrcholu sedla udavd nadmotiskou vysku

2 645 m, ve skuteCnosti je to 2 642 m.
* Tunel je dlouhy 365 metrti — tzn. jeden metr na kazdy den
Vv roce.
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Obr. 3 1805. — Tunel Galibier (2 560), nejvyssi silnice ve Francii. Reynald
Editeur Chambéry. 1917 [sbirka autorii].

Pozn.: Nadmorskd vyska tunelu se dnes uddvd o 4 m niZst, nez uvddi pohlednice
(viz zminka pod obr. 2). Severni vstup do tunelu. V predportdli je shromdZdénd
skupina alpskych myslivcii. Alpsti myslivci (Chasseurs Alpins) byli (a opét jsou)
elitnim vtvarem pro boj v hordch. Jako prvni francouzskd jednotka pocali za Vel-
ké vdlky nosit charakteristické rozmérné barety. Podle textu na rubu pohlednice
probihalo cviceni koncem prosince 1917, tomu také odpovidaji cetné snéhové
Jjazyky u portdlu a v jeho okoli. Pri troSe pozornosti je patrné levé kiidlo dreve-
nych vrat pro uzavirdni tunelu.

Fig. 3 1805. — Galibier tunnel (2560), the highest elevation road in France.
Reynald Editeur Chambéry. 1917 [authors* collection].

Note.: The tunnel elevation is today stated to be 4m lower than presented in the
picture postcard (see note under Fig. 2). The northern entrance to the tunnel. A
group of soldiers, alpine hunters, is gathered in the front portal. Alpine hunters
(Chaseurs Alpins) were (and still are) an elite unit for fighting in the mountains.
As the first French unit, they began to wear characteristic large berets during the
Great War. According to the text on the back of the postcard, the exercise was
held at the end of December 1917; this is also reflected in numerous tongues of
snow at the portal and in its surroundings.

With a little attention, the left wing of the timber gate for closing the tunnel can
be seen.

1Y LE DALTPHINE

Obr. 4 15 Dauphiné — Tunel Galibier, svahy Maurienne. ?? okolo 1920? [sbir-
ka autori].

Maurienne patii k nejmohutnéjsim pricnym vidolim Savojskych Alp. Bylo formo-
vdno v délce pres 120 km rekou Arc. Podle reliktii snéhovych poli byla fotografie
patrné porizena koncem jara ¢i pocdtkem léta.

Fig. 4 15 Dauphiné — Galibier tunnel, Maurienne slopes. ?? around 1920?
[authors ¢ collection)].

Maurienne belongs among the most massive transverse valleys of the Savoy
Alps. It was formed by the over 120km long Arc river. According to the relics of
snow fields, the photo was probably taken in late spring or early summer.

* Jméno Galibier nese jeden typ luxusniho automobilu Bugatti.
Originalni stopu vtiskl silnici na Galibier i stejnojmennému tu-
nelu nejslavnéjsi cyklisticky zavod historie — Tour de France (TdF).
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Obr. 5 Daupiné — priusmyk Galibier (2 556 m), tunel do svahii Savojska a ma-
siv Arves. A. Mottaret, Grenoble. Okolo 1920 [sbirka autorii].

Arves (3 514 m n.m.) je hora se tremi samostatnymi vrcholy ve stejnojmenném
masivu francouzskych Alp v departementu Savoie. Ocividnd je nevalnd kvalita
Sterkové vozovky. Za pozornost stoji rovnéZ dobovy vozovy park i imprese inten-
zivniho stridavého automobilového provozu v tunelu. Na pohlednici je severni
portdl tunelu.

Fig. 5 Daupiné — Galibier pass (2556m), the tunnel into Savoy slopes and
Arves massif. A. Mottaret, Grenoble. Around 1920 [authors’ collection].

Arves (3514m a.s.l.) is a mountain with three separate peaks in the massif of the
same name in the French Alps of the department of Savoie. The poor quality of
the gravel road pavement is obvious. The period car park and the impression of
intensive alternating vehicular traffic in the tunnel are also worth attention. The
postcard shows the northern portal of the tunnel.

EAWIHE TUURISuD

Obr. 6 Savojskd turistika. 966 Priismyk Galibier (2 658 m) od Saint-Michel-
-de-Mauriene a Valloire. L. Blanc et Fils, Phot. Edit. Montmélian. Po 1920
[sbirka autorii].

Skupina dam a pdnii na zastdvce autovyletu pred severnim portdlem tunelu.
Nadmorskd vySka priissmyku se dnes uddvd 2 642 m.

Fig. 6 Savoy tourism. 966 Galibier pass (2658m) from Saint-Michel-de-Mau-
riene and Valloire. L. Blanc et Fils, Photo. Edit. Montmélian. After 1920 [au-
thors’ collection].

A group of ladies and gentlemen at the car trip stop in front of the northern por-
tal of the tunnel. The pass elevation is currently stated to be 2642m.

o~

Stoupéni do prasmyku byva nejvySsim mistem, a proto i ikonou
zavodu. Mezi lety 1911 aZ 1976 projizdéli cyklisté pravidelné také
tunelem. ..

V roce 1949 byl té€sn€ pod jiznim vstupem do tunelu odhaleny
pomnik zakladatele TdF (a aktivniho cyklisty) Henriho Desgrange.
Miloval Col du Galibier a kdysi napsal: ,,Pfed timto obrem nemu-
Zeme délat nic jiného, neZ smeknout klobouk a uklonit se.* Pti kaz-
dém prijezdu zavodu je k pomniku pokladan vénec a prvni cyklista
v prusmyku ziskava zvlastni prémii [1, 2].

Rouwte ds Vallolres sy Galjuilsr = L& Tunnsido Oslibier

Obr. 7 Cesta z Vallories na Galibier — tunel Galibier. 1303- Coll. L. Grimal,
Chambéry. Priblizné 1925 [sbirka autorit].

Valloire je dnes vyznamné horské stiedisko v Savojsku. Na pohlednici je tudiZ
severni portdl tunelu Galibier.

Fig. 7 Road from Vallories toward Galibier — the Galibier tunnel. 1303- Coll.
L. Grimal, Chambéry. Approximately1925 [authors’ collection].

Today, Valloire is an important mountain resort in the Savoy region. The post-
card therefore shows the northern portal of the Galibier tunnel.

Tunely k priismyku Tourmalet a tunel Pic du Midi

Prasmyk Tourmalet (Col du Tourmalet, 2 115 m n. m.) se nalé-
za v centralni Casti Pyreneji, v departementu Hautes Pyrénées —
obr. 1. Pojmenovani Tourmalet idajné pochazi od mistniho druhu
syra. Silnice do sedla ma na 19 km od zépadu pfevySeni 1 404 m,
od vychodu to na 17,2 km déla 1 268 m a cca 1,5 km na vychod od
prusmyku prochazi 250 m dlouhou protilavinovou galerii a tfemi
kratkymi tunely (50, 120 a 110 m).

Jiz od roku 1910 patii vyjezd na Tourmalet mezi vyvrcholeni
TdF. Do roku 2020 to bylo 87x, 1974 a 2010 dokonce ve dvou po
sobé jdoucich etapach. Zdolani prismyku je zatfazeno i do letoSni
TdF. Nachazi se zde také pamatnik Jacquesa Goddeta, feditele za-
vodu mezi léty 1936 az 1987.

Obr. 8 Silnice z vrcholu Pic du Midi — vyjezd z tunelu k prismyku Tourmalet.
Pohled na s$tit Espada. Kolorovand fotografie. Les Editions Fréres ,,TITO“
Bordeaux. Pied 1920? [sbirka autorii].

Spanélsku a je desdtym nejvyssim v Pyrenejich. Z technického pohledu stoji za
pozornost osténi tunelu se zretelnymi stopami po klasickém drevéném bednéni.
Fig. 8 Road from the top of Pic du Midi - exit from the tunnel toward Tourma-
let pass. A view of Espada peak. Coloured photo. Les Editions Fréres ,,TITO*“
Bordeaux. Before 19202 [authors ¢ collection].

View from the tunnel towards the south. Pic de l” Espada peak (2549m a.s.1.) is
already located in Spain. It is the 10" highest in the Pyrenees. From a technical
point of view, the tunnel lining with clear traces of classic timber formwork is
worth paying attention.




Z prusmyku odbocuje severnim smérem Stérkova cesta, vedouci ke
svétoznamé observatori na titu Pic du Midi de Bigorre (2 877 mn. m.).
Ta po cca 1,5 km prochdzi kratkym (22,5 m) tunelem skrze skalni
ostroh v nadmorské vysce 2 230 m — obr. 8. Cesta i tunel souvi-
si patrné s vystavbou observatore mezi 1éty 1878—1908. Poté, co
se v roce 2019 zfitila ¢ast klenby tunelu, byl stav objektu uredné
oznaceny za havarijni [3].

Tunely do priusmyku Aubisque

Prasmyk Aubisque (Col d*Aubisque, 1 709 m) se nachdzi rovnéz
v Pyrenejich, 30 km jizné€ od Tarbes a Pau, v departementu Pyréné-
es Atlantiques — obr. 1.

Vystup z vesnice Laruns nabizi pozoruhodné vyhledy do ddo-
1i i na vysoké vrcholy, tvoiici hranici mezi Francii a Spanélskem.
Col d‘Aubisque také predstavuje dulezitou kapitolu v historii pro-
fesionalni cyklistiky. Je pravidelnou soucasti TdF, od roku 1947 se

67 Environs d'ARGELES - La Roule en corniche
du Col d'Aubisque st In Vallée,

Obr. 10 67 Okoli Argelés — strmd silnice k priismyku Aubisque a ddle do tidoli.
Kolorovand fotografie. Les belles Editions Francaises, 2, Rue Trachel — Nice.
Pred 1920? [sbirka autorii].

Stejny tunel jako na obr. 9. Argelés — obec na zdpadé departementu Hautes
Pyrénées.

Fig. 10 67 Argeléssurroundings — steep road towards the Aubisque pass and
further into the valley. Coloured photo. Les belles Editions Francaises, 2, Rue
Trachel — Nice. Before 19202 [authors’ collection].

The same tunnel as in fig. 9. Argelés — a village in the west of the Hautes Pyré-
nées department.
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Obr. 9 Ukdzka nizkych Pyreneji. 213 prusmyk Aubisque 1 704 m. Silnice a tu-
nel. Les Cartes A.-P.-A. Poux — Albi. PFed 1920? [sbirka autorii].

Dnes se uddvd vyska pritsmyku 1 709 m n. m. Pohled na prvni tunel od jihu.
Fig. 9 An example of the Low Pyrenees. 213 Aubisque pass 1704m. The road
and tunnel. Les Cartes A.-P.-A. Poux — Albi. Before 1920? [authors’ collec-
tion].

Today, the pass altitude is stated to be 1709m a.s.l.

Obr. 11 2064 — Na cesté na Aubisque. Maly tunel a GABIZOS (2 639 m).
Edition de l” Europe — Pierron — 57206 Sarreguemines. 1974 [sbirka autorii].
Severozdpadni vjezd do tzv. Malého tunelu. Gabizos — Petit Gabizos nebo Pic de
Gabizos (2 639 m n. m) je vrchol na hranici departementii Pyrénées-Atlantiques
a Hautes-Pyrénées.

Fig. 11 2064 — On the road toward Aubisque. The Small Tunnel and GABI-
ZOS (2639m). Edition de 1" Europe — Pierron — 57206 Sarreguemines. 1974
[authors’ collection].

North-western entrance to the so-called Small Tunnel. Gabizos — Petit Gabizos
or Pic de Gabizos (2639m a.s.l.) is a peak on the border between the Pyrénées-
Atlantiques and Hautes-Pyrénées departments. .
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uskutecnilo 47 vyjezdl a jde tak o druhé nejcastéjsi velké stoupani
v historii zdvodu. V sedle je osazend pamétni deska na A. Bacha
(1888-1945), prezidenta Cykloklubu Béarn a vyznamného clena
odboje.

Na silnici D918, vysekané do skalni stény a stoupajici do pra-
smyku od vychodu, se kritce po sobé nachdzeji tfi tunely — beze-
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ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS
wWwWw.ita-aites.cz

VALNE SHROMAZDENI CZTA ITA-AITES
GENERAL ASSEMBLY OF C2TA ITA-AITES

The General Assembly of the Czech Tunnelling Association
ITA-AITES was held on Wednesday, June 7, 2023 at the OlSanka
Hotel in Prague. The meeting was chaired by CzTA chairman
Ing. Ivan Hrdina. At the beginning, he presented the CzTA
commemorative medal to Ing. Vlastimil Horak for his continuous
active work in the CzTA and his significant contribution to the
designing of underground structures (Fig. 1). Further on, he
informed about the activities of the association since the last session
of the General Assembly. The journal is published quarterly and is
also accessible on the CzTA website in electronic form; Tunnel
Afternoons are organised by the association; 42 events have been
held to date. The meeting continued with a report on the economic
management of the association. It was presented by Ing. Vaclav
Soukup. After that, those present were introduced to the draft
budget of the association for the year 2023, when the website is
expected to be updated. Dr. Pruskova familiarised those present
with the activity plan of the association for 2023, in particular the
preparation of the Tunel journal and the organisation of Tunnel
Afternoons. A visit to the construction of the Kiihtai pump storage
power plant is planned within the framework of the professional
tour for 2023. In the next part, Prof. Hilar informed about the
currently underway Underground Construction Prague 2023
conference. More information about this conference is presented
in a separate paper in this issue of Tunel journal. Doc. HrubeSova
informed about the current state of the CzZTA Working Groups. The
session continued with the evaluation of the student competition
for the best diploma thesis in the field of underground construction
for 2022 (Fig. 2). The first place belongs to Ing. Jan Koldovsky
from the Faculty of Civil Engineering of the Czech Technical

University in Prague on the topic “Tunnel portals”. The second
place was taken by Ing. Filip Rozmének with the topic “Analysis
of factors influencing the variation of internal forces in the primary
tunnel lining and the lining design”; he was a student of the Faculty
of Arts of the Brno University of Technology. The third place was
won by Ing. Jakub Vladik, who defended his work on the topic
“The use of unreinforced lining for the motorway tunnel support on
D11”. The last point of the meeting was the professional part. Ing.
Bernard prepared information about the work in an ITA-AITES
WG, where he is a member, entitled: Cooperation at the level of
Working Groups in ITA-AITES, WG-17 (Long & Deep Tunnels).

foto Ing. Libor Marik photo Ing. Libor Marik

Obr. 1 Preddvdni pamétnich medaili CzTA
Fig. 1 Presentation of CzTA commemorative medals



Obr. 2 Ocenéni studenti — zleva Ing. Koldovsky, Ing. Rozmdnek a Ing. Viadik
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Jfoto Ing. Libor Marik photo Ing. Libor Marik

Fig. 2 Award winning students — from the left side — Ing. Koldovsky, Ing. Rozmdnek and Ing. Viadik

Valné shromazdéni Ceské tuneldrské asociace ITA-AITES se
konalo ve stfedu 7. Cervna 2023 v hotelu OlSanka, Taboritska 23,
Praha 3. Jednani zah4jil a ridil predseda CzTA Ing. Ivan Hrdina.

Nejprve Ing. Hrdina predal pamétni medaili CzTA Ing. Vlastimi-
lu Horakovi za trvalou aktivni ¢innost v CzTA a vyznamny prinos
pfi projektovani podzemnich staveb (obr. 1).

Poté pokracovalo jednani béZnou agendou — Ing. Hrdina infor-
moval ¢leny CzTA o ¢innosti asociace od minulého zasedani valné-
ho shromédzdéni. Ctvrtletng je vyddvan casopis Tunel, pfistupny je
rovnéZz na webu CzTA v elektronické podobé. Dalsi aktivitou CzZTA
jsou Tunelarskd odpoledne, ktera se vzhledem k zajmu tcastnikt
konaji nejen prezencné, ale zistala i moZnost pripojit se on-line —
tim je jejich sledovani dostupné pro vice zajemci. Do soucasnosti
jich asociace uspotadala jiz 42.

Dals$im bodem jednéni byla zpriava o hospodareni asociace, kte-
rou prednesl Ing. Vaclav Soukup. V roce 2022 dosahla asociace
opét priznivého vysledku, kdy jeji hospodareni skoncilo ziskem.
Poté byli pritomni sezndmeni s ndvrhem rozpoctu asociace na rok
2023. Tento rok zatim bézi v§echny akce obvyklym zpisobem, na-
vic by se méla uskutecnit aktualizace webu, ktery je z roku 2007
a proto jiZ nevyhovuje ani obsahové, ani bezpecnostnimi prvky.
Proto rozpocet na tento rok zahrnuje vétsi ztratu, ktera bude doto-
véana ze zisku minulych let.

Ing. Markéta Pruskova, Ph.D.,

Jako kazdorocné, i letos vystoupila doc. RNDr. Eva HrubeSova,
Ph.D., se sdélenim o soucasném stavu pracovnich skupin CzTA,
kdy cinnost nékterych z nich je bohuZzel stale utlumena.

Zasedani pokracovalo vyhodnocenim studentské soutéze o nej-
lepsi diplomovou praci z oboru podzemniho stavitelstvi za rok
2022. Prvni misto naleZi Ing. Janu Koldovskému za téma ,,Portaly
tuneld z FSv CVUT v Praze. Druhé misto obsadil Ing. Filip Roz-
manek s tématem ,,Analyza faktor ovliviiujicich pribéh vnitinich
sil v primarnim tunelovém osténi a jeho navrh*, byl posluchacem
FSv VUT v Brné. Treti misto ziskal Ing. Jakub Vladik, ktery obhé-
jil praci na téma ,,PouZiti nevyztuZzeného osténi pro dalnicni tunel
opevnéni na D11“. V§em ocenénym poblahopiéla a odménu preda-
la mistopfedsedkyné CzTA doc. HrubeSova (obr. 2).

Poslednim bodem jednéni (obr. 3) byla odborna ¢ést, pro kterou
Ing. Radek Bernard, Ph.D., pfipravil informaci o praci ve WG ITA-
-AITES, kde je ¢lenem, s nazvem: Spoluprice na trovni Working
Groups pii ITA-AITES, WG-17 (Long & Deep Tunnels). Vyzval
pritomné, aby motivovali ve svych spolecnostech mladé a nadéjné
zaméstnance k praci v nékteré z WGs. Jedndni ve skupiné se ¢asto
uskutecniuji i on-line.

Ing. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz, generdlni sekretdr CzTA

obeznamila piitomné s planem
¢innosti asociace na rok 2023.
Jedna se zejména o piipravu ca-
sopisu Tunel a poradani Tunelér-
skych odpoledni. Odborny zijezd
je pro rok 2023 pldnovan v termi-
nu od 11. do 14. fijna do Rakous-
ka, kde ma 13. fijna probéhnout
exkurze na stavbu precerpavaci
elektrarny Kiihtai. Ucast je ome-
zena na max. 40 lidi.

Vzhledem k tomu, ze dlouho
pripravovand konference Pod-
zemni stavby Praha 2023 skon-
¢ila tyden pred konanim valného
shromdzdéni, byly k dispozici jiz
prvni data o jejim prabéhu, o kte-
rych informoval prof. Ing. Matou§
Hilar, Ph.D. Vice o této konferen-
ci je v samostatném prispévku
v tomto ¢isle ¢asopisu Tunel.

Obr. 3 Pohled do sdlu
Fig. 3 View of the hall

foto Ing. Libor Mafik photo Ing. Libor Marik



Honference Podzemni stavy Praha 2023 ve fotografiich UNDERGROUND
CONSTRUCTION

MAY 29-31, 2023
PRAGUE

-

Vo - )
Tesime s na vas v roce 2026! enuroune S5 | TA s

ET DE L'ESPACE SOUTERRAIN ITA-AITES

INTERNATIONAL TUNNELLING CZECHTUNNELLING
A | T E S AND UNDERGROUND SPACE ASSOCIATION
ASSOCIATION ITA-AITES



SPOLEHLIVE
PARTNERSTVI

MINOVA BOHEMIA S.R.0. PATRI JIZ VICE NEZ 25 LET
K PREDNIM DODAVATELUM KOTEVNIi TECHNIKY,
INJEKCNICH SYSTEMU, CERPACI A VRTNE TECHNIKY.

Nabizime ucelené portfolio technologii a produktt provéfenych fadou Uspésnych
realizaci v Ceské a Slovenské republice a zahranici. Nagim partnertim standardné
poskytujeme technické poradenstvi pro feseni obtiznych situaci pfi vystavbe ¢i

sanacich vsech typu objektl podzemniho a pozemniho stavitelstvi a geotechniky.

www.minova.cz / www.minovaglobal.com



