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konferenci Building Up Efficient and Sustainable
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International Conference

BESTInfra
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September 21-22, 2017

Témata:

» Vysokohodnotné materidly s nizkou energetickou narocnosti
» Silnice, mosty a tunely se zvySenou odolnosti a delsi Zivotnosti
» Pokrocilé technologie a vyrobky pro Zzeleznicni stavby

» Systémy managementu, posuzovani trvanlivosti a analyza
nakladi zivotniho cyklu v dopravni infrastruktuie

» Ochrana zivotniho prostiedi a zelena dopravni infrastruktura
» Bezpecnost, spolehlivost a diagnostika konstrukci

Registrace oteviena. Pfihlaseno témér 150 prispévki z

21.-22. 9. 2017, Praha vice nez 20 zemi svéta.

Kontaktni osoba:

Petr Bily, Fakulta stavebni CVUT
%WHQE ET_EE,,_@ E Tel.: +420 737 431 835

Email: petr.bily@fsv.cvut.cz

Vice informaci a registra¢ni formular naleznete na
www.bestinfra.cz
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Viazené Ctendrky a Ctendri Casopisu Tunel,

byva zvykem, Ze autofi uvodniho slova nepisi pouze o tom, co je v &isle periodika obsazeno, ale priddvaji i uvahu
na aktudlni téma, nebo svoji zkusenost ¢i pribéh ze Zivota. Nejinak tomu bude i zde, coZ muZe znamenat, Ze néktefi
z vés preskogi tento prvni prispévek v Easopise. Toto &islo naseho Easopisu Tunel, Gasopisu Ceské tunelafské asocia-
ce a Slovenskej tuneldrskej asocidcie, vychazi v dobé po dovolenych, kdy vétSina z nds ofekdva s uritym napétim,
co ,,druhd” polovina roku prinese. Co to bude po osobni ¢i profesni strance skutené nevim, ale po strance spolecen-
ské to budou volby parlamentni a piiprava na volby prezidentské. Je skutenosti, 7e v Ceské republice, na rozdil od
Slovenska, trva ve vystavbé podzemnich staveb dtlum. VE&fim, Ze bez ohledu na prubéh volebni kampané a vysledek
voleb se nezapomene na nds tunelare (mysleno v pivodnim vyznamu slova) a v podzemnim stavitelstvi za¢nou pano-
vat lepsi casy.

Aktudln{ &islo Casopisu Tunel je vénovéano spole¢nosti 3G Consulting Engineers s.r.0. a trochu netradi¢né vyzkumnému centru CESTI pro-
gramu Centra kompetence (projekt ¢. TE01020168) Technologické agentury CR. Diky tomu se mohou &tendfi seznamit jednak se zajimavymi
podzemnimi stavbami v blizkych i vzdalenéjSich zemich a jednak s vyvojem novych reSeni pro hospodarné, spolehlivé a trvanlivé dopravni
stavby s minimédlnimi dopady na prostredi, ve kterém Zijeme.

Uvodni ¢lének nds zavede do oblasti pohoii Koralpe v Rakousku, kde se buduje tunelovy fetézec dlouhy 6 km mezi tidolimi Lavant a Jauntal
jako soucdst tzv. Koralmské Zeleznice (Koralmabahn). Dalsi ¢ldnek nds prenese do oblasti centrdlnich And v Chile, presnéji asi 70 km na jiho-
vychod od mésta Santiago de Chile, u hranic s Argentinou, kde se buduje vodni elektrarna Alto Maipo. NaSe ,,cestovani* po globadlnim svété
podzemnich staveb ukonéi treti ¢lanek popisujici dokonéené, budované a pripravované dopravni tunely v indickych Himdlajich ve stitech
Jammu & Kashmir a Himachal Pradesh.

Prvni ¢ldnek z pera resiteltl vyzkumného centra CESTI predstavuje Siroké spektrum innosti tohoto centra nikoliv pouhym vy&tem vyzkum-
nych aktivit, ale prostiednictvim vybéru konkrétnich zajimavych vysledka. Dal3{ ¢ldnek se vénuje stanoveni mnoZstvi kondenzované vody
v tunelovém télese a popisuje pouZiti softwaru vyvinutého autory. Nas ,,vylet” do sveta velmi rozsahlych védecko-vyzkumnych aktivit zakon-
Cuje ¢lanek popisujici podrobné vldknobeton (pusobeni jednotlivych vliaken, postup porusovani) a uvadéjici piiklady jeho aplikace v tunelech.
Posledni odborny ¢ldnek seznamuje tendre s vlivem vnéjstho méstského klimatu na vnitin{ teplotu, relativni vlhkost a teplotu rosného bodu
v mestském tunelu a s vyznamem a vlivem fizeného vétrani na vnitfni prostredi tunelu.

Vyse nastinéné odborné ¢lanky jsou doplnény o pravidelné rubriky. Véiim, Ze budou pro vés uvedené informace zajimavé a prinosné, a 7e
se ke strankdm tohoto ¢isla ¢asopisu Tunel budete i naddle radi vracet.

Vo, ove

Pékné Cteni Casopisu v ti§téné ¢i elektronické podobé vam preje

JAN PRUSKA, ¢élen redakéni rady casopisu Tunel
Dear readers of TUNEL journal,

It is usually a custom that authors of editorials write not only about the content of the journal but also add contemplation on a current theme or their expe-
rience or a story from their own lives. So it will be even here. It may mean that some of you will leave this initial journal contribution out. This issue of our
TUNEL journal published by the Czech Tunnelling Association and the Slovak Tunnelling Association is published at the time after holidays, when the
majority of us expects with certain stress what the second half of the year will bring about. I really do not know what it is going to be from the personal or
professional point of view, but from the societal point of view, it will be the parliamentary elections and the preparation for presidential elections. It is the
fact that there is currently a check on underground construction in the Czech Republic, as opposed to the Slovak Republic. I believe that, irrespective of the
course of the election campaign and the results of the elections, we, tunnel builders, will not be forgotten and better times will come about.

The current issue of TUNEL journal is dedicated to the company of 3G Consulting Engineers s.r.o. and, a little non-traditionally, to the CESTI rese-
arch centre of the Centre of Competence (project No. TE01020168) of the Technology Agency of the Czech Republic. Owing to this fact, readers can
get acquainted not only with interesting underground construction projects in close and more remote countries but also with the development of new
solutions for economic, reliable and durable transport-related projects with minimum impacts on the environment we live in.

The initial paper will lead us to the area of the Koralpe mountain range in Austria, where a 6km long chain of tunnels is under construction between
the valleys of Lavant and Jauntal as a part of the so-called Koralm rail line (Koralmabahn). The next paper will take us to the area of the Central Ands
in Chile, approximately 70km southwest of the city of Santiago de Chile, near the border with Argentina, where the Alto Maipo hydropower scheme is
being built. Our “travelling” around the global world of underground construction will be ended by the third paper describing completed, under-con-
struction and under-preparation transport tunnels in the Indian Himalaya in the states of Jammu & Kashmir and Himachal Pradesh.

The first paper written by the researchers of the CESTI research centre introduces a wide range of the activities of this centre, not only by a mere list
of research activities but also through a selection of particular interesting results. The other paper dedicates itself to the determination of the amount of
condensed water in a tunnel and describes the use of the software developed by the authors. Our “trip” to the world of very extensive scientific-research
activities is ended by a paper describing in detail fibre reinforced concrete (the action of individual fibres, the process of breaking up) and presenting
examples of its application in tunnels. The last technical paper acquaints the readers with the influence of the outer urban climate on the internal tem-
perature, relative humidity and the dew point temperature inside an urban tunnel — and with the importance and influence of controlled ventilation on
the internal environment in a tunnel.

The above-mentioned technical papers are complemented by regular columns. I believe that the information contained in this issue will be interesting
and contributing for you and you will even further enjoy returning to the pages of this TUNEL journal issue.
I wish you pleasant reading of this journal either in the printed form or the electronic form.

JAN PRUSKA, Member of the Editorial Board of TUNEL journal




VAZENE KOLEGYNE, VAZENI KOLEGOVE,
CTENARI CASOPISU TUNEL,

pred péti lety nase spoleCnost zmenila rakouského
partnera a prejmenovala se na 3G Consulting
Engineers s.r.0. Jinak se toho mnoho nezménilo, pre-
devsim médme v podstaté stejny tym odborniku a také
obdobnou ndpln ¢innosti. Zistdvame malou, mezina-
rodné pusobici konzultaéni a projekéni firmou, kterd
se snaz{ poskytovat svym klientdm kvalitni sluzby
v oboru podzemnich staveb. Zaroven se ale nadstan-
dardné snazime prispét ke zvyseni Grovné naseho oboru v Ceské
republice. Kromé vyzkumnych projekti se dlouhodobé aktivné
podilime na ¢innosti Ceské tunelaiské asociace CzTA, jsme &leny
pracovnich skupin Mezindrodni tuneldrské asociace ITA, aktivné
také spolupracujeme s CVUT v Praze pii vzdélavani mladé gene-
race tuneldiskych a geotechnickych odbornika.

Co se ale vyrazné zménilo, je prostiedi, ve kterém se nyni{ pohy-
bujeme. Pied péti lety byla situace na ¢eském tuneldrském trhu jind,
a to navzdory probihajicimu ekonomickému poklesu. Dnes dokon-
Cujeme jedinou vyznamnou tunelovou stavbu (Ejpovické Zeleznic-
ni tunely) a je pred ndmi v kritkodobé perspektivé prazdno. Pres
existujici velké dotace z Evropskych fondu nejsou nasi zadavatelé
schopni pfipravit projekty, které nase dopravni infrastruktura potte-
buje. Pii¢in tohoto stavu je jisté vic, a zdaleka ne vSechny ovliviiu-
Jjeme my, tuneldfi. Nékteré ale ano a je dobré si to uvédomit. Pokud
by se podafilo realizovat v poslednich desetiletich vice tunelovych
projektt bez negativni publicity, prodlouZeni terminu, zvySeni
ndkladu a ovlivnéni okoli nepredvidanymi udalostmi, mohla by byt
ochota politiku i zadavateli prosazovat ambiciézni tunelové projek-
ty vétsi. Takto se v soucasné dobé musime spiSe divat do zahranici
a hledat uplatnéni na trzich, které to umoznuj.

Vyhodou zahrani¢nich projekti je sezndmeni se s jinym prostie-
dim, technickymi i organizaénimi podminkami, zpisobem préce
a feSenfm problému. Pokud se podaii pozitivni zkuSenosti prenést
pozdéji do Ceské republiky, realizovat budouci projekty bez vét-
Sich problému, pak je mozné doufat v dlouhodobéjsi budoucnost
naseho oboru i v Ceské republice. Trasa D prazského metra se jed-
nou stavét bude. Ve stfednédobé perspektivé se bude realizovat
nékolik dalni¢nich tunelti na D3, D11, D35. Jejich celkovd délka je
vetsi, nez délka ddlni¢nich tuneld postavenych od roku 1989.
V dlouhodobé perspektivé se na Zelezni¢nich tratich nevyhneme
dlouhym tunelim na tratich do Némecka a na vnitrostatnich vyso-
korychlostnich tratich.

Jako stavebni inZenyfi mdme jiné poslani neZ politici, kteff alo-
kuji zdroje, a zadavatelé, ktefi projekty pripravuji. Méli bychom,
predev§im ve svém dlouhodobém zdjmu, prosazovat technicky
kvalitni feSeni, a to i v piipadech, kdy to muZe prinést komplikace
pri zpracovavani, projedndvani, do¢asnd zdrzeni a, kromé jiného,
i vice prace.

Preji vam dostatek optimismu, viru v budoucnost oboru (ktery se
jinak celosvétové bourlivé rozviji), dostatek projektu, pokud dnes
prevazné v zahrani¢i, tak v budoucnu jist€ i doma. O nekterych
naSich zahrani¢nich projektech (a jejich problé-
mech) se muZete dozvédét podrobnosti v tomto
Cisle Casopisu Tunel a na Tunelarském odpoledni
3/2017.

/\.W
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DEAR COLLEAGUES, TUNNEL READERS,

5 years ago, our company changed its Austrian partner,
and renamed to 3G Consulting Engineers s.r.0. Otherwise,
it has not changed much, there is the same professional
team, as well as the scope of our activities. We remain
a small, internationally operating consultants, providing

technically sound services to our international and domes-
tic clients. At the same time, however, we are trying to inc-
rease the level of tunneling competence in the Czech
Republic. In addition to our research projects, we are actively involved
in the work of the Czech Tunneling Association CzTA, we are mem-
bers of the ITA Working Groups, and last but not least, our staff is acti-
vely involved in the education of the young generation of tunneling and
geotechnical experts at Prague's CTU.

But there are significant changeds on domestic market. Five years
ago, the situation on the Czech tunnel construction market was diffe-
rent, despite the ongoing economic downturn. Today, we are comple-
ting the only significant tunnel construction (Ejpovice Railway
Tunnels), and there is not much on the short term horizont. In spite of
existing large subsidies from European funds, our contracting authori-
ties are unable to prepare projects, including tunnels, that our transport
infrastructure needs. The causes of this state are certainly more, and by
far not all of depend on us, the tunnel professionals. But some of them
do, and it's good to realize it. If more tunneling projects have been
implemented over the last decades without negative publicity, extended
deadlines, cost increases, and impacts to environment, the willingness
of both policy makers and clients, to promote more tunnel projects,
could be greater. As it is now, we have to look rather in abroad, for the
projects on open markets.

The advantage of foreign projects is to get acquainted with other
environment, technical and organizational conditions, ways of doing
things and problem solving. If the positive experience is transferred
later to the Czech Republic, to realize future projects without bigger
problems, then it is still possible to secure conditions for the long-term
future of our industry in the Czech Republic. In the medium term, seve-
ral D3, D11 and D35 motorway tunnels shall be realized. Their overall
length is greater than those built since 1989. In the long run, on long-
distance railway connections, we can not avoid long tunnels on the
lines to Germany, and on national high-speed lines.

As professionals and "engineers", we have a different mission than
the politicians allocating available funds, and the clients preparing the
projects. We should, above all in our long-term interest, promote
a technically sound solutions, even in cases where it can lead to com-
plications in the preparation process, negotiations, temporary delays
and, among other things, more work.

I wish you a lot of optimism, faith in the future of the tunnelling
(which is fast developing world wide), enough projects. If today most-
ly abroad, then in the future also at home. About some of the interesting
foreign projects with our involvement (and their pro-
blems) you can read in this issue of the Tunel magazi-
ne and learn about at the Tunnel Afternoon 3/2017.

ING. MARTIN SRB, PH.D.

partner a jednatel spolecnosti 3G Consulting Engineers s.r.o.
Partner and CEO of 3G Consulting Engineers s.r.o.
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VAZENI CTENARI,

dobre fungujici dopravni infrastruktura je zakladni podmin-
kou konkurenceschopnosti kazdého vyspélého stitu, ktery
postavil zdklady své ekonomiky na moderni prumyslové
vyrobé. Dopravni infrastruktura je také zdkladnim tématem
a jednoticim principem naseho Centra pro efektivni a udrzitel-
nou dopravni infrastrukturu — CESTI (CENTRE FOR
EFFECTIVE AND SUSTAINABLE TRANSPORT INFRA-
STRUCTURE).

Vyzkumné centrum vzniklo v roce 2013 na zdkladé vefejné
soutéZe programu Centra kompetence (projekt ¢. TE01020168)
Technologické agentury CR, ktera projekt finanné podporuje. V projektu
je zapojeno v souCasnosti devatendct subjektu, z toho akademickou sféru
zastupuji tfi stavebni fakulty, déle vefejnd vyzkumnd instituce v oblasti
dopravy a patnct podnikt, od malych pres stfedni aZ po nejveétsi. Pusobi
v ruznych oblastech, ale vSechny jsou spojeny problematikou dopravni
infrastruktury. Zucastnéné firmy zdroven projekt spolufinancuji.

Hlavnim cilem nejen naseho Centra kompetence je propojeni $pickovych
vyzkumnych kapacit s praxi pii feSenf aktudlnich problému, a tim zdroven
G¢inny prenos védeckych poznatku k subjektum, které je budou bezpro-
sttedné vyuzivat. K pozitivnim rysim center patif rovnéz maximéln{ zapo-
jovéni mladych védecko-vyzkumnych pracovnika véetné studentu doktor-
ského a magisterského studia, kteff pracuji v tymech pod vedenim vyznam-
nych odborniku v prisluSnych disciplinich, coZ se ndm v §iroké mite dari.

Centrum CESTI tak vytvari vyzkumnou platformu pro vyvoj novych
feSeni pro hospodérné, spolehlivé a trvanlivé dopravni stavby s minimal-
nimi dopady na prostiedi, ve kterém Zijeme. Zabér centra je velmi Siroky:
od silni¢nich a kolejovych staveb, pres mosty az po tunely, to v§e v envi-
ronmentalnich a ekonomickych souvislostech ovliviiujicich névrh, vystav-
bu, provoz a tidrzbu dopravni infrastruktury. Soustieduje se na technickd
feSeni pro bezpecné a trvanlivé konstrukce staveb dopravni infrastruktury
s dlouhou Zivotnosti zaloZend na predikci a modelovéni uzitného chovani
a funkénich charakteristik, véetné moznosti provadéni in-situ diagnostiky,
vyvoj novych vysokohodnotnych materiald s presné cilenymi vlastnostmi,
zmenSovani zavislosti na omezenych piirodnich zdrojich, snizovani ener-
getické ndrocnosti vystavby pozemnich komunikaci a zvySeni bezpecnos-
i silni¢nf dopravy, efektivni vyuZiti recyklovanych materialt a druhotnych
energetickych produkti, hodnoceni a fizeni ndkladu celého Zivotniho
cyklu staveb (Life Cycle Cost/Assessment Engineering) s durazem na udr-
Zitelnost vystavby a vyvoj scénait pro efektivni dlouhodobou ddrzbu kli-
Covych staveb dopravni infrastruktury.

Propojenim s vlastniky a spravci dopravni infrastruktury je prirozenym
zpusobem zajisténa a kontrolovéna aktudlnost vyzkumnych aktivit a vy-
uZitelnost jejich vysledku.

Centrum usiluje zejména o dosazeni aplikatnich vysledku, které jsou
bezprostredné prakticky ovérovany, hodnoceny a vyuzivany.

Vedeni centra velmi pozitivné ocenuje a vyjadruje vielé podekovani
redakci Casopisu Tunel za moznost prezentovat odborné verejnosti jednak
existenci centra a jednak vyznamné vysledky, kterych bylo dosaZeno
v ramci jeho Cinnosti. Nasledujici tii ¢lanky se pokusi predstavit Siroké
spektrum Cinnosti centra CESTI nikoliv pouhym vyctem vyzkumnych
aktivit, ale prostfednictvim vybéru konkrétnich zajimavych vysledkd.
Predstavi se tak zplisobem, o kterém jsme presvédCeni, Ze by mohl zau-
jmout jednotlivé Ctendfe a celou odbornou verejnost. Zvolili jsme proto
vysledky v prehledu, otdzku hodnocent rizik v tunelech a zptisob vyuZiti
vldknobetonu ve vystavbe konstrukef tunelq.

Véfime, Ze nase centrum také v budoucnu prispé-
je k vylepSeni dopravni infrastruktury, a proto nabi-
zime své zkuSenosti a vyzkumné kapacity nejen
k pozitivnimu feSeni pretrvavajicich problému, ale
také k rozpracovani novych vizi a trendl veetné
digitalizace a robotizace.

Wenns!

Tuel

DEAR READERS,

The well functioning transportation infrastructure is a basic
condition for competitiveness of any developed country with the
economy founded on modern industrial production.
Transportation infrastructure is also a basic topic and unifying
principle of our Centre for Effective and Sustainable Transport
Infrastructure — the CESTI.

The research centre originated in 2013 on the basis of a pub-
lic competition organised by the Centre of Competence (project
No. TE01020168) of the Technology Agency of the Czech
Republic, which supports the project financially. At present, nineteen subjects
participate in the project. Of them, there are three civil engineering faculties
representing the academic sphere, a public research institution active in the
field of transportation and fifteen companies ranging from small ones through
medium ones up to the largest. They operate in various areas, but all are inter-
connected by the problems of the transportation infrastructure. The firms
involved at the same time co-finance the project.

The main objective of our Centre of Competence is to interconnect top rese-
arch capacities with the practice in solving current problems, thus also to pro-
vide the effective transfer of scientific knowledge to the subjects which will
immediately use it. Among positive features of the centres there is also maxi-
mum engaging of young scientific-research workers including Doctoral and
Master’s degree students, working in teams under the guidance of eminent
experts in the respective disciplines. This is a great success for us.

In this way, the CESTI centre creates a research platform for the develop-
ment of new solutions for economic, reliable and durable transport structures
with minimum impacts on the environment we live in. The scope of work of
the centre is very wide: from road and railway structures through bridges up to
tunnels, all of that in the environmental and economic context influencing the
design, construction, operation and maintenance of the transport infrastructure.
The work is focused on technical solutions for safe, durable and long-lasting
structures of the transport infrastructure based on the prediction and modelling
of the utility behaviour and functional characteristics, including the possibility
of carrying out in-situ diagnostics, the development of new high-performance
materials with precisely targeted properties, diminishing the dependence on
limited natural resources, reducing energy intensity of the construction of roads
and increasing the safety of road traffic, the effective use of recycled materials
and secondary energy products, assessing and managing the costs of the entire
life cycle (Life Cycle Cost/Assessment Engineering) with stress put on the sus-
tainability of construction and the development of scenarios for effective long-
term maintenance of crucial structures of the transportation infrastructure.

The topicality of research activities and usability of their results is provided
and checked in a natural way by means of connections with owners and admi-
nistrators of transport infrastructure.

The centre strives first of all to achieve application results which are imme-
diately practically verified, assessed and used.

The centre management very positively appreciates and expresses warm
thanks to the editors of TUNEL journal for the opportunity to present the exi-
stence of the centre and the important results achieved within the framework
of its activities to the professional public. The following three papers are inten-
ded to introduce the wide range of activities of the CESTI centre not only by
a mere list of research activities but also through a selection of interesting
results. It introduces itself in the way which, we are convinced, is able to att-
ract individual readers and the whole professional public. For that reason we
chose to present the results in the form of a summary, the issue of assessing
risks in tunnels and the way of the use of fibre reinforced concrete for tunnel
structures.

We believe that our centre will contribute to improving the transport infrast-
ructure even in the future. For that reason we offer our
experience and research capacities not only for positive
solving persistent problems but also for elaborating new
visions and trends, including digitisation and robotisation.

PROF. ING. ALENA KOHOUTKOVA, CSC.

dékanka Fakulty stavebni CVUT
manazerka projektu CESTI
Dean of the Faculty of Civil Engineering of the Czech Technical University
Manager of the CESTI project
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VYSTAVBA TUNELOVEHO ,RETEZCE" GRANITZTAL
DEVELOPMENT OF THE GRANITZTAL TUNNEL “CHAIN"

JIRI ZMITKO

ABSTRAKT

,» Tunelovy fetézec Granitztal“ (Tunnelkette Granitztal) je druhym nejdelSim tunelovym komplexem tzv. Koralmské Zeleznice
(Koralmabahn), kterd v budoucnu propoji spolkové zemé Styrsko a Korutany a je soucdsti Adriaticko-Baltického Zelezni¢niho kori-
doru. Spojuje tidoli Lavanttal a Jauntal a pFimo navazuje na 32,9 km dlouhy tunel Koralm. Usek (Fetézec tunelii) se sklddd z tunelu
Deutsch Grutschen (2,6 km), presypaného tunelu Granitztal (0,6 km) a tunelu Langer Berg (2,9 km). Tunely jsou realizovdny jako
dva jednokolejné tratové tunely s propojkami, razené pomoci NRTM (vyjma tunelu Granitztal). Cldnek Jje zaméren na popis stavby
se zamérenim na tunel Deutsch Grutschen, kde jiz byly ukonceny razby (kolej ¢. 1 k 31.8.2016 a kolej ¢. 2 k 17. 10. 2016) a pre-
sypany tunel Granitztal. RaZby tunelu Langer Berg jsou v soucasnosti zhruba v poloviné, vzhledem k ocekdvanym pestrym geolo-
gickym podminkdm a geotechnicky problematickym tisekiim je tato stavba tématem pro budouci samostatny Cldnek.

ABSTRACT

., The Granitztal Tunnel Chain* (Tunnelkette Granitztal) is the second longest complex of tunnels on the so-called Koralm rail track
(Koralmabahn), which will in the future connect the federal states of Styria and Carinthia and which is part of the Adriatic — Baltic rail fre-
ight corridor. It connects the Lavanttal and Jauntal valleys and directly continues on from the 32.9km long Koralm tunnel. The tunnelled sec-
tion (the chain of tunnels) consists of the Deutsch Grutschen tunnel (2.6km), the Granitztal “false” tunnel (0.6km) and the Langer Berg tun-
nel (2.9km). The tunnels are being realised as two single-track running tunnels interconnected by cross passages. With the exception of the
Granitztal tunnel they are driven using the NATM. The paper is focused on the description of the construction, concentrating of the Deutsch
Grutschen tunnel, where the tunnel excavation has already been finished (track No. 1 on 315t August 2016 and track No. 2 on 17 October
2016), and the Granitztal false tunnel. The excavation of the Langer Berg tunnel is currently approximately in the middle; with respect to the
expected variable geological conditions and geotechnically problematic sections, this construction is the topic for a future independent paper.

1. 0voD

Stavba tunelového fetézce Granitztal navazuje v udoli
Lavanttal na tunel Koralm (jeho zdpadni dsek KAT3). V udol{
Lavanttal bude vybudovano zcela nové nddrazi. Na toto nad-
razi jiz pfimo navazuje tunel Deutsch Grutschen (DG) délky
2,6 km, nasleduje presypany usek a prechod potoka
Granitzbach v udoli Granitztal délky 0,6 km a tunel Langer
Berg (LB) délky 2,9 km, celkem tak vznikne tunel délky

6,1 km (obr. 1).

Koralmska Zeleznice Graz - Klagenfurt
Koralm rail line Graz - Klagenfurt

tunelovy retézec Granitztal Granitztal tunnel chain
~STRIVRRANE A N
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tunel Langer Berg
Langer Berg tunnel
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provozni budova
~_ operations building

most v ﬂdolf Jauntal
bridge in Jauntal valley
e

presypany tunel Granitztal
Granitztal false tunnel |

tunelové propojky tunnel cross passages

1. INTRODUCTION

The Granitztal tunnel chain project connects to the Koralm
tunnel in Lavanttal valley (its western section KAT3). A comple-
tely new railway station will be built in Lavanttal valley. The
2.6km long Deutch Grutschen (DG) tunnel directly continues on
from this station. It is followed by the Granitzbach false tunnel,
the passage across the Granitzbach brook in Granitztal valley and
the 2.9km long Langer Berg (LB) tunnel. A 6.1km long tunnel
will originate in this way (see Fig. 1).

B A . . Mo

tunel Deutsch Grutschen
£™1  Deutsch Grutschen tunnel
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Obr. 1 Prehlednd situace celé stavby
Fig. 1 General layout of the entire project
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Oblast stavby zahrnuje tzemi jihozdpadniho okraje udoli
Lavanttal, dale trasa prochdzi pres tdoli Granitztal do ddol{
Dravy (Jauntal). Jsou podchdzeny dva hibety, nevyrazny hieben
Deutsch Grutschen a ostry, vyrazny hieben Langer Berg (786 m
n. m.). NadloZi tunelu DG je max. 142 m, prumérné cca 100 m,
maximdlni nadloZi tunelu LB je 347 m.

Investorem stavby je OBB Infrastruktur AG. Stavba je reali-
zovana sdruZenim firem Hochtief Infrastructure Austria
a Implenia Osterreich. Provaddéci projekt je zajistovan sdruZe-
nim kanceldri iC Consulenten, IGT Geotechnik und Tunnelbau
a Amberg Engineering.

Firmy iC Consulenten, IGT Geotechnik a Laabmayr pak
zajiStuji i pfimy stavebni a geotechnicky dozor (OBA).
Geologickou a hydrogeologickou dokumentaci provadi sdruze-
ni firem 3G Graz a BGG Consult. Geodetickd méreni v podze-
mi i na povrchu pak firma Geodata Leoben.

2. STRUCNY POPIS STAVBY

Tunely jsou navrzeny jako dva jednokolejné tubusy
s pevnou jizdni drdhou a s propojkami vzddlenymi 500 m.
Svétly prifez tuneld je 41,65 m2 pii plose vyrubu podle geo-
technickych podminek 59 a7 72,7 m2. Délka bloki sekundar-
niho osténi je 12,5 m. S vyjimkou blokl v prostoru propojek
jsou realizovany jako nevyztuzené. Maximalni ndvrhova rych-
lost je 250 km/h.

Pldnované ukonleni stavby je v prub€hu roku 2020, vlastni
uvedeni do provozu je pak zdvislé na navazujicich stavbéach
s predpokladem uvedeni do provozu v roce 2022 spolecné
s tunelem Koralm.

3. GEOLOGICKA STAVBA

V této kapitole budou popsany hlavni horninové typy piimo
souvisejici se stavbou.

Béhem pruzkumu bylo pro tunely DG realizovéno devét jad-
rovych vrtd, z nichZ osm bylo ndsledné vystrojeno jako hydro-
geologické.

Trasa tunelt DG byla rozdélena na dva celky, zde nazyvané
horninové dseky. A to 25 m dlouhy dsek vulkanitu a hornin
v jejich kontaktu a zbyly 2575 m dlouhy tsek v granitztalském
souvrstvi. Na toto rozdéleni neméla vliv ani pritomnost dvou
poruchovych zén. K témto dsekam byly procentudlné stanove-
ny tiidy vystrojeni. Pro popis a zatfidéni horninového masivu
nebyla pouzivdna zadna klasifikace.

3.1 Geologicka stavba — Tunel Deutsch Grutschen
- udoli Granitztal

Kvartér

Kvartérni (fluvidlni) sedimenty se vyskytuji v udoli
Granitztal. Jednd se o jemnozrnné az strednézrnné jezerni sedi-
menty (,,Stauseesedimente*). Prevazné jde o plastické az vyso-
ce plastické jilovitoprachovité hliny s mékkou az tuhou konzis-
tenci s proménlivym obsahem jemného pisku. Misty pak o hli-
nité pisky. Maximdlni mocnost téchto sedimenti je 25 m.
Charakteristickymi parametry jsou thel vnitiniho treni 22-27°,
soudrznost 5-10 kPa, modul pretvarnosti 10-20 MPa.

Neogén

Udoli Granitztal a Lavanttal jsou vyplnény neogennimi (mio-
cén) sedimenty tzv. Granitztalské a Lavanttdlské péanve
(Granitztaler, Lavanttaler Becken). Tyto sedimenty tvori i hre-
ben Deutsch Grutschen.

Granitztalské souvrstvi je tvorené slabé zpevnénymi prachov-
ci, piskovci a slepenci respektive nepravidelnym stiidanim téch-
to hornin. Misty (vlivem tektonického poruseni, zvétrdni nebo

Tuel

The area of the project comprises the south-western edge of
Lavanttal valley, continues across Granitztal valley to the Drava
River valley (Jauntal). Two mountain ridges are being passed
under, the indistinctive Deutsch Grutschen ridge and the steep
and distinctive Langer Berg ridge (786m a. s. 1.). The maximum
DG tunnel overburden is142m high, ca 100m on average; the
maximum LB tunnel overburden is 347m high.

The project owner is OBB Infrastruktur AG. The project is rea-
lised by a consortium consisting of Hochtief Infrastructure
Austria and Implenia Osterreich. The detailed design is provided
by a consortium of offices iC Consulenten, IGT Geotechnik und
Tunnelbau and Amberg Engineering.

The companies of iC Consulenten, IGT Geotechnik and
Laabmayr provide the direct construction and geotechnical
supervision (OBA). The geological and hydrogeological docu-
mentation is carried out by a consortium consisting of 3G Graz
and BGG Consult. Survey in the underground and on the surfa-
ce is carried out by Geodata Leoben.

2. BRIEF CONSTRUCTION DESCRIPTION

The tunnels are designed as two single-track tunnel tubes with
a slab track and cross passages spaced at 500m. The net cross-
section of the tunnels amounts to 41.65m? at the excavated cross-
sectional area ranging from 59 to 72.7m?2, depending on geo-
technical conditions. With the exception of lining blocks in the
space of cross passages, the lining is realised as unreinforced
concrete structures. The maximum design speed is 250km/h.

The completion of the project is planned to take place during
2020; bringing the tunnels into service depends on connecting
projects, with the assumption about the bringing into service in
2020, concurrently with the Koralm tunnel.

3. GEOLOGICAL STRUCTURE

The following chapter will describe the main ground types
directly associated with the construction.

Nine cored holes were bored for the DG tunnels during the sur-
vey; eight of them were subsequently equipped as hydrogeologi-
cal boreholes.

The alignment of the DG tunnels was divided into two blocks
named “ground sections” in this paper, the 25m long section for-
med by volcanites and rock types on their contact and the rema-
ining 2575m long section passing through the Granitztal
Formation. Nor the presence of two weakness zones affected this
division. The percentage of excavation support classes was deter-
mined for these sections. No classification was used for the desc-
ription and classification of the ground mass.

3.1 Geological structure - the Deutsch Grutschen
tunnel - Granitztal valley

The Quaternary period

Quaternary (fluvial) sediments are encountered in Granitztal
valley. They are fine-grained to medium-grained lacustrine depo-
sits (,,Stauseesedimente®). They are mostly formed by plastic to
highly plastic clayey-silty loams with soft to stiff consistency
and variable content of fine sand, locally loamy sand. The maxi-
mum thickness of the sediments amounts to 25m. The angle of
internal friction of 22-27°, cohesion of 5—10kPa, modulus of
deformation of 10-20MPa are the characteristic parameters.

The Neogene period

Granitztal and Lavanttal valleys are filled with Neogene
(Miocene epoch) sediments of the so-called Granitztal and
Lavanttdl basin (Granitztaler, Lavanttaler Becken). Even the

Deutsch Grutschen Ridge is formed by these sediments.
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Obr. 2 Vyrez z podélného fezu tunelu Deutsch Grutschen, vytéZeny bazalt (fialovd), monotonni, granitztilské

souvrstvi (svetle Zlutd)

Fig. 2 Cutout from the longitudinal section through the Deutsch Grutschen tunnel, the extracted basalt (violet),

monotonous, Granitztal Formation (light yellow)

slabé zpevnénych poloh) se tyto horniny nachazeji i ve formé
puvodnich sedimentu — $té€rky, pisky a jemnozrnné sedimenty.

Vlivem vulkanické ¢innosti na rozhrani miocénu a pliocénu
doslo v ddoli Lavanttal u osady Hundsdorf ke vzniku ¢ediCové-
ho sope&ného kominu, ktery prochazi granitztilské vrstvy. Cedié
(bazalt) byl historicky prakticky vytéZen jako stavebni kdmen.
Z lomu zustaly pouze obvodové skalni stény tvorici jakysi pri-
rodni amfitedtr. V této geologicky nejzajimaveéjsi Casti je situo-
vén severni portdl tunelti Deutsch Grutschen (obr. 2, 3, 4, 7).

Prumér CediCového sopecného kominu je na trovni terénu cca
150 m az 200 m. V minulosti byl vytéZen zhruba do hloubky
40 m pod soucasny terén a ndsledné zatopen. Prakticky svislé
steny lomu jsou vysoké cca 30 m. Tloustka zbytkové stény lomu
je proménlivd. Misty jiz vystupuji skrz ,,okna“ preménéné sedi-
menty, jinde je tloustka ¢edi¢e do 10 m (obr. 4).

Obr. 3 Pohled na vytéZeny bazaltovy sopeény komin, budouci severni portdl
tunelit DG, svétlé stény ohrani¢uji puvodné zatopenou Cdst

Fig. 3 A view of the extracted basalt chimney, the future northern portal of
the DG tunnels, light walls forming the boundary of the originally inundated
part

Grutschen tunnels is located in
this geologically interesting part
(see Figures 2, 3,4 and 7).

The diameter of the basalt
chimney on the surface varies
from 250 to 200m. Basalt was extracted in the past up to the
depth of 40m under the current terrain surface and was subsequ-
ently inundated. The virtually vertical walls of the quarry are ca
30m high. The thickness of the remaining walls of the quarry is
variable. Altered rock locally steps out through “windows”, in
other places the basalt wall is up to 10m thick (see Fig. 4).

The basalt is broken by nonpersistent fissures; it disintegrates
into prismatic to columnar blocks. The unconfined compressive
strength amounts to 50—150MPa.

A transition contact zone with thermally altered sediments,
characteristically named ,gefrittete Sedimente” (fried sedi-
ments) originated at the contact with the basalt (see Fig. 4).

The massive, locally bedded rock solidified by thermal
effects on contact with basalt gradually pass into weakly soli-
dified sediments (conglomerates) of the Granitztal Formation.

=i el £ ¢ 4 D~ =-icolgis
Obr. 4 Detail kontaktu Cedice s tepelné zpevnénymi slepenci, tunel DG1

Fig. 4 A detail of the contact of basalt with thermally solidified conglomera-
tes, tunnel DG1
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Obr. 5 Detail vyhlazené plochy v tunelu DGI1 TM 1419
Fig. 5 A detail of a slickensided surface in the DG1 TM 1419 tunnel

Cedice jsou rozpukané nepriibéznymi puklinami, rozpadavé
na prismatické aZ sloupcovité bloky. Pevnost horninového
materidlu v prostém tlaku je 50-150 MPa.

Na kontaktu s ¢edi¢em doslo ke vzniku prechodové kontakt-
ni zOny s tepelné preménénymi sedimenty, priznainé nazvané
.gefrittete Sedimente” (smazené sedimenty) (obr. 4).

Masivni, misty vrstevnaté horniny zpevnéné tepelnymi G¢in-
ky na kontaktu s ¢edi¢em postupné prechézeji ve slabé zpev-
néné sedimenty (slepence) granitztalskych vrstev. Litologicky
se jedna prevdzné o slepence s vlozkami prachovcu a piskov-
cu. Slepence jsou polymiktni, zaoblené s valouny o pruméru
do 40 cm. Pevnost v prostém tlaku je 10—100 MPa. Zdna tepel-
né premény dosahuje zhruba 50 az 55 m od portdlu.

Zbyvajici razby probihaly v sedimentech granitztalského
souvrstvi. Pfevdzné subhorizontdlné uloZené souvrstvi je cha-
rakteristické nepravidelnym stfidanim hrubozrnnych a jemno-
zrnnych poloh. Jedna se o:

Hrubozrnné, polymiktni slepence s valouny do velikosti
50 cm s pevnosti od 0,5 do 10 MPa. Misty s polohami s vys-
§im obsahem vdpenatého tmelu ve formé nékolik decimetru
mocnych poloh a ¢ocek s pevnostmi 10 aZ 50 MPa.

Prachovce a piskovce, masivni az vrstevnaté jemnozrnné az
strednézrnné horniny s pevnosti 0,5 a 10 MPa a s lokalnimi
pevnéjs$imi polohami s pevnostmi do 70 MPa.

Prechody mezi pisCitymi a prachovitymi polohami jsou
misty plynulé bez zfetelnych prechodu. Orientace spddnice
vrstevnatosti k severozdpadu (prumér celé trasy 330/10°) se
s vyjimkou poruchovych z6n vyrazné neménil.

Prakticky monoténni podminky byly naruSovdny pouze
lokalnimi tektonickymi zdénami, kdy dochdzelo zejména
k vyjizdéni bloku horniny po vyhlazenych plochdch. Nej-
vyrazné€jsi problémy pak zpusobovaly plochy orientované
paralelné s Celbou se strmym sklonem, zpusobujici nejvétsi
problémy (obr. 5). Tyto strmé plochy souvisi s tzv. Lavant-
talskym poruchovym pdasmem, které je zastiZzeno razbou tune-
Iu Koralm na dseku KAT3.

V jinych pripadech poruchy pouze oddélovaly jednotlivé
polohy horniny ruzné zrnitosti bez zdsadniho vlivu na stabili-
tu Celeb (obr. 6).

3.2 Hydrogeologie

I pres relativné propustné horniny se hornonovy masiv choval

jako puklinové propustné prostredi. Béhem razeb nedochdzelo

N

k vyraznym pritokim vody do vyrubu. NejCastéjsi pritoky se

From the lithological point of view, they comprise mostly con-
glomerates with siltstone and sandstone interbeds. The agglo-
merates are polymictic boulders up to 40cm in diameter. The
unconfined compressive strength varies from 10 to 100MPa.
The thermal alteration zone reaches approximately 50 to 55m
from the portal.

The remaining tunnel excavation passed through the Granitztal
Formation sediments. The predominantly subhorizontal bedding
is characterised by irregular alternation of coarse-grained and
fine-grained layers. They comprise:

Coarse-grained, polymictic agglomerates containing boul-
ders up to 50cm, with the strength ranging from 0.5 to 10MPa.
Locally with layers with higher content of calcareous cement in
the form of several dm thick layers and lenses with the strength
of 10 to 5S0MPa.

Siltsone and sandstone, massive up to bedded fine-grained to
medium-grained rock with the strength ranging from 0.5 to
10MPa and local stronger layers with the strength up to 70MPa.

The transition between sandy and silty layers is locally fluent
without distinct changes. With the exception of the shear zones,
the north-western orientation of the maximum bedding slope line
(the average of the entire route 330/10°) did not significantly
change.

Virtually monotonous conditions were disrupted only by local
shear zones, where rock blocks slipped out along slickenside pla-
nes. The most significant problems were caused by planes oriented
in parallel with the steeply inclined excavation face (see Fig. 5).
These steep planes are associated with the so-called Lavanttal
shear zone, which was encountered by the Koralm tunnel exca-
vation in section KAT3.

In other cases the faults only divided individual layers of rock
with different gradation, without principally influencing the sta-
bility of excavation faces (see Fig. 6).

3.2 Hydrogeology

Despite relatively permeable ground types, the massif behaved
as a fissure permeable environment. No significant inflows of
water into the excavation appeared during the excavation. The
most frequent inflows manifested themselves as locally wet loca-
tions and virtually immeasurable inflows were the maximum.
The majority of headings were completely without any inflow.
Wet and dropping places appeared on the lining or in the vicini-
ty of rock bolts with a time lag of several days.

The water table and its response to the excavation were regu-
larly monitored by measuring the water table in boreholes. The
influence of the excavation was proved only in the closest bore-
holes. Here the water table dropped up to 20m. This significant
lowering of water table in boreholes in essence did not corres-
pond to the small amount of water flowing into the tunnels.

Measurements in the boreholes and the minimum inflows into
the tunnels proved the fact that the ground massif is divided by
tectonic faults into relatively small blocks. Owing to the imper-
meable smooth sliding planes with clayey coating, the blocks do
not significantly hydrogeologically communicate.

Apart from the above-mentioned facts, it also means that tec-
tonic faulting does not have to mean increased risk of inflows
into the excavation, just the opposite. Even a minute amount of
water in the locations of tectonic faults caused significant incre-
ase in the instability of the excavation face.

A new thing used on the entire Koralmbahn project was the
documentation of water inflows (even wet spots) manifesting
themselves on the surface of the primary lining. Water samples
were in addition taken for the purpose of detecting a potential for
the creation of sinter. The reason is an effort to obtain as much
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projevovaly jako lokdlni vlhkd mista, maximdlné dochédzelo
k prakticky neméfitelnym pritokim. Vétsina eleb byla zcela bez
jakychkoliv pritoku vody. Vlhkd a kapajici mista se objevovala
s odstupem nékolika dni na osténi nebo v okoli svornika.

Hladina podzemni vody a jeji reakce na vyrub byla pravi-
delné sledovana mérenim hladiny ve vrtech. Vliv razby se pro-
kédzal pouze v nejblizsich vrtech. Zde doslo k poklesim hladin,
které dosahovaly az 20 m. Tyto vyrazné poklesy hladin ve
vrtech v podstaté neodpovidaly malému mnozstvi vody, které
pritékalo do tunela.

Méfeni ve vrtech a minimdln{ piitoky do tunelt tak prokdza-
ly skuteCnost, Ze horninovy masiv je rozdélen tektonickymi
plochami na relativné malé bloky. Diky nepropustnym, vyhla-
zenym kluznym plochdm s jilovitoprachovitym povlakem pak
spolu tyto bloky hydrogeologicky nijak vyrazneé nekomunikuji.

Mimo uvedené skute¢nosti to vSak také znamend, Ze tekto-
nické poruseni nemusi znamenat zvySené riziko pritoku do
vyrubu, ale naopak. V mistech tektonickych poruch pak i nepa-
trné mnoZstvi vody zpusobovalo vyrazny ndrust nestability
celby.

Novinkou pouZitou na celé Koralmbahn pak byla dokumen-
tace pritoku (i vlhkych mist) vody projevujicich se na lici pri-
marniho osténi. Rovnéz byly odebirdny vzorky vody za tdce-
lem zjistén{ potencidlu k tvoren{ sintri. Davodem je snaha zis-
kat jeSt¢ bezprostfedné po razbdach co nejvice informaci
o budoucim zatiZeni drendZnich systému, eventudlné provést
jejich dpravu jesté béhem stavby.

4. TUNEL DEUTSCH GRUTSCHEN

RaZzby tunelu Deutsch Grutschen byly zahdjeny 15. 4. 2015
(DG1) a3.5.2015 (DG2) a ukonceny 31. 8. 2016, respektive
17.10.2016. Betonaze definitivniho osténi byly zahdjeny bez-
prostfedné po ukonceni razeb.
4.1 Severni portal

Severni portdl navazuje na budouci nadrazi Lavanttal. Je
situovan do byvalého ¢edi€¢ového lomu (obr. 7). Umisténi por-
tdlu do tohoto lomu prineslo pomérné netradi¢ni situaci, kdy
bylo mozné zahdjeni razeb bez predchoziho zajisténi portdlo-
vych stén. Sténa byla pouze osazena ochrannou ocelovou sit{
a periodicky byla kontrolovdna z ploSiny, zda nedochdzi
k uvolnovani horniny.

Obr. 6 Tektonickd porucha oddélujici slepence (pravd strana) a piscité pra-
chovce v granitztalskych vrstvdach

Fig. 6 Tectonic fault dividing conglomerates (right-hand side) and sandy silt-
stone in Granitztal layers
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information as possible about the future loading on drainage sys-
tems immediately after the excavation or to carry out changes
still during the construction.

4. DEUTSCH GRUTSCHEN TUNNEL

The Deutsch Grutschen (DG) tunnel excavation commenced
on 15t April 2015 (DG1) and 3rd May 2015 (DG2) respectively.
It was finished on 315t August 2016 and 17th October 2016, res-
pectively. The casting of the final lining concrete started imme-
diately after the completion of the excavation.

4.1 Northern portal

The northern portal connects to the future Lavanttal railway
station. It is located into a former basalt quarry (see Fig. 7).
Locating the portal into this quarry brought in a relatively non-
traditional situation, where it was possible to commence the
excavation without preceding stabilisation of portal walls. The
wall was only covered with protective steel mesh and was perio-
dically checked from a lifting platform whether the rock loose-
ning process does not take place.

4.2 Southern portal

The southern portal of the DG tunnel emerges in Granitztal
valley in the area of the existing road. The Granitztal false tun-
nel follows behind the portal.

The portal is designed to be in a sloped construction pit with
the slopes in the upper part and the bottom part reposing at 1:1
and 4:1, respectively (in agreement with the client the bottom
part was realised practically vertically). The slopes are in additi-
on stabilised by an anchoring system (IBO) with anchors 4m and
8m long. Three tiers of cable anchors 38, 32 and 26m are instal-
led in the bottom part. Their roots are 8m long. They are drilled
on a 25° incline and are designed for 1200kN (see Fig. 8).

4.3 Mined tunnels

The tunnels were driven according to the principles of the
NATM, on a top heading, bench and invert sequence (the so-cal-
led horizontal division of the excavation face). The excavation
support classes (here referred to as ,,Systemverhalten®) are divi-
ded for the entire project according to geological blocks; classes
“Neogene 1 to 6” are designed for the DG tunnels. The LB tun-
nels are assigned classes “Neogene (N) and Permomessozoic
PM)”.

Individual classes are designed in a minimal variant and
a maximal variant; in this way the range of the support elements
within the framework of a class is defined.

The tunnel excavation is controlled according to “excavation
support schemes” (Ausbaufestlegung), taking into consideration
the actually encountered geotechnical conditions. The support
elements are exactly prescribed within the framework of indivi-
dual classes, depending on the current situation.

The excavation support schemes are determined by the con-
struction supervisor (the engineer responsible for the excavation,
the NATM engineer) after they are agreed by the geologist and
the geotechnician.

The following scope of the support classes was expected for
the DG tunnels: 1/N 19%, 2/N 21%, 3/N 42%,4/N 15%, and 5/N
and 6/N classes for the rest.

The top heading was excavated in an advance ranging from 60
to 130m, depending on geotechnical conditions, whilst the
design allowed for the range of 8 to 130m, depending on the
excavation support class.

The invert is designed and carried out at all excavation support
classes. “Flat” bottom 1.8m deep in relation to the top of rail is
designed for excavation support classes 1/N through to 3/N;
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4.2 Jizni portal

Jizni portdl tunelu DG vychdzi v udoli
Granitztal v prostoru stdvajici komunikace. Na
portdl ndsledné navazuje presypany tunel
Granitztal.

Portdl je navrZen ve svahované jame se sklo-

s ¥z s ¥z

nem v horni ¢4sti 1:1 a ve spodni ¢ésti 4:1 (béhem
hloubeni byla po dohod¢ spodni ¢ést realizovana
prakticky svisle). Svahy jsou navic zajiStény
systtmovym kotvenim (IBO) s délkami kotev
4 a 8 m. Ve spodni ¢dsti jsou umistény tfi fady
lanovych kotev délek 38,32 a 26 m s délkou kore-
ne 8 m vrtané ve sklonu 25°, dimenzované na

1200 kN (obr. 8).

4.3 Razené tunely

Tunely byly razeny podle zdsad NRTM s hori-
zontdlnim ¢lenénim vyrubu na kalotu, opéfi
a dno. Tridy vyrubu (zde oznafované jako ,,Systemverhalten)
jsou pro celou stavbu rozdéleny podle geologickych celka, pro
tunely DG jsou navrZzeny tridy ,,Neogen 1 az 6. Tunely LB
maji tfidy ,,Neogen (N) a Permomesozoikum (PM)*.

Jednotlivé tfidy jsou navrZeny ve varianté minimalni a maxi-
malni, ¢imZ je definovdn rozsah prvku vystroje v ramci tiidy.

Podle skute¢né zastizenych geotechnickych podminek se
pak razby fidi ,,schématy vystrojeni* (Ausbaufestlegung). Zde
jsou v rdamci jednotlivych tfid presné stanoveny vystrojovaci
prvky podle aktudlni situace.

Schémata vystrojeni jsou stanovena stavebnim dozorem
(inZenyrem odpovédnym za razby — NRTM inZenyr), po doho-
dé s geologem a geotechnikem.

Pro tunely DG byl predpoklddén rozsah tfid SVT 1/N 19%,
2/N 21%, 3/N 42%, 4/N 15%, zbytek 5/N a 6/N.

Kalota byla razena s predstihem podle geotechnickych pod-
minek v intervalu od 60 do 130 m. Pfi¢emz projekt umoZznoval
rozsah podle tfidy vyrubu 8 az 130 m.

Ve vsech tfiddch vyrubu je navrZzena a realizovdna protik-
lenba. Pro tfidy SVT 1/N az 3/N ,,ploché*“ dno s hloubkou
1,8 m vuci temeni kolejnice, pro vys3i tfidy pak ,,hluboké* dno
s hloubkou 2,3 m vudi temeni kolejnice.

Propojky byly vzdy zahdjeny z v predstihu raZeného tunelu
a ndsledné prorazeny z druhého tunelu, pri¢emz prorazka pro-
bihala vyhradné zhruba uprostied pilitfe mezi tunely.
Nasledovalo uzavieni dna propojek a napojeni na tunely.

4.3.1 Razby

Razby byly zahdjeny ze severniho portdlu. Oproti vétsiné
staveb byla nejleh¢i tfida vyrubu (SVT 1/N) pouZita v oblasti
portalu (obr. 9), coz bylo umoZznéno pevnou bazaltovou sté-
nou.

Zakladnimi charakteristikami tfidy SVT 1/N byl postup
2,2 m, dratkobeton, lokdlni kotveni. Razba v této tridé vSak
probihala pouhych 5 m.

Se zménou litologie doSlo k prechodu na tfidu vystrojeni
SVT 2/N a oproti predpokladim probéhl zbytek raZeb (tedy
vice nez 99 %) v této tridé (obr. 10 a 11).

Z pri¢nych fezu je evidentni, Ze v rdmci jedné vystrojovaci
tfidy byla ponechdna vyraznd variabilita v moZnosti vyuziti
jednotlivych vystrojovacich prvki. Pomérné neobvykld je
zejména moznost pouZiti jedné nebo dvou vrstev sité.
Neménnd zustala pouze délka zabéru 1,7 m v kaloté, respekti-
ve 3,4 m v opéfi a dné.

Obr. 7 Pohled na severni portdlovou sténu tunelu Deutsch Grutschen, 05/2017
Fig. 7 A view of the northern portal wall of the Deutsch Grutschen tunnels, 05/2017

“deep” bottom with the depth of 2.3m in relation to the top of rail
is designed for the higher classes.

The excavation of cross passages always started in advance of
the mined tunnel excavation and subsequently the passages were
broken through from the second tunnel. The breakthrough was
carried out exclusively approximately in the middle of the rock
pillar between the tunnel tubes. The closing of the cross passage
bottom and connecting it to the tunnel tubes followed.

4.3.1 Tunnel excavation.

The tunnel excavation started from the northern portal. In con-
trast to the majority of construction sites, the easiest excavation
support class (1/N) was used in the portal area (see Fig. 9). It was
possible owing to the firm basalt wall.

The basic characteristics of the excavation support class 1/N
comprised the advance round length of 2.2m, steel fibre reinfor-
ced concrete and local anchoring. The excavation in this class
continued only for 5m.

With a change in the lithology, the excavation support class
was changed to class 2/N and, in contrast with the assumptions,
the remaining excavation (over 99%) was carried out in this class
(see Figures 10 and 11).

It is evident from cross-sections that significant variability in
the possibility of using individual excavation support elements
was left within the framework of one support class. Relatively
unusual is mainly the possibility of using either one or two lay-
ers of welded mesh. Only the advance round length of 1.7m in
the top heading and 3.4m in the bench and the bottom remained
invariable.

The average excavation rate of 6 rounds (10.2m) per 24 hours
was reached in the top heading with this excavation support.

A short counter-heading of the DG2 tunnel started from the
southern portal and was also categorised as class 2/N. Only the
tunnel top heading was additionally protected by a 15m long tube
canopy.

The other support classes, the use of which was planned for the
locations of shear zones, were no more designed with such the
significant variability. From class 2/N on they differed mainly by
greater thickness of shotcrete, the application of welded mesh
AQ 60 (6/100x6/100), greater number and length of rock bolts,
the division of the excavation face into more excavation sequen-
ces, reduced length of the excavation round and the distance bet-
ween the top heading excavation and the already closed profile.
A common character of all classes is the omission of the top hea-
ding crown anchoring system (radial).

The application of 100mm welded mesh size can be assessed as
trouble-free from the aspect of the risk of low quality of spraying
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Obr. 8 Pohled na jiZni portdlovou sténu tunelu DG
Fig. 8 A view of the southern portal wall of the DG tunnels

S timto zaji$ténim bylo v kaloté pramérné dosahovéno Sest
zabéra za 24 h, tedy 10,2 m.

Ve tfidé SVT 2/N byla zahdjena i kratkd protirazba tunelu
DG?2 z jizniho portdlu. Pouze pristropi tunelu bylo dodate¢né
chranéno mikropilotovym destnikem délky 15 m.

Ostatni vystrojovaci tfidy, jejichz vyuziti bylo pldnovéno
v mistech poruchovych zén, jiZ nebyly navrzeny s tak vyraznou
variabilitou. Od tfidy SVT 2/N byly odli$né zejména vetsi
tlouStkou stfikaného betonu, pouzitim siti AQ 60 (6/100x6/100),
vEtSim poctem a délkou svorniki, rozdélenim Eelby na vice dil-
&ich vyrubu, zkrdcenim zdbéru a odstupu kaloty od uzavieného
profilu. Spole¢nym znakem vSech tfid je pak vynechdni systé-
mového (radidlniho) kotvenf stropu kaloty.

Pouziti siti s oky 100 mm Ize z hlediska rizika nekvalitniho
prostiikani siti betonem hodnotit jako bezproblémové. Tyto
typy siti s malym pramérem drétu Ize uvaZovat jak z hlediska
manipulace, tak i kvality ndstfiku osténi jako alternativu
k sitim s oky 150 mm. Na vznik ,,stind“ ve stiikaném betonu
md tedy mimo velikosti oka zdsadni vliv i primér drétu.

Tunel DG1 byl prorazen pfimo do portdlové stény, z niz byl
rovnéZz navrtdn mikropilotovy destnik.

4.4 Betonaze definitivniho osténi

V soucasné dobé probihaji betondze definitivniho osténi.
Celkem 12,5 m dlouhé bloky jsou s vyjimkou propojek reali-
zovany jako nevyztuZené s tloustkou 30 cm. V soucasné dobé
jeste probihaji zkousky pouziti dratkobetonu pro bloky s napo-
jenim na propojky. V prfipad€ pozitivniho vysledku pak bude
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the concrete through the mesh. These types of
mesh with a small diameter of wire can be con-
sidered both from the aspect of handling and the
quality of the sprayed lining as an alternative to
the 150mm meshes. It means that the origination
of shadows in sprayed concrete is crucially influ-
enced not only by the size of meshes, but also by
the diameter of the wires.

The DGI1 tunnel was broken directly through
the portal wall, which the holes for the canopy
tube support were drilled from.

4.4 Casting of final lining concrete

Casting of final lining concrete is currently
underway. The 12.5m long casting blocks are,
with the exception of blocks at cross passages,
realised as 30mm thick non-reinforced structu-
res. At the moment, testing of the use of steel
fibre reinforcement for blocks containing the connections to
cross passages is underway. In the case of a positive result, the
classical reinforcement of these blocks will be abandoned. No
safety recess are realised throughout the tunnel route length.

In contrast to the custom existing in the Czech and Slovak
Republics, concrete is cast in an alternating pattern (see Fig. 12).
This system originated on the basis of project owner’s require-
ment. The reason is the effort to restrict the pressure action of
a freshly stripped block on the previously realised block. This
system eliminated the development of cracks.

A novelty lies in the introduction of a new system of cleaning
the drainage, the so-called MDB-System (Modulares Draina-
gespuelsystem Bahn). This new solution allows for cleaning dra-
ins without a necessity for significant restriction on the tunnel
operation. The solution is based on placing central manholes into
cross passages. It is then possible to clean respective sections of
drains without necessity for restricting the train traffic in the tun-
nel. This system is concurrently being developed and introduced
in the Semmering and Pummersdorf tunnels.

5. GRANITZTAL FALSE TUNNEL

Environmental reasons led to the selection of the variant of
covering the track section running along the Granitztal valley
with ground. This part will even contain the future ventilation
structure.

The process of overcoming the valley comprises several inter-
esting technical solutions, which are associated first of all with
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Obr. 9 Trida vystrojeni SVT 1/N, pri¢ny a podélny rez
Fig. 9 Excavation support class 1/N, cross-section and longitudinal section
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upusteno (:d klasické vyztuze samozavrtné jehly (ocelové trubky), dle potieby
téchto bloku. V celé trase nejsou I =4 m, Dyngisi > 51 mm, C/C = 30 cm

realizovany zdchranné vyklenky self-drilling spiles (steel tubes), as needed
: kotvyy SN1=4m L =4m, Jouyter = 51mm, C/C = 30cm

Oproti zvyklostem v CR/SR SN anchors L = 4m
probihd betondz vzdy ob jeden o
. . primarni osténi kalota:
blok (obr. 12). Tento systém vzni- stfikany beton ds = 15 cm
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Z tohoto mista je pak mozné Ci§te- Obr. 10 TFida vystrojeni SVT 2/N, pFicny Fez minimdlni rozsah
Fig. 10 Excavation support class 2/N, cross-section, minimum scope

ni pifslu§nych dseku drendZi bez
nutnosti omezeni provozu v tune-
lu. Tento systém je souCasné vyvijen a zavadén na tunelech
Semmering a Pummersdorf.

5. PRESYPANY TUNEL GRANITZTAL

Z ekologickych duvodu byla zvolena varianta presypéani
useku vedeného udolim Granitztal. V této Casti bude umistén
i budouci vzduchotechnicky objekt.

Prekonani ddoli zahrnuje nékolik zajimavych technickych
feSeni, kterd jsou spojena zejména s pritomnosti mocné vrstvy
jezernich sedimentu a nutnosti prekonat koryto potoka presy-
panym tunelem.

Na jizni portdl tuneli DG tak postupné navazovaly: prvni
Cast doCasné deponie plnici funkcei zatéZovaciho konsolidaéni-

the presence of a thick layer of lacustrine sediments and the
necessity for crossing a brook bed by a false tunnel.

The southern portal of the DG tunnels was step by step follo-
wed by the first part of the current temporary stockpile fulfilling
the function of a loading-consolidation embankment, the second
part of the embankment, the SA1 structure (in substance a brid-
ge for tunnels) and the adjacent portal construction pit for the LB
tunnels (see Figures 13 and 14).

About 500,000m? of material were excavated during the exca-
vation of the portal construction pits. Part of them was used for
the creation of 20-30m high consolidation embankments. With
respect to unfavourable geomechanical parameters, mainly para-
meters of the lacustrine sediments, it was necessary mixing them
with gravel-sand forming the Granitztal Formation and carry out

subsequent lime stabilisation with

bezpe€nostni néstfik kaloty, lokalné dle potfeby
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bench + bottom primary lining” shotcrete op&H + dno

end of frame bench
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ca 20kg/m?3 of lime. This measure
will subsequently contribute even
to the following trouble-free dispo-
sal of this material.

The construction of the SAl
structure, the “bridge for tunnels”
was carried out in a construction
pit stabilised by a sheet pile wall.
After removing approximately 4m
of sediments and replacing them
with aggregates, the concrete base
slab of the structure containing the
brook bed was gradually carried
out. Subsequently the concrete of
the side walls and the bridges the-
mselves was cast.

After the completion of casting
concrete, gravel was transported to
the brook bed, the walls of the
structure were clad in stone and the
brook flow was transferred to the
new bed (see Fig. 14).

The blocks of the false tunnel are

Obr. 11 TFida vystrojeni SVT 2/N, pri¢ny Fez maximdlni rozsah
Fig. 11 Excavation support class 2/N, cross-section, maximum scope

realised as 10m long and 60cm
thick reinforced concrete structures.




Obr. 12 BetondZe definitivniho osténi
Fig. 12 Final lining concrete casting

ho nasypu, druhd ¢ast nasypu, objekt SA1 (v podstaté most pro
tunely) a ndsledné portdlovd jama tunelu LB (obr. 13, 14).

Béhen hloubeni portdlovych jam bylo vytéZeno zhruba
500 000 m? materidlu, ¢dst pak byla vyuZita k vytvofeni
20-30 m vysokych konsolidaénich ndsypu. Vzhledem k ne-
pfiznivym geomechanickym parametrim zejména jezernich
sedimentt bylo nutné jejich promichani se Stérkopisky gra-
nitztalského souvrstvi s ndslednou vdpennou stabilizaci zhru-
ba 20 kg/m3 vépna. Toto opatieni posléze pfispéje i k dal3i-
mu bezproblémovému uloZeni tohoto materidlu.

Vystavba objektu SA1, tedy ,,mostu pro tunely byla reali-
zovana ve stavebni jamé zaji§téné §tétovou sténou. Po odteze-
nf pfiblizn€ 4 m sedimentu a jejich nahrazeni kamenivem byla
postupné vybetonovéna zdkladova deska objektu s budoucim
korytem potoka. Ndsledné¢ byly betonovany bocni stény
a vlastni mosty.

Po dokonceni betonazi byl do budouciho koryta navezen
§térk, stény objektu byly obloZeny kamenem a do nového
koryta byl preveden potok (obr. 14).

Bloky presypaného tunelu jsou realizovany jako vyztuZené
o délce 10 m a tloustce 60 cm. BetondZ prvni ¢dsti navazujici
na tunel LB byla zahdjena po dokonceni podkladni desky na
jafe 2016. BetondZ byla provddéna pomoci dvou bednicich
vozu pro kazdy tunel a jednoho vnéjsiho bednéni (obr. 15).

Obr. 14 Objekt SA1, ,,most pro tunely*, 04/2017
Fig. 14 SAI structure, ,,bridge for tunnels*, 04/2017
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Obr. 13 Udoli Granitztal, portdl tunelii DG jih, pfiprava betondze blokii
presypaného tunelu, tunely LB

Fig. 13 Granitztal valley, portal of the DG South tunnels, preparation of
casting the concrete blocks of the false tunnel, the LB tunnels

The concrete casting operations in the first part connecting to the
LB tunnel commenced after the completion of the base plate in
spring 2016. Concrete was cast using two tunnel form travellers
for each tunnel and one outer formwork (see Fig. 15).

The gradual covering of the tunnel with ground followed. The
construction of the next part connecting to the DG tunnels com-
menced in spring 2017, after removing the first part of the con-
solidation embankment.

6. GEOTECHNICAL MONITORING

The observation of the tunnel excavation was divided into
a geological part and a geotechnical part. The geotechnical moni-
toring primarily comprised convergence measurements. No other
monitoring equipment was installed in the DG tunnels.

The convergence measurement profiles consisted of seven
points (5 points in the top heading and 2 points in the bench). The
profiles were spaced at 15m intervals as a standard, but always
in a way securing that the zero measurement was carried out
immediately after the installation. For that reason the exact spa-
cing of the profiles was not considered crucial. The most impor-
tant was that the time of the zero measurement after the profile
installation was as short as possible. The spacing of the conver-
gence measurement profiles was reduced to 10 to Sm in the areas
of weakness zones and cross passages.

The frequency of the convergence measurements was once
a day up to the distance of 50m from the excavation face, once
in two days up to the distance of 100m and once in a week up to
the distance of 150m.

The measurements with the once-a-day frequency in an ade-
quate section of the DG1 tunnel were reinstated during the pas-
sage of the DG2 tunnel excavation carried out back at a prescri-
bed distance. The results of convergence measurements were
used as a basis for the calculation of the loads acting on the pri-
mary lining. At-grade structures, slopes and other structures were
measured by surveying (trigonometric survey, precision level-
ling).

Stresses in anchors were monitored on the southern portal wall
of the DG tunnels. The slopes, the pit for the SA1 structure and
the surroundings of high voltage columns were monitored apart
from surveying even by inclinometers. Noise measurements
were carried out in the vicinity of residential buildings.
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Nésledné bylo zahdjeno postupné zasypavani tohoto useku.
Vystavba dalsi ¢asti navazujici na tunely DG byla zahdjena na jare
2017 po odteZeni prvni ¢asti konsolida¢niho ndsypu.

6. GEOTECHNICKY MONITORING

Sledovani razeb bylo rozdéleno na geologickou a geotechnickou ¢ast.
Geotechnicky monitoring sestaval primarn¢ z konvergenénich méfeni.
V tunelech DG nebyla umisténa zadné dalsi monitorovaci zarizeni.

Konvergenéni profily byly osazeny jako sedmibodové (pét bodu
kalota, dva opéfi). Vzddlenost profili byla standardné 15 m, ale
vzdy tak, aby bylo zajisténo nulté meteni bezprostfedné po osazeni.
Nebyla proto primdrni presnd vzddlenost mezi profily, ale pfesny
a co nejkratsi ¢as nultého méreni od osazeni profilu. V oblasti poru-
chovych z6n a propojek byla vzddlenost konvergenénich profilt sni-
Zenana 10 aZ 5 m.

Frekvence méfeni konvergencnich profild byla do vzddlenosti od
Celby 50 m denné, pii vzddlenosti od Celby do 100 m 1x za 2 dny a do
vzdélenosti 150 m 1x tydné.

RovnéZ pii pruchodu razby tunelu DG2 raZeného s odstupem byla
obnovena méfeni v tunelu DG1 v prislusném dseku s denni frekvenci.
Vysledky konvergenénich méfeni slouzily jako podklad pro vypocet
zatiZen{ primarniho osténi. Povrchové objekty, svahy a dalsi konstruk-
ce byly mefeny geodeticky (trigonometrickd méfent, presnd nivelace).

Na jiZni portdlové sténé tuneli DG bylo sledovdno napéti na
kotvéch. Svahy, jdma objektu SA1 a okoli patek sloupd VN byly
kromé geotechnického méfeni monitorovany i inklinometry. V bliz-
kosti obytnych budov probihala méreni hluku.

Geologické sledovani Celeb probihalo v rezimu kazdodenni doku-
mentace prislusné Celby. Nebyla tedy nutnd dokumentace kazdé Celby.
Dokumentace byla zpracovavana (digitalizovana) v programu TUGIS
(obr. 16).

Popis eleb byl zaloZen na popisu litologie, charakteru a parametrt
diskontinuit, pevnostnich parametri horniny, chovani otevieného vyru-
bu a vlastni horniny, dokumentaci pfitoka vody a fotodokumentaci.
Rovnéz byly odebirdany vzorky hornin a vody pro laboratorni zkousky
a rozbory. Pro popis hornin nebyla pouzivana zZadna geotechnicka klasi-
fikace horninového masivu. Spolu s dokumentaci razeb byly geologicky
sledovény i veSkeré svahy stavebnich jam a souvisejicich objektu.

Denné probihd tzv. ,,geotechnickd &tvrthodinka“, kde se probiraji
a okomentovavaji denni vysledky méreni, dokumentaci a ostatni zéle-
Zitosti stavby. V pripadé potieby pak dochdzi k dpravdm schémat
vystrojeni, eventudlné k dal$im opatfenim.

Mésicné pak probihaji geotechnickd jednani v §ir§im obsazeni za
Ucasti investora, projektanta, eventudlné dalSich osob. Zde jsou

Obr. 15 Betond? bloku presypaného tunelu
Fig. 15 Casting of concrete blocks of the false tunnel

The geological surveying of the headings proceeded in the regime of
the daily documentation of the respective heading. The documentation
of each heading was therefore unnecessary. The documentation was
processed (digitised) using the TUGIS program (see Fig. 16).

The description of headings was based on the description of the lit-
hology, the character and parameters of discontinuities, strength-related
parameters of ground, the behaviour of the open excavation and the
ground itself, documentation of water inflows and photo documentati-
on. In addition, specimens of ground and water were taken for labora-
tory testing and analyses. No classification was used for the description
of ground. Even all slopes of construction pits and associated structures
were geologically observed together with documenting the headings.

The so-called “Geotechnical quarter-hour”, where daily results of
measurements, documentations and other construction matters were
discussed and commented, took place every day. If necessary, the exca-
vation support schemes were modified or other measures were agreed.

Geotechnical meetings with wider attendance, in the presence of the
project owner, designer or other persons, take place monthly. Results
of the measurements, the documentation, the courses of the headings
etc. are presented at the meetings in context. An example of an obvi-
ous increase in deformations during the passage across one of the shear
zones is presented in Fig. 17.

Two shear zones were predicted for the DG tunnels route. They were
confirmed by the subsequent excavation. Nevertheless, the impact of
the faults on the tunnel excavation was not as serious as expected. The
main manifestation lied in the increased disturbance of the massif asso-

ciated with an increase in the frequency of
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faults and slickensides.

The relatively homogeneous conditions
for the tunnel excavation manifested the-
mselves even in the magnitude of deforma-
- = tions, where the maximum values of vertical
and horizontal deformations in substance

= e

did not exceed 10mm.

Increased deformations occurred only in
the shear zones, where the maximums fluc-
tuated about 50mm.

7. CONCLUSION

The intention of this paper was to give an
idea of the Tunnelkette Granitztal project
(’ L expetially on DG Tunnel. The attitude

Fig. 16 Exhibit of geological documentation in the environment of the TUGIS program

towards adopting changes and responding
to arisen problems is the most noticeable



v souvislostech prezentovany vysledky méfeni, dokumentace, prubé-
hy raZeb atd. Jako napriklad na obr. 17, kde je zfetelny ndrust defor-
maci pfi prachodu jednou z poruchovych zén.

V trase tunelt DG byla prizkumem piedpoviddna dv€ poruchové
pésma, kterd byla ndslednou razbou potvrzena. Dopad téchto poruch
na razbu vSak nebyl tak velky, jak se ofekdvalo. Hlavnim projevem
bylo zvySené poruseni masivu spojené s narastem poctu tektonickych,
vyhlazenych poruch.

Relativné homogenni podminky pro razbu se projevily i na velikos-
ti deformaci, kdy maximadlni hodnoty vertikdlnich i pri¢nych deforma-
ci v podstaté nepresahly 10 mm.

Pouze v poruchovych pasmech doslo k ndrustim, pfi¢emZ maxima
se pohybovala okolo 50 mm.

7. ZAVER

Zamérem Clanku bylo podat predstavu o stavbé Tunnelkette
Granitztal, se zaméfenim na tunel Deutsch Grutschen. Z hlediska
porovnéni se stavbami v CR/SR je nejvyraznéjsi rozdil v piistupu
k pfijimani zmeén a reakce na vzniklé problémy.

Reseni ,,bé&Znych* problémii souvisejicich s razbami (nestabilita
Celby, nérust deformaci, zména systému rozpojovani, atd.) je poneché-
no zcela v kompetenci tymu pritomného na stavbé. Opatreni jsou pri-
jimdna bezprostiedné a jsou pIné akceptovana zhotovitelem.

Zmény schémat vystrojeni na jedné stran¢ vzdy dodrzovaly veskeré
bezpecnostni zdsady, soucasné byl vSak kladen maximalni duraz na
ekonomiku.

Ke zméné vystrojeni tak u tunelt délky 2600 m doglo zhruba 30 krat
v kazdém tubusu. A i v tomto piipadé byly vZdy veskeré zmény doda-
vatelem presné dodrZovany.

Evidentn{ je také rozdil v durazu na rychlé zaméfeni konvergenc-
nich profili a dodrzovéni pokud moZno stejného Casu od osazeni
bodu do jejich nultého méfeni. RovnéZ vzdalenost konvergennich
profilu je vyrazné mensi, toto feSeni poskytuje nejen podrobné;jsi
prehled o vyvoji deformaci, ale umoZnuje i mnohem rychleji reago-
vat na pripadné zmeny.

Z hlediska dodavatele pak je ziejmé dokonalé zvladnuti sledu praci
v cyklu, kdy bylo béZné dosahovéno Sesti i sedmi postupt za den.

Vzhledem k stile ¢astéjsim informacim o zdméru zahdjeni praci
na vysokorychlostnich tratich v CR, které budou nutné napojeny na
stavajici a budované drahy v sousednich zemich, je nutné sledovat
V{voj, zpusob vystavby a problémy spojené s vystavbou jak jiZ pro-
vozovanych, tak v soucasnosti budovanych vysokorychlostnich trat{
v zahranici.

PrestoZe kazda tunelova stavba je ve své podstaté origindl, najde se
fada staveb, které se nékterym pldnovanym stavbam na tizemi CR veli-
ce podobaji. V takovych pripadech by bylo velmi Zddouci se z téchto

------ VvV v

staveb poucit a nehledat jind, mnohdy sloZitéj$i a nakladnéjsi reSeni.

Mgr. JIRI ZMITKO, zmitko@3-g.cz,
3G Consulting Engineers, s.r.o.

Recenzovali Reviewed: Ing. Pavel Poldk,
Ing. Viadimir Prajzler
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TE01020168 - projekt CESTI.
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Obr. 17 Ukdzka spolecné ,,Geo* prezentace, geologie a geotechnika, pribéh
konvergenci v zdvislosti na zhorseni geologickych podminek

Fig. 17 Exhibit of common “Geo” presentation, geology and geotechnics, his-
tory of convergences depending on the deterioration of geological conditions

from the aspect of the comparison with construction projects in the
Czech and Slovak Republics.

The task to solve “common” problems associated with the tunnel
excavation (instability of excavation face, increase in deformations,
changing the system of disintegration, etc.) is completely left in the
competency of the team present on site. Measures are adopted imme-
diately and are fully accepted by the contractor.

Changes in the excavation support schemes always adhered to all safety
principles, but at the same time, the maximum stress was put on economy.

In this system the excavation support in the 2600m long tunnels was
changed approximately 30 times in each tunnel tube. All changes were
exactly implemented and adhered to by the contractor even in these cases.

The difference in the stress put on quick surveying of convergence
measurement profiles and adhering to the principle of equal time bet-
ween the installation of the measurement points and zero measure-
ments carried out on them is also evident. The spacing of the conver-
gence profiles is also significantly smaller. This solution provides not
only more detailed knowledge of the development of deformations, but
it also allows for responding to contingent changes.

From contractor’s point of view, the perfect mastering of the work
operations in the excavation cycle is obvious. The excavation rate of
six to seven excavation rounds per day was a commonplace.

With respect to the ever more frequent information about the inten-
tion to commence the work on high-speed railway tracks in the Czech
Republic, which will be necessarily connected to the lines existing in
neighbouring countries, it is necessary to follow the development, the
way of construction and problems associated with the development of
both the already operating high-speed railway tracks and the tracks
currently underway.

Despite the fact that each tunnel construction is in its substance ori-
ginal, several projects very similar to some planned construction pro-
jects in the Czech Republic will exist. In such cases it would be very
recommendable to learn lessons from those projects and not to search
for other, often more complicated and more expensive solutions.

Mgr. JIRI ZMITKO, zmitko@3-g.cz,
3G Consulting Engineers, s.r.o.

This paper was prepared with the support of the Technological
Agency of the Czech Republic grant TE01020168 — CESTI project.
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TUNEL EL VOLCAN - STAVBA VODNI ELEKTRARNY ALTO MAIPO, CHILE
TUNNEL EL VOLCAN - HPP ALTO MAIPO, CHILE

KURT KLIMA

ABSTRAKT

Projekt vodni elektrdrny Alto Maipo s vikonem 531 MW se nachdzi v centrdlni oblasti And, asi 70 km na jihovychod od mésta
Santiago de Chile, u hranic s Argentinou. V obtiZnych geologickych podminkdch se razi dvé kaverny pro strojovny elektrdrny
a vice nez 65 km tunelu. Usazené vulkanické horniny se sloZitou tektonickou strukturou, tektonické poruchy a v nékterych mis-
tech hydrotermdlni rozpad tvori previddajici podminky horninového masivu. Na stavbu md vliv nebezpeci zemétreseni a sopec-
né aktivity ovlivnéné zonou subdukce litosférickych desek pod Andami. Tunel El Volcdn dlouhy 14 km odvddi vodu z mist vtoku
ve vy$Sim iidoli Volcdn do uidoli Yeso. Tunel se razi uipadné z vtokového portdlu ve vysSce 2600 m nad morem metodou Drill &
lového tunelovaciho stroje TBM. S ohledem na vysku nadlozi dosahujici aZ 1500 m a olekdvané podminky velkych horninovych
tlaku a tlacivych hornin byl zvolen otevieny tunelovaci stroj Robbins. Po 700 metrech razby se narazilo na horizontdlni poru-
chovou zonu s tlakovou vodou. JelikoZ nebylo mozné ddle provddet normdlni raZbu strojem TBM, byl stroj rozebrdn.

ABSTRACT

The 531MW run-off HPP Alto Maipo is located in the Principal Andes Mountain range about 70km SE of Santiago de Chile,
close to the border to Argentina. Two powerhouse caverns and more than 65km of tunnels will be excavated in difficult geologi-
cal conditions. Sedimentary volcanic rocks with complex tectonic structures, faulting and locally hydrothermal disintegration are
the prevailing rock mass conditions. Influenced by the subduction zone under the Andes, earthquake hazard and volcanic activi-
ty are having impact on the project. The 14km long tunnel El Volcdn deviates water from intakes in the higher Volcdn valley to
the Yeso valley. The tunnel is excavated from the intake portal at an elevation of 2600m a.s.l. downstream by drill and blast wit-
hout complications. Excavation from outlet portal upstream is by TBM. Due to rockcover up to 1500m and expected squeezing
conditions, an open gripper Robbins machine was chosen. After 700m of excavation a horizontal fault-zone with pressurized
water was encountered. As no longer a regular excavation by TBM was achievable, the TBM was dismantled.

PROJEKT

Projekt se sklddd z prutoénych vodnich elektrdren Las Lajas
o vykonu 267 MW a Alfalfal IT o vykonu 264 MW, nachazeji-
cich se na hornim toku feky Maipo, asi 50 km jihovychodné od
Santiago v Chile (obr. 1). Po dokonceni stavby bude ocekdvana
ro¢ni produkce doddvand do chilské elektrické site¢ (Sistema
Interconectado Central) kolem 2320 GWh.

THE PROJECT

The project includes the 267MW Las Lajas and 264MW
Alfalfal II run-of river hydroelectric power stations located in
the upper section of the Maipo River, about 50km southeast of
Santiago, Chile (see Fig. 1). When completed, the combined
annual production is expected to be about 2,320GWh delivered
to Chile's electrical grid, Sistema Interconectado Central.

The client is Alto Maipo Spa, a sub-
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comprised of Norway's Multiconsult,
Skava of Chile and Amberg of
Switzerland has been awarded a con-
tract to provide owners engineer ser-
vices for underground works
(Hydroworld, 2014).

Construction on the plants began in
the fourth quarter of 2013, and is
expected to be commissioned in 2019

oblast vystavby

San José

Obr. 1 Misto stavby
Fig. 1 Location of the project

Mapy Google, upraveno GoogleMaps, modified

(Hydroworld, 2017).



Objednatelem je spolecnost Alto Maipo Spa,
dcefind spolecnost chilské elektrarenské spolec¢-
nosti AES Gener a spole¢nosti AES Corporation
sidlici v USA. Projekt tunelu, Sachet, §tol, vy-
rovndvacich nadrzi a podzemnich strojoven pro-
vadi firmy Norconsult a Norplan podle samo-
statné smlouvy uzaviené v roce 2010 (Tunnel-
Talk, 2012).

Smlouva na zaji§téni inZenyrskych sluzeb
investora (stavebni dozor aj.) pro podzemni
prace byla uzavrena se spoleCenstvim (Con-
sorcio SAM Spa) slozenym z norské firmy
Multiconsult, firmy Skava of Chile a Svycarské
firmy Amberg.

Vystavba elektraren byla zahdjena ve Ctvrtém
Ctvrtleti roku 2013 a oCekava se, ze bude ukon-
¢ena v roce 2019 (Hydroworld, 2017).

Chilska divize spolecnosti Strabag (Rakousko)
vyhréla sout€Z na provedeni dvou tfetin raZeb tune-
10 a kaveren v ddolich a hordch s vodnimi zdroji na
fekdch Colorado a Maipo smérem na sever, zatim- %)
co spole¢ny podnik (CNM S. A.) firem Hochtief | r"

elektrarna Las La]as
Las Lajas power station |-
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(Némecko) a CMC di Ravenna (Itdlie) ziskal
smlouvu na razbu 18,5 km jiznich tunela v ddolich
Volcan a Yeso (TunnelTalk, 2012).

Informace poskytnuté v tomto ¢ldnku se omezuji na dsek stav-
by Yeso — Volcdn, v¢etné asi 14 km dlouhého tunelu Volcdn a pri-
blizné 6 km dlouhého nejvyssiho tseku kolem 14 km dlouhého
privodniho tunelu Alfalfal II, viz obr. 2 (TunnelTalk, 2013).

Firma 3G zaujimd postaveni oblastniho spravce softwarové-
ho majetku (SAM) pro stavbu Yeso — Volcdn za firmu Amberg
Madrid v 1étech 2014 — 2016.

GEOLOGICKE PODMINKY

Stavba lezi v centrdlni oblasti Kordillér (And). Vyvoj hor-
ského pasu And je ovlivnén podsouvanim (subdukci) ocednské
tektonické desky Nazca pod jihoamerickou pevninskou desku,
které probihd viceméné trvale od obdobi Jury. Zmény rychlos-
ti podsouvdni, Sikmosti a zapaddni podsouvajici se desky
v minulosti vedly ke vzniku oblasti stlaCovanych a rozpina-
vych. Ve fazich rozpinani se spojovaly sedimenty a vulkanické
usazeniny. V pozdéjsich stadiich stlacovani se sedimenty pro-
tlatovaly pevninskym podkladem a vytvdrely moderni Andy
s prevazujici inverzni tektonikou a reverznimi zlomy s riznymi
sméry vergence (obr. 3).

V oblasti stavby je v soufasné dobé smér podsouvani desky
Nazca témer kolmy k pobrezi a jeho rychlost je asi 6,8 cm za
rok; smér zapadani je kolem 30° V. Postupujici proces podsou-
vani je dokumentovan vysokou seismicitou a aktivnimi sopka-
mi. V blizkosti vtoku do tunelu Volcdn se nachdzi sopka San
José s jeji posledni hlaSenou erupci v roce 1960.

Sopecnd aktivita je viditelnd i na horkych pramenech Bafios
Morales a Bafios Colina v blizkosti stavby a na Sirokych pds-
mech hydrotermdlné zménénych a rozpadlych skalnich hornin,
hlavné podél dominantnich zlomovych pdsem (obr. 4).

Konvergence litosférickych desek generuje tfi hlavni seismic-
ké oblasti: podél pobrezi jsou velkd mélka (0-50 km) presmyko-
va zemétieseni, velké hlubsi (70-100 km) tahové a tlakové pri-
pady jsou u podsouvajici se desky Nazca a velmi melka seismi-
cita (0-35 km) je u horni, Jihoamerické desky (obr. 5).
Zemétreseni velikosti mensi nez 4 (stupnice MSK — Medvédév —

TunnelTalk (2013), upraveno TunnelTalk (2013), modified

Obr. 2 Situace hydroelektrdarny Alto Maipo
Fig. 2 Layout of the Alto Maipo HPP

The Chilean division of Strabag (Austria) is awarded a con-
tract to excavate two thirds of the project's underground water-
course and powerhouse works in the valleys and mountains of
the Colorado and Maipo river basins to the north, while a joint
venture (CNM S.A.) of Hochtief (Germany) / CMC di Ravenna
(Italy) is awarded the contract to excavate 18.5km of southern
tunnels in the Volcdn and Yeso valleys (TunnelTalk, 2012).

Information provided in that paper is restricted to the Yeso —
Volcan section of the project, including the tunnel Volcédn, about
14km long, and the most upstream section, appr. 6km, of the
about 14.5km long Alfalfal II headrace tunnel (TunnelTalk,
2013), see Fig. 2.

3G hold the position of the SAM Area Manager for the Yeso
— Volcan contract on behalf of Amberg Madrid in the period
from 2014 to 2016.

GEOLOGICAL SETTING

The project is located in the Principal Cordillera of the Andes.
The development of the Andean mountain belt is caused by the
subduction of the oceanic Nazca plate under the continental
South American plate, more or less continuously since Jurassic
times. Changes on subduction rates, obliquity and dip of the
subducting slab in the past resulted in successive extensional
and compressional settings. In extensional phases sediments
and volcanic deposits were aggregated. In the later compressio-
nal stages the sediments were overriding the continental base-
ment, and forming the modern Andes with predominantly inver-
sion tectonics and reverse faults with different vergence directi-
ons (Fig. 3).

In the area of the project, currently the direction of the sub-
duction of the Nazca plate is nearly orthogonal to the coast at
a rate of about 6.8cm/yr with a slab dip of about 30°E. The
ongoing subduction process is documented by a high seismicity
and by active volcanos. Near to the inlet of the Volcadn tunnel is
located the 5800m high volcano San José with a most recent
reported eruption in 1960.
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Falla B Diabla

rozvrstvend skalni hornina
stratified rocks

kvartérni fluvidini nebo deluviofluvidini
sedimen! ) ) ] )
quaternary aluvial, fluvial or coluvial deposit

sedimenty vulkanickych lavin
volcanic avalanche deposit

sedimenty sesuv(
landslide deposit

souvrstvi Vulcanica Nueva
Formation Vulcanica Nueva

liii

[EENE

souvrstvi Ignimbrita Pudahuel
Formation Ignimbrita Pudahuel

souvrstvi Unidad Volcénica Antigua
Formation Unidad Volcanica Antigua

souvrstvi Fatellones
Formation Fatellones

souvrstvi Abanico
Formation Abanico

souvrstvi Colimapu
Formation Colimapu

souvrstvi LoValdés
Formation LoValdés

souvrstvi Rio Darnas
Formation Rio Darnas

souvrstvi Rio Colina
Formation Rio Colina

intruzivni vyvfelé horniny

intrusive rocks
plio-pleistocénni intruze
plio-pleistocene intrusion

miocénni intruze
miocene intrusion

dalsi prvky
other elements

ledovec
glacier

jezero nebo nadrz
lake or reservoir

feka
river

tektonické struktury

stuctures

zjitény (ovéfeny) zlom
observed fault

inverzni ziom

inverse fault

synklindla

syncline

antiklinala

anticline

prevracend synklindla
overturned anticline

vrchol vrasy se smérem sklonu
hinge with indication of dip

SRR

W €2 10529

Obr. 3 Geologickd mapa a profil oblasti stavby

Benado Wilson (2013), upraveno Benado Wilson (2013), modified

Fig. 3 Geological map and profile of the project area

Sponheuer — Karnik, modifikovand Mercalliho stupnice) jsou
bézna. K jedné z nejvétsich uddlosti zaznamenanych v oblasti stav-
by doslo 4. zafi 1958 na soutoku fek Rio Volcdn a Rio Maipo, veli-
kost zemétreseni dosdhla hodnoty 6,3 (Alvarado et al, 2009).

TUNEL EL VOLCAN

Ucelem asi 14 km dlouhého tunelu El Volcdn je prevést vodu
zachycenou vtoky ze Ctyf rek ve vySce kolem 2600 m nad
morem z tdoli Volcdn do ddoli Yeso (TunnelTalk, 2013).

was not performed.

The expected rock classes were estimated based on the
Bieniawski’s RMR and Barton’s Q with using quantitative rock
mass data from projects in comparable geological conditions.
Anticipated range of adjusted RMR was 33 to 43. Q — indices
were estimated in the range from 0.0035 to 200.

To overcome the leak of detailed geological information,
continuous probe drilling ahead of the excavation face was
demanded by contract. Part of the excavation concept also was

TuoufHel

Vulcanic activity is visible also
from hot springs, Bafios Morales
and Bafios Colina, in the vicinity of
the project as well as from wide
zones of hydrothermally altered and
disintegrated rock, mainly along of
dominant fault zones (Fig. 4).

The plate- convergence generates
three main seismogenic zones:
along the coast there are large, shal-
low (0-50km) interplate thrust
earthquakes, large deeper (70—
100km) tensional as well as com-
pressional events within the sub-
ducting Nazca plate, and very shal-
low seismicity (0—35km) within the
overriding South American plate
(Fig. 5). Earthquakes with a magni-
tude in the range lower than 4 (the
MSK scale - Medwedew -
Sponheuer - Karnik 1964, a modifi-
ed Mercalli scale) are common
events. One of largest recorded
events in the project area happened
on September 4, 1958 at the conflu-
ence of Rio Volcan and Rio Maipo
with a magnitude of 6.3 (Alvarado
et al, 2009).

TUNNEL EL VOLCAN

Purpose of the about 14km long
tunnel El Volcén is to deviate water,
collected by intakes from 4 rivers at
the elevation of about 2600m a.s.l.,
from the Volcédn valley to the Yeso
valley (TunnelTalk, 2013).

Prediction of geotechnical condi-
tions for tunnel excavation is main-
ly based on the existing geological
map (Thiele 1980), very little addi-
tional investigation was done. Only
large scale geological structures,
like regional fault zones, folds,
wide zones of hydrothermal altera-
tion and the high rock-cover of up
to 1500m are reflected in the geo-
logical models for the tunnel.
A more detailed characterization of
the rockmass including small tecto-
nic structures, minor faults and
thrusts, variation in lithology, etc.,




Predpovéd geotechnickych pomérli pro razbu tunelu vycha-
zi hlavné ze stdvajicich geologickych map (Thiele 1980).
Dodate¢nych prizkuma bylo provedeno jen velmi madlo.
V geologickych modelech pro tunel jsou podchyceny pouze
velké geologické struktury, jako jsou regiondlni zlomova
pdsma, vrasy, Sirokd pdsma hydrotermdlni alterace a vysoké
skalni nadlozi az do 1500 m. Podrobnéjsi specifikace hornin
véetné malych tektonickych struktur, malé zlomy a presmyky,
zmény litologie aj. se neprovadéla.

Ocekdvané tridy horniny se odhadovaly na zakladé klasifika-
ce podle Bienawského RMR systému a tfid Q podle Bartona et
al. s pouzitim kvantitativnich ddaju o skalnich hornindch ziska-
nych na jinych stavbdach ve srovnatelnych geologickych pod-
minkdch. O¢ekdvany rozsah upravenych tfid RMR se pohybo-
val od 33 do 43. Soucinitele Q se odhadovaly v rozsahu od
0,0035 do 200.

Aby se prekonal nedostatek podrobnych geologickych infor-
maci, byl ve smlouvé poZadovén vrtny pruzkum pied ¢elbou.
Soucdsti koncepce razby byla i predstihovd injektdZ pro ome-
zeni oCekdvanych pritoku vody s tlakem aZ 100 bard v dseku
s vysokym skalnim nadloZim, pod horskym hrebenem pokry-
tym ledovcem (Tab. 1).

Tab. 1 Predpoklddané geologické podminky v tunelu El Volcdn
Table 1 anticipated geological conditions in tunnel El Volcdn
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Obr. 4 Sirokd poruchovd zéna s ndpadnymi hydrotermdlnimi alteracemi
a rozpadem skalni horniny, udoli Volcdn

Fig. 4 Wide fault zone with remarkable hydrothermal alteration and disinte-
gration of rock, Volcdn valley

pregrouting for control of expected water inflow with pressure
up to 100 bars in the section with high rock cover underneath
the glaciated mountain range (Table 1).

souvrstvi stafi (éra) mocnost litologie strukturni stavba tektonickeé poru-
formation age thickness lithology structure Seni faulting
vrchol (vytokovy portdl) top (portal outlet)
Eastern Abanico terciami vulkanické, vulkanoklastické, minoritné okrajové jezerni extrémné vyrazné subvertikélni
a fluvialni sedimenty pevninské usazeniny; stfidani vrasy, i pfevracené Zlomy
tufdi, hlavné fialové, purpurové a Sedivé vulkanické a pukliny
brekcie s vlozkami andezitovych a ryolitickych lav
a vulkanoklastickych hornin
Eastern Abanico tertiary volcanic, volcanoclastic, and marginal lacustrine extremely marked subvertical
and fluvial continental deposits; alternation of tuffs, folds, even faults and
predominantly violet, purple and grey volcanic breccias overturned fractures
with intercalations of andesitic and rhyolitic lavas and
volcanoclastic rocks
kontakt: zlomy contact: faults
Colimapu spodni 2000 m vrstevni sled vulkanickych a pevninskych sedimentd proménlivé poklesy subvertiklni
a vrehni kvartér piskoved, lutitdi, slepencd, viozky tufd, andezitovych lav od 50° Z do svislych zlomy
a vapencU s vrstvami sekundarniho sadrovce az prevracenych a pukliny
Colimapu lower to upper 2000m volcanic and continental sedimentary sequence of variable dips from subvertical
cretaceous sandstones, lutites, conglomerates , intercalations of 50°W to vertical faults and
tuffs, andesitic lavas and limestones with levels of and even inverted fractures
secondary gypsum
kontakt: konkordantni contact: concordant
Lo Valdés svrchni jura 1350 m vrstevni sled vapenc, lutitt, piskoved, slepencl a brekcii;  silné sklonéné az subvertikalni
az spodni ve spodni ¢asti silné az stfedné silné vlozky andezitickych  svislé a dokonce zlomy
kvartér vulkanickych hornin a tence ¢ockovité vrstvy sadrovce prevracené a pukliny
Lo Valdés upper jurassic 1350m sequence of limestones, lutites, sandstones, heavily inclined to subvertical
to lower conglomerates and breccias; on the bottom part thick vertical and even faults and
cretaceous to medium intercalated levels of andesitic volcanic inverted fractures
rocks and thin lenticular layers of interstratified gypsum
kontakt: konkordantni contact: concordant
Damas River svrchni jura 3000 m vrstevni sled pevninskych slepencl a silné az stfedné rlizné polohy
upper jurassic silné slepencové brekcie s viozkami piskoved, limonitd od 70° po svislé
a andezitickych lav
Damas River upper jurassic 3000m continental sequence of conglomerates and thick to variable position

medium conglomeradic breccias with intercalations
of sandstones, limonites and andesitic lavas

between 70° to vertical
bottom (portal inlet)
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EXPERIENCE FROM
THE EXCAVATION

hloubka
elevace
elevation

Downstream excavation of tunnel
El Volcan from the inlet portal is
done by drill & blast in almost ver-
tically dipping sedimentary rocks of
formations Damas River, Lo Valdés
and Colimapu without mayor pro-
blems.

From the outlet portal was exca-
vated by TBM using an open
Robbins gripper machine with a dia-
meter of 4.13m in horizontally bed-
ded volcanic rocks, tuff and andesi-
te, of the formation Eastern
Abanico. It was decided to use
a TBM because of the expected hig-

her rate of advance compared to
drill & blast (TunnelTalk, 2012).

Decision for an open gripper machi-

Alvarado et al (2009), upraveno Alvarado et al (2009), modified

Obr. 5 Zménéné piisobisté seismicity mezi roky 1995 a 2005 (a), mapa intenzit seismicity na stupnici MSK (b)
Fig. 5 Relocated seismicity between 1995 and 2005 (a), map of the MSK seismic intensities (b)

ZKUSENOSTI Z RAZEB

Upadni razba tunelu El Volcén z vtokového portilu se pro-
véadi bez velkych problému metodou Drill & Blast v téméf
svisle zapadajicich strukturdch sedimentdrnich hornin oblast{
Damas River, Lo Valdés a Colimapu.

Z vytokového portdlu se provadéla razba otevienym plno-
profilovym tunelovacim strojem s rozpérnymi deskami fy.
Robbins s prumérem 4,13 m. Razba probihala v horizontdlné
uloZenych vulkanickych horninach, tufech a andezitu formace
Eastern Abanico. Rozhodnuti pouZit otevieny plnoprofilovy
tunelovaci stroj (TBM) bylo u¢inéno z davodu oekdvanych
vyssich rychlosti postupu ve srovnani s metodou Drill & Blast
(TunnelTalk, 2012). Rozhodnuti
pouzit rozpérné desky bylo zalo-

ne was based on expected squeezing
rock conditions due to the high rock
cover of about 1500m.

After excavation of the start-tube of 160m length approx. by
drill & blast, TBM excavation commenced on June 19, 2015 in
tuffs of the Abanico Formation. After 700m of TBM drive, in
December 2015, a horizontal fault with thickness of a few
meters and of heavily crushed rock and clayey fault gouge was
encountered in the crown. All of the discontinuities showed evi-
dence of shearing. Wedges of varying size were observed.
Above of the impermeable fault water with pressure of up to 22
bars was detected from drillholes.

The sub-horizontal fault in combination with vertical joints,
striking about parallel to the axes of the tunnel, resulted in seve-
re overbreaks from the crown (Fig. 6). Observed Q — indices
were much lower than anticipated.

Zeno na oc¢ekdvanych podmin-

kéch tlagivych skalnich hornin "
s vySkou skalniho nadloz{ kolem gg | W ofekavand anticipated
1500 m. w  Zji$téné encountered
Po vyrazeni asi 160 m dlouhé- 70
ho startovaciho tunelu metodou
Drill & Blast byla 19. &ervna e
2015 zahdjena razba tunelovacim 50
strojem (TBM) v tufech formace %
Albanico. Po 700 metrech razby 40
strojem TBM se v pristropi vyru- -
bu narazilo na nékolik metru sil-
nou horizontdlni poruchu s podr- 20
cenou skalnf horninou a jilovitou
vyplni. VSechny tyto diskonti- 10
nuity vykazovaly dukazy tekto- & -
nickych posunu. Byly pozorova- § r% il E g
ny kliny ruzné velikosti. Nad ; o 5 o =
nepropustnou poruchovou zénou & - o "é §
byla zjiSténa tlakovd voda pod Q- index ° )

tlakem aZ 22 baru.

Subhorizontalni porucha v kom-
binaci se svislymi puklinami
probihajicimi ve sméru priblizné

tunelovacim strojem)

Obr. 6 Predpovidané indexy Q ve srovndni se zastiZenymi v tiseku od vytokového portdlu (razba plnoprofilovym

Fig. 6 Anticipated versus encountered Q — indices of excavation from outlet portal (TBM excavation)
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rovnobézném s osou tunelu vedla
k nékolika nadvylomim ve stropé
vyrubu. Pozorované hodnoty sou-
Cinitele Q byly mnohem mensi,
nez se ocekavalo (obr. 6).

Bezpe¢né podminky zajisténi
pristropi se dosdhly pouZitim systé-
mu McNally (obr. 7), ktery byl pra-
bézn¢ instalovan za plnoprofilo-
vym tunelovacim strojem.

Tento systém, ktery byl vyvinut
a patentovan McNellym, se sklada
z podélné uloZenych ocelovych

profilt (lati) namisto svafovanych | M
siti. Jednotlivé laté jsou poloZeny qjt
pfimo na horninu stropu v pozici (- :

jsou drZena horninovymi svorni-

ky. Zebra se instaluji ihned za fez-
nou hlavou stroje a laté se vysou-
vaji z fady trubek zaclenénych do
fezné hlavy §titu. Systém zajistén{

od 10:00 do 2:00 hodin. Laté jsou 1 “ﬂ

drzeny ocelovymi zebry, ktera I
W‘L ] []
]

stropu se nachazi ihned za feznou

hlavou, takZe umoZnuje prakticky
okamzité zajisténi stropu tunelu

(US Patent 6468000), (The Rob-
bins Company).

Ohlazy s tenkou jilovou vyplni
a subvertikalni pukliny vytvarely silné rozpukany a poruseny
horninovy masiv s malou soudrznosti.

Rezné nastroje a reznd hlava byly blokovdny lepivym
jilem. Dopravnik byl také blokovan. Rezné ndstroje a feznd
hlava se musely Cistit ru¢né. Dopravovani lepivého materia-
Iu na dopravniku bylo obtizné. Pracovni podminky byly
extrémné $patné z duvodu omezeného prostoru v oblasti
tunelovaciho stroje a trvalého pronikdni vody ze stropu
vyrubu (> 200 1/min). JelikoZ instalace svorniku v jilovitém
materidlu poruchy byla problematickd, bylo u¢inéno rozhod-
nuti pouZit navic k systému McNally je§té prstence dulni
vyztuze TH29.

Cisténi dna pro uloZeni vyztuznych ramti TH29 se muselo
provadét ruéné. Z duvodu Casove ndro¢nych rucnich praci na
¢isténi fezné hlavy, dna a dopravniku, provddénych navic
k instalaci tézkych prstencu vyztuze TH29, byl postup ome-
zen na asi 1 prstenec (odpovidajici postupu 1 metr) za sménu.
Trvaly pritok vody ze stropu vymyval jemné Castice
a v dusledku toho vétsi komponenty tvorily stdlé zatiZzeni
nesoudrZznym materidlem za vyztuzZi McNally (obr. 8).
Zjisténé hodnoty kvality horninového masivu (index Q) byly
mnohem mensi, neZ se oCekavalo.

Geometrickd omezeni plnoprofilového tunelovaciho stroje,
spolu s prvky neobvykle téZké vystroje, Cinila prazkumnd
opatreni pred ¢elem vyrubu a nezbytnou zpevnovaci injektaz
obtiZnymi nebo dokonce nemoZnymi.

Pristup k povrchu vyrubu omezeny instalaci §titu neumoz-
noval systematické monitorovdni posunuti v tseku fezné
hlavy a zdvésu TBM o délce priblizné 200 m od Cela vyrubu.

V dusledku zastizenych geologickych podminek byl fadny
provoz Stitu nemoZny.

Obr. 7 Princip zajisténi vyrubu systémem McNally
Fig. 7 Principle of the McNally support system

US Patent 6468000, upraveno US Patent 6468000, modified

To guarantee safe work conditions support in the crown was
achieved by applying the McNally support system (Fig. 7),
installed continuously behind of the roof shield of the TBM.

The system developed and patented by McNally consists of
longitudinally placed steel strapping in place of the wire mesh.
Individual straps are placed directly against the rock of the roof
from the 10:00 to 2:00 o’clock position. The strapping is held in
place by the steel ribs which are held in place by rock bolts. The
ribs are installed immediately behind the TBM cutterhead and
the straps are extruded from a series of tubes integrated into the
cutterhead shield. The roof support system is in place immedia-
tely behind the TBM’s cutterhead shield, thereby affording vir-
tually immediate support for the tunnel crown (US Patent
6468000), (The Robbins Company).

Slickensides with thin clay infill and sub vertical joints
were forming a heavily fractured, faulted rock mass with low
cohesion.

Cutters and cutterhead were blocked by sticky clay. Conveyor
was blocked. The cutters and the cutterhead had to be cleaned
by hand. It was difficult to transport the sticky material on the
conveyor. Work conditions due to limited space in the area of
the TBM and the permanent diffuse water flow from the crown
(> 200L/min) were extremely poor. As bolting in the clayey
fault material was problematically, decision for using TH29
rings in addition to McNally was taken.

For placing of TH29 rings, cleaning of the invert had to done
by hand. Due to the time consuming hand work for cleaning of
cutterhead, invert and conveyor, in addition to installation of
heavy TH29 rings, progress was limited to appr. 1 ring (corres-
ponding to 1 m of advance) per shift. The permanent water flow
from the crown was washing out the fines and as a result bigger
components were forming a dead load of cohesionless material
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Obr. 8 Materidl tektonické poruchy s vyplavenymi jemnymi Edsticemi, tvorici
stdlé zatiZeni puisobici na vystroj McNally u stropu vyrubu

Fig. 8 Fault material with fines washed out forming dead load on McNally
support in the roof

JelikoZ tunel sledoval subhorizontdlni tektonickou poruchu
dal3i desitky metru, a protoZe nebyly Z4dné ndznaky zmény
situace k lepS§imu, bylo nakonec v kvétnu 2016, po méné nez
800 metrech razby, rozhodnuto Stit rozebrat.

Objednatel rozhodl, Ze se ma plnoprofilovy tunelovaci stroj
(TBM) nahradit jinym strojem s rozpérami s malymi dprava-
mi, hlavné na zafizeni na pruzkumné vrtani a injektd? pred
¢elo vyrubu. Novy stroj zahdji razbu od poloviny roku 2017.
Prozatim razba pokracuje s pouzitim vrtacich a trhacich praci
(metodou Drill&Blast).

GEOLOGICKA INTERPRETACE
PORUCHOVE ZONY

Horizontdlni nebo subhorizontdlni geologické
struktury jsou v oblasti stavby bézné. Skalni hor-
niny formace Albanico, hlavné tufy, jsou vétSinou
horizontdlné vrstevnaté. Kompresni tektonika
v mladsi historii vyvoje horského pdsma And vede
ke zkracovdni ve sméru V-Z i S-J. Horninovy
masiv je podrceny se vznikem mnoha tektonickych
prikrovu. Typicky pro tento styl deformaci je vznik
Cockovych podrcenych téles nebo tektoniky plo-
chych ,,ramp* (flat-ramp Technics) s duplexnimi
strukturami. Obzvldsté struktury plochych ramp
(flat-ramp) jsou charakterizovdny perzistentnimi
subhorizontdlnimi podrcenymi zénami na spodnim
a hornim povrchu téchto struktur. Subhorizontdln{
podrcend zéna zastizend pri razbé z vytokového

TuoufHel

behind the McNally support (Fig. 8). The encountered Q — indi-
ces were much lower than anticipated.

Geometrical restrictions of the TBM together with unusual
heavy support items made exploratory measures ahead of the
face as well as necessary consolidation grouting difficult or
even impossible.

Limited access to the rock surface by the TBM installation did
not allow for a systematic displacement monitoring within the
section of the cutterhead and of the TBM backup from the face
to 200 m approx. behind of excavation face.

As a consequence of the geological conditions encountered,
the regular operation of the TBM was impossible.

As the tunnel was following the sub-horizontal fault for the
next tens of meters and as there were no hints for a change of
the situation to the better, finally was decided in May 2016 to
dismantle the TBM, after less than 800 m of excavation.

Client’s decision was to replace the TBM by another open
gripper machine with little modifications, mainly of the explo-
ratory and pregrouting drill rig. The new machine shall com-
mence excavation from mid of 2017. Meanwhile excavation is
continued by D&B.

GEOLOGICAL INTERPRETATION OF THE FAILURE ZONE

Horizontal or sub-horizontal geological structures are com-
mon in the project area. Most of the rocks of the Abanico for-
mation are horizontally bedded volcanic rocks, mainly tuffs.
Compressional tectonics in the younger history of the develop-
ment of the Andes mountain range result in a shortening in E —
W as well as in N — S direction. The rock mass is sheared and
overthrusted. Typical for this style of deformation is the forma-
tion of lens-shaped shear bodies or of flat — ramp tectonics with
duplexes structures. Especially flat — ramp structures are cha-
racterized by persistent sub-horizontal shear zones on the bot-
tom and on the top of the structures. The sub-horizontal shear-
zone encountered in excavation from the outlet portal of the tun-
nel El Volcdn is interpreted as part of a flat- ramp structure with
a large extent (Fig. 9, 10).

CONCLUSION

Excavation behavior of rock mass is not only affected by the
basic rock and rock mass parameters as commonly characterized
by quantitative characterization methods, e.g. RMR or Q, and

0br. 9 Cockové podrcené téleso a subhorizontdlni smykové plochy tektonické poruchové
zony, tdoli Yeso
Fig. 9 Lens-shaped shear bodies and sub-horizontal shear planes, Yeso valley




portdlu tunelu El Volcdn se
vykldda jako soucdst struktury
ploché rampy (flat-ramp) vel-
kého rozsahu (obr. 9, 10).

ZAVER

Chovédni horninového masi-
vu pfi razbé je ovliviovdno
nejen bazickou horninou a pa-
rametry horniny, které jsou
obecné charakterizovdny kvan-
titativnimi charakteriza¢nimi
metodami, napt. RMR nebo Q,
ale 1 snadno zjistitelnym a dob-
fe dokumentovanym obrazem
regiondlni tektonické poruchy.
Obvykle mald velikost inZe-
nyrskych konstrukei ve srov-
nani s geologickymi informa-
cemi ziskanymi z dostupnych
geologickych map vyZaduje
velmi podrobny pruzkum prostorového uspordaddni a cha-
rakteristik menSich struktur a mistnich jedinecnosti a je-
jich mozného vzdjemného pusobeni s inZenyrskymi konst-
rukcemi.

Metody mechanizované razby jsou mnohem citlivéjsi na
mensi zmeény vlastnosti horninového masivu nez vysoce pruz-
nd razba metodou Drill & Blast. Plnoprofilové tunelovaci
stroje se chapou jako dobfe vyrovnany systém mnoha stroj-
nich komponentu a chovdni skalni horniny. Pokud pouze jedi-
ny komponent neni v rovnovaze, je tspéch nejisty.

Dusledkem rozhodnuti o pouZiti metody mechanizované
razby je nutnost mnohem podrobnéjsich znalosti geologic-
kych a geotechnickych podminek, nez je tomu u vysoce flexi-
biln{ razby metodou Drill & Blast.

Dr., Ass.-Prof. i. R. KURT KLIMA, Klima@3-g.at,
3G Gruppe Geotechnik Graz ZT GmbH

Recenzovali Reviewed: Ing. Jaromir Zldmal,
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Obr. 10 Velkd duplexni tektonickd struktura v blizkosti El Ingenio
Fig. 10 Large duplex structure near El Ingenio

by easily detectable and well documented regional fault pattern.
The commonly small scale of engineering structures compared
to geological information as provided by available geological
maps asks for a very detailed investigation of the spatial arran-
gement and characteristics of minor structures and local singu-
larities and their possible interaction with engineering structu-
res.

Mechanized excavation methods are much more sensible to
minor changes in rock mass properties than the highly flexible
drill & blast excavation. TBM’s are understood as a well balan-
ced system of many machine components and the rock mass
behavior. If only one single component is out of balance the
success is questionable.

As a consequence for application of mechanized excavation
methods a much more detailed knowledge of the geological —
geotechnical conditions is inevitable than for the highly flexib-
le drill & blast excavation.

Dr., Ass.-Prof. i. R. KURT KLIMA, Klima@3-g.at,
3G Gruppe Geotechnik Graz ZT GmbH
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DLOUHE DOPRAVNI TUNELY V INDICKYCH HIMALAJICH
DOKONCENE, VE VYSTAVBE, PRIPRAVOVANE

LONG TRANSPORT TUNNELS IN INDIAN HIMALAYA
FINISHED, PROGRESSING, IN PREPARATION

MARTIN SRB

ABSTRAKT

V minulém desetileti byla zahdjena vystavba dlouhych dopravnich tuneli v indickych Himdlajich ve stdtech Jammu
& Kashmir a Himachal Pradesh. Tato vystavba ukazuje na rychly rozvoj staveb tuneli v Indii, ale také na problémy a prekdz-
ky téchto ndrocnych tunelovych projektii. VSechny tunely se nachdzeji na duleZitych dopravnich trasdch a po dokonceni vyraz-
né zlepsi pristupnost hrani¢nich oblasti indickych Himdlaji. Celkem 11 km dlouhy Zeleznicni tunel Pir Panjal a nejdelsi silnic-
ni tunel v Indii a jihovychodni Asii, 9 km dlouhy tunel Patnitop, jiZ byly dokonceny a jsou v provozu. Dals$i jsou v riizném stavu
vystavby, nebo pripravy staveb. VSechny uvedené tunely byly a jsou pFipravovdny v iizké spoluprdci s mezindrodnimi konzul-
tanty, a/nebo zhotoviteli, av§ak mistni investoFi (stdtni organizace) a mistni podminky hraji ve vystavbé tunelu rozhodujici roli.
V prispevku bude poddn celkovy prehled vybranych staveb a informace o postupu vystavby a jejich pripravy. Firmy 3G se podi-
lely na pripravé a realizaci staveb Patnitop, Rothang, Zojila a Z-Morh.

ABSTRACT

Long transport tunnel projects in Indian Himalaya, in states of Jammu & Kashmir and Himachal Pradesh, started in the last
decade, and demonstrate both rapid development of transport tunnelling in India, as well as the problems of tunnelling challen-
ges, and project setbacks. All tunnels are on important transport routes and when finished, they will improve accessibility of
Indian Himalaya border areas. 11km long Pir Panjal rail tunnel, and the longest road tunnel in India and SE Asia, a 9km long
Patnitop Tunnel, have been already finished, and are in operation. Others are in different stage of construction and project pre-
paration. All mentioned tunnels have been prepared in close cooperation with international consultants and/or contractors,
however, local owners (state agencies) and local conditions, play a decisive role in project development. General overview of all
projects and progress of construction and preparation shall be presented. The 3G companies participated on preparation and
realization of projects Patnitop, Rothang, Zojila and Z-Morh.

ovob INTRODUCTION

V severozdpadnim himalajském stdtu Jammu & Kashmir je In North-Western Himalayan state of Jammu and Kashmir,
ve stadiu vystavby jednokolejnd Zelezni¢ni trat’ z Jammu do a new single track railway line from Jammu to Srinagar is
Srinagaru, obsahujici ¢etné tunelové dseky. Nejdel3i, pribliz- under construction with numerous tunnel sections. The lon-
né 11 km dlouhy tunel pod horskym hfebenem Pir Panjal (obr. gest tunnel of approx. 11km under Pir Panjal (Fig. 1) mounta-
1) byl dspe€sné prorazen v zdii 2011 a je v provozu od roku in range has been successfully broken through in September

2011 and is in operation since 2013, as the
first long transport tunnel in Indian
Himalaya [1]. Austrian Geoconsult was
a lead partner of the Geoconsult — RITES
JV for design and construction supervision.
The remaining section between the southern
portal of this tunnel (and railway line from
Srinagar) in Banihal, and Katra (where
existing railway from central India ends), is
in preparation, and partly under constructi-
on, along the re-aligned corridor, and has
more than a decade delay, compared to ear-
lier schedules.

Upgrade of the National Highway NH44
(earlier NH-1A), from Jammu to Srinagar to
a 4-lane highway has been prepared by the
state agency National Highway Authority of
India (NHAI) during last decade, and some
sections were procured and are realized as
a concession projects [4], [6]. The works
started in 2011 on the two most difficult
sections of the alignment at crossings of

Obr. 1 Oblast projektii
Fig. 1 Project area




2013 jako prvni dlouhy dopravni tunel v indickych Hima-
lajich [1]. Rakouska firma Geoconsult byla vedoucim partne-
rem sdruzeni Geoconsult — RITES JV, zajistujicim projekt
a stavebni dozor. Pfipravuje se zbyvajici usek mezi jiZnim
portdlem tohoto tunelu ve mésté Banihal (kde konéi Zeleznic-
ni trat' ze Srinagaru) a méstem Katra (kde stavajici Zelezni¢ni
trat’z centralni Indie kon&i). Caste¢né je jiZz ve vystavbé podél
upravené trasy koridoru a mé vice nez desetileté zpozdéni ve
srovndn{ s puvodnim harmonogramem.

Modernizace narodni silnice NH44 (drive NH-1A) z Jammu
do Srinagaru na dalnici se ¢tyfmi jizdnimi pruhy byla pripra-
vovéana stitnim investorem National Highway Authority of
India (NHAI — obdoba RSD) béhem uplynulych deseti let.
Nékteré tseky byly zadany a jsou realizovany jako koncesni
projekty [4], [6]. V roce 2011 byly zahdjeny prace na dvou
nejobtiznéjSich usecich trasy, na prechodech dvou horskych
hibetd Patnitop (tunel 9,2 km dlouhy, ve vy$ce 2000 m n. m.)
a Pir Panjal (tunel 8,5 km dlouhy, 2850 m n. m.). Oba useky
se buduji podle koncesnich schémat, s dobou trvani koncese
20 let, vCetné doby vystavby odhadované na pét let. Tunel
Patnitop je nyni dokoncen a v provozu (se zpozdénim asi
1 rok), Tunel Pir Panjal je stdle ve vystavbe, v poloviné roku
2017 je dokonceno 90 % razeb; uvedeni do provozu se oceka-
va v roce 2018.

Tunel Rothang pod prusmykem Rothang (8,8 km dlouhy, ve
vysce 3978 m n. m.) se nachdzi mezi dvéma indickymi staty
Himachal Pradesh a Jammu & Kashmir. Je soucdsti celoro¢-
niho silni¢niho spojeni do odlehlych oblasti Ladakh na narod-
ni ddlnici 21 (NH 21) mezi méstem Leh a populdrnim indic-
kym stfediskem Manali. Stavba je zaloZena na modelu smlou-
vy s investorem Navrhni—Nabidni—Postav (DBB). RaZzba
tunelu byla zahdjena v roce 2010 a stdle pokracuje od obou
portdla. Podle puvodniho harmonogramu mél byt tunel uve-
den do provozu v roce 2015.

Ve staté¢ Jammu & Kashmir jsou jesté dvé velké tunelové
stavby: 14 km dlouhy tunel Zojila, ktery je ve stadiu pfipravy
vybéru dodavatele, a 6,5 km dlouhy tunel Z-Morh, ktery je ve
vystavbeé od roku 2014. Smlouva na tunel byla uzaviena na
zdkladé modelu Postav—Provozuj—Predej (BOT) s ro¢nimi
platbami anuity, zatimco o stavbu tunelu Zojila se nyni, po
nékolika kolech nabidek bez vyhldSeni vitéze, soutézi podle
modelu EPC (Engineering—Procurement—Construction;
InZenyring—Vybér dodavatele—Stavba).

Vsechny dosavadni tunely se buduji podle principu Nové
rakouské tunelovaci metody (NRTM). RaZzba se provddi
a naddle predpokldda pomoci trhacich praci s pouzitim stfika-
ného betonu a horninovych svorniki na primdrni ostén{
a monolitického betonu jako definitivniho osténi s mezilehlou
vodotésnou izolaci. Délka tunelu Zojila je ekonomickd pro
pouZiti plnoprofilového tunelovaciho stroje TBM. Z duvodu
Caste¢né $patnych horninovych poméru, obtizného pristupu
ke stavenis$tim a omezeného geologického prizkumu byl ale
tunel navrZen jako konven¢né raZzend stavba. Principy metody
NRTM umoZni prizptisobeni projektu a stavebniho postupu
podminkdm zastiZenym na stavbé.

Specifickym rysem je to, Ze tunely maji ruzné koncepce
feSeni a to i na stejné ddlnici (NH44/NH 1-A), pfestoZze maji
stejného zadavatele (NHAI). Divodem jsou ruzni zpracovate-
1¢é projektové dokumentace staveb a neexistence jednoticich
smérnic pro silni¢ni tunely. Vyhody a nevyhody riznych kon-
cepci byly uvedeny v [1], avSak sprdvné porovndni bude
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two major mountain ranges of Patnitop (9.2km long at 2000m
above sea level) and Pir Panjal (8.5km long at 2850m
a.s.l.). Both sections are constructed according to DBFOT
concession schemes, with a concession period of 20 years,
including construction time estimated for five years. Patnitop
tunnel is now finished and in operation (having about 1 year
delay), Pir Panjal tunnel is still in construction with about
90% of excavation completed at mid of 2017 and opening to
operation expected in 2018.

Rothang Tunnel under Rothang Pass (8.8km long at 3978m
a.s.l.), close to the border between two Indian states of
Himachal Pradesh and Jammu & Kashmir, is a part of an all
year road connection to remote areas of Ladakh on National
Highway 21 (NH 21) between Leh and Manali (popular
Indian mountain resort). The project is based on a Design-
Bid-Build contract model (item rate) with the client Border
Roads Organization (BRO). Tunnel excavation started in 2010
and is still progressing from both portals. Original schedule
aimed opening to 2015.

There are other two big tunnel projects in Jammu &
Kashmir: the 14km long Zojila tunnel which is in procure-
ment preparation stage, and a 6.5km long Z-Morh tunnel
under construction since 2014. The Z-Morh tunnel has been
awarded on build—operate—transfer (BOT) annuity model,
whereas the Zojila tunnel project, after several rounds of bid-
ding without award is now being tendered on the EPC
(Engineering — Procurement — Construction) model.

All tunnels so far are constructed using principles of the
New Austrian Tunnelling Method (NATM), excavation is
done and foreseen mostly by drill&blast, shotcrete and rock
bolts are used as a primary support and cast in situ concrete
as a final permanent lining with waterproofing membrane in
between. Zojila tunnel has a length for economic TBM con-
struction. But due to partly poor ground condition, difficult
accessibility of the construction sites and limited ground
investigation, the tunnel was designed as conventionally
driven. Principles of NATM shall allow adaptation of the
design and construction process to the conditions facing
on site.

Specific feature is that the road tunnels have different con-
cept solutions, even on the same highway (NH44/NH 1-A)
and with the same owner, state road administration (NHAI).
This is a result of different consultants for the projects, and
not existing unifying guidelines for road tunnels. Pros and
contras of different concepts were presented in [1], however,
real and sound comparison can be made first after tunnels are
completed, and some traffic record data are available.

PATNITOP (CHENANI — NASHRI) TUNNEL
— THE LONGEST ROAD TUNNEL IN INDIA

Patnitop (Chenani Nashri) Tunnel, 9.2km long, on the
existing NH1A road is a single tube, 2-lane, bidirectional
tunnel with parallel escape tunnel. In DPR (detail project
report) phase possibility of widening into a second traffic
tube was considered. Tunnel alignment is a result of align-
ment studies performed in 2004-2006 by the author, and the
Client’s approval of the longest one (base tunnel) variant
with overburden of 1000m. “DPR” (Detail Project Report)
level defined concept solution (main and escape tunnel) see
Fig. 2, cross section, excavation and support, technologies
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mozné provést teprve po
dokon¢eni tunelt a ziskani
informaci z jejich provozu.

TUNEL PATNITOP
(CHENANI — NASHRD
— NEJDELSI SILNICNI
TUNEL V INDII

Celkem 9,2 km dlouhy
tunel Patnitop (Chenani—
Nashri) na stdvajici silnici
NH 1-A je jednotroubovy
obousmérny tunel se dvéma

méfitko scale 1:100

jizdnimi pruhy a s paralelnim
unikovym tunelem. Ve fazi
zpracovani pripravné doku-
mentace  Detail  Project
Report — DPR (obdoba DUR), se uvazovalo o moznosti poz-
déjsi realizace druhé tunelové trouby. Trasa tunelu je vysled-
kem studii provdadénych v letech 2004-2006 autorem a roz-
hodnutim investora pro nejdel$i variantu (bdzovy tunel)
s nadlozim vysokym 1000 metra. Projekt (ve fazi DPR) defi-
noval koncepci feSeni (hlavni tunel a dnikovy tunel, obr. 2),
pri¢ny fez, razbu a zaji§téni vyrubu, technologii tunelu (E/M)
a odpovidajici specifikace, vykazy vymér a predbézné odhady
nédkladi. Projekt byl zpracovdn firmou D2 Consult Prague
(nyni 3G Consulting Engineers s.r.o.), subdodavatele pro tune-
ly firmy Louis Berger Int. V roce 2010 byla udélena koncese
na projekt, financovani, provozovani a preddani po 20 letech
(DBFOT) indické skupiné IL&FS Transportation Networks Ltd
(ITNL). Firma Leighton Wellspun Co. (Austrélie) byla vybrdna
jako hlavni dodavatel stavby v&etné technologickych souboru,
avSak z duvodu smluvnich problému dodavatel odesel v roce
2013 ze stavby a stavba byla dokoncena jinymi dodavateli.
Spole&nost 3G Consulting Engineers s.r.o. pusobila jako tech-
nicky poradce béhem provadéni razeb firmou Leighton. Stavba
byla uvedena do provozu po n€kolika prodlouZenich termina
v dubnu 2017 (obr. 3). Detaily stavby viz [3], [5], [7].

Koncepce tunelu tak, jak je definovdna ve stadiu DPR,
zustala nezménénd s pripadnou moZnosti vystavby druhé
tunelové trouby pozdéji.

LLL

Obr. 3 Ministersky predseda Narendra Modi uvddi tunel Chenani — Nashri
pod hiebenem Patnitop do provozu
Fig. 3 Prime Minister Narendra Modi opens Chenani — Nashri Tunnel under

Patnitop

Obr. 2 Koncepcni resSeni silni¢niho tunelu Patnitop (Chenani — Nashri)
Fig. 2 Patnitop (Chenani — Nashri) road tunnel concept solution

(E/M), and corresponding specifications, BOQ and cost
estimates and was made by D2 Consult Prague (now 3G
Consulting Engineers s.r.o.) as a subcontract for Louis
Berger Int. In 2010, concession to design, build, finance,
operate and transfer after 20 (DBFOT) years was awarded to
an India-based group IL&FS Transportation Networks Ltd
(ITNL). Leighton Wellspun Co. (Australia), was chosen as
a general contractor for construction including E/M sys-
tems, however due to contractual disputes contractor left the
project in 2013, and project was completed by local con-
tractors and opened for traffic after several deadline exten-
sions, in April 2017 (Fig. 3). 3G Consulting Engineers
s.r.o. assisted Leighton during tunnel excavation works. For
project details see [3], [5], [7].

Tunnel concept as defined in DPR stage remained unchan-
ged with a potential for construction of the second tube later.

PIR PANJAL ROAD TUNNEL

The Pir Panjal road tunnel is located between Banihal
(direction to South-Jammu) and Quazigund (direction to
North-Srinagar) on NH-1A road and has been prepared in
DPR phase as a 8.45km, single tube, 2-lane, bidirectional tun-
nel with an escape channel under the carriageway. This con-
cept was changed by the Concessionaire during the detail
design stage to a twin tube, unidirectional concept as shown
in Figure 4, and approved by the Client NHAI.

The concept foresees two tunnel tubes with one traffic lane
and one emergency lane each. The unidirectional operations
and the twin tunnels with cross passages for escape possibili-
ty into other tube in case of fire or emergency are beneficial
for the safety of the tunnel users, and has been designed in
compliance with the European Directive 2004/54/EC on mini-
mum safety requirements for tunnels in the trans-European
road network.

Concessionaire for the project is Navayuga Quazigund
Expressway Private Limited, the Contractor is Navayuga
Engineering Company Ltd. and Geoconsult,
Engineering group, is the Detailed Design Consultant.

Geoconsult together in Joint-Venture with RITES Ltd. did
also design and supervision for the rail tunnel crossing the Pir

an Austrian

Panjal range in close distance from road tunnel and at just

slightly lower elevation, as mentioned before.
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SILNIENI TUNEL PIR
PANJAL !

Silni¢ni tunel Pir Panjal
leZi mezi mésty Banihal (ve
sméru na jih) a Quazigund
(ve sméru na sever na
Srinagar) na silnici NH44
(NH-1A). Tunel byl pfipra-
ven do stadia provddéciho
projektu jako 8,45 km dlou-
hy jednotroubovy obousmeér-
ny tunel se dvéma jizdnimi
pruhy, s tdnikovou chodbou
pod vozovkou. Tato koncep-
ce byla ve stadiu provadéci-
ho projektu zménéna konce-
siondfem na koncepci dvou
jednosmérnych tunelovych
trub, jak je zfejmé z obr. 4,
a tato zmeéna byla schvdlena
investorem NHAI.

Tato koncepce predpoklé-
déa dvé tunelové trouby, Frr——
kazdou s jednim dopravnim : S"”_a-g_a’
pruhem a nouzovym pru-
hem. Jednosmérny provoz
a dvé tunelové trouby s pro-
pojkami umoznujicimi tnik
do druhé trouby v pripadé
poZéaru nebo pri mimorad-
nych udélostech prispivaji
k bezpecCnosti provozu
a uzivatelad tunelu. Byly
navrzeny v souladu s evrop-
skou smérnici 2004/54/EC
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o minimdlnich bezpecnost-
nich pozadavcich na tunely
transevropské silni¢nf sité.

Koncesiondafem pro stav-
bu je spolecnost Navayuga Quazigund Expressway Private
Limited, dodavatelem stavby je spole¢nost Navayuga
Engineering Company Ltd a rakouskd inZenyrskd skupina
Geoconsult je zpracovatelem provadéciho projektu.

Geoconsult zpracoval projekt a provadél dozor pri vystavbé
Zelezni¢niho tunelu pod sedlem Pir Panjal nedaleko silni¢niho
tunelu a v mensi nadmorské vysce, jak je uvedeno vyse.

Koncesni smlouva byla podepsdna v Cervenci 2010, razba
tunelu byla zahdjena v roce 2011 a stdle pokracuje (s nékoli-
ka prestavkami), (obr. 5). V poloviné roku 2017 byla dokon-
Cena razba kaloty na 91 % (zdpadni/severni tunelovd trouba
v délce 3,6 km ze severu a 4,2 km z jihu, vychodni/jizn{ trou-
ba v délce 3,6 km ze severu a 4,3 km z jihu).

Koncepce dvou mensich soubéznych tunelovych trub spojo-
vanych kazdych 500 m propojkami (pro nouzovy tnik do
druhé trouby) muZe prokdzat vyhody pfi razbdch.

Razba se provadi nejprve v kaloté a nasledné se razi lavice.
PouZivaji se standardni techniky razby a zajisténi vyrubu (NRTM)
véetné sledovani pravidelnym geotechnickym monitoringem.

Dokonceni razeb se o¢ekdva na konci roku 2017 a provoz
ma byt zahdjen v roce 2018.

SILNICNI TUNEL ROTHANG

Stavba tunelu Rothang je stavba duleZitého silni¢niho tunelu
v Himadlajich zajistujictho celoro¢ni spojeni mezi stfediskem

Obr. 4 Silniéni tunel Pir Panjal, nové a puvodni koncepéni feSeni
Fig. 4 Pir Panjal road tunnel new, and original concept solution

The concession agreement was signed in July 2010, the
excavation of the tunnel started in 2011 and is still proceeding
continuing (with several interruptions) (Fig. 5). In mid of year
2017, top heading excavation was completed to 91% (west-
ern/northbound tube 3.6km from the North and 4.2km from
the South, eastern/southbound tube 3.6km from the North and
4 3km from the South).

The concept of two smaller parallel tubes connected each
500m with cross passages (for emergency escape into second
tube) proved also to have advantages for excavation works
and had also smaller stability problems. Excavation is perfor-
med by top heading excavation and subsequent benching.
Standard excavation and support techniques are used, as the
New Austrian Tunnelling Method is being followed regular
monitoring is being done.

Completion of excavation is expected for end of year 2017
and traffic operation in 2018.

ROTHANG ROAD TUNNEL

Rothang tunnel project is an important road tunnel in the
Himalya providing all weather connectivity between Manali
and Keylong, the capital of Lahaul-Spiti District located on
Manali — Leh National Highway (NH 21) in Himachal
Pradesh. It is underpassing almost 4000m high Rothang Pass,
opened just half of the year for the traffic.
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Manali a méstem Keylong (hlavni mésto oblasti Lahaul-Spiti)
lezicim na nédrodni silnici Manali — Leh (NH 21) ve statu
Himachal Pradesh. Soucasna silnice je oteviena pro dopravu
jen asi polovinu roku, prechdzi téméf 4000 m vysoky pra-
smyk. Tunel je 8,8 km dlouhy, jednotroubovy, obousmérny,
s inikovym kandlem pod vozovkou. Nachdzi se ve vySce pres
3000 m nad mofem a jeho maximaélni nadloZ{ je vysoké témer
2000 m. Koncepéni feseni je vidét na obr. 6. Stola pro nouzo-
vy tnik je umisténa pod vozovkou a pfistupna kazdych 500 m
nouzovymi pruchody. Kazdé dva kilometry jsou v tunelu otd-
Ceci zélivy (tri zdlivy).

Stavba je zaloZena na smlouvé typu polozkovych cen (Item
Rate Contract — FIDIC) a investor BRO (stdtni organizace
Border Roads Organization) vybral v roce 2009 jako dodava-
tele stavby tunelu spole¢ny podnik SAJV (Strabag-Afcons
JV). Razba tunelu byla zahdjena v roce 2010 a tunel mél byt
dokoncCen na konci roku 2015. Projektantem je australska
firma SMEC, stavebni dozor investora (Engineer — podle
FIDIC) pro tuto stavbu zajistuje rakouska firma D2 Consult
International ve spole¢ném podniku s indickou firmou ICT.
Kontrolu projektu zajiStuje rakouska spolec¢nost 3G (Geo-
technische Gruppe Graz) ve sdruZeni s firmou Vayamtech.

Tuneléiské prace postupuji od obou portdld, se zimni pre-
stdvkou priblizné 6 mésict na severnim portdlu (obr. 7).
Prordzka kaloty od obou portélu se o¢ekédvd v fijnu 2017 mezi
stani¢enimi 5+000 a 5+050.

Zvlastnim znakem razby tunelu je geologickd sloZitost
oblasti, problémy se svirdnim (konvergenci) vyrubu, bobtna-
nim, ndhlymi pritoky vody, zvodnélymi ,,tekoucimi* hornina-
mi a vysokymi teplotami horniny [2]. Tunel Rothang zastihl
nejtéz8i podminky z dosud vyraZenych dopravnich tuneld,
které jsou demonstrované napriklad razbou kaloty 500 m
dlouhého dseku v poruchové zéné tunelu v lokalité Seri Nala,
ktera trvala pres tfi roky.

TUNEL ZOJILA

Tunel Zojila je dulezitd souddst silni¢niho celoro&niho spo-
jeni mésta Srinagar do mésta Leh. LeZi v severovychodni
¢asti statu Jammu & Kashmir na ndrodni dalnici NH1. Tunel
umozmi podchod pod velmi obtiZznym prusmykem Zojila
(3500 m n. m.), ktery je obvykle uzavien po dobu az Sesti
mésicu v roce.

Obr. 5 Silni¢ni tunel Pir Panjal, jiZni portdl
Fig. 5 Pir Panjal road tunnel, South portal

TuoufHel

Tunnel is 8.8km long, single tube, 2-lane, bidirectional tun-
nel, with an escape channel under the carriageway. Tunnel is
located at elevation of more than 3000m with max. overbur-
den of almost 2000m. Concept solution can be seen on Fig. 6
The emergency escape tunnel is located below the pavement
and is accessible at 500m distances through emergency passa-
ges. Three turning caverns are located at distances of 2km.

Project is based on Item Rate Contract (FIDIC) and the
Client BRO (Border Roads Organization state agency) has
awarded construction of the tunnel to SAJV (Strabag-Afcons
JV) in 2009, tunnel excavation works started in 2010, and the
tunnel should have been completed at the end of 2015.
Designer is Australian SMEC, the Engineer (according to
FIDIC) for the project is Austrian D2 Consult International in
JV with Indian ICT, and Proof Checking Engineer is Austrian
3G company in JV with Vayamtech.

Tunnelling works are progressing from both portals, with
winter interruption for approximately 6 months at the North
portal (Fig. 7). Breakthrough of the top heading from both
portals is expected between chainage 5+000 and 5+050 during
October 2017.

Particular features of tunnel excavation is geological com-
plexity of the area, encountered problems of squeezing, swel-
ling, sudden ingress of water, running/flowing ground, and
high temperature of the ground [2]. Rothang tunnel is coping
with the most difficult conditions of the so far excavated long
transport tunnels, demonstrated by e.g. more than a 3-years
top.

ZOJILA TUNNEL

The Zojila tunnel is an important part of the all-weather
road connection from Srinagar to Leh and is located in the
north east part of Jammu&Kashmir along the national high-
way NHI1. The tunnel would provide an underpass of the very
difficult Zojila pass (3500m) which is usually closed up to 6
month a year.

The tunnel is designed as a single tube, two lane, bidirecti-
onal tunnel with a parallel egress tunnel and a length of
14.1km. The portals are situated in Baltal and Meenamarg
which leads to a continuous raising inclination from west to
east portal. Along the tunnel three vertical ventilation shafts
with depth of up to 480m are situated and cross passages will
connect the main tunnel with egress tunnel. The eastern portal
will have an elevation of approx. 3300m and the maximum
overburden is approx. 600m. Approach roads with lengths of
some km including snow galleries and minor bridges will be
required.

Several BOT tenders by BRO (Border Road Organization)
and NHIDCL (National Highways & Infrastructure Dev.
Corp.) were not successful and the tunnel project could not be
awarded from 2013 to 2016. The construction period of the
tunnel is estimated with approx. 7 years. At the moment
NHIDCL is setting up to implement the project under EPC —
Engineering, procurement & construction mode, wherein
government provides 100% funding [8].

Z-MORH

The Z-Morh tunnel is, similar to Zojila tunnel part of the
all-weather road connection from Srinagar to Leh. It is loca-
ted in the north east part of Jammu & Kashmir along the
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Tunel je navrZen jako 14,1 km dlouhd jednotrubni obou-
smérnd konstrukce s dvéma jizdnimi pruhy a soubéZnou tni-
kovou Stolou. Portdly se nachdzeji u poutniho mista Baltal
a vojenského kontrolniho stanovist¢ Meenamarg, coz vede
k trvalému stoupani od zdpadniho k vychodnimu portdlu. Na
trase tunelu jsou tfi svislé vétraci Sachty hluboké az 480 metra
a hlavni tunel bude spojen s tnikovou Stolou propojkami.
Vychodni portdl bude v nadmorské vysce priblizné 3300 m
a maximalni vyska nadlozi je priblizné¢ 600 m. Budou potreb-
né nékolik kilometru dlouhé piistupové komunikace vietné
protilavinovych galerii a men§ich mostu.

Nekolik soutézi na realizaci vyhlaSovanych zakazek (BRO —
Border Road Organization) bylo netspésnych a od roku 2013
do roku 2016 se nepodafilo uzavfit smlouvu na stavbu. Doba
vystavby tunelu se odhaduje priblizn€ na sedm let. V soucasné
dobé nové vznikly stdtni zadavatel NHIDCL pripravuje reali-
zaci tunelu podle zdsad EPC — Engineering, Procurement &
Construction, se 100% financovanim vladou [8].

Z-MORH

Tunel Z-Morh je podobny tunelu Zojila, leZi na dseku celo-
ro¢ni komunikace z mésta Srinagar do mésta Leh. LeZ{ v seve-
rovychodni ¢asti stdtu Jammu & Kashmir, na ndrodni ddlnici
NHI1, mezi vesnici Gagangeer a turistickym stfediskem
Sonamarg. Tunel vytvori alternativni trasu pro tsek NHI
v uzkém udoli s lavinovymi oblastmi, které se musi zavirat
béhem zimnich obdobi (obr. 8).

Tunel je 6,5 km dlouhy, jednotroubovy, se dvéma jizdnimi
pruhy, obousmérny se soubéznou tdnikovou Stolou. Nadmorska
vyska tunelu je priblizné 2600 metri, maximdln{ vyska nadlo-
7i je kolem 1100 m. Soucdsti stavby jsou nové pristupové
komunikace, predevsim v oblasti jizniho portalu.

Tunel se stavi podle modelu Navrhni, Postav, Financuj,
Provozuj a Predej (Design, Build, Finance, Operate and
Transfer — DBFOT), firmami IL&FS Transportation Networks
Ltd a SOMA Enterprise Limited (SOMA) [10]. Smlouva byla
uzavrena v roce 2014. Prace na tunelu pokracuji, i kdyz pro-
blémy tykajici se ziskdvani pozemku vedly ke zpozdénim.

SHRNUTI - ZAVER
Pred Sesti lety, v roce 2011, byl dspesné proraZen nejdelsi,
11 km dlouhy Zelezni¢ni tunel pod pohofim Pir Panjal a tri

Obr. 7 Rothang, realizace vozovky a vnitiniho osténi, pouZiti systému Rowa
Fig. 7 Rothang, realisation of roadway and inner lining, application of Rowa
system
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Obr. 6 Koncepcni reSeni silni¢niho tunelu Rothang
Fig. 6 Rothang road tunnel concept solution

national highway NH1 between the villages Gagangeer and
the tourist resort Sonamarg. The tunnel will create an alter-
native route for a NH1 section in a narrow valley with ava-
lanche areas which must be closed during certain periods in
winter (Fig. 8).

The tunnel is a single tube, two lane, bidirectional tunnel
with a parallel egress tunnel and a length of 6.5km. The tun-
nel elevation is approx. 2600m with a maximum overburden
of approx. 1100m. New approach roads, especially in the
south portal area are also part of the project.

The tunnel is built under Design, Build, Finance, Operate
and Transfer (DBFOT) Annuity model by the Srinagar-
Sonamarg Tunnelway Limited (SSTTL) the Special Purpose
Vehicle set up by the IL&FS Transportation Networks Ltd.
and SOMA Enterprise Limited (SOMA) for execution of the
project [10]. The contract was awarded in 2014. The works for
the tunnel are ongoing even though issues concerning land
acquisition have resulted in delays.

SUMMARY - CONCLUSION

Six years ago, in 2011, the longest rail tunnel of approx.
11km under Pir Panjal mountain has been just successfully
broken through, and three long road tunnels in Indian North-
West Himalaya were at the beginning of tunnel excavation
with expected breakthrough in 3 — 4 years. Now, in the mid of
2017, just one of these challenging road projects (Patnitop
tunnel) is completed and in operation. Two others are compe-
ting with problems, not just geotechnical ones, but both are
still progressing. There is a reasonable hope and chance, that
they will be finished and put in operation in not so distant
future.

The other two long road tunnels (Zojila, Z-Morh) are still in
preparation, with cancelled tender processes and other admi-
nistrative preparation constrains including change of state
agencies responsible for the projects.

There are always some reasons for delays (and connected
cost escalation) of large project’s preparation and realization.
It happens sometimes also in rich developed countries, with
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dlouhé silni¢ni tunely v indickych severozdpadnich Hima-
lajich byly na zacatku razeb s ofekdvanymi prorazkami za tfi
aZ Ctyri roky. Dnes, v poloviné roku 2017, je dokon¢ena a pro-
vozovéana jedind z téchto ndro¢nych silni¢nich staveb (tunel
Patnitop). Dal$i dvé se setkdvaji s mnoha problémy, a to nejen
geotechnickymi. Presto ale obé stavby stdle pokracuji.
Existuje pfiméfeny predpoklad, Ze budou dokonéeny a uvede-
ny do provozu v nedaleké budoucnosti.

Ostatni dva dlouhé silni¢ni tunely (Zojila a Z-Morh) jsou
dosud ve stadiu pripravy a pocdtku realizace, s omezenimi
vyplyvajicimi ze zruSenych soutézi a jinych administrativnich
pripravnych ¢innosti vCetné zmén stitnich organizaci odpo-
védnych za tyto stavby.

Vidy existuji néjaké davody pro zpozdéni (a souvisejici
zvySovani cen) pripravy a realizace velkych staveb. Dochaz{
k tomu i v bohatych rozvinutych zemich, se zkusenymi a tech-
nicky schopnymi investory s adekvdtnimi lidskymi a financ-
nimi kapacitami. Proto by bylo prekvapivé, kdyby nové, jedi-
necné a extrémné ndro¢né tunelové stavby v zemi bez prislus-
nych zkuSenosti a v odlehlych mistech byly fizeny a dokon-
Ceny bez jakychkoli problému a podle harmonogramu. Vez-
meme-li v ivahu dané podminky, je dne$ni stav staveb primeé-
fené dobrym vysledkem. Z4dn4 ze staveb nebyla zrusena, jed-
na je dokoncena se zpozdénim asi jeden rok, dvé stavby ply-
nule pokracuji a realizace a priprava dalSich dvou jesté neby-
la zruSena.

Jedind dokoncena stavba, tunel Patnitop, podle ndzoru auto-
ra, tézila ze spravné koncepce, schopného dodavatele tunelo-
vych staveb na zacdtku vystavby, relativné priznivych geo-
technickych podminek a z relativné dobré polohy s prihlédnu-
tim k moZnostem dopravy a logistiky stavby.

Lze jen doufat, Ze aspon nekterd z ponauceni se vyuZiji na
budoucich tunelovych stavbach, a to nejen v indickych
Himalajich.

Ing. MARTIN SRB, Ph.D., srb@3-g.cz,
3G Consulting Engineers s.r.o.
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relevant experience and technically competent clients, with
adequate personnel, and financial capacities. Therefore it
would be close to miracle, if the new, unique and extremely
challenging tunnelling projects in country without respective
experience and in remote locations, would be managed and
completed without any problems, and on schedules. Today’s
state of projects is a reasonably good result, considering given
conditions. None of the projects was cancelled, one is finished
with about a year delay, construction of the two others is ste-
ady progressing, and preparation of the other two has not yet
been cancelled.

The only finished project, Patnitop tunnel, to author’s opi-
nion, benefited from the sound concept, competent tunnel
contractor at the beginning, relatively favourable geotechnical
conditions, as well as from relatively good location, conside-
ring transport possibilities and project logistics.

It can be just believed, that at least some of the lessons lear-
ned, shall be used for the future projects, and not only in
Indian Himalaya.

Ing. MARTIN SRB, Ph.D., srb@3-g.cz,
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VYZKUMNE CENTRUM CESTI - APLIKACNI VYSLEDKY
CESTI RESEARCH CENTRE - APPLICATION RESULTS

PETR BILY, MARCELA PAVLIKOVA

ABSTRAKT

Nejlepsi prezentaci jakékoliv vyzkumné Cinnosti jsou bezesporu hmatatelné vysledky. Rejstrik informaci o vysledcich (RIV)
uvddi, Ze doposud bylo v rdmci projektu Centra pro efektivni a udrZitelnou dopravni infrastrukturu (CESTI) dosaZeno celkem 415
vystupii ruznych kategorii podle souc¢asné metodiky hodnoceni vysledki vyzkumu. Kviili casové ndroénému procesu zarazovdni
vysledkii jsou zde ale uvedené pouze ty, které byly dosazeny do konce roku 2015. I kdyZ znacné mnoZstvi z nich jsou ty publikac-
ni, je nutné zdiiraznit, Ze centrum CESTI se soustreduje zejména na aplikacni vysledky typu patent, uZitny vzor, prototyp, funkcni
vzorek, ovérend technologie, prip. certifikovand metodika a softwarovy produkt. Takovych mélo CESTI do konce roku 2016 na
svém konté uz vice nei sedmdesdt. Cldnek predstavuje nékteré ze zajimavych aplikacnich vysledkii. Jeliko? vysledky balicku
,» WP4.: Tunely — pokrocilé technologie a efektivni technickd reseni* jsou podrobnéji prezentovdny v dalsich dvou ¢ldncich véeno-
vanych projektu CESTI uverejnénych v tomto isle Casopisu, zaméri se Cldnek na vybrané vysledky ostatnich pracovnich balickii.

ABSTRACT

The best presentation of any research activity is undoubtedly provided by tangible results. The index of information about results
states that the total of 415 results of various categories of research have been so far achieved within the framework of the Centre
for Efficient and Sustainable Transportation Infrastructure (CESTI) according to the current methodology for assessing results.
Because of the time consuming process of including results, only the results achieved by the end of 2015 are presented here. Even
though a significant amount of them are from the publication category, it is necessary to emphasise the fact that the centre is focu-
sed first of all on application results of the type of patents, utility models, prototypes, functional samples, verified technologies or
certified methodologies and software products. The CESTI had over seventy application results of this type by the end of 2016.
The paper introduces some of the interesting application results. Since the results of the WP4 package “Tunnels — advanced tech-
nologies and effective technical solutions” are presented in more detail in other two papers dedicated to the CESTI project pub-

lished in this journal issue, this paper will be focused on selected results of the other work packages.

EMULZNI STUDENE ASFALTOVE SMESI

V oblasti silni¢nich staveb je snahou feSitelt zlepsit funk&n{
parametry konstrukénich vrstev vozovky z hlediska trvanli-
vosti a Zivotnosti, hledat novd materidlova reSeni, optimalizo-
vat systémy odvodnéni vozovek ¢i systémy obnovy a tdrzby
vozovek. Pii vSech Cinnostech je kladen duraz na podporu
maximdlni recyklovatelnosti a vyuzivani recyklovanych
a odpadnich materialu.

Jednim ze zpusobu, jak v technologii asfaltovych smési pod-
statn€ sniZit energetickou naro¢nost a ve zvySené mire odstra-
nit emise sklenikovych plynu, je obalovadn{ kameniva asfalto-
vou emulzi pri bézné teploté bez potreby ohfevu, navic s moz-
nosti pouziti i zavlhlého kameniva.

Na zakladé dil¢iho vystupu ,, Soubory technickych specifika-
ci a parametri ndvrhu smési NTAS s R-materidlem pro inova-
ci TP238“ (NTAS = nizkoteplotni asfaltové smési) z roku
2015 bylo realizovano praktické ovéfeni upravenych typu niz-
koteplotni asfaltové smési, a to s vyuZitim bud nové zavadé-
nych prisad vhodnych pro vyrobu asfaltové smési s doplnko-
vym oznacenim ,,NT* (nizkoteplotni), nebo s vyuZitim kon-
ceptu, pri kterém se v ndvrhu asfaltové smési uplatni kombi-
nace nizkoviskdzni ¢i nizkoteplotni pfisady spole¢né s oZivo-
vaci latkou na bdzi minerdlniho oleje nebo obnovitelnych pri-
rodnich zdroju (napf. fepkovy olej) a minimdlné 20 % hm.
asfaltového R-materidlu.

Pro prvni typ technického konceptu byly realizovdny zku-
Sebni dseky na dcelovych komunikacich ¢i na silnici II1. tfidy,
a to s aplikaci do standardni asfaltové smési typu AC (asfalto-
vy beton). Aplikovdna byla pojiva, jez byla pred vlastni vyro-
bou asfaltové smési upravena bud nanochemickym typem NT
prisady, nebo tenzidickym typem prisady. Prvni typ prisady

EMULSION COLD ASPHALT MIXTURES

The effort of researchers in the area of road construction is
to improve functional parameters of roadway structural cour-
ses in terms of durability and service life, to search for new
material solutions, optimise roadway drainage systems or sys-
tems of renovation and maintenance of roadways. In all acti-
vities the stress is put on the support of maximum recyclabili-
ty and application of recycled waste materials.

One of the ways to reduce the power demands in the tech-
nology of asphalt mixtures and to an increasing extent remo-
ve greenhouse gas emissions is coating of aggregates with
asphalt emulsion at normal temperature, without the need for
heating, in addition with the possibility of using even wet
aggregates.

The practical verification of modified types of low-tempera-
ture asphalt mixture was realised on the basis of the partial out-
put “Sets of technical specifications and parameters of the
design of LTA mixtures with R-material for innovation TP238”
(LTA = low temperature asphalt) from 2015, using newly int-
roduced additives suitable for the production of the asphalt
mixture with additional designation “LT” (low temperature) or
using a concept where a combination of low-viscosity or low-
temperature additive together with a mineral oil or a rejuvena-
ting agent based on renewable natural sources (e.g. oilseed
rape) and at least 20% of weight of asphalt R-material.

Testing sections on private roads or tertiary roads were rea-
lised for the first type of the technical concept with the appli-
cation into standard AC-type (asphalt concrete) mixture. The
binding agents which were applied were modified prior to the
production of the asphalt mixture either by a nanotechnical-
type of an LT additive or a tensidic-type additive. The first
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Obr. 1 ZkuSebni tisek TereSov — Biskoupky — Vejvanov
Fig. 1 Testing section TereSov — Biskoupky — Vejvanov

obecné vytvari sdruZzeny chemo-mechanicky Géinek, kdy maze
zlep§it charakteristiky povrchové aktivity pri obalovani kame-
niva — upravi povrchové napéti, tim zjednodusi zpracovani,
coz vede k moZnosti sniZit vyrobni teplotu. Soucasné s tim se
zlepSuje prilnavost a jako dal$i vedlejsi efekt, ktery byl pri
vlastni realizaci prokdzdn, omezuje se i charakteristicky
zdpach horké asfaltové smési, tzn. G¢inek pro lepsi pracovni
prostfedi. Druhy typ pfisady (napt. pouziti CECA Base nebo
REDISET) umoznuji vyhradné zlepSit charakteristiky povr-
chového napéti — v tomto pripadé je sniZi a tim zlepsi zpraco-
vatelnost, diky ¢emuz lze opét sniZit pracovni teplotu. Pfi redl-
nych zkuSebnich udsecich se tak podarilo pokladku provadeét pri
teploté okolo 130 °C.

V druhém pripadé byl realizovéan vétsi zkusebni tsek na sil-
nici III. tiidy mezi obcemi TereSov a Vejvanov. V tomto pripa-
dé byly ovéreny tfi nové typy syntetickych vosku, a to v ruz-
ném mnoZstvi davkovani prisady v asfaltovém pojivu a tech-
nologie pénoasfaltové smési. Uvedené bylo kombinovéano
s rejuvendtorem, ktery se pouZzil pro zlepSeni aktivace asfalto-
vého pojiva v R-materidlu (recyklovaném materidlu).
Aplikovany byly dva typy asfaltové smesi — ACL 16+ v lozni
vrstvé s 60 % asfaltového R-materidlu a ACO 11+ v obrusné
vrstvé s 40 % asfaltového R-materidlu. Asfaltovd smés byla
dovezena pri teploté 128-132 °C, pri¢emz hutnéni bylo zaha-
jeno pri teploté 120-125 °C. Hutnéni bylo prubézné kontrolo-
vano s kone¢nym provedenim overovaci zkousky miry zhut-
néni, jakoZ i s odbérem zkuSebnich vyvrtu a provedenim kon-
trolnich zkousek a rozbora.

Ve vSech provedenych pripadech byla ovéfena funk&nost
navrZzenych typua asfaltové smési, byl ovéfen pozitivni pfinos

(3

aplikace rejuvendtoru pri vy$$im podilu R-materidlu a soucas-
né byla prokdzdna dobra zpracovatelnost i pfi niz8i pracovni
teploté v prub€hu rozprostirani a ndsledného hutnéni asfaltové
smési. Useky jsou v ramci dalsi aktivity centra CESTI zafaze-
ny do monitoringu s pravidelnymi vizudlnimi prohlidkami
a odbérem zkuSebnich vyvrtd pro ovéreni vyvoje funk&nich

charakteristik v ¢ase (obr. 1 a 2).

SOFTWAROVY PRODUKT RIRI

Program RIRI by vytvoren za dcelem hodnoceni geometric-
ké kvality vrstev vozovek pozemnich komunikaci z dat lasero-
vého skenovani. Umoznuje provadéni analyzy podélnych
a pfi¢nych nerovnosti, méfenych standardné lati dle CSN EN
13036-7, a mezindrodniho indexu nerovnosti. Vypoctena data

TuoufHel

type of the additive generally creates a combined chemo-
mechanical effect capable of improving characteristics of sur-
face activity in the process of coating the aggregates. It chan-
ges the surface stress, thus simplifies processing, which leads
to the possibility of reducing the production temperature.
Concurrently with this process, the bond strength increases
and, as an additional side effect proved during the realisation,
restricts even the characteristic bad smell of a hot asphalt mix-
ture, which means an effect for better working environment.
The other additive types (for example the used CECA Base or
REDISET) allow exclusively for improving characteristics of
the surface tension — in this case reduce, thus improve the
workability, owing to which fact it is again possible to reduce
the working temperature. In this way the placement of the
mixture was successfully carried out at temperature about
130°C in realistic testing sections.

In the second case, a larger testing section was realised on
the tertiary road between the villages of TereSov and
Vejvanov. In this case three new types of synthetic waxes
were verified for various dosing rates of the additive in the
asphalt binding agent and the foam-asphalt mixture technolo-
gy. The above-mentioned procedure was combined with
a rejuvenator, which was used for improving the activation of
the asphalt binder in the R-material (recycled material). Two
asphalt mixture types were applied — ACL 16+ in the base
course with 60% of asphalt R-material and ACO 11+ in the
wearing course with 40% of asphalt R-material. The asphalt
mixture was brought at the temperature of 128-132°C and
compacting started at the temperature of 120-125°C. The
compaction was continually checked with the final execution
of a verification test of the rate of compaction, taking testing
core samples and conducting check tests and analyses.

In all realised cases the functionality of the proposed types
of asphalt mixtures was verified, the positive contribution of
the application of the rejuvenator at a higher proportion of the
R-material and, at the same time, good workability even at
a lower working temperature during spreading and subsequent
compacting of the asphalt mixture was proved. The sections
are included within the framework of another activity of the
CESTI centre into the monitoring with regular visual inspec-
tions and taking testing core samples for the verification of
the development of functional characteristic with time (see
Figures 1 and 2).

Obr. 2 Kontrola poklddky lozni vrstvy 23. 10. 2016
Fig. 2 Checking the laying of the base course 237 October 2016




je mozné v programu prohliZet a lokalizovat tak specifické
useky a jim odpovidajici parametry. Ddle je moZné vyuzit
export dat pro prohliZen{ v jinych ndstrojich a tvorbu proto-
kolu. Software byl vytvofen v programovém jazyce Python.
Inovovand verze umoznuje zménu délky laté pri méfeni
nerovnosti, pokro¢ilé prohliZzeni vysledka analyzy &tvrtvo-
zidla v jednom grafu spole¢né s podélnym profilem a gene-
rovani textovych vystupu uréenych pro tvorbu zkuSebnich
protokold.

VYHYBKY A VYHYBKOVE KONSTRUKCE
PRO VYSOKE RYCHLOSTI

Vyzkum v oblasti rozvoje kolejové infrastruktury Zeleznic-
nich a méstskych drah se snazi o propojeni vyrobcu, staveb-
nich spole¢nosti a vyzkumnych organizaci. Vysledky vedou
ke zvySovani rychlosti, provozniho zatiZeni, bezpecnosti,
jizdniho komfortu a dostupnosti kolejové dopravy pri splnéni
ekonomickych a environmentédlnich poZadavku (napf. sniZen{
emis{ hluku a potlacenf Sifeni vibraci), zejména v zastavéném
uzemi.

Reéitelsk}’/ tym pracuje mimo jiné dlouhodobé na tkolu
vyvoje a zkouSeni vyhybek a vyhybkovych konstrukci pro
vani §tihlej$ich geometrii vyhybek, které kromé vetsi rychlos-
ti jizdy do odbocky umoznuji také klidnéjsi prechod pri jizdé
v pfimém sméru. Tomuto trendu je uzpusobena vyhybka J60
1:33,5/8000/4000/, kterd vyuZzivd klotoidniho prub&hu
odboc¢né vétve a je ovladdna hydraulickym prestavnym systé-
mem jak ve vyménové, tak i srdcovkové &dsti. Vyrobeny byly
funkéni vzorky vyménové a srdcovkové Cdsti vyhybky a na
internim zkuSebnim pracoviS§ti DT Vyhybkdrna a strojirna,
a.s., probihd dlouhodobé ovérovani jejich funkénosti. Do
vykresové dokumentace jsou postupné implementovany
poznatky ziskané z vyroby i z praktickych zkousek. Pfi vyvo-
ji novych vyhybek je prfitom nutné zohlednit také zpusob
manipulace, transportu a pokladky $tihlych vyhybek v pod-
minkéch CR.

Byl sestaven a je zpresnovan vypoltovy model chovani
vyhybky pod zatiZenim, ktery bude optimalizovat tuhost kole-
jové jizdni drahy po délce vyhybky. Dostupnym vystupem je
zatim statické feSeni, ze kterého je zfejmy obvykly prubéh
tuhosti po délce vyhybky jako u standardnich vyhybek. Byla
také zahdjena numerickd simulace za dcelem zajisténi homo-
genity jizdni drdhy z hlediska poklest po délce vyhybky. Byl
vytvoren 3D geometricky model vyhybky, ktery byl naéten do
softwaru ANSYS.

V oblasti vypoctového modelovani byl dédle posuzovan kryt
zdvérovych a prestavnych systémi vyhybky. Vzhledem
k tomu, Ze horni plocha krytu zasahuje témér do drovné temen
kolejnic, vyvstala obava, Ze pri jizdé vlaku s rozvéSenou Srou-
bovkou muZe dojit k poSkozeni krytu a pfipadné i zafizen{
prestavniku. Na zdkladé vypoctového modelovdni bylo
nasledné navrzeno nékolik variant opatfeni pro ochranu zari-
zeni.

Probihé validace za provozu vyhybky s inovativnimi prvky,
které najdou nédsledné uplatnéni i pfi konstrukei vysokorych-
lostnich vyhybek. Jde napriklad o pevné srdcovky z bainitic-
ké oceli, zpruznéni v systému upevnéni, vileckovou stoli¢ku
pro srdcovky s pohyblivymi hroty a dalsi. Do provozniho oveé-
feni byly také nové zalenény dlouhé podlozky pod odlitky
srdcovky. Jsou zkouSeny jak pod nové dodanymi srdcovkami,
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SOFTWARE PRODUCT RIRI

The RIRI software was developed for the purpose of asses-
sing geometrical quality of roadway courses using data provi-
ded by laser scanning. It allows for carrying out the analysis of
longitudinal and transverse surface irregularities measured by
a standard straight edge according to the CSN EN 13036-7
standard and the international index of irregularity. It is possib-
le to view and in this way locate specific sections and parame-
ters corresponding to them. It is in addition possible to use the
data export for viewing things in other tools and development
of protocols. The software was developed in Python program-
ming language. The innovated version allows for changing the
straight edge length during the course of measuring the irregu-
larities, advanced viewing the results of the analysis of a quar-
ter vehicle in one graph together with the longitudinal section
and generating text outputs designed for the creation of testing
protocols.

TURNOUTS AND SWITCHING STRUCTURES
FOR HIGH SPEEDS

Research in the area of the development of the infrastructure
of railways and urban rail tracks tries to connect manufacturers,
civil engineering companies and research organisations. The
results lead to increasing the speed, operating loads, safety, tra-
vel comfort and accessibility of rail transport with economic
and environmental requirements (e.g. reducing noise emission
and suppressing the propagation of vibration) fulfilled, first of
all in developed areas.

The research team works in the long term among others on
the problem of the development and testing of turnouts and
switching structures for high speeds. Increasing speeds bring
about the need for the use of slenderer turnouts allowing, apart
from higher speed of riding into the branch, also quieter passa-
ge at riding in the straight direction. Turnout J60 1:33.5/8000/-
4000/2 is accommodated to this trend. It uses clothoidal cour-
se of the branch and is controlled by a hydraulic switching sys-
tem both in the switching part as well as the frog part.
Functional samples of the switching part and the frog part of
the turnout were manufactured and long-term verification of
their functionality is underway at DT Vyhybkarna and
Strojirna, a. s., (a turnout manufacture plant). The knowledge
gathered from the manufacture and practical testing is gradual-
ly incorporated into drawings. When new turnouts are being
developed, it is necessary to take into account even the way of
handling, transportation and laying slender turnouts in the con-
ditions of the Czech Republic.

A computational model of turnout behaviour under load was
compiled and is being refined. It will optimise the toughness of
the slab track throughout the turnout length. A static solution
from which the usual course of toughness identical with the
course of toughness of standard turnouts throughout their
length is for the time being available. In addition, the work on
a numerical simulation was started with the objective to secure
the homogeneity of the slab track from the aspect of subsiden-
ce throughout the turnout length. A 3D geometrical model of
a turnout was developed and was loaded into the ANSYS pro-
gram.

In the area of computational modelling, the cover of points
locking and switching systems of the turnout were further
assessed. With respect to the fact that the upper surface of the
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Obr. 3 Model srdcovky s pohyblivym hrotem pro vyhybky pro vysokorychlost-
ni traté
Fig.3 The model of the movable point frog for turnouts for high-speed tracks

tak pod stdvajicimi konstrukcemi a vyrobky. Byl zkuSebné
odlit rdim srdcovky s pohyblivym hrotem srdcovky (obr. 3),
ktery byl vyroben z bainitické oceli. Jeho kvalita a vnitfn{
homogenita byla ovéfena zkouskami zaloZenymi na postup-
ném odebirdni materidlu na funkénich plochdch a kontrolou
povrchu penetracni zkouSkou. Laboratorni zkouSeni dil¢ich
prvka vysokorychlostni vyhybky se tykalo také napriklad
zkouSeni bezpecnosti prestavného systému DTZ 6/3, zkousky
stézejky, zkousky agregdatu DTZ v mrazici komore nebo odla-
déni komunikaéniho driveru fidici jednotky elektrického ohte-
vu vyhybek (obr. 4). Byly provedeny zkouSky zdv€rovych
hydraulickych systému vloZenych ve vyménové a srdcovkové
¢asti vyhybky na zkuSebnim vzorku. VSechny aktivity sméruji
k vytvoreni prvniho funk&niho vzorku této vyhybky, ktery ma
byt provozné testovdn podle predpokladu v roce 2018 po vlo-
Zeni na trati ve vlastnictvi Spravy Zelezni¢ni dopravni cesty,
S. 0., jejiz zastupci cely vyvoj pravidelné konzultuji.

MESTSKA PROTIHLUKOVA STENA

Kolem kolejovych drah obecné se pouzivaji k utlumeni
hluku tzv. nizké protihlukové stény, které se umistuji co nej-
bliZze ke zdroji hluku, tedy styku kola s kolejnici. Jako vysle-
dek centra CESTI vznikl ndvrh protihlukové stény sestavova-
né ze vzdjemné propojenych dilcu specifického sloZeni.
Kazdy dilec je tvoren pevnym vyztuZnym rdamem, ktery je
vyplnén jadrem (plnivo), a vnéjsi akusticky pohltivou vrstvou
z pojeného gumového granuldtu se soustavou otevienych
a uzavienych péru. Dilce maji nizkou hmotnost, takZe umoz-
nuji montdZz i bez mechanizace. Navic jsou velmi snadno
demontovatelné napfiklad v pripadé dopravnich nehod.
Redeni, které nabizi fadu variant, podléhd ochrané uzitnym
vzorem. Ve spolupraci s Dopravnim podnikem hlavniho mésta
Prahy, diky které vznikl zkuSebni tsek pro ovéfeni t¢innosti
méstské protihlukové stény, mohou byt vysledky prakticky
overovany (obr. 5).

PREFABRIKOVANY NOSNIK PRO SPRAZENE MOSTNI
KONSTRUKCE

Zna&na Cdst vyzkumnych aktivit se vdZe na reSeni probléma
souvisejicich s vystavbou, ddrzbou a rekonstrukcemi mosta.
Pro stdvajici konstrukce je cilem jednak tvorba vyspélych
metodik pro diagnostiku, udrzbu, opravy a rekonstrukce

TuoufHel

cover nearly extends to the level of the top of rails, anxiety
arose that the cover and possibly the point operating apparatus
could be damaged in the case of a train riding with the discon-
nected screw coupling. Several variants of measures designed
to protect the facility were subsequently proposed on the basis
of the computational modelling.

The in-service validation of the turnout with innovative ele-
ments is in progress. These elements will find the use even in
the construction of high-speed turnouts. Among them there
are, for example, firm frogs made of bainitic steel, increasing
elasticity in the fixation system, a roller heel stock for move-
able point frogs etc. Long pads under cast frogs were also
newly incorporated into the in-service verification. They are
tested both under newly supplied frogs and under existing
structures and products. A frame of the moveable point frog
(see Fig. 3) was cast as a test. It was made of bainitic steel. Its
quality and internal homogeneity were verified by tests based
on gradual removing the material on functional surfaces and
by checking the surface by a penetration test. The laboratory
testing of partial elements of the high-speed frog comprised
even the testing of the safety of the DTZ 6/3 switching sys-
tem, testing of the hinge, testing of the DTZ aggregate in
a freezing chamber or debugging of the communication driver
of the control unit of the electrical heating of turnouts (see
Fig. 4). Tests of hydraulic switch closure systems inserted into
the switch and frog part of the turnover were carried out on
the testing sample. All activities are directed to the creation of
the first functional sample of this turnout, which is to be tes-
ted in service according to assumptions in 2018, after it is

=

Obr. 4 Inteligentni ohiev vyménové &dsti vihybky pro vysokorychlostni traté
Fig. 4 Intelligent heating of the switching part of a turnout for high-speed

tracks




Obr. 5 ZkuSebni tisek s méstskou protihlukovou clonou na tramvajové trati
Branik — Modrany v Praze

Fig. 5 Testing section with the urban noise barrier on the Branik — Modranny
tram track in Prague

mostl, jednak vyvoj novych materidlu vhodnych pro opravy
a rekonstrukce. V piipadé novych mosta vyzkumné aktivity
sméfuji k pouZivdni pokrocilych konstruk&nich systému
(napf. hybridnich mostu), detaild, materidla (vysokohodnotny
beton a FRP materidly; FRP = fiber reinforced polymers —
vlakny vyztuZené polymery) a metod vystavby.

Technické feSeni chrdanéné uzitnym vzorem se tykd prefab-
rikovanych predpjatych nosniku pro spfaZené betonové most-
ni konstrukce silni¢ni nebo délni¢ni. Prefabrikdt md charakter
tenkosténné skorepinové konstrukce ve tvaru pismene U s pri-
rubou (tzv. omega nosnik) nebo bez priruby a ma funkci
samonosného ztraceného bednéni. Skofepina je vyrobena
z vysokohodnotného betonu. Novy typ prefabrikatu umoznu-
je sniZit hmotnost aZ na tfetinu hmotnosti stdvajicich prefab-
rikatl, coz radikdlné snizuje ndroky na prepravni a manipu-
laéni prostfedky a umoznuje vyuziti technologie i na stavbach
s obtiZznou dostupnosti pro t€Zkou mechanizaci. PouZiti vyso-
kohodnotného betonu na povrchovou vrstvu konstrukce zajis-
ti jeji vysokou Zivotnost.

Nosnik je mozné vyuZzit zejména u kolejovych drah, kon-
strukef ldvek pro pési, zastropeni hloubenych tunelt, parkova-
cich ploch i pro extrémné zatiZené stropy pozemnich staveb.

Podarilo se vyrobit prvni prvky pro konkrétni stavbu mostu
v lomu Trebnuska (obr. 6, 7). V leto§nim roce se predpoklada
dokonéen{ stavby a ndsledné dlouhodobé sledovani nosniku
a mostu jako celku. V roce 2017 by ddle mél pokraovat vyvoj
tohoto systému s rozsifenim o vyvoj bednicich prvka pracov-
ni spary. Nasledné lze ofekdvat komer¢ni uplatnéni.
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inserted into a track owned by the Railway Infrastructure
Administration, state organisation, the representatives of
which regularly consult about the development.

URBAN NOISE BARRIER WALL

The so-called “low noise barriers are generally installed
along rail tracks. They are placed as close to the noise source
(the contact of the wheel with rail) as possible. A design of
a noise barrier wall assembled from interconnected segments
with specific composition originated as a result of the CESTI
centre. Each segment is formed by a firm reinforcing frame
which is filled with a core (a filler) and an external acoustical-
ly absorbing layer of the bound rubber granulate with a system
of open and closed pores. The weight of the segments is low,
therefore the assembly is possible even without mechanical
equipment. In addition, the segments are very easy to disas-
semble, for example in the case of traffic accidents. The solu-
tion, which offers a range of variants, is subject to protection
by a utility model. The results can be practically verified in
collaboration with the Prague Public Transit Company Inc.,
owing to which a testing section originated for verifying the
effectiveness of an urban noise barrier wall (see Fig. 5).

PRECAST BEAM FOR COMPOSITE
BRIDGE STRUCTURES

A significant part of research activities is bound to solving
problems associated with the construction, maintenance and
reconstruction of bridges. Regarding existing structures, the
objective is to develop advanced methodologies for diagnos-
tics, maintenance, repairs and reconstruction of bridges and
develop new materials suitable for repairs and reconstruction.
In the case of new bridges, the research activities are directed
to the application of advanced structural systems (e.g. hybrid
bridges), details, materials (high performance concrete and
FRP materials; FRP = fibre reinforced polymers) and con-
struction methods.

The technical solution protected by a utility model concerns
precast pre-tensioned beams for combined concrete road or
motorway bridge structures. The precast beam has the charac-
ter of a thin-walled monocoque structure either with the shape
of letter U with a flange (the so-called “omega beam”) or
U without a flange. It fulfils the function of self-supporting
permanent formwork. The monocoque structure is made of
high-performance concrete. The new type of the precast struc-
ture allows for reducing the weight up to one third of the
weight of existing precast products, which fact radically
lowers the demands for the means of transportation and hand-
ling and allows for using this technology even at construction
sites accessible for heavy equipment with difficulties. The
application of high-performance concrete to the surface layer
of the structure provides its high durability.

The beam can be used first of all for rail tracks, pedestrian
bridge structures, covering decks of cut-and-cover tunnels,
parking areas, even for extremely loaded roof decks of
underground structures.

First elements for a particular construction of a bridge in
Trebnuska quarry have already been produced (see Figures 6
and 7). The completion of the construction is expected this
year; the long-term observation of the beams and the bridge as
the whole will start subsequently. In 2017, the development of
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Obr. 6 Pohled na predpjaty nosnik
Fig. 6 A view of a pre-tensioned beam

VYPLNOVY PANEL ZABRADLI
Z ULTRAVYSOKOHODNOTNEHO BETONU (UHPC)

Cilem skupiny feSiteld v oblasti mostnich konstrukci bylo
provést materidlovou a tvarovou optimalizaci zdbradelnich
vypliiovych prvku tak, aby byly ekonomicky srovnatelné
s ocelovym zdbradlim. Pri hleddni optimdlni receptury se zdro-
ven ménilo i tvarovani prvku zédbradli. V posledni fazi byl
panel vylehéen polygondlnimi otvory. Takovyto tvar byl pod-
roben laboratornim zkouskdam, které ovérovaly mechanické
vlastnosti (obr. 8, 9) a také nasdkavost a odolnost UHPC vuci
CHRL (chemickym rozmrazovacim latkam).

Optimalizaci sloZeni UHPC dochaz{ k dukladnému zatékdni Cer-
stvého materidlu do vSech ¢dsti forem, prestoze je do tenkosténnych

Obr. 8 Panel zdbradli prFi statické zkousce 500 kg
Fig. 8 Railing panel during static test 500kg

& =l

Obr. 7 Detail konce predpjatého nosniku s profilaci
Fig. 7 Detail of the end of the profiled pre-tensioned beam

this system, with the development of formwork elements for
construction joints added to it, should continue. Commercial
application can be expected subsequently.

INFILL PANEL OF RAILING MADE OF ULTRA
HIGH-PERFORMANCE CONCRETE (UHPC)

The objective of the team of research team in the area of
bridge structures was to carry out the material and shape opti-
misation of railing infill elements so that they are economi-
cally comparable to steel railing. During the course of sear-
ching for the optimum concrete mixture composition, shaping
of the railing was changed. In the last phase the panel was
lightened by polygonal openings. Such the shape was subjec-
ted to laboratory testing verifying mechanical properties
(Figures 8 and 9), water absorption and resistance of the
UHPC to deicing chemicals.

Owing to the optimisation of the UHPC composition the
fresh material perfectly flows and fills all parts of moulds, des-
pite the fact that a wire mesh of classical concrete reinforce-
ment rods or composite glass rods is embedded in the thin-wal-
led segments. It is at the same time possible to satisfy deman-
ding requirements of architects for the profiling and colour
shade of the visible surface of the panel. Great benefit also lies
in increasing the utility properties and durability of the UHPC,
especially in conditions of highly aggressive environment.

- o : ' ..'n
Obr. 9 Panel zdabradli pri dynamické zkousce
Fig. 9 Railing panel during dynamic test




Obr. 10 Osazené tenzometry — tunel Sudomeérice
Fig. 10 Tensometers installed in the Sudomérice tunnel

dilct zabudovéna sit’ z klasické betonarské oceli nebo kompozit-
nich sklenénych tyli. Zdroveri lze vyhovét naro¢nym poZadavkim
architektt na profilovéni i odstin pohledové plochy panelu. Velkym
prinosem je také zvySeni uZitnych vlastnosti a trvanlivosti UHPC,
zv1asté v podminkéch vysoce agresivniho prostredi.

VYVOJ SPRAZENEHO PRIMARNIHO
A SEKUNDARNIHO OSTENI

Jedno z odbornych zaméreni centra CESTI se zabyva spo-
lehlivym ndvrhem tunell nejen z hlediska jejich funkce, ale
i bezpe&nosti a ndkladu. S tim souvisi i rozvoj novych techno-
logii vystavby osténi a pristupu k ndvrhu vozovek a pevnych
jizdnich drah v tunelech. Hlavnimi cili jsou optimalizace tune-
lovacich metod, minimalizace rizik pfi vystavbé tunela
a ndvrh osténi s definovanou Zivotnosti za primérenych nakla-
du. Pro tunelova osténi a pevné jizdni drdhy je snahou vyvi-
nout nové materidly s cilenymi vlastnostmi. Zvlastni pozor-
nost je vénovdna pozarni bezpecnosti.

Jedna z aktivit je zaméfena na feSeni nékterych problému
sprazeného primarniho a sekunddrniho osténi. Cilem praci je
prikaz dlouhodobé Zivotnosti primarniho osténi po dobu pred-
poklddané Zivotnosti tunelu (100 let) a stanoveni podminek,
pri splnéni kterych lze primarni osténi v celkové dnosnosti
systému zohlednit a tak dosdhnout ekonomickych dspor a eko-
logicky Setrného navrhu tunelovych osténi.

V prubéhu feSeni byly stanoveny algoritmy pro vypoclet
koroznich tbytkd materidlu primdrniho osténi. Byly vytvoreny
matematické modely MKP (metoda kone¢nych prvkd) pro
mozné varianty kontaktu primdrniho a sekundarniho osténi.
Pro RSD CR bylo vypracovdno stanovisko k moZnostem
dimenzovéni tunelovych osténi ve smyslu moZzného spolupu-
sobeni obou osténi a dosaZen{ dspor pri projektovani a vystav-
bé nové pldnovanych tunell na délnici D3 a rychlostni komu-
nikaci D35. Zahdjeno bylo dlouhodobé sledovani napjatosti
primdrniho osténi dvoukolejného Zelezniéniho
Sudomérice u Tabora (obr. 10, 11).

tunelu

METODIKA PRO NAVRZENI A PROVOZ SYSTEMU
KONTROLNIHO VAZENI VOZIDEL ZA POHYBU (WIM)

V projektu jsou také zahrnuty vyzkumné Cinnosti postihuji-
ci vyznamné aspekty, které maji vliv na bezpe¢nost viech typu
objektu dopravni infrastruktury i aspekty sméfujici k podpore
snizovani vliva dopravy a dopravnich staveb na Zivotni pro-
stredi a zdravi obyvatel.
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Obr. 11 Vzorek stitkaného betonu — tunel Sudomeérice
Fig. 11 Specimen of sprayed concrete — the Sudomeérice tunnel

DEVELOPMENT OF COMBINED PRIMARY
AND SECONDARY LININGS

One of the professional focuses of the CESTI centre deals
with a reliable design of tunnels not only from the aspect of
their function but also the aspects of safety and costs. It is
even associated with the development of new lining construc-
tion technologies and approaches to the design of roadways
and slab tracks in tunnels. The main objectives are to optimi-
se tunnelling methods, minimise risks during the construction
of tunnels and to design a lining with a defined length of life
at reasonable costs. There is an effort to develop new materi-
als with pointed properties for tunnel linings and slab tracks.
Special attention is dedicated to the fire safety.

One of the activities is focused on solving some problems
of a combined primary and secondary lining. The works
objective is to prove the long-term longevity of the primary
lining throughout the assumed length of the tunnel life (100
years) and determine the conditions fulfilling which means
that the primary lining can be taken into account in the total
carrying capacity of the system, thus to achieve economic
savings and environmentally friendly design of tunnel linings.

Algorithms for the computation of corrosion losses of prima-
ry lining materials were set during the work on the solution. The
FEM (the Finite Element Method) mathematical models were
created for possible variants of contacts between the primary
and secondary linings. An opinion was prepared for the Road
and Motorway Directorate of the Czech Republic regarding the
possibilities of dimensioning tunnel linings in the meaning of
the possible composite action of both liners and achieving
savings in designing and constructing newly planned tunnels on
the D3 motorway and the D35 express highway. The monitoring
of the state of stress in the primary lining of the Sudomérice
u Tabora rail tunnel (see Figures 10 and 11) started.

METHODOLOGY FOR DESIGNING AND OPERATING
SYSTEMS OF CHECKWEIGHING OF VEHICLES
IN MOTION (WIM)

The project also comprises research activities affecting
important aspects influencing the safety in all types of struc-
tures of the transportation infrastructure and aspects aimed at
supporting the process of reducing the effects of transportati-
on and transport structures on the environment and the health
of the population.
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Skupina feSiteld se vénuje dlouhodobé problematice véZe- The group of researchers dedicates itself in the long term to
ni vozidel za pohybu (WIM: Weigh-in Motion). Jejich aktivi- the problems of weighing vehicles in motion (WIM: Weigh-
ty sméeruji k certifikaci ucelené metodiky pro navrzeni a pro- in Motion). Their activities head towards the certification of
voz systémi védZeni vozidel za pohybu pro silnice, mosty | a comprehensive methodology for designing and operating
a tunely. the systems of weighing vehicles in motion for roads, bridges

Systém WIM slouZi jako zafizeni pro omezeni pretéZzovani and tunnels.
vozidel t€Zké prepravy pod sankci piimého postihu. Lze jej The WIM system is used as a mechanism for restricting
vyuZit ke zpresnéni systému hospodafeni s vozovkou, a to overloading of heavy transport vehicles under the sanction of
zejména k analyze zatiZeni silnicnich komunikacf v ¢ase, pld- | djrect punishment. It can be used for refining the road mana-

novdni servisu a udrzby silni¢nich komunikaci i k optimali-
zaci ndklada na opravy a vynaloZenych investic. Pfi sprdvné
zvolené konfiguraci stanice WIM je mozné zajiStovat pfimy
postih pretézovanych vozidel bez nutnosti ndsledného vazeni
na prenosnych nebo presnych vahach.

Zavedeni systému WIM prispéje bezesporu ke zvySeni bez-
pecnosti provozu na silni¢nich komunikacich a k monitoro-
vani zatiZeni a provozu s cilem ziskat spolehlivé udaje o zati-
Zeni a dal§i dopravné-inZenyrskd data pro zpracovani smérem
k optimalizaci dopravnich proudu v intravildnu i extravildnu.

Teoretické predpoklady byly ovéfovdny in situ. Vazici
systém byl instalovdn na komunikaci I/52 Modrickd, tedy na
Styfpruhové komunikaci na trase Brno — Mikulov.

Zkoumdn byl také vliv prepravovaného materidlu na pres-
nost méfeni WIM. Byly zvoleny materidly, u kterych lze
predpoklddat jejich pohyb v prubéhu prepravy, zejména
v dusledku ndhlé zmény rychlosti vozidla. Pfemisténim

gement system, mainly for analysing loads acting on road-
way over time, planning of services and maintenance of
roads and optimising the costs of repairs and the investments
made. When the WIM station configuration is chosen proper-
ly, it is possible to ensure direct punishing of overloaded
vehicles without a necessity for subsequent weighing on por-
table or precision scales.

The introduction of the WIM system will undoubtedly con-
tribute to increasing operational safety on roads and monito-
ring of loads and operation with the aim of obtaining reliab-
le data on loading and other transportation engineering data
for processing in the direction of optimisation of traffic flows
in urban areas and rural areas.

Theoretical assumptions were verified in situ. The weig-
hing system was installed on the 1/52 Moftickd road, which is
a four-lane road on the Brno — Mikulov route.

ndkladu dochdzi ke zvySeni zatiZeni jedné z ndprav vyraznym Even the effect on the material being transported on the
zpusobem. Soucasné byly vytipovéany prepravni prostiedky, WIM accuracy was examined. Materials for which it is pos-
které z hlediska technologickych poZadavki na pfepravu sible to move during the transportation, first of all due to an
neumoznuji fddné uchyceni ndkladu. Jednotlivd vozidla po abrupt change in the speed, were chosen. Owing to the relo-
naloZeni byla zvdZena na mostovych vdhdch a na védhach cation of the load, the loading on one of axes grows signifi-
s neautomatickou ¢innost{, na kterych byla stanovena hmot- | cantly. At the same time the means of transport disallowing
nost na jednotlivé ndpravy. Ndsledna dveé vazeni byla prove- proper fixing of loads from the aspect of technological requ-
dena po absolvovani jizdy v béZném silniénim provozu véet- irements were tipped. Individual vehicles were weighed after
né pozadavku ndhlého zpomaleni. loading on bridge scales and non-automatic operation scales,
Z vyhodnoceni vysledki méfeni deviti riznych materidla on which the weight loading individual axes were determi-
vyplyvd, Ze k nejvétsimu posunu naloZeného materidlu doslo ned. Subsequent two weighing cases were carried out after
u popilku (ndrGst zatiZeni jedné z ndprav az o 72 %), fepky | completing the journey in common road traffic, including the
a vdpna (obr. 12). Vysledky byly uplatnény v rémcivnovely requirement for abrupt deceleration.
zdkona €. 13/1997 Sb., o pozemnich komunikacich. Resitelé It follows from the assessment of the results of measure-
se také podileli na vypracovini nové mezindrodni normy ments of nine different materials that the greatest shifting of
NMI: Specifications and test procedures for Weigh—in | (he Joaded material took place at fly ash (an increase in the

Motion Systems. V souc¢asné dob¢ jsou vyuZivany pri tvorbé

load on one of the axes up to 72%), oilseed rape and lime (see
Fig. 12). The results were applied within the framework of
the amendment to the Act No. 13/1997 Coll. on roads. The
researchers in addition participated in the preparation of the
new NMi international standard: Specifications and test pro-
cedures for the Weigh—in Motion Systems. At the moment
they are used for the creation of a metrological regulation for
verifying specified measuring instruments — scales for high-
speed weighing of vehicles in motion. This regulation fol-
lows up and further elaborates the general nature measure
No. 0111-O0P-C010-10.

RISKS OF TRANSPORTATION INFRASTRUCTURE
PROJECTS

A three-part publication introduces a systematic approach
Obr. 12 Zdznam z kamery instalované na ndvés p¥i odkryté plachté — vizudl- to assessing the risks of transportation projects as the likely

ni doklad o pohybu ndkladu (Fepky) pri brzdéni z 50 km/h na 0 km/h damage. It emphasises not only sources of danger and their
Fig. 12 Record of a camera installed on a semi-trailer with the tarpaulin . . . .

. . . impacts on the construction process, but dedicates itself even
uncovered — visual document on the movement of a load (oilseed rape) during

breaking from 50km/h to Okm/h to the probability aspect of the problem. It relies on basic




Obr. 13 Zriceni svahu u tunelu Hrebe¢
Fig. 13 Collapse of the Hfebe( tunnel slope

metrologického predpisu pro ovérovéni stanovenych méridel
— vah pro vysokorychlostni vaZeni silni¢nich vozidel za
pohybu. Tento predpis navazuje a dél rozpracovdvd opatfeni
obecné povahy ¢. 0111-OOP-C010-10.

RIZIKA STAVEB DOPRAVNI INFRASTRUKTURY

Tridilna publikace predklada systematicky pristup k hodno-
ceni rizika dopravnich staveb jako pravdépodobné Skody.
Klade duraz nejen na zdroje nebezpedi a jejich dopady na pro-
ces vystavby, ale vénuje se i pravdépodobnostni strance pro-
blému. Opird se o zdkladni principy teorie pravdépodobnosti,
které jsou v soulasnosti blizké inZenyrum zabyvajicich se
spolehlivosti konstrukci. V Zddném pripade nejsou simulaéni
ndstroje zamySleny jako ndhrada za expertni metody typu
UMRA (universal matrix of risk analysis — univerzdlni matice
rizikové analyzy) ¢i FMEA (failure. modes and effects analy-
sis — analyza moznych vad a jejich dusledku). Ty se v praxi
osveédcily, jsou srozumitelné a umoZznuji vyuzit zkuSenosti
inZenyra jak pfi navrhovéni, tak realizaci dopravnich staveb.
Smyslem je expertni metody doplnit a vytvorit ndstroje i ke
zpresnéni odhadu prfijimanych v expertnich metoddch.
Pfinosem navrZzeného pfistupu je i prispévek k procesu rozho-
dovdni o variantnich feSenich. Vyuziva se funkce uZitku, v niz
dalezitou roli hraje pravdépodobnd financni ztrdta, tedy rizi-
ko, které je implicitné pojimdno jako zdporny uzitek.
Navrzené modely Ize uplatnit i pfi hodnoceni §kody zpusobe-
né pri provozu. Typickym prikladem je poZér v tunelu. I kdyz
pri ném dominuji ztrdty na lidskych Zivotech, nelze prehléd-
nout pri teplotach nad 1000 °C ani $kody na konstrukci tune-
lu (napf. osténi), coZz ma pfimy dopad na sanaéni prace
a nepfimo ovlivni i ndvrh konstrukce tunelu.

Prehled nebezpeci typickych pro dopravni stavby je podle
profesnich oboru (silni¢ni stavby, Zelezni¢ni stavby, mosty
a tunely) utfidén v katalogu nebezpedi (rizik) zarazeného do
II. ¢asti publikace. Vlastnimu katalogu je predrazena I. Cast,
ktera nabizi priklady selhdni sledovanych staveb. V ni jsou
pro nekteré vyznamné infrastrukturni oblasti uvedeny statis-
tické prehledy (grafy), ziskané z dostupnych verejnych data-
bézi. Tak je tomu i u tunelovych staveb.

Probihal také vyvoj modelu a kalibrace stochastického mode-
lu pro predikci tvaru a rozsahu poklesové kotliny vznikajici nad
razenym tunelem a souvisejicich deformaci a pravdépodobnych
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principles of the theory of probability, which are currently
close to engineers dealing with the reliability of structures. The
simulation tools are in no way intended as a substitute for expert
methods, such as the UMRA (universal matrix of risk analysis)
or the FMEA (failure modes and effects analysis). They acquit-
ted themselves in the practice, are understandable and allow for
using the experience of engineers both in designing and reali-
sing transport projects. The purpose is to complement expert
methods and create tools even to refine the assessments adopted
in the expert methods. The contribution of the proposed appro-
ach is also provided by the addition to the process of making
decisions on variant solutions. A function of utility is used,
where an important role is played by the probable financial loss,
it means a risk, which is in general implicitly understood as
a negative effect. The designed models can be applied even to
assessing damage caused during the operation. A typical exam-
ple is a fire in a tunnel. Despite the fact that losses of human
lives dominate in it, even the damage on the tunnel (e.g. the
lining) suffered when the temperatures exceed 1000°C cannot
be overlooked. It has direct impact on rehabilitation operations
and will indirectly influence the tunnel structure design.

The overview of dangers typical for transport-related projects
is assorted according to professional branches (road structures,
railway structures, bridges and tunnels) in the catalogue of haza-
rds (risks) incorporated into the Part II of the publication. Part
I offering examples of failures of the observed structures is pre-
asigned to the catalogue itself. In this part statistical overviews
(graps) are presented for some significant infrastructural areas
obtained from available database sources. This applies even to
tunnel construction projects.

The development of models and calibration of a stochastic
model for the prediction of the shape and extent of the settle-
ment trough developing above a mined tunnel and the associa-
ted deformations and probable failures of the underground struc-
tures in question was also in progress. Part III of the publication
is dedicated to this issue. The key element of the stochastic
model comprises two interconnected deterministic models for
the calculation of deformations of the sub-grade and the calcu-
lation of deformations of the building complemented by a pro-
babilistic description of the uncertainty regarding the input (first
of all material) parameters and the uncertainty associated with
inaccurate measurements. The probabilistic distribution of the
input parameters of this hierarchical stochastic model is refined
by means of the Bayesian interference method on the basis of
data from the monitoring of the tunnel excavation (see Fig. 13).

OPTIMISATION OF COMPOSITION
OF ALUMOSILICATE MATERIALS FOR DURABLE TRAN-
SPORTATION STRUCTURES

The optimisation was based on thermo-mechanical simulati-
ons of hydrating concrete structures. A four-parameter hydration
model was used and calibrated on i) isothermal calorimeter data
or ii) semi-adiabatic tests for various types of cement for more
precise modelling. The thermo-mechanical model was imple-
mented into the OOFEM open software package and was verifi-
ed on several benchmark examples from literature. This activity
resulted in a verified technology. The technology originated in
collaboration with the company of Lafarge Holcim, which pro-
vided experimental data and was capable of changing the com-
position of concrete mixtures according the results of simulati-
ons. The verification was carried out on foundation blocks in
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poruch dotéenych pozemnich staveb. Této otdzce se veénuje
III. ¢ast publikace. Klicovym prvkem stochastického modelu
jsou dva provdazané deterministické modely pro vypocet
deformaci podlozi a pro vypocet deformaci budovy doplnéné
o pravdépodobnostni popis nejistoty tykajici se vstupnich
(predev§im materidlovych) parametru a nejistoty spjaté
s nepresnym mérenim. Pravdépodobnostni rozdéleni vstup-
nich parametrd tohoto hierarchického stochastického modelu
je zpresnovano metodou bayesovské inference na zdkladé dat
z geotechnického monitoringu razby (obr. 13).

OPTIMALIZACE SLOZENI ALUMOSILIKATOVYCH
MATERIALU PRO TRVANLIVE DOPRAVNI STAVBY

Optimalizace byla zaloZena na termo-mechanickych simu-
lacich hydratujicich betonovych konstrukci. Pro presnéjsi
modelovani byl pouZit a zkalibrovan ¢tyfparametricky hydra-
tacni model na i) izotermédlnich kalorimetrickych datech ¢i ii)
semi-adiabatickych testech pro rizné typy cementd. Termo-
mechanicky model byl implementovén do softwarového otev-
reného baliku OOFEM a ovéren na nékolika benchmarkovych
prikladech z literatury. Vysledkem aktivity je oveérena techno-
logie. Ta vznikla ve spoluprici s firmou LafargeHolcim, kterd
poskytla experimentdlni data a byla schopnd ménit sloZeni
betonovych smési podle vysledku simulaci. Ovéfeni probéhlo
na zdkladovych blocich ve Svycarsku a hlavicich pilot
v budoveé Access II na Sri Lance. V obou pfipadech simulace
spravné predpovedély prabéh teplot betonu a také doslo
k dpravé receptury betonu pro omezeni maximalnich teplot
a jejich gradientu s cilem minimalizovat $ifky trhlin (obr. 14).

ZAVER

Vysledky pracovniho balicku ,, WP4: Tunely — pokrocilé
technologie a efektivni technickd reSeni“ predstavi ndsleduji-
ci dva ¢lanky.

Projekt CESTI pokracuje aZ do konce roku 2019. Nejvice
hmatatelnych vysledki je pochopitelné pldnovdno na jeho
ZAVer. Reéitelsky tym ale povazuje za nesporny uspech zejmé-
na to, 7e se podafilo vytvofit tymy feSitelu z riznych praco-
vist' napfi¢ tematickymi okruhy, propojit vyzkumné instituce
navzdjem a zadlenit do vyzkumu i firmy ruznych typu a veli-
kosti a vysledky vyzkumu ovéfovat pri praktickych realiza-
cich.

Podrobné informace o projektu Ize najit na www.cesti.cz.
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Obr. 14 Vyvoj trhlin tésné pred porusenim bloku
Fig. 14 Development of cracks immediately before the block failure

Switzerland and pile heads in Access II building in Sri Lanka. In
both cases of the simulation they correctly predicted the deve-
lopment of concrete temperature and the concrete mixture com-
position was modified in both cases with the intention to restrict
maximum temperatures and their gradients with the aim of mini-
mising the width of cracks (see Fig. 14).

CONCLUSION

The results of the working package ,, WP4 “Tunnels — advan-
ced technologies and effective technical solutions” are introdu-
ced in the following two papers.

The CESTI project will continue until the end of 2019. Most
tangible results are naturally planned for its completion.
Nevertheless, the research team considers as an indisputable
success first of all the fact that they managed to create teams of
researchers from various workplaces across the thematic circles,
to interconnect research institutions with each other, incorpora-
te even firms of various types and magnitudes into the research
and verify the results in practical realisations.

Detailed information about the project can be found on
www.cesti.cz.
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VYPOCET KONDENZACE VODNI PARY V TUNELECH
CALCULATION OF WATER VAPOUR IN TUNNELS

MICHAELA MRACKOVA, BOREK PATZAK, VIT SMILAUER, JAN PRUSKA

ABSTRAKT

Vypocetni model pro stanoveni mnoZstvi zkondenzované vodni pdry v tunelech vznikl pri reSeni projektu CESTI — pracovniho balicku
WP4 Tunely — pokrocilé technologie a efektivni technickd reSent na zdkladé poZadavkii inZenyru 7 praxe, kteri se s timto problémem poty-
kaji pri stavbé novych tunelii zejména ve vihkych a teplych letnich mésicich. Investor casto limituje maximdlni mnoZstvi priisaku v tune-
lu, které se stanovuje mérenim Cerpané vody a je tieba odlisit vodu zkondenzovanou od vody priisakové. Navrzeny vypocetni postup
umoZnuje urcit prdave mnoZzstvi zkondenzované vodni pdry a sklddd se ze tri cdsti: 1. 2D nestaciondrni model vedeni tepla umoZnujici v
kaZdém Fezu tunelu stanovit pole teplot v horninovém masivu a na ostént pro libovolné pocdtecni a okrajové podminky. Pokud se teplo-
ta na osténi tunelu dostane pod teplotu rosného bodu, nastane kondenzace. 2. Bilanc¢ni model, umoZnujici stanovit mnoZstvi kondenzdtu
na zdkladé zadanych teplot a relativnich vlhkosti vzduchu na zacédtku a konci sledovaného iiseku a zadané maximdlni rychlosti proude-
ni vzduchu. 3. Zjednoduseny model transportu tepla a vihkosti v podélném smeru. V Eldnku jsou popsdny metody vypoctu pouZité ve vsech
cdstech a pouZiti modelu je demonstrovdno na tunelovém komplexu Blanka.

ABSTRACT

The calculation model for the determination of the amount of water vapour in tunnels originated during the course of solving the
CESTI project — working package WP4 Tunnels — advanced technologies and effective technical solutions based on requirements of engi-
neers from the practice struggling with this problem in the process of designing new tunnels, first of all during wet and warm summer
months. The client often limits the maximum amount of seepage into the tunnel, which is determined by measuring the amount of pum-
ped water and it is necessary to distinguish condensed water vapour from seepage water. The proposed calculation procedure allows for
determining the amount of condensed water vapour. It consists of three parts: 1. A 2D non-stationary model of heat conduction allowing
for determining the temperature field in a ground massif and on the lining for arbitrary initial and boundary conditions. If the tempe-
rature on the tunnel lining gets under the dew point, condensation takes place. 2. A balance model allowing the determination of the
amount of condensed water on the basis of entered temperatures and relative humidity of air at the beginning and end of the monitored
section and the maximum entered air flow velocity. 3. A simplified model of the transport of heat and humidity in the longitudinal direc-
tion. The paper presents the calculation methods used in all parts and the use of the model is demonstrated on the Blanka complex of
tunnels.

UVOD A FORMULACE MODELU

Modelovani kondenzace vodnich par v tunelu je komplex-
ni problém. Jednd se o tfidimenziondlni dlohu, kombinujici
nestaciondrni vedeni tepla [1] v zemnim télese a osténi, prou-
déni vzduchu v tunelu a fiazové zmény vody na rozhrani
vzduch — osténi [2]. InZenyrsky pouZitelny model s rozumny-
mi vypocetnimi ndroky umoznujici kvantifikovat mnoZstvi
zkondenzované vodni pary je mozné formulovat jen za prijeti
fady zjednoduSujicich predpokladu. Cilem je vypocet mnoZst-
vi kondenzatu na osténi tunelu.

BILANCNI MODEL PRO STANOVENI MNOZSTVI
KONDENZATU VE SLEDOVANEM USEKU

Na zédkladé predpokladu, Ze je zndmd teplota vzduchu
a jeho relativni vlhkost, se uréi mé€rnd hmotnost vodni pary
(kgm'S) jak na zacatku, tak i konci tseku. Pokud je teplota na
vystupu vySetfovaného dseku nizsi nez teplota rosného bodu,
bude dochdzet ke kondenzaci. Mnozstvi kondenzatu se urci
z rozdilu mérné hmotnosti vodni pary, rychlosti proudéni
vzduchu a plochy prifezu tunelu podle obr. 1.

Pro vypocet mnozstvi kondenzatu se pouZzivaji ndsledujici
rovnice, podrobnéji viz napt. [3]. Pro tlak syté pdry p, [Pa]
s teplotou 7 [°C] plati:

17,2694T

ps = 610,78 - e T+2383, (1)

Tlak vodni pary p [Pa] pri obecné relativni vlhkosti
RH [%]:

INTRODUCTION AND FORMULATION OF MODELS
Modelling of the condensation of water vapours in a tunnel is
a comprehensive problem. It is a three-dimensional problem
combining non-stationary heat conduction [1] in a ground body
and a lining, flowing of air inside a tunnel and phase changes at
the interface between air and the lining [2]. The model useable in
terms of engineering with reasonable calculation demands, allo-
wing the quantification of the water from condensed water
vapour, can be formulated only under the condition of accepting
a range of simplifying assumptions. The objective is the calcula-
tion of the amount of the condensate on the tunnel lining surface.

BALANCE MODEL FOR DETERMINATION
OF CONDENSATE AMOUNT IN MONITORED SECTION

The specific weight of water vapour (kgm-) is determined at the
beginning and the end of the section on the basis of the assumption
that the air temperature and its relative humidity are known. If the
temperature at the exit from the section being examined is lower
than the temperature of the dew point, condensation will take place.
We will determine the condensate temperature from the difference
between the specific weight of water vapour, the velocity of air flow
and the tunnel cross-sectional area, according to Fig. 1.

The following equations are used for the calculation of the con-
densate amount (for more detail see e.g. [3]. The following applies to
the pressure of saturated vapour py [Pa] with the temperature 7 [°C]:

17.2694-T

ps = 610.78 - ¢ T+2383 (1)
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TuoufHel

The water vapour pressure p [Pa] with general relative
humidity RH [%]:
RH g,
P="100 @

The specific weight of water vapour in the air m [kgm™]:

_ _ p
m = 0.002166 —(T ¥ 273.16) 3)

Obr. 1 Lamindrni proudéni vzduchu tunelem se specifikaci vstupnich a vystupnich teplot

a relativnich vlhkosti

Fig. 1 Laminar air flow through a tunnel with the specification of entry and exit tempe- Taew

ratures and relative humidity values

_ RH - p
T 100 (2)

Mérnd hmotnost vodni pary ve vzduchu m [kgm]:

p

m= 0,002166 . m (3)

a teplota rosného bodu Tgeyw [°Cl:
p 238,3

n 4 ¥
610,78 (17,294 —In 615';78)

mérnd hmotnost zkondenzované vodni pary m. [kgm3] se
urci z rozdilu na vstupu a vystupu useku:

Tgew =1 4)

me =myy — Moyt (5)

kde mu je mérnd hmotnost vodni pary na vstupu do tunelu
[kgm3], mour mérna hmotnost vodni pary na vystupu z tune-
lu [kgm3]. Pritok vzduchu za hodinu V, [m3den-!] se stano-
vi z objemu rotacniho paraboloidu:

A
Vo =3600-5 v, (6)

kde A je plocha prifezu [m?] a v rychlost [ms'!]. Objem
zkondenzované vody za den V., [m3den']:

VtOt = = 24, (7)
kde p je hustota vody [kgm™].

MODEL VEDENI TEPLA V PRICNEM REZU

Model umoznuje stanovit rozloZeni teploty v horninovém
masivu a na osténi tunelu v Case v zdvislosti na po¢ate¢nich
a okrajovych podminkdch (sezonni variace teploty vzduchu
v tunelu a na zemském povrchu). Vypocet je zaloZen na
dvourozmérném kone¢né prvkovém modelu pro nestacionar-
ni vedeni tepla v programu OOFEM 2 .4 [4]. Pro ilustraci jsou
uvedeny vysledky vypoctu tunelového komplexu Blanka pro
dva charakteristické rezy (obr. 2). Rez v hloubeném tdseku ve
stanien{ 3,68 km JTT md vySku nadloZi 5 m a fez v raZeném
useku ve stani¢eni 6,53 km JTT mé vySku nadlozi 20 m. Na
obr. 3 je zobrazena sit’ kone¢nych prvka a monitorovacich
bodu pro nestacionarni tlohu vedeni tepla v hloubeném
a razeném useku. Oba fezy vyuzivaji symetrii pro zrychleni
vypoctu.

Celkem byly provedeny tfi typy analyz. Prvni z nich zkou-
ma ovlivnéni tunelového télesa vnéjsi teplotou pri jeho
uplném uzavfieni. Pro zeminu/horninu byla uvaZovéana kon-
stantni tepelnd vodivost 1,3 WmK-!, mérn4 tepeln4 kapa-

and the dew point temperature 7gew [°C]:
- P 2383
610.78 e P
(17294 — Ing58=5)

=i )

Specific weight of condensed water vapour m. [kgm™]
is determined from the difference between the entrance into and
exit from the section:

me =My — Moyr, (5)

where myy is specific weight of water vapour at the tunnel ent-
rance [kgm™], mour is specific weight of water vapour at the tun-
nel exit [kgm™]. The airflow rate per hour V, [m3den'] is deter-
mined from the volume of a rotational paraboloid:

me = Myy — Moyr, (6)

where A is the cross-sectional area [m?2] and v is velocity [ms™'].
The volume of condensed water per day V,, [m3den!]:

me = myy — Mour, (@)
where p is water density [kgm'3].

MODEL OF HEAT CONDUCTION IN A CROSS-SECTION

The model allows for determining the distribution of tempera-
ture in a ground massif and on the tunnel lining surface in time,
in dependence on initial and boundary conditions (seasonal vari-
ations of air temperature inside the tunnel and on the surface of
earth). The calculation is based on a two-dimensional finite ele-
ment model for non-stationary heat conduction in the OOFEM
2.4 program [4]. The results of the calculation of the Blanka
complex of tunnels for two characteristic cross-sections are pre-
sented for illustration (see Fig. 2). The overburden in the cross-
section in the cut-and-cover section at km 3.68 chainage of the
STT is 5m high and the overburden in the cross-section at km
6.53 chainage of the STT is 20m high. Fig. 3 presents a network
of finite elements and monitoring points for the non-stationary
problem of heat conduction in both the cut-and-cover and mined
sections. Both cross-sections use symmetry for the acceleration
of the calculation.

Three types of analyses in total were carried out. The first of
them examines influencing of the tunnel body by external tempe-
rature in the case of total tunnel closure. Constant thermal conduc-
tivity of 1.3 Wm™'K"!, specific thermal capacity of 1200Jkg 'K"!
and volume weight of 1600-2600kgm™ were assumed for the
soil, depending on geology. The surface-air heat transfer coeffici-
ent was 20Wm™2K"! and the initial temperature of the ground
body was 10°C. The history of average external temperatures
and relative humidity in individual days are known from the data
provided by the Czech meteorological institute for the average of
the years 1961-1990. It was found by this analysis with a 1-week
interval that the external temperature influences the ground up to
the depth of ca 7m (see Fig. 4). It was proved that the influence
of the roof deck of the cut-and-cover tunnel is only small and the
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mined section with the overburden
20m high remains unaffected by tem-
perature at the surface.

The second analysis was carried out
for a open tunnel with the one-day fre-
""""" quency for one year period, i.e. 365
steps of time, with the variable tempe-

ratures on the surface and inside the

stavba ,rs|0 0o B tunnel taken into the consideration.
: Average monthly temperatures and
? G\ relative humidity measured in 2014 [6],
when the suspended construction work
on the tunnel recommenced, were taken
into account. Fig. 5 presents the tempe-
rature field on the 210th day, when the
; temperature on the lining sutface rea-
razené tunely . ched 21°C.

:Aziiggqﬂﬁzy dl & The third, more detailed analysis was
cutand-covertumnels =@ carried out with the day-and-night fluc-

tuation of temperatures within one

Moo 2

Obr. 2 Umisténi dvou charakteristickych pri¢nych rezu v tunelovém komplexu Blanka (stanicent jizni tunelové ) i
trouby) [5] week taken into account. The resulting

Fig. 2 Locations of two characteristic cross-sections in the Blanka complex of tunnels (chainage of the sout-  graph, where temperatures of the lining
hern tunnel tube) [5] of tunnels change with a small delay in

cita 1200 Jkg-'K-! a objemovad hmotnost 1600-2600 kgm-3 comparison with the outer temperature

podle geologie. Soudinitel prestupu tepla povrch-vzduch byl
20 Wm2K-! a poc&ate¢ni teplota zemniho télesa byla 10 °C.
Z dat Ceského hydrometeorologického tdstavu jsou znidmy
prubéhy pramérnych vnéjsich teplot a relativnich vlhkosti
v jednotlivych dnech pro prumér let 1961-1990. Pii této
analyze s Casovym krokem jeden tyden bylo zjiSténo, Ze
vnéjsi teplota ovliviiuje zeminu/horninu do hloubky zhruba
7 m (obr. 4). Prokdzan byl pouze maly vliv u stropu hloube-
ného tunelu, razeny udsek s vySkou nadlozi 20 m zustdva
neovlivnén povrchovou teplotou.

Druhd analyza byla provedena pro otevieny tunel s ¢aso-
vym krokem jeden den pro obdobi jednoho roku, tj. celkem
365 casovych kroku s uvazovdnim proménlivé teploty jak na
povrchu, tak i uvnitf samotného tunelu. Byly uvazovany

Ts, is presented in Fig. 6. The 7; and 7> temperatures of the
linings of the tunnels (see Fig. 3) virtually coincide and indicate
the negligible influence of the tunnel depth under the surface.

The analysis in the cross-section allows for calculating the
amount of the condensate when external air gets into the unventi-
lated tunnel and the quick heating of the lining does not take place
(this is the upper assessment threshold for the condensate
amount). It is possible to use laminar flow for this condition and
calculate the volume of air according to (6).

Temperatures again from 2014 were considered to be used for
illustration. The exit temperature was conservatively guessed to
be 11°C in June, July and August and 10°C in the other months.
Relative humidity was considered to be identical with the entry
temperature, the air flow velocity of 1ms-! was considered. The

amount of condensate can be determi-
ned by using the equations (1)—(7); it is
presented in Fig. 7. The condensation

soufadnice coordinate (m)
20 TS 15 - 5 0 5

started on the 176th day, which corres-
ponds to 25t June. The greatest con-
densation took place on 1st August,
when the amount of condensate rea-
ched 14.85m?%/day. Condensation conti-
nued in June, July, August and
September, when the average monthly

zg’;tﬁka hloubka temperatures of air vary from 18.5°C to
m) depth 15.8°C and relative humidity varies

0 (M) from 55% to 77%. This example illust-
rates the calculation using only the
entry and exit temperatures, the values
of relative humidity of air and the velo-
city of air flow measured on one tunnel
cross-section.

MODEL TAKING INTO ACCOUNT
LONGITUDINAL FLOWING OF AIR

Obr. 3 Sit’koneénych prvki s vyznadenim referenénich bodui na hloubeném a raZeném iezu The model is based on the Finite
Fig. 3 Network of finite elements with reference points marked in the cut-and-cover and mined tunnel cross-  Volume Method, where the tunnel is
sections
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prumérné mési¢ni teploty a relativni
vlhkosti vzduchu z roku 2014 [6],

soufadnice coordinate (m)

kdy doslo k pokracovdni prerusené - .
vystavby tunelu. Na obr. 5 je zobra-

zeno teplotni pole ve 210. dni,

kdy teplota na osténi dosahuje hod- 10
not 21 °C.

Treti, podrobnéjsi analyza byla Ny "
provedena s uvazZovanim fluktuace =8 .
teplot den a noc po dobu jednoho hloubka
tydne. Vysledkem je graf na obr. 6, 254 25 depth
kdy teploty osténi tunelu se méni (m)
s mirnym zpozdénim oproti vné&jsi B -
teploté Ts. Teploty na osténi tuneld =B .-

T a T2 (obr. 3) prakticky splyvaji
a ukazuji zanedbatelny vliv hloubky “B ut’eplota e o (C) o "
tunelu pod povrchem. < [ TR R I

Analyza v pri¢ném fezu umoznuje

vypocitat mnoZstvi kondenzdtu, R e e e e T T S S T T S T T T

pokud by se do nevétraného tunelu
dostal venkovni vzduch a nedocha-

soufadnice coordinate (m)

zelo by k rychlému ohfivédni osténi
(jednd se o horni odhad mnoZstvi
kondenzatu). Pro tento stav Ize pou-
Zit lamindrni proudéni a vypoditat objem vzduchu podle (6).

Pro ilustraci byly uvaZovdny opét teploty z roku 2014.
Vystupni teplota byla konzervativné odhadnuta v mésicich
Cerven, Cervenec a srpen na 11 °C, v ostatnich mésicich na
10 °C. Relativni vlhkost se uvazovala stejnd jako vstupni,
rychlost proudéni vzduchu 1 ms-1. Pouzitim rovnic (1)—(7)
1ze ur¢it mnoZstvi kondenzéatu, které je vykresleno na obr. 7.
Kondenzace zacala 176. den, ktery odpovidd 25. Cervnu.
K nejvétsi kondenzaci by doslo 1. srpna, kdy bylo mnozstvi
kondenzdtu 14,85 m3/den. Kondenzace probihala v mésicich
Cerven, Cervenec, srpen a zar{, kdy se pramérné mésiéni tep-
loty vzduchu pohybuji od 18,5 °C do 15,8 °C a relativni vlh-
kost od 55 % do 77 %. Tento priklad ilustruje vypocet za
pouZiti pouze vstupnich a vystupnich teplot, relativnich

Obr. 4 Teplotni pole pri uzavieném tunelovém komplexu Blanka v 53. tydnu (konec prosince)
Fig. 4 Temperature field at the Blanka complex of tunnels closed, the 537 week (the end of December)

divided in the longitudinal direction into the so-called “balance
sections”. The average value of temperature and relative humidi-
ty is taken into account in the centre of gravity of each section. Air
can be cooled down during the course of flowing at under the dew
point temperature level with subsequent condensation [7]. In addi-
tion, the following assumptions are introduced:
e laminar flowing of air according to Fig. 1 is assumed;
* the characteristic cross-section is identical throughout the
examined tunnel length;
¢ tunnel without vehicles is taken into account;
e average daily temperatures without day/night fluctuations are
taken into account;
e only a certain part of the air volume condenses on the lining
surface in the process of condensation.
The simplifying assumptions are

soufadnice coordinate (m)

hloubka
depth

(m)

soufadnice coordinate (m)

made provisions for by the guessed
k = 0.5 and further in equations (15)
and (16), which can be refined by
a more detailed analysis.

The model takes into account the air
temperature which is caused by heat
transfer from the lining in the longitu-
dinal direction. The temperature of the
external air enters the calculation as
a boundary condition for the heat con-
duction in the first section in the cross-
section. The lining temperature in the
characteristic cross-section is determi-
ned by means of heat conduction in the
(see
Model of heat conduction in a cross-

cross-section model chapter
section). The change in the air tempe-
rature in the balance section is deter-
mined on the basis of the entry air

temperature and the lining temperatu-

Obr. 5 Teplotni pole pri otevieném tunelovém komplexu Blanka ve 210. dni roku (konec éervence)
Fig. 5 Temperature field at the Blanka complex of tunnels closed, the 210" day of the year (the end of July)

re. The heat flow density ¢ [Wm-2] at
the interface between the air and the
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Obr. 6 Graf fluktuace teploty v referencnich bodech tunelového komplexu
Blanka

Fig. 6 Graph of temperature fluctuation at reference points of the Blanka
complex of tunnels

vlhkosti vzduchu a rychlosti proudéni na jednom prufezu
(fezu) tunelu.

MODEL UVAZUJICI PROUDENI VZDUCHU
V PODELNEM SMERU

Model vychdzi z metody konecnych objemu, kdy je tunel
v podélném sméru rozdélen na tzv. bilanéni dseky. V tézisti
kazdého tuseku je uvaZovédna prumérnd hodnota teploty
a relativni vlhkosti. Vzduch se béhem proudéni muze ochla-
dit pod teplotu rosného bodu s ndslednou kondenzaci [7].
Dile jsou zavedeny nésledujici predpoklady:

 predpoklddd se laminarni proudéni vzduchu podle obr. 1;

e charakteristicky fez (prufez) je po celé délce vySetfova-

ného tunelu totozny;

e je uvazovan tunel bez vozidel;

e uvaZuji se prumérné denni teploty bez fluktuaci den/noc;

« pri kondenzaci na osténi kondenzuje jen uréita ¢ast obje-
mu vzduchu.
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lining is, owing to convection (flowing in the boundary layer),
equal to [8]:

q=a- (Twail 2 Tair): @

where Tyqu is the temperature of the lining surface [K], Tyir is
the temperature of air at the lining [K]. The total amount of tran-
sferred heat Q 4 [J] will therefore be:

Qe =§-S-At, ©)

where S is the heat transfer surface area [m2] and Ar is the
length of the interval of time [s], which is calculated from the
length of the balance section and the air flow velocity. After mer-
ging these equations:

Qx = @ (Tyau — Tair) * S * At. (10)

The change in the amount of heat accumulated in the air Q. [J]
(per unit of time):

Qc=c m: (T4 —Tp). (11)

where ¢ is the specific thermal capacity [Jkg-!K-1], m is the
weight of air [kg], T(n+1) is the new temperature of air [K], Ty is
the original temperature of air [K]. The updated temperature of air
follows from the equality of (10) and (11):

QC:C'm'(TrHl_Tn)- (12)

after insertion:

Q'S'(T [!_T')'At
Tpey =Ty + :"fp_VW . (13

where V is the volume of air in the section [m3], p is the densi-
ty of air [kgm-3]. Latent heat of condensation Ly [J] is given by
the relationship [2]:

Ly=1y, - m, (14)

where [y is the specific latent heat
[Jkg-!] and m is the weight of conden-

13
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f |
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leden  Unor  bfezen duben kvéten Cerven Cervenec srpen Zaf
January February March  April May June July

primémé mnoZstvi kondenzétu (m?/den) average amount of condensate (m*/day)

fiien  listopad prosinec
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sed water [kg].

The exit temperature of air at the end
of the section with cooling or heating
by the lining was determined by the
previous calculation, see relationships
(8)-(13).

The temperature of air and specific
weight of the water vapour from the
preceding section, or for the first secti-
on, the entry values are the entry para-
meters for each balance section. The
exit values are determined by the chan-
ged temperature (13). The calculation
of the dew point is carried out in a way
similar to that used in chapter Model of
heat conduction in cross-section.

If the temperature in the section drops

under the temperature of dew point, the

Obr. 7 Vysledky analyzy kondenzace ve staniceni 3,68 km jizni tunelové trouby (hloubeny iisek) s odhadnu-

tymi teplotami a relativnimi vlhkostmi na vystupu z tunelu

Fig. 7 Results of the condensation analysis at chainage km 3.68 of the southern tunnel tube (cut-and-cover

condensing specific weight of water
vapour m; [kgm-3] determined by the
relationship:

section) with the temperatures and relative humidity values at the tunnel exit guessed
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Zjednodusujici predpoklady jsou zohlednény odhadnutym
soucinitelem k£ = 0,5 déle v rovnicich (15) a (16), jenZ je
mozné zpresnit detailnéjsi analyzou.

Model uvazuje zménu teploty vzduchu, kterd je zpusobena
prestupem tepla z osténi v podélném sméru. Teplota vnéjsiho
vzduchu vstupuje jako okrajovd podminka vypoctu vedeni
tepla v prvnim dseku v fezu. V charakteristickém pri¢ném
fezu je stanovena teplota osténi, pomoci modelu vedeni tepla
v pri¢ném fezu (kap. Model vedeni tepla v pri¢ném rezu). Na
zdklade vstupni teploty vzduchu a teploty osténi se stanovi
zména teploty vzduchu v bilanénim dseku. Hustota tepelného
toku g [Wm-2] na rozhran{ vzduchu a osténi je diky konvek-
ci (proudéni v mezni vrstvé) [8]:

g=a- (Twaﬂ - Tair): (8)

kde Tan je teplota povrchu osténi [K], Tgir teplota vzduchu
u osténi [K]. Celkové mnozstvi predaného tepla Q , [J] tedy
bude:

ro:{,_]"S'ﬂf, )

kde S je teplosménnd plocha [m2] a Ar délka Casového
intervalu [s], kterd je spocitdna z délky bilancniho udseku
a rychlosti proudéni vzduchu. Po slouceni téchto rovnic:

Qx =a- (Twal! = Tair) 8§ <L (10)

Zména mnozstvi tepla akumulovaného ve vzduchu Q. [J]
(za jednotku Casu):

Qc =c m-(Thy1 — Ty). (11)

kde ¢ je mérnd tepelna kapacita [Jkg-'K-1], m hmotnost
vzduchu [kg], T(n+1) nova teplota vzduchu [K], 7,, puvodni
teplota vzduchu [K]. Z rovnosti (10) a (11) vychazi aktuali-
zovand teplota vzduchu:

Qx
Th+1 =Tn+c-m’ (12)
tedy po dosazent:
(+ SRR — Fair )= AL
Tn+1 — Tn + ( wall G’.l?‘) g (13)

c-p'V
kde V je objem vzduchu v tseku [m3], p hustota vzduchu [kgm-3].
Skupenské kondenzacni teplo Ly [J] je ddano vztahem [2]:

Ly=1, -m, (14)

kde Iy je mérné skupenské teplo [Jkg-1] a m hmotnost zkon-
denzované vody [kg].

m; =k (Tncnrr'y — Mg exit ) (15)

where k is a coefficient taking into account various aspects of
the simplification, mensry is the specific weight of water vapour at
the entry to the section [kgm-3], mg vir is the specific weight of
water vapour at the exit from the section with the air saturated
[kgm-3]. m;, ; [kgm-3] passes to the next section:

My = Mgexit T (1 — k)~ (menrr'y ] ms.exr‘:)- (16)

The amount of condensed water per one day is determined by
means of equation (7). The condensation heat and the changed
temperature are further calculated by the relationships (14) and
(12), respectively. In the next section, the boundary condition is the
exit temperature from the preceding section and the whole process
is repeated in succession for each following balance section (see
Figures 8 and 9). The boundary condition is affected by the beha-
viour of preceding sections, therefore is different in each section.

The outer temperature of air on the ground surface was consi-
dered to be equal for all sections within the particular step of time.
The initial condition was also identical for all sections, equal to
the temperature inside the ground body and the tunnel body of
10.57°C.

pocatecni teplota
vzduchu PU (i)
initial temperature of air

/

nova teplota vzduchu se zapo-

. . ypocet teploty osténi
ctenim kqnd. tepla do PU'(|+1) vizlculatio% gfy lining
new air temperature with femperature

cond. temperature included

into PU (i+1) l
nova teplota vzduchu po
kondenzace ochlazeni/otepleni
condensation new air temperature after
- cooling/heating

Obr. 8 Vypocet kondenzace v podélném sméru pomoci metody konecnych
objemu

Fig. 8 Calculation of condensation in the longitudinal direction using the
Finite Volume Method

vypocet teploty osténi v fezu
calculation of lining
teplota vnéj$iho temperature in cross-section
vzduchu
external air

vypocet teploty osténi v fezu
calculation of lining
temperature in cross-section

~

temperature
temperature

at section 1 end

relativni vihkost absolutni vihkost

S

teplota na konci useku 1

teplota na konci Useku 2
temperature ~
at section 2 end '\

- absolutni vihkost J('

L

vzduchu absolute humidity absolute humidity
relative air 3 '
humidity usek 1 section 1 tisek 2 section 2 tsek n section n

Obr. 9 Schéma 2,5D vypoctu
Fig. 9 2.5D calculation scheme
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Predchozim vypodétem se
stanovila vystupni teplota
vzduchu na konci tseku,

s uvaZenim ochlazeni nebo L
mnozstvi

ohrati o osténi, viz vztahy kondenzatu %
(8)—(13). kg 0.03
Pro kazdy bilaneni dsek | (g ) )
jsou vstupnimi parametry amount 0.02
teplota vzduchu a mérnd of condensate
hmotnost vodni péary z pred- ( kg ) 0.01
choziho dseku, piipadné m? - day
u prvniho dseku vstupni hod- .
noty. Vystupni hodnoty jsou %L‘IO
uréeny zménénou teplotou %, 8

(13). Vypocet teploty rosné-
ho bodu je proveden obdob-
nym zpusobem jako v kap.
Model vedeni tepla v pric-
ném fezu.

Pokud v dseku klesne tep-
lota vzduchu pod teplotu ros-

P

ného bodu, je kondenzujici
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mérnd hmotnost vodni pdry
mi [kgm‘3] uréena vztahem: Fig. 10 The course of condensation

m; = K+ (Myspup — My vystup)s (15)

kde k je soucinitel, ktery zohledniuje razné aspekty zjednoduse-
ni, m,,sp,,, mérnd hmotnost vodni{ pary na vstupu do dseku [kgm],
My sy MENA hmotnost vodni pdry na vystupu z dseku pii nasy-
ceném vzduchu [kgm=3]. Do dal§iho dseku prechdzi mis; [kgm?3]:

Mit1 = Mspyistup +(1-k)- (mvsmp = ms,v_\'-stu;o)- (16)

Mnozstvi zkondenzované vody za jeden den je uréeno pomoci rov-
nice (7). Dile je spocitano kondenzaéni teplo vztahem (14) a zméné-
nd teplota (12). V dalsim useku je okrajovou podminkou vystupni
teplota z tseku predchézejiciho a cely proces se opakuje postupné pro
kazdy dalsi bilancni dsek (obr. 8, 9). Okrajovd podminka je tedy
v kaZdém tseku jind, ovlivnénd chovadnim pfedchozich dseku.

Vnéjsi teplota vzduchu na povrchu zemé byla uvazovéana pro
vSechny tseky v daném casovém kroku stejnd. Pocatecni pod-
minka byla také pro vSechny dseky stejnd, a to teplota 10,57 °C
v zemnim i tunelovém télese.

Na obr. 10 je zobrazeno mnozstvi kondenzdtu v nazorném pri-
kladu liniové podzemni stavby, vztazené na kondenzacni plochu
osténi za den, které je vykresleno v podélném sméru a v Case. Je
tfeba zduraznit, Ze vzhledem k zavedenym zjednoduSenim vypo-
¢tu 2,5D se pro vypocet uvazuje teoreticky priklad primého tune-
lu s vodorovnou niveletou délky 10 km. Je duleZité zajistit kom-
patibilitu mezi hodnotou pocatecni a okrajové podminky na zacat-
ku simulace, jinak je vypo&et nestabilni. Z toho divodu byla ana-
lyza zahdjena v dubnu, kdy vnéjsi prumérnd teplota odpovida
uvazované pocatecni teploté v celém masivu. Maximalni mnoz-
stvi zkondenzované vody vychdzi 2,1 m?/den, které je 7 krat niz§{
neZ na obr. 7. Model se zahrnutim proudéni vzduchu v podélném
sméru ddva presnéjsi vysledky, nebot’ poCitd vystupni teploty
a relativni vlhkost vzduchu oproti hodnotdm na obr. 7.

Na obr. 11 je ukdzka vysledki z modelu kondenzace v podélném
sméru pro 1. srpen 2014, kdy bylo ve vySe uvedeném prikladu tune-
lu mnoZstvi kondenzétu nejvétsi. Vodorovnd osa zobrazuje prubéh

Obr. 10 Prubéh kondenzace v podélném smeéru v Case

in the longitudinal direction in time

Fig. 10 presents the amount of the condensate in the illustrati-
ve example of a linear underground structure, related to the con-
densation area of the lining per day, which is described in the lon-
gitudinal direction and in time. It is necessary to emphasise the
fact that, with respect to the simplification introduced into the
2.5D calculation, a theoretical example of a 10km long direct tun-
nel with a horizontal alignment is taken into account for this cal-
culation. It is important to ensure compatibility between the valu-
es of the initial and boundary conditions at the beginning of the
simulation, otherwise the calculation is instable. For that reason
the work on the analysis commenced in April, when the average
outer temperature corresponds to the initial temperature taken
into account for the entire massif. The maximum amount of con-
densed water resulting from the calculation is 2.1m3/day; it is
seven-times smaller than the value in Fig. 7. The model with the
inclusion of air flowing in the longitudinal direction gives more
accurate results in comparison with the values in Fig. 7 because
it takes into acount exit temperatures and relative humidity of air.

An example of results from the condensation model in the lon-
gitudinal direction for 15t August is presented in Fig. 11. At that
time the amount of the condensate in the above-mentioned tun-
nel example was greatest. The horizontal axis depicts the course
of condensation throughout the tunnel length. The amount of the
condensate related to the lining surface area per day is presented
on the vertical axis. Average relative humidity values measured
in 2014 are being taken into account. The calculation is carried
out with a 12-hour step of time, the individual sections 100m
long and the maximum air flow velocity of 1ms-!. The conden-
sate amount is greatest at the beginning of condensation and
subsequently fluently decreases. The irregularity in the initial
condensation sections could be reduced by reducing the lengths
of the sections, but it could also mean a significant extension of
the calculation duration.

The condensation in the longitudinal direction is significantly
affected by the air flow velocity. If the velocity is too high, the
air according to the calculation will not cool down to make the
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kondenzace po délce tunelu. Na
svislé ose je mnozstvi kondenzdtu
vztazené na plochu osténi za den.

kondenzace condensation

Uvazuji se prumémé relativni vih- w0 G 5
kosti v roce 2014 [6]. Vypocet je 13 \ 0,03 (:%,
proveden s casovym krokem 12 16 -
hodin, velikosti jednotlivych dseku _— 0,025 g
100 m a maximdlni rychlosti proudé- | < g2
nf vzduchu 1 ms”. Mnozstvi kon- | 5 12 002 S
denzitu je nejvetsi na pocatku kon- § 10 ‘g
denzace a pak plynule klesd. Nepra- & 4 0,015 %
videlnost v prvnich dsecich konden- | § =
zace by se dala zmensit zkracenim g 6 001 N
dsekll, ale také by to znamenalo " g
vyrazné prodlouZeni Casu vypoctu. 5 GAB:

Na kondenzaci v podélném sméru i g g
mé velky vliv rychlost proudéni. g i 3 3 4 5 g 2 § § io €

Pokud je rychlost prili§ velka,
vzduch se podle vypoctu nestihne
ochladit natolik, aby ke kondenzaci
doslo. Velky vliv by mél provoz

teplota rosného bodu
dew point temperature

staniceni po délce tunelu tunnel chainage

teplota vzduchu
air temperature

mnozstvi kondenzatu
amount of condensate

vozidel, ktery se v sou¢asném pripa-
dé neuvazuje.

Obr. 11 Prubéh teploty a kondenzace v podélném sméru (1. srpen 2014)

Fig. 11 The course of temperature and condensation in the longitudinal direction (15 August 2014)

ZAVER

Prispévek se vénuje stanoveni mnozstvi kondenzované vody
v tunelovém télese. Jednoduchy model je zaloZen na méreni
teplot a relativnich vlhkosti vzduchu na vstupu a vystupu tune-
lu a maximadlni rychlosti proudéni vzduchu. Mnozstvi konden-
zatu lze vypoditat z bilan¢ni rovnice mérné hmotnosti vodni{
péary. Kombinace pri¢ného a podélného modelu (2,5D) je pou-
Zitelnd pro presnéjsi vypolet kondenzace vodni péry v tune-
lech, vyZaduje v8ak vice dat a vypocetniho Casu.
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CONCLUSION
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BETON VYZTUZENY VLAKNY A JEHO APLIKACE V TUNELECH
FIBRE REINFORCED CONCRETE AND ITS APPLICATION IN TUNNELS

JAN L. VITEK, PETR VITEK

ABSTRAKT

Vidknobeton se tési stdle vétsi oblibé. Diivodem je snadnéjsi vyroba betonovych prvkii a konstrukct a z toho plynouct niZsi ndkla-
dy. Vldkna mohou plnit ruzné funkce, omezovat vznik trhlin, prispivat k vy$si poZdrni odolnosti nebo zlepSovat mechanické piiso-
beni materidlu. Klasickd ocelovd vidkna pouZivand pro prenos tahovych namdhdni mohou byt nahrazena vidkny nekovovymi.
Vlastnosti syntetickych vidken jsou odlisné od vlastnosti ocelovych vidken, coz se odrdZi téZ v odlisném pusobeni vidknobetonu.
Obecnée maji prvky s disperzni vyztuZi znacny statisticky rozptyl zejména pri namdhdni tahem, pop¥. tahem za ohybu, co? je treba
respektovat pri ndvrhu konstrukci. TéZ tahové zmékcent, které je typické pro ekonomicky vidknobeton, vymezuje oblast pouZiti toho-
to materidlu. Aplikace vldknobetonu na tunelovd osténi se ukazuje jako velmi vyhodnd. V oblasti strikanych betonu umoZiuje zejmé-
na zrychleni raZeb, v oblasti prefabrikovaného osténi pri mechanizovaném tunelovdni vede k iispornému a kvalitnimu osteni.
Nekteré zkuSenosti s vystavbou tunelovych prefabrikovanych osténi jsou tézZ uvedeny. Vyvoj drdtkobetonu i vldknobetonu byl &ds-
te¢né podporovdn Technologickou agenturou CR v ramci vyzkumného centra pro udrZitelnou dopravni infrastrukturu — CESTI.

ABSTRACT

Fibre reinforced concrete enjoys increasing popularity. The reason is easier production of concrete elements and structures and
the lower costs following from it. The fibres can fulfil various functions, restrict the development of cracks, contribute to higher
fire resistance or improve mechanical performance of material. Classical steel fibres used for transferring tensional stresses can
be replaced with non-metallic fibres. Properties of non-metallic fibres differ from those of steel fibres, which tensile stresses is
also reflected in different action of the steel/non-metallic fibre reinforced concrete. In general, elements containing dispersed fibre
reinforcement show significant statistical scattering, mainly when stressed by tension or by flexural tension. It is necessary to res-
pect this fact when designing structures. Even the process of tension softening, which is typical for economic non-metallic fibre
reinforced concrete, defines the area of use of this material. The application of non-metallic fibre reinforced concrete to tunnel
liners proves to be very advantageous. In the area of shotcrete, the application allows first of all for acceleration of tunnel exca-
vation; in the area of pre-cast liners in mechanised tunnelling it leads to economic and good quality linings. Some experience with
the construction of pre-cast tunnel liners is presented in the paper. The development of steel fibre reinforced concrete and non-
metallic fibre reinforced concrete was partly supported by the Technology Agency of the Czech Republic within the framework of
the Centre for Effective and Sustainable Transport Infrastructure (CESTI).

1. OvOD

Beton je vynikajici materidl pro stavebni konstrukce, avsak
jeho omezend tahova pevnost vyzaduje vyztuzeni dal$imi
materidly. V tunelech se objevuji aplikace rozptylené vyztuze
misto klasické prutové vyztuZe. Motivaci pouZiti vlaknobeto-
nu je tdspora ndkladu zejména vlivem zjednoduseni technolo-
gie vystavby a déle zlepSeni nékterych vlastnosti konstruke-
nich prvku. Vldknobeton se vyviji jiZz od poloviny 20. stoleti,
avsak stédle nejsou k dispozici kompletni ndvrhové predpisy.

Clanek se zabyva popisem pisobeni jednotlivych vldken
s durazem na jejich mechanickou funkci. Je zminén postup
poruSovani vldknobetonu v zdvislosti na vlastnostech pouZi-
tych vldken. Déle jsou uvedeny priklady aplikaci vlaknobeto-
nu v tunelech, véetné zkusenosti autoru, i ¢4ste¢né na ostatnich
konstrukcich. Rada experimentd i numerickych vypodéta zmi-
nénych v ¢lanku byla provedena za podpory projektu CESTI.

2. POUZIVANA VLAKNA A JEJICH UCEL

Vldkna zamichand do betonu mohou mit rizny tcel. Kromé
konstrukéniho betonu, kterému je vénovan tento ¢ldanek, mohou
vldkna plnit fadu jinych funkei. Kratka lehkd organicka vlakna
(naprf. PP, PE nebo sklenénd) se pouZzivaji pro omezeni vzniku
trhlin ve velmi mladych betonech. Tato vldkna maji maly
modul pruZnosti, srovnatelny s modulem betonu v dobé pocat-
ku tuhnuti. V této fazi, kdy beton je velmi citlivy na jakékoli
poruseni, vldkna pusobi jako vyztuZz. Po zatvrdnuti betonu
nemaji jiz vyznam pro prenos zatiZeni, protoZe jsou poddajna
a jejich mnoZstvi je pomérné malé. Pfi ndvrhu sloZeni betonu je

1. INTRODUCTION

Concrete is an excellent material for building structures,
but its limited tensile strength requires reinforcing with other
materials. Application of dispersed fibre reinforcement
instead of classical steel bar reinforcement appears in tunne-
Is. The motivation for the application of dispersed fibre rein-
forced concrete lies in savings of costs, first of all due to the
simplification of the construction technology and improve-
ment in some properties of structural elements. Fibre rein-
forced concrete has been developed already since the midd-
le of the 20th century, but complete design regulations are
not available yet.

The paper deals with the description of the action of indi-
vidual dispersed fibres with the stress put on their mechani-
cal function. It mentions the process of disturbing dispersed
fibre reinforced concrete depending on the properties of the
dispersed fibres used. In addition, examples of application of
dispersed fibre reinforced concrete in tunnels are presented,
including our experience, and partly examples of the appli-
cation to other structures. Numerous experiments and nume-
rical calculations mentioned in the paper were conducted
with the support of the project CESTI.

2. USED FIBRES AND THEIR PURPOSE

Fibres mixed into concrete can have various purposes. Apart
from structural concrete, which this paper is dedicated to, dis-
persed fibres can fulfil many other functions. Short lightweight
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tieba vliv vldken respektovat, protoze mohou nepfiznivé ovliv-
novat zpracovatelnost.

Dalsi obvyklad funkce poddajnych malych vldken je zvySo-
vani odolnosti proti pozdru. Beton obsahuje po celou dobu
Zivotnosti urCity obsah vody v jeho pérovité strukture. Pri
vystaveni povrchu zvySujici se teploté se voda méni v péru
a rostoucim tlakem postupné roztrhd betonovou strukturu
a dochdzi tak k odpryskani povrchové vrstvy betonu. Tim se
vysoké teploty dostanou aZ k vyztuZzi a miZe nastat pomérné
rychly kolaps konstrukce. Aplikaci vhodnych vldken se
postupnd degradace betonu znaéné zpomali, protoZe pri vyssi
teploté se vldkna rozpusti a vytvori v betonu pdry, kterymi
péra z odpafované vody muze unikat a nedojde k vysokym tla-
kam naruSujicim beton. Vysoké teplota naru$i beton do ur¢ité
hloubky, ale beton neodpryskd. Plisobi jako izolace a neumoz-
ni vyrazné ohrivani betonu ve vétSich hloubkdch pod povr-
chem, kde je umisténa vyztuz. Po skonleni poziru je nutné
povrchovou poskozenou vrstvu odbourat a nahradit novou, ale
vnitfek konstrukce muZze pozar bez kolapsu preZit.

Konstrukéni vldknobeton je dnes atraktivni, nebot’ vldkna
mohou nahradit ¢ast, ve zvlastnich pripadech i v§echnu klasic-
kou vyztuz, ¢imz lze dosdhnout zjednoduSeni vyroby kon-
strukénich prvkud a v fadé piipadu i zlevnéni konstrukei.

3. KONSTRUKCNI VLAKNOBETON

Clének je zaméfen na tzv. konstrukéni vldknobeton. Jde
o material, kde vldkna maji statickou funkci a podileji se na
prendseni zatiZeni. NejCastéjsi formou je dratkobeton, kde jsou
pouzita ocelovd vldkna. Vldkna se li§{ svym tvarem, rozméry
a koncovou tpravou. Aby se vldkna mohla podilet na prendse-
ni zatiZzeni, musi byt pouzito urCité minimalni davkovani.
V pripadé béznych ocelovych vldken se minimélni ddvka
pohybuje kolem cca 40 kg/m?3 betonu, coZ je cca 0,5 %. Vyssi
dédvka dréatku zlepSuje tahové vlastnosti, ale na druhé strané
zhorSuje zpracovatelnost a samozrejmé zvysuje naklady. Vyssi
procento dratka se pouZiva pro ultra vysokohodnotné betony,
kde davkovan{ dosahuje 2 az 3 % drdtka. Tyto smési v8ak pou-
zivaji mensi vysokopevnostni dritky a jejich dlohou je zejmé-
na omezit kiehkost poruseni. Z hlediska aplikace na konstruk-
cich se za konstrukéni dratkobeton povaZzuje materidl s tlako-
vou pevnosti cca 30 az 100 MPa, s obsahem drdtka v rozmezi
cca 35 az 80 kg/m3.

V pripadé pouziti jinych nez ocelovych vldken se hovori
o vldknobetonu. Materidl vldken muZze byt razny, vldkna na
bazi skla, CediCe, uhliku nebo vldkna na bdzi organickych
latek, jako je polypropylén, PVC, PVA, apod. U vldken z orga-
nickych ldtek je jednim ze zakladnich parametri modul pruz-
nosti. Men$i modul pruznosti, se kterym se Casto lze setkat,
vyzaduje k aktivaci sily ve vldknu velkou deformaci. To vede
k rozSifovani trhliny ve vétsi mire, nez je tomu u ocelovych
vldken. Aby se dosdhlo potfebné tuhosti vldken, je tfeba zvysit
jejich mnozstvi, coz muze vést k technologickym problémam
a téZ ke zvySenym ndkladum.

Pro specifikaci a vyrobu dritkobetonu a vldknobetonu plati
obecnd evropskd norma CSN EN 206 a déle navazujici norma
CSN P 732450.

4. MECHANICKE PUSOBENI VLAKNOBETONU

Vldknobeton, podobné jako bézny beton, ma rozdilné puso-
beni pri namédhani tlakem a tahem. Vlaknobeton je dvoufazovy
kompozitni materidl, ktery se skldda z betonové matrice a z vla-
ken. Tlakové pusobeni je podobné jako u béZného betonu.

Tuel

organic fibres (e.g. PP or PE) are used for restricting the origi-
nation of cracks in very fresh concrete. These fibres have a small
modulus of elasticity, which is comparable with the modulus of
concrete at the beginning of setting. In this phase, when concre-
te is highly sensitive to any damage, the fibres act as reinforce-
ment. After curing of the concrete, fibres have no more impor-
tance for the transfer of loads because they are yielding and their
quantity is relatively small. When the concrete composition is
being designed, it is necessary to respect the influence of fibres
because they can unfavourably influence the workability.

Another common function of small flexible fibres is increa-
sing the fire resistance. Concrete contains certain amount of
water in its porous structure throughout the lifetime. When the
surface is exposed to increasing temperature, water turns into
steam and gradually breaks the concrete structure by growing
pressure; the surface layer of the concrete gradually spalls off.
As a result, high temperatures get up to the steel reinforce-
ment and a relatively rapid collapse of the structure may take
place. The gradual degradation of concrete significantly dece-
lerates by the application of suitable fibres because the fibres
melt and form pores in the concrete through which steam from
the evaporated water can escape and the high pressures dis-
turbing the concrete does not originate. High temperature dis-
turbs the concrete to a certain depth, but the concrete does not
spall off. It acts as insulation and does not allow significant
heating of concrete at greater depths under the surface where
steel reinforcement is placed. After the end of the fire it is
necessary to remove the destroyed layer and replace it with
a new one, but the inner part of the structure may survive the
fire without a collapse.

Structural fibre reinforced concrete is today attractive
because fibres can replace a part, in special cases even all
classical reinforcement, thus to achieve the simplification of
the production of structural elements and, in numerous cases,
even the reduction in construction costs.

3. STRUCTURAL FIBRE REINFORCED CONCRETE

The paper is focused on the so-called structural fibre rein-
forced concrete. It is a material where fibres have a static
function and participate in transferring the loads. The most
frequent form is the steel fibre reinforced concrete, where
steel fibres are used. The fibres differ in their shape, dimensi-
ons and the form of their ends. Certain minimum dosage of
the fibres has to be used to allow the fibres to participate in
the process of transferring loads. In the case of common steel
fibres the minimum dosage fluctuates about ca 40kg/m3 of
concrete, which is approximately 0.5 per cent. A higher dosa-
ge of steel fibres improves tensile properties, but on the other
hand, influences workability and, naturally, increases the
costs. A higher percentage of steel fibres is used for ultra
high-value concretes, where the dosage of steel fibres reaches
2 to 3 per cent. But these mixes use smaller high-strength steel
fibres and their purpose is first of all to restrict the brittle
nature of failure. From the aspect of the application to struc-
tures, a material with the compressive strength of ca 30 to
100MPa with the content of steel fibres ranging from ca 35 to
80kg/m? is considered to be a structural concrete.

In the case of other than steel fibres we speak about non-
metallic fibre reinforced concrete. The material of the fibres
can vary — glass, basalt, carbon or organic matters, such as
polypropylene PVC, PVA, etc. In the case of fibres made of
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organic materials, one of basic parameters is the
modulus of elasticity. A smaller modulus of elasti-
city, which we can often meet, requires large defor-
mation for the activation of the force in the fibre.
This leads to extending the crack to a greater
extent than it is in the case of steel fibres. To achi-
eve the required stiffness of fibres it is necessary to
increase their amount, which may lead to techno-
logical problems and also to increased costs.

The general European standard CSN EN 206
and the linking standard CSN P 732450 are appli-
cable to the specification and production of steel
fibre reinforced concrete.

4. MECHANICAL PERFORMANCE OF FIBRE

" REINFORCED CONCRETE

Obr. 1 Pracovni diagram drdtkobetonu s tahovym zpevnénim a s tahovym zmékcéenim
Fig. 1 Stress-strain diagram for steel fibre reinforced concrete exhibiting strain hardening

and strain softening

Tlakova pevnost neni obsahem vldken vyznamné ovlivnéna.
Tahové pusobeni se od béZného betonu lisi podle toho, jaky
druh a jaky obsah vldken je pouZit. Pokud jde o konstruk¢éni
vldknobeton, je pro navrhovéni konstrukci a jejich prvka roz-
hodujici pusobeni v tahu. Vlastnosti jednotlivych fazi ur&uji
vlastnosti vysledného kompozitu.

Tlakové plisobeni

Pii tlakovém pusobeni se prvek ve sméru zatiZeni zmen3uje
a konstrukce je namahdna soucasné pri¢nym tahem. To lze
ilustrovat na valcové zkouSce v tlaku. Prosty beton selZe,
pokud napéti v pri¢ném tahu dosdhne tahové pevnosti betonu
a dojde ke vzniku trhlin a kolapsu prvku. U vldknobetonu je
postup poruseni podobny. Po vzniku trhliny se aktivuji vlak-
na a zamezi ndhlému dynamickému poruseni. I v pripadé
vldaknobetonu o poruseni pri tlakové zkouSce rozhoduje vznik
podélné trhliny, ktery je nejvice zdvisly na tahové pevnosti
betonové matrice. Proto je tlakovd pevnost podobnd jako
u prostého betonu, pri bézné uzivanych mnozstvich vldken.
Tahové pulisobeni

Pokud je prvek vystaven tahovému zatiZeni, napéti v kom-
pozitu se zvySuje, az dojde ke vzniku trhliny. Pak beton pre-
stdvd pusobit a aktivuji se vldkna v trhliné. Rychlost jejich
aktivace, tzn. roz§iteni trhliny, nez se ve vldknech aktivuje
sila, kterou dfive prendSel beton, zdvisi prevdzné na modulu
pruznosti vldken a na jejich mnoZstvi, resp. prafezové plose.
Pokud po vzniku trhliny dojde ke zvySeni tinosnosti v tahu, jde
o kompozit s tahovym zpevnénim. V takovém pripade je tinos-
nost vldken vétsi nez tinosnost betonu v tahu pred vznikem trh-
liny. Pokud po vzniku trhliny a aktivaci vlaken bude tinosnost
prvku niZ§i nez tnosnost betonu v tahu pred vznikem trhliny,
pak jde o kompozit s tahovym zmékéenim (obr. 1).

Tahového zpevnéni 1ze dosdhnout pri vysokém obsahu vla-
ken (dratka). Takové kompozity jsou ale vétSinou drahé
a ndro¢né na technologii vyroby. Proto ve vétsiné aplikova-
nych pripadu byly pouZity vldknobetony se zmék&enim. Ty
jsou ekonomické a lze je vyrdbét s priméfenym dsilim v bez-
nych betonarnich. Tahové zmék&eni vSak predstavuje riziko
krehkého poruseni konstrukce, proto tyto materidly 1ze pouzi-
vat pouze za urcitych podminek.

Zkouseni viaknobetonu

Kvalita vldknobetonu se zkousi podobné jako u bézného
betonu fadou zkouSek. Zkousky erstvého vldknobetonu jsou

The performance of fibre reinforced concrete is
different during compression and tension, similar-
ly to common concrete. Fibre reinforced concrete
is a two-phase composite material comprising of
concrete matrix and fibres. The behaviour of fibre reinforced
concrete under compression is similar to that of the usual
concrete. Compressive strength is not significantly affected
by the content of fibres. The behaviour in tension is different
from that of common concrete, depending on the type of fib-
res used and their content. As far as structural fibre reinforced
concrete is concerned, their performance in tension is crucial
for designing structures and their elements. The properties of
individual phases determine the properties of the resultant
composite.

Performance under compression

Under compression, deformation in the direction of loading
is reduced and the structure is stressed concurrently by trans-
verse tension. It can be illustrated on a compression cylinder
test. Unreinforced concrete fails when the tensile stress rea-
ches the tensile strength of concrete and cracks begin to ori-
ginate — the element collapses. In the case of fibre reinforced
concrete the process of failure is similar. After the origination
of a crack the fibres are activated and prevent sudden dynamic
failure. It is even in the case of fibre reinforced concrete that
the origination of a longitudinal crack during a compression
test decides when the the element fails (it depends most of all
on the tensile strength of the concrete matrix). For that reason
the compressive strength is similar to the compressive
strength of unreinforced concrete when the common amount
of fibres is used.

Performance under tension

If the element is exposed to tension, the stress in the compo-
site material grows until a crack develops. Then the concrete
matrix ceases to act and the fibres in the crack are activated.
The rate of their activation, i.e. extending the crack width befo-
re the force transferred previously by concrete is activated in
the fibres, depends mostly on the modulus of elasticity of the
fibres and their amount or their cross-sectional area. If the resi-
stance to tension increases after the origination of the crack, it
is the case of strain hardening. In such a case the bearing capa-
city of fibres is higher than the tensile strength of concrete
before the origination of cracks. If the resistance to tension after
the origination of crack and activation of fibres is lower than
the concrete resistance to tension before the crack origination,
it is the case of a composite with strain softening (see Fig. 1).
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dnes u nas definovany normou CSN P 732451. Zkousky
zatvrdlého betonu slouZi k ovéreni vlastnosti, jako jsou tlako-
va pevnost, tahové vlastnosti, modul pruznosti, smrstovani,
dotvarovani, apod. Z hlediska funk¢nosti a navrhovani je nej-
dulezitéj8i overeni tahovych vlastnosti vldknobetonu. Lze
pouzit normu CSN P 732452, Tahové vlastnosti se stanovuji
obvykle zkouskou v tahu za ohybu nebo zkouskou v pfi¢ném
tahu misto pfimé tahové zkousky. Duvodem je zejména tech-
nickd ndro¢nost provedeni zkousky v primém tahu. Kon-
strukéni uspordddni zkouSky je mimorddné slozité a malé
odchylky vedou k vyznamnému ovlivnéni vysledku zkousky.
Statisticky rozptyl vlastnosti, ktery je z podstaty vldknobeto-
nu jiz velky, by se tak ndaro¢nou zkouskou jesté zvysil.
Zkouska v tahu za ohybu

Tato zkouska se stala nejrozsitenéj§im zpusobem ovéfovani
kvality vldknobetonu s ohledem na mechanické vlastnosti.
V principu jsou dvé€ varianty, jak se zkouSka provadi. V obou
pripadech jde o zkousku na tramcich, standardné o rozmérech
150x150x700 mm.

Prvni varianta je zkouSka 4bodovym ohybem (obr. 2).
Zkousi se tramec na rozpéti 600 mm zatiZzeny dvéma bfemeny
umisténymi ve tretindch rozpéti. ZatéZzuje se predepsanou
rychlosti podle CSN P 732452. Podobny postup je pouZivan
i v Némecku, kde se postupuje podle Richtlinie DAfStb [1].
Vysledkem zkou$ky je zdvislost sily na pruhybu. Vyhodnocuji
se tfi udaje, a to sila (zatizen{) pfi vzniku makrotrhliny (nej-
vy88i hodnota u materidlu se zmék&enim), sila pti pruhybu
0,5 mm a sila pfi prahybu 3,5 mm (obr. 3). ProtoZe pro dimen-
zovani je nutné zndt zavislost napéti a deformace, jsou zmé-
fené veli¢iny prevddény pomoci principu linedrni mechaniky
a empirickych vzorcu.

Druhd varianta ohybové zkousky se provadi podle doporuce-
ni RILEM uvedeného v evropské normé CSN EN 14651. Tato
metodika je téZ zminéna v Model Codu fib2010 [2]. ZkouSka
spociva v ohybu trdmce na rozpéti 500 mm s vrubem, ktery je
zatiZen jednou silou uprosted rozpéti, tedy 3bodovym ohybem
(obr. 4). Vrub ma hloubku 25 mm a uréuje misto poruseni. Pri
zkouSce se méfi zavislost zatéZovaci sily na otevfeni trhliny.

Obé zkousky jsou obecné povazovany za rovnocenné.
Zkouska 3bodovym ohybem ma tu vyhodu, Ze misto poruseni
je predem urleno, a lze tedy presné méfit rozevrieni trhliny.
U zkousky 4bodovym ohybem je vyhodou, Ze stfedni oblast je
namdhana pouze ohybem, ale trhlina vznikd v misté, které ma
nejniZ8i dnosnost, tj. vétSinou tam, kde je nejméné drdtka
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Obr. 2 Zkouska 4bodovym ohybem
Fig. 2 4-point bending test
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Strain hardening can be achieved when the content of fibres
is high. However, such composites are mostly expensive and
demanding in terms of the production technology. For that
reason fibre reinforced concretes strain softening were used in
the majority of the applination. They are economic and can be
produced with a reasonable effort in common concrete bat-
ching plants. But strain softening represents a risk of brittle
failure of the structure. For that reason these materials can be
used only under certain conditions.

Fibre reinforced concrete testing

Fibre reinforced concrete is tested by a number of tests in
a way similar to testing of common concrete. Testing of fresh
fibre reinforced concrete is now defined in the Czech
Republic by the CSN P 732451 standard. Testing of concrete
after hardening is used to verify properties, such as compres-
sive strength, tensile properties, modulus of elasticity, shrin-
kage, creep, etc. The most important from the aspect of the
fibre reinforced concrete functionality and designing is the
verification of its tensile properties. It is possible to apply the
CSN P 732452 standard. The tensile properties are usually
determined by a bending test or a transverse tensile test inste-
ad of a direct tensile test. The reason lies mainly in technical
demands of the execution of the direct tension test. The struc-
tural arrangement of the test is extremely complicated and
small deviations lead to significant influencing of the test
results. The statistical scatter of properties, which is already
large from the substance of fibre reinforced concrete, would
be further increased due to the so demanding test.

Bending test

This test became the most widespread way of verifying the
quality of fibre reinforced concrete regarding the mechanical
properties. In principle, there are two variants of how the test
is performed. In both cases, the tests are conducted on beams
with standard dimensions of 150x150x700mm.

The first variant is the 4-point bending test (see Fig. 2). The
test is conducted on a beam with the span length of 600mm,
loaded by two point loads located in the thirds of the beam
span. The loading speed is prescribed by the CSN P 732452
standard. A similar procedure is also used in Germany, where
the Richtlinie DAfStb [1] is used. The result of the test is the
dependence of the force on the deflection. Three pieces of
data are assessed, namely the force (loading) at the moment of
origination of a macro-crack (the highest value for materials
exhibiting tensile softening), the force at the deflection of
0.5mm and the force at the deflection of 3.5mm (see Fig. 3).
Because of the fact that it is necessary to know the relations-
hip between stress and strain for design purposes, the measu-
red values are converted by means of the principles of linear
mechanics and empirical formulas.

The second variant of the bending test is applied in accor-
dance with the RILEM recommendations contained in the
European standard CSN EN 14651. This methodology is also
mentioned in the Model Code fib.2010 [2]. The test lies in
bending a 500mm-span beam with a notch, which is loaded by
a single point load in the middle of the span, which means
3-point bending (see fig. 4). The notch is 25mm deep and it
determines the point of failure. The dependence of the loading
force on the crack opening is measured during the test.

The two tests are generally considered to be equivalent. The
advantage of the 3-point flexural loading is that the point of
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Obr. 3 Diagram ze zkouSky 4bodovym ohybem
Fig. 3 4-point loading bending test diagram

(drdtky nejsou rozptyleny zcela rovnomérné). Pri odzkouseni
mnoha vzorku lze ze zkouSky 3bodovym ohybem uréit i vliv
statistického rozptylu dratku, coZ je u zkousky 4bodovym
ohybem zkresleno tim, Ze poruSen{ nastane vzdy v jiném pru-
fezu. ZjednoduSené by se dalo fici, Ze zkouska 4bodovym
ohybem spiSe charakterizuje chovdni konstrukce, zatimco
zkou§ka 3bodovym ohybem je zkouSka stanovujici materidlo-
vé parametry. Ve svété neni jednotny ndzor na to, jakd zkous-
ka by se méla doporucit, proto se pouzivaji obé. Obecné ma
vldknobeton velky rozptyl vysledku (nezdvisle na typu zkous-
ky). Je to déno tim, Ze pouzivané dratky (vldkna) pro kon-
strukéni beton jsou relativné velkd, nejéastéji maji délku 35 az
60 mm. Vzhledem k velikosti zkuSebniho trdmce je jejich
pocet v kritickém prufezu zna¢né proménny. Ve velké kon-
strukci je rozdéleni vldken relativné rovnomérnéjsi neZ ve
zkuSebnim trdmci. Zatim vSak neni shoda na jiném zpusobu
zkouSeni, neZ jsou standardni trdmce.

V ramci reSeni projektu CESTI byl zkoumdn vliv rozmisté-
nf drdtku ve zkuSebnich trdmcich [3]. Motivaci byly zji§téné
rozdily v parametrech dritkobetonu zméfenych na zkouSce
veétsi konstrukce a na zkuSebnich tramcich. V tomto pripadé
byly pouzity dratky o délce 60 mm a pruméru 1 mm. Bylo

Y

zjisténo, Ze dratky jsou velmi dlouhé vzhledem k §ifce formy

‘ 150
R

® 5 3

250 |\ 250
it >

550 \
\ méreni Sifky trhliny

crack aperture measurement

25 25

A

Y

Obr. 4 ZkouSka 3bodovym ohybem
Fig. 4 3-point bending test
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failure is determined in advance, therefore the crack opening
can be precisely measured. At the 4-point bending test, the
advantage is the fact that the middle area is loaded only by
bending, but the crack develops at the point at which the load
carrying capacity is lowest, i.e. mostly there where the
amount of fibres is smallest (the fibres are not dispersed total-
ly evenly). When many specimens are subjected to testing, it
is possible in the case of the 3-point bending test even to
determine the influence of the statistical scattering of the fib-
res; this determination is distorted at the 4-point bending test
by the fact that the failure point is always in a different cross-
section. Simplified, it could be said that the 4-point bending
test rather characterises the behaviour of the structure, whilst
the 3-point bending test determines the material parameters.
Because of the fact that no unified opinion on the test which
should be recommended exists in the world, both tests are
used. In general, the scattering of the results of fibre reinforced
concrete tests is great (irrespective of the test type). The reason
is the fact that the fibres used for structural concrete are relati-
vely large, most frequently 35 to 60mm long. With respect to
the dimensions of the testing beam, their quantity in the criti-
cal cross-section is highly variable. In a large structure, the
distribution of fibres is relatively more uniform than that in
a testing beam. But no agreement has been reached yet regar-
ding another testing procedure than that using standard beams.

The influence of the distribution of fibres in testing beams
[3] was examined within the framework of the solution to the
CESTI project. It was motivated by the differences determi-
ned in the parameters of steel fibre reinforced concrete mea-
sured during the testing of a larger structure and on testing
beams. In this case, steel fibres 60mm long and Imm in dia-
meter were used. It was determined that the steel fibres are
very long with respect to the width of the beam mould
(150mm) and they tend to deposit along the mould sides. It
was in addition determined even by other experiments on ultra
high-strength concrete that the steel fibres rather lay flat
during the pouring of concrete. It follows from this fact that
the amount of steel fibres in the vertical direction during the
concrete pouring process is smaller than that in other directi-
ons. When longer fibres are used, the flexural strength tests on
standard beams provide rather more favourable results than it
is possible to expect on a large structure.

5. ACTION OF FIBRES IN FIBRE REINFORCED CONCRETE

Fibre reinforced concrete is formed by a concrete matrix
and fibres. The matrix is broken by a crack during tension and
the fibres are activated. Their action depends on the material
properties of the fibres (the strength, the modulus of elastici-
ty) and their bonding with the concrete and mechanical ancho-
ring. Steel fibres have relatively high strength and also high
modulus of elasticity. For that reason they are activated quick-
ly, even at a small opening of the crack. If the load is increa-
sed, the tensile stress in them grows. Because their strength is
high, their bonding and anchoring often fail and the fibres are
rather pulled out before they break up. Their utilisation is
improved by improving the anchorage (see Fig. 5). For that
reason some manufacturers use steel fibres bent even several
times in the end regions. Whether the steel fibre breaks up or
is pulled out of the concrete is in addition decided by the
angle the steel fibre crosses the developing crack. The rese-
arch within the framework of the CESTI project in addition
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tramce (150 mm) a Ze maji tendenci se uklddat podél stran
bednéni. Rovnéz bylo zjisténo, a to i dal§imi experimenty na
ultra vysokopevnostnim betonu, Ze driatky se pri betondzi
spiSe pokladaji. Z toho plyne, Ze ve sméru svislém pri betona-
7i je méné drdtku neZ v ostatnich smérech. Ohybové zkousky
na standardnich trdmcich pri pouziti delSich vldken poskytuji
spiSe priznivejsi vysledky, nez lze oCekdvat na velké kon-
strukci.

5. PUSOBENI VLAKEN VE VLAKNOBETONU

Vldknobeton je tvofen betonovou matrici a vldkny. Prfi taho-
vém namahdni se matrice porusi trhlinou a aktivuji se vldkna.
Jejich pusobeni zdvisi na jejich materidlovych vlastnostech
(pevnost, modul pruznosti) a na soudrZnosti s betonem, popr.
mechanickém zakotveni. Ocelova vldkna maji pomérne vyso-
kou pevnost a téZ vysoky modul pruZnosti. Proto se aktivuji
rychle i pfi malém rozevreni trhliny. Pfi dal§im zatéZovani
v nich roste tahova sila. ProtoZe jejich pevnost je velkd, Casto
drive, nez dojde k jejich pretrZeni, se porusi soudrZnost a kot-
veni a dritky se spiSe vytahuji. ZlepSenim kotveni se zvysi
jejich vyuZiti (obr. 5). Proto nékteri vyrobci pouzivaji i vice-
krat zalomené dratky v koncové oblasti. O tom, zda se dratek
pretrhne, nebo vytdhne z betonu, rozhoduje téz uhel, kterym
preklenuje vznikajici trhlinu. Vyzkum v rdmci projektu
CESTI téZz zkoumal pusobeni jednotlivych drdtku pfi ruzné
kotevni délce, které byly zabetonovdny kolmo k povrchu nebo
ve sklonu 45° [3]. Pfedmétem zkouSek byly dritky o délce
60 mm o pruméru 1 mm s 1x zalomenou koncovou dpravou.
Dratky byly jednotlivé vytahovany (obr. 6) a vysledky byly
vyhodnoceny. Dratky kolmo na povrch byly vytaZeny z beto-
nu ve 100 % pripadu. U Sikmych drdtku doslo k pfetrZeni ve
vice ne# 50 % piipadii. Unosnost ikmych dratkl byla vétsi,
ale jejich tuhost byla mens$i neZ u dréitku kolmych k povrchu.
Téz se ukazalo, Ze hlavni vliv na zakotveni ma koncova tpra-
va drdtku. U dratkd kolmych na povrch se témér neprojevil
vliv délky zakotveni. Byly zkouSeny varianty se zakotvenim
30 a 15 mm a vysledky byly témér shodné, coZ ukazuje na
vyznam koncové tpravy dratku.

Z uvedenych poznatku plyne i vliv mnoZstvi drédtku na roze-
virdn{ trhliny. Pfedpoklddejme drédtky o priméru 0,75 a 1 mm

Obr. 6 Pull-out test kolmych drdtku
Fig. 6 Pull-out test of perpendicular steel fibres

Obr. 5 Ocelové drdtky & 1 mm, 60 mm dlouhé s jednoduchym zalomenim
na konci
Fig. 5 Steel fibres & 1mm, 60 mm long, with a simple bend at the end

examined the action of steel fibres with different anchoring
lengths, which were incorporated into concrete perpendicular-
ly to the surface or at an angle of 45° [3]. Steel fibres 60mm
long and 1mm in diameter, with once bent ends were subjec-
ted to the tests. The fibres were pulled out individually (see
Fig. 6) and the results were assessed. The steel fibres perpen-
dicular to the surface were pulled out of the concrete in 100
percent of the cases. Angled fibres were broken up in more
than 50 percent of the cases. The loading capacity of the ang-
led fibres was higher, but their stiffness was smaller than that
of fibres perpendicular to the surface. It has in addition turned
out that the main influence on anchoring has the treatment of
steel fibre ends. The effect of the anchoring length has nearly
not shown up in the case of steel fibres perpendicular to the
surface. Variants with the anchoring lengths of 30 and 15mm
were tested and the results were nearly identical. This fact
proves the importance of the treatment of the steel fibre ends.

Even the effect of the amount of steel fibres on the crack
opening follows from the above-mentioned findings. Let us
assume steel fibres 0.75mm and 1mm in diameter, with iden-
tical strengths. If the dosage is identical, e.g. 40kg, the
amount of steel fibres will significantly differ; the amount of
the thinner fibres will be nearly double. Their stiffness and
strength will be identical because the effective cross-sectional
area at the assumed uniform distribution of the steel fibres
will be identical. On the other hand, the bonding and ancho-
ring properties will be significantly more effective in the case
of thinner steel fibres because the pull-out force will be app-
roximately half and the bonding surface of a thinner fibre is
three-quarter. In addition, the anchoring element is stressed by
an approximately half of the force. The result is that the effec-
tiveness of anchoring with thin fibres is significantly higher in
comparison with thicker fibres. It follows from this fact that
the resistance of thinner fibres to pulling out, which is sub-
stantial in the case of steel fibres, is higher. On the other hand,
increasing the quantity of fibres may complicate the fibre
reinforced concrete production technology.

Concretes reinforced with non-metallic fibres have recently
been produced. The CESTI project has examined the influen-
ce of the so-called macro-synthetic fibres made of polyolefin
(see Fig. 7). The fibres are geometrically similar to steel fib-
res (39mm long, 0.78mm in diameter), but their mechanical



Obr. 7 Syntetickd makrovlikna & 0,78 mm, délka 39 mm
Fig. 7 Macro-synthetic fibres & 0.78 mm, 39mm long

stejné pevnosti. Pokud ddavkovéani bude shodné, tj. napf.
40 kg, pak mnoZstvi drdtku bude znaéné odli§né, dratka men-
Stho praméru bude témért dvakrat vice. Jejich tuhost a pevnost
bude stejnd, protoZe G¢inna prufezovéd plocha pii predpokla-
daném rovnomérném rozdéleni drdtku bude stejnd. Na druhé
stran¢ soudrznost a kotven{ bude vyrazné G¢innéjsi pri tenéich
dratcich, nebot’sila bude cca poloviéni a soudrzna plocha ten-

Vv

¢tho vldkna je tri¢tvrtinova, a navic kotevni prvek je namdhéan
veni u tenkych vldken proti tlustsim vldknim. Z toho plyne,
Ze tendi vldkna maji vétsi odolnost proti vytaZeni, kterd je
u ocelovych vldken podstatnd. Na druhou stranu zvySovani
poc¢tu vldken muZe komplikovat technologii vyroby vldkno-
betonu.

V posledni dobé se vyrdbéji vlaknobetony s nekovovymi
vldkny. V rdmci projektu CESTI byl zkoumdn vliv tzv. mak-
rovldken, syntetickych vldken z polyolefinu (obr. 7). Jsou
geometricky podobnd vldknim ocelovym (délka 39 mm, pro-
fil 0,78 mm), avSak maji jiné mechanické vlastnosti. Jejich
pevnost (470 MPa) i modul pruznosti (3,6 GPa) jsou nizsi nez
u ocelovych vldken, coZ se samozfejmé projevilo na vysled-
cich zkousky v tahu za ohybu. Naopak mnoZzstvi vldken
v betonu je vétsi a jejich zakotveni je velmi dobré. Objemova
hmotnost je mald a rovnéZ manipulace v makrovlakny je
snadné&jsi. Ddvkovdni se pohybovalo mezi 5 a 12 kg/m? beto-
nu. Pfi ddvkovéani 8 kg/m? je pocet vldken cca 2,5x vEtsi
nez pocet ocelovych vldken (60x0,75 mm) pri ddvkovani
40 kg/m?3. To je vyhodné, nebot se zvySuje homogenita smési
a pritom je jeSté technologicky tinosné smés vyrabét.

Zpusob poruseni trdmca zkouSenych na ohyb je v8ak vlivem
odlidnych vlastnosti makrovldken zcela jiny neZ u trdmeu s oce-
lovymi dritky. Po vzniku trhliny se vldkna aktivuji a dochazi
k jejich vét§imu protaZeni, protoZe jejich modul je mensi, a zvy-
Senym mnozstvim vldken se tuhost ocelovych vldken docilit
nedd. Vlivem toho po vzniku trhliny dojde k vétSimu poklesu
dnosnosti neZ u trimeu s ocelovymi vlakny (obr. 8). Pak se v1dk-
na aktivuji a nastane oblast jejich maximdlniho vyuziti, kdy
unosnost opét stoupne podle ddvkovani makrovlaken. Pak
nastane konecné poruseni tramce, kdy se zacnou makrovldkna
trhat. Na rozdil od ocelovych vldken, kterd se z betonu vytahu-
ji, makrovldkna jsou dobre zakotvena a dochazi k jejich pretr-
Zeni (obr. 9). Z vysledka zkouSek je zfejmé, Ze makrovldkna
jsou pouzitelnd, ale jejich vlastnosti jsou odliSné od ocelové
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properties are different. Their strength (470MPa) and modu-
lus of elasticity (3.6GPa) are lower than those of steel fibres,
which fact naturally reflected itself in the results of the ben-
ding test. On the contrary, the amount of fibres in concrete is
higher and their anchoring is very good. The volume weight
is small and even the handling of macro-synthetic fibres is
easier. The dosage varied between 5 and 12kg/m? of concre-
te. At the dosage rate of 8kg/m?3 the number of fibres is app-
roximately 2.5 times higher than the number of steel fibres
(60x0.75) at the dosage rate of 40kg/m3. This is advantageous
because the homogeneity of the mixture increases and produ-
cing the concrete mixture is still technologically feasible.

As a result of different properties of the macro-synthetic
fibres, the process of failure of the flexural tensile strength
tested beams is completely different than that in the case of
beams containing steel fibres. After the origination of a crack,
the fibres are activated and get elongated because their modu-
lus of elasticity is smaller and it is impossible to achieve the
stiffness of steel fibres by increasing the amount of fibres.
Due to this fact, the loading capacity after the origination of
the crack is greater than in the case of beams containing steel
fibres (see Fig. 8). Subsequently the fibres are activated and
the area of their maximum exploitation takes place, when the
loading capacity again increases, depending on the dosing
rate of the macro-synthetic fibres. Subsequently the final fai-
lure of the beam takes place, when the macro-synthetic fibres
begin to break up. As opposed to steel fibres, which are pul-
led out of concrete, the macro-synthetic fibres are well ancho-
red and their breaking up takes place (see Fig. 9). It is obvi-
ous from the results of the tests that the macro-synthetic fib-
res are usable, but their properties differ from steel reinforce-
ment; the response of the beams is more flexible.
Nevertheless, the advantage is that they do not corrode and
can be better handled with.

6. NUMERICAL MODELLING OF FIBRE REINFORCED
CONCRETE

Structures reinforced with fibres can be modelled in vari-
ous ways. The use of existing computer programs has frequ-
ently led to the opinion that fibre reinforced concrete is
a modified concrete (a single-phase material) and modified
models for concrete have been used for modelling it. The
computational working diagram is modified to correspond to
the results of the tests conducted on specimens and subsequ-
ently is used in numerical models. The deciding parameters
comprise the limit of proportionality, the tensile strength of
the fibre reinforced concrete and the course of the descen-
ding branch of the stress-strain diagram. It is necessary to
ensure the objectivity of the solution (independence from the
size of finite elements). For that reason the fracture energy
parameter (e.g. the Atena program) is used. Such single-
phase models provide reasonably good results, which on the
other hand require relatively detailed debugging according
to the test results and high experience of the designer.

Another possibility is deriving of double-phase models,
where the effect of the concrete matrix and the action of fib-
res are modelled separately. Such models are being developed
even within the framework of the CESTI project [4]. Their
parameters are derived from the fibre pull-out test (pull-out
test on individual fibres) and other material parameters. It is
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cich, a pak se pouZije v numeric-
kych modelech. Rozhodujicimi
parametry jsou mez umérnosti,
tahové pevnost vldknobetonu a pra-
béh sestupné vétve pracovniho digramu. Pro vypocty zaloze-
né na metodé koneénych prvku je tfeba zajistit objektivitu
feSeni (nezédvislost na velikosti kone¢nych prvku), a proto se
vyuziva parametr lomové energie (napf. program Atena).
Takové jednofdzové modely poskytuji primérené vystizné
vysledky, které vSak vyzaduji pomérné podrobné odladéni
podle vysledku zkouSek a zna¢nou zkuSenost projektanta.

Jinou moznosti je odvozeni tzv. dvoufdzovych modelt, kde
se modeluje zv143t pusobeni betonové matrice a zv14st puso-
beni vlaken. Takové modely jsou ve vyvoji t€Z v rdmci pro-
jektu CESTI [4]. Jejich parametry jsou odvozeny z vytahova-
ci zkousky vldken z betonu (pull-out test jednotlivych vldken)
a dalSich materidlovych parametru. Je tfeba téZ zavést pred-
poklady o rozdélenf a orientaci vldken v prarezech konstrukd-
nich prvku. Dvoufdzovy model je schopen téZ dobie modelo-
vat vliv velikosti na dnosnost a poruSovani vldknobetonové
konstrukce.

V oblasti podzemnich staveb se setkdvdme s problémem
velmi rozdilné vystiznosti chovani vloZené betonové kon-
strukce a okolniho horninového/zeminového masivu. Zatimco
chovdni betonové konstrukce tunelového osténi 1ze poméerne

Obr. 9 Zlomek tramce po zkou$ce s pretrhanymi makrovlikny
Fig. 9 A fraction of the beam after testing, with broken synthetic macro-
fibres

Obr. 8 Vysledek zkousky — porovndni drdtkobetonu (40 kg/m3) a betonu s makrovlikny (12 kg/m3)
Fig. 8 Test result — comparison of steel fibre reinforced concrete (40kg/m3) and concrete reinforced with
macro-synthetic fibres (12kg/m3)

in addition necessary to introduce assumptions regarding the
distribution and orientation of fibres in cross-sections of the
structural elements. A double-phase model is also capable of
correct modelling the influence of the size effect on the load
bearing capacity and subsequent damage of the structure.

In the area of underground structures, we encounter a pro-
blem of very different aptness of the behaviour of the concre-
te structure inserted into the ground and the behaviour of the
surrounding rock/soil massif. Whilst the behaviour of the
concrete tunnel lining can be relatively well described using
existing numerical models, there is still natural high statisti-
cal scattering of the properties of the rock/soil massif. This
fact has to be taken into consideration when underground
structures are being designed and suitable methods have to be
applied to the verification of their reliability.

7. APPLICATION OF FIBRE REINFORCED CONCRETE

Fibre reinforced concrete exhibiting the strain softening is
realistically usable for practical applications. Should the stra-
in hardening be required, the material would probably be very
expensive and, in addition, problems could be expected regar-
ding the industrial production because of the fact that the con-
tent of fibres would be too large. For that reason, if fibres are
designed to form the main concrete reinforcement providing
the structural safety, the area of the use is limited.

It is generally required that structures are safe and their fai-
lure is not brittle. Because of the fact that the loading capaci-
ty of fibre reinforced concrete drops after the origination of
a crack, a common structure would suddenly fail. For that rea-
son it is possible to design fibre reinforced concrete structu-
res mainly in the cases where the stress is redistributed after
the origination of the crack and the cracked cross-section is
unloaded without threatening the load-bearing capacity of the
structure. In practice these structures comprise, for example,
industrial floors, base slabs, tunnel liners or structures with
combined reinforcement, where the adequate tensile harde-
ning after the crack opens is provided by classical steel rein-
forcement or by pre-stressing tendons. Pre-stressed beams
with the shear reinforcement omitted or shear reinforcement
limited can be used as examples.




vystizné popsat existujicimi numerickymi modely, v oblasti
hornin a zemin stdle existuje prirozeny vysoky statisticky roz-
ptyl jejich vlastnosti. To je tfeba respektovat pfi navrhovani
podzemnich staveb a zvolit vhodné metody pro ovérovani
jejich spolehlivosti.

7. APLIKACE VLAKNOBETONU

Pro praktické aplikace je redlné pouzitelny vldknobeton
s tahovym zmekéenim. Kdyby se mélo poZzadovat tahové
zpevnéni, byl by materidl pravdépodobné velmi ndkladny
a téZ by se daly ocekdvat problémy s primyslovou vyrobou,
nebot’ obsah vldken by byl prili§ velky. Proto pokud vldkna
maji tvorit hlavni vyztuz zajitujici bezpecnost konstrukce, je
oblast jeho pouZziti omezena.

Obecné se pozaduje, aby konstrukce byly bezpecné a aby
jejich poruseni nebylo kiehké. Protoze po vzniku trhliny
tnosnost vldknobetonového prufezu poklesne, doSlo by
u bézné konstrukce k nahlému selhdni. Proto lze vldknobeto-
nové konstrukce navrhovat zejména tam, kde po vzniku trhli-
ny, a tedy poklesu tnosnosti dojde k prerozdéleni namahdni,
odleh&eni poruseného prufezu bez ohroZeni unosnosti kon-
strukce. V praxi jsou to napf. prumyslové podlahy, zdkladové
desky, tunelovd osténi, nebo konstrukce s kombinovanou
vyztuzi, kde po otevieni trhliny pfimérené tahové zpevnéni
zajisti klasickd betondfskd, popf. predpinaci vyztuz.
Prikladem mohou byt predpjaté nosniky s vynechanou, popf.
omezenou smykovou vyztuzi.

Piiklady aplikaci mimo tunely

Nejvétsi pole pro aplikaci dratkobetonu tvori primyslové
podlahy. Desky leZici na zhutnéném podloZi pusobi jako
desky na pruzném podkladé. Pfi vzniku mikrotrhlin, popf. trh-
lin se zatiZeni prenese do podloZzi a namdhdni v desce se pre-
rozdeli. Nedojde tedy k nahlému kolapsu. Pfinosem vldkno-
betonu je téZ omezeni tahovych napéti od smrstovani a snize-
ni rizika vzniku trhlin. To vSe za predpokladu dostate¢ného
stupné vyztuzeni vldkny. V praxi se lze setkat s pripady desek
vyztuZzenych pouze cca 20 kg drdtku. V takovém piipadé je
vyznam vyztuZeni velmi diskutabilni, protoZe mohou vznikat
otazky, jako napfiklad jak jsou dratky v desce skute¢né roz-
déleny, jaky maji staticky vyznam a jakd je jejich skute¢na
G¢innost. ZkuSenosti z nékterych méfeni obsahu dratka uka-
zuji, Ze v takovych deskdch jsou oblasti, kde dratky nebyly
nalezeny zadné. Omezeni trhlin od smrStovani 1ze dosdhnout
i tak, Ze deska je ve vhodny okamzik rozfezdna smr§tovacimi
spdrami na malé tseky (obvykle sta¢i cca 6x6 m) a pri kvalit-
nim oSetfovdni trhliny nemuseji trhliny vubec vznikat.

Vyznamna aplikace dratkobetonu byla realizovana napfi-
klad pri zakldddni budov na Potsdamerplatz v Berliné v polo-
viné 90 let dvacdtého stoleti [5]. Zakladani budov aZ v hloub-
ce 30 m se muselo realizovat pod hladinou podzemni vody.
SniZeni hladiny nebylo moZné s ohledem na blizky park, kde
by to znamenalo ohrozeni vegetace. Proto byly navrzeny
zdkladové desky z dratkobetonu, které bylo moZné betonovat
pod vodou. Zalozeni bylo ucelné a ekonomicky vyreSeno,
nebot’ zcela odpadla naro¢nd faze vyztuzovani desek klasic-
kou prutovou vyztuZzi.

Zajimavé jsou i aplikace kombinujici predpjaty beton
a vldknobeton. Uspora lidské prace pii vyrobé klasické pruto-
vé vyztuze je natolik ekonomicky zajimavd, Ze se hledd rese-
ni, kdy predpjaté nosniky jsou vyztuZzeny drdtky a uspofi se
smykova vyztuz. Napriklad experimenty na nosnicich o délce
20 m byly odzkouseny v Gentu [6].
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Examples of applications with the exception
of tunnels

The largest field for the application of steel fibre reinforced
concrete is formed by industrial floors. Slabs lying on a com-
pacted sub-grade act as slabs on an elastic foundation. When
microcracks or cracks originate, the load is transferred to the
sub-grade and the stress in the slab is redistributed. It means
that no sudden collapse takes place. A contribution of fibre
reinforced concrete in addition lies in the restriction of shrin-
kage-induced tensile stresses and reduction in the risk of the
creation of cracks. All of that applies under the condition that
the content of reinforcement with fibres is sufficient. In prac-
tice we encounter cases of slabs reinforced only by 20kg of
steel fibres. In such a case the significance of the reinforce-
ment is highly questionable because questions, for example
how the steel fibres are really distributed in the slab, what
their statical significance is and what their real effectiveness
is, may originate. The restriction of cracks due to shrinkage
can be achieved even by cutting the shrinkage joints dividing
the slab into small segments (usually 6x6m is sufficient); if
the quality of treating the conctere is good, cracks need not
originate at all.

A significant application of steel fibre reinforced concrete
was realised, for example, when the Potsdamerplatz buildings
were being founded in the middle of the 1990s [5]. The foun-
dation of the buildings at the depth of up to 30m had to be rea-
lised under the water table. The lowering of the water table
was impossible with respect to a nearby park, where it would
have meant a threat to vegetation. For that reason steel fibre
reinforced concrete base plates allowing for casting concrete
under water table were designed. The foundation was solved
efficiently and economically with respect to the fact that the
demanding phase of reinforcing the concrete base plates with
classical steel bars was omitted.

Even the applications combining pre-stressed concrete and
fibre reinforced concrete are interesting. Labour savings
during the production of classical steel bar reinforcement is so
economically interesting that a solution is searched for in
which pre-stressed beams are reinforced with steel fibres and
shear reinforcement is saved. For example, testing experi-
ments on 20m long beams were conducted in Gent [6].
Applications to tunnel liners
Fibre reinforced shotcrete

Fibre reinforced concrete can be applied to tunnel liners in
various ways. For primary linings during the construction of
tunnels using the NATM, fibre reinforced shotcrete can repla-
ce shotcrete reinforced with welded mesh. Both steel or synt-
hetic fibres can be used. The advantage over classically rein-
forced primary concrete lining presented in literature is the
acceleration of the construction process because of the fact
that the installation of welded mesh and lattice girders (BRE-
TEX) is omitted. Other advantage lies in the homogeneity of
the lining because no empty spaces — shadow profiles behind
reinforcing rods — originate. By contrast, a certain problem
originates regarding the determination of the correct thickness
of the lining because of the fact that it is necessary to use only
survey points and the natural visual guidance provided by the
classical reinforcement is missing. In the case of the classi-
cally reinforced lining the welded mesh in addition helps to
stabilise the shotcrete layer. When the welded mesh is not
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Obr. 10 Pohled ve smeéru raZby, po obvode jsou umistény hydraulické vdlce
oprené o hotovou &dst osténi

Fig. 10 A view in the direction of excavation; hydraulic cylinders installed
around the TBM circumference are propping against the completed part of
the lining

Aplikace na tunelova osténi
Strikany vldknobeton

Pro tunelové osténi 1ze vldknobeton aplikovat riznym zpu-
sobem. Pro primdrni osténi pfi vystavbé tuneli pomoci
NRTM muze stiikany vldknobeton nahradit stifkany beton
vyztuZeny sitémi. Lze pouZit ocelovd nebo i syntetickd vldk-
na. Jako vyhoda proti klasickému vyztuZzenému primarnimu
osténi se uvadi zrychleni vystavby, protoZe odpadd instalace
siti a vyztuznych ramu (bretexu). Dal§i vyhodou je homoge-
nita osténi, nebot’ pri absenci ocelovych siti nevznikaji volné
prostory — stiny za vyztuznymi pruty. Naproti tomu vznikd
urity problém se stanovenim spravné tloustky osténi, proto-
Ze je tfeba vyuZivat pouze geodetickych bodu a chybi pfiro-
zené vizudlni vedeni dané klasickou vyztuzi. U vyztuZeného
osteéni ocelova sit’ ddle pomdha stabilizovat vrstvu strikaného
betonu. Pokud se sit’ nepouZzije, je tfeba omezit tloustku vrst-
vy strikaného betonu, aby nedoslo k jejimu odpadnuti. U nds
se stiikany vldknobeton zatim prili§ neprosadil.

Stifkany vldknobeton lze pouzit i na osténi definitivni.
Zejména pokud je namdhéni osténi mensi, pak disperzni vldk-
novd vyztuz postaci pro zachyceni napéti od mechanického
naméhdni. Stiikany vldknobeton je pak vhodné z technologic-
kych davodu kombinovat se stfikanou hydroizolaci.
Prefabrikované tunelové osteni

Nejvetsi rozsiteni, dnes také i u nds, ziskal dratkobeton apli-
kovany na prefabrikované osténi pfi mechanizovaném tunelo-
vani [7]. Osténi tunelu je rozdéleno na jednotlivé prstence
délky 1-2 m (v zdvislosti na profilu tunelu). Kazdy prstenec
pak sestdvd z nékolika segmentu, obvykle 3 az 12, 3 u malo-
profilovych §tol a 12 u dvoupatrovych délni¢nich tuneld.
V osténi béznych tunelu se obvykle uzivd 6 aZ 8 segmentu.
Technologie razby vyZzaduje kruhovy profil tunelu. Tomu
odpovida charakter namdhdni osténi. Vdlec zatiZeny rovno-
mérnym dostfednym tlakem je namdhan vyhradné normélo-
vou silou. Skute¢né zatiZeni osténi horninovym prostfedim
neni rovnomérné, ale v mnohych pripadech se mu blizi.
ZatiZzeni hydrostatickym tlakem podzemni vody je ve vétsich
hloubkéch témér rovnomérné. Navic je prstenec rozdélen na
segmenty, jejichZ spoje samy o sobé neprendSeji ohybové
momenty. Spoje mohou prenaset ohybovy moment v piipa-
dech stfiddni spar a vlivem tfeni mezi prstenci. Navic Sikmé
hrany segmentt také pfispivaji k pfenosu ohybu. I v takovém
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applied, it is necessary to reduce the shotcrete layer thickness
to prevent it from falling off. For the time being, fibre rein-
forced shotcrete has not been adopted too much in the Czech
Republic.

Fibre reinforced shotcrete can be applied even to final
liners. In particular where the stress in the lining is smaller,
the dispersed fibre reinforcement is sufficient for retaining
stresses induced by mechanical loading. It is recommendable
for technological reasons to combine fibre reinforced shotcre-
te with spray-applied waterproofing.

Precast tunnel lining

The largest spreading, today also in the Czech Republic, has
been recorded by steel fibre reinforced concrete applied to
pre-cast (segmental) lining in the process of mechanised tun-
nelling [7]. The tunnel lining is divided into individual 1 —2m
long rings (depending on the tunnel profile). Each ring com-
prises of several segments, usually 3 to 12 (3 segments for
small profile galleries and 12 for dual-stack motorway tunne-
Is). The lining of common tunnels usually consists of 6 to 8
segments. The tunnelling technology requires a circular tun-
nel profile. The character of stressing the lining corresponds
to this fact. The lining cylinder loaded by uniform concentric
compression is loaded exclusively by normal forces. The
actual loading of the lining by the ground environment is not
uniform, but in many cases it approaches it. The hydrostatic
pressure induced by groundwater is nearly uniform at greater
depths. In addition, the ring is divided into segments the joints
between which do not transfer bending moments. The joints
can transfer a bending moment in the cases of staggered joints
and due to the friction between the rings. In addition, the
splayed edges of the segments also contribute to the transfer
of bending. Even in such a case the flexural rigidity of the pre-
cast lining is reduced (in comparison with a cast-in-situ lining
with the identical thickness). For that reason the lining seg-
ments are loaded first of all by normal compression force and
a relatively small bending moment.

Other significant loading acts on the lining segments in the
direction of the longitudinal axis of the tunnel, where the
finished lining acts as a support for the TBM during the exca-
vation (see Fig. 10).

It means that the lining is loaded by two significant quanti-
ties:

e anormal force in the tunnel direction — during the course

of the excavation;

e anormal force and a bending moment in the direction of
the ring circumference — due to the effects of the ground
environment and groundwater.

In addition, lining segments are stressed by partial loads
during the course of the production, storage, handling and tran-
sportation. From the economic point of view, it is necessary to
adopt such measures which prevent these loads from becoming
crucial for structural designing of the lining structure.

The tunnel lining has to exhibit a sufficient bearing capaci-
ty, which means to meet the conditions of the 1st group of
limit states as well as the conditions of the 2nd group of limit
states, first of all the waterproofing capacity. Because the
lining is not provided with any insulation, the waterproofing
capacity is the most important criterion for the lining design.
Lining material

Whilst in the past the segments were manufactured even
from cast iron, concrete is today used nearly exclusively.
Concrete can be reinforced with classical steel bars or with
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pripadé je ohybova tuhost prefabrikovaného osténi redukova- dispersed steel fibres. It is also possible to use fibres made of
na (proti monolitickému osténi stejné tloustky), a proto seg- non-metallic materials (the so-called macro-synthetic fibres),
menty osténi jsou namédhany predevsim tlakovou normélovou but these materials have not been too much spread yet, beside
silou a relativné malym ohybovym momentem. other reasons for the low stiffness of the materials of the
Dalsi vyznamné zatiZeni pusobi na segmenty osténi ve macro-synthetic fibres.
sméru podélné osy tunelu, kdy hotové osténi pusobi jako Segments reinforced with steel bars exhibit high bearing
opora §titd béhem razby (obr. 10). capacity (mainly in flexure) depending on the reinforcement
Osténi je tedy namahédno dvéma vyznamnymi veli¢inami: content. A larger part of the cross-section stressed by tension
e normalovou silou ve sméru tunelu — béhem razby; is disturbed by microcracks, which proceed to concentrate
e normdlovou silou a ohybovym momentem ve sméru themselves with the growing load into individual macroc-
obvodu prstence — vlivem d¢inkd horninového prostredi racks. The main macrocrack further opens up and, when the
a podzemi vody. crack width limit is exceeded, the lining becomes permeable
Dile jsou segmenty osténi namdhdny diléim zatiZenim to water.
béhem vyroby, skladovdni, manipulace a dopravy. Z ekono- The flexural capacity of segments reinforced with dispersed
mického hlediska je tfeba prijmout takovd opatfeni, aby tato fibres is limited. The maximum content of fibres is limited by
zatiZzeni nebyla rozhodujici pro dimenzovani konstrukce. technological conditions, in particular by the possibility of
Osténi tunelu musi vykazovat dostate¢nou tnosnost — tedy incorporating the fibres among the aggregate grains, and by
splnovat podminky 1. skupiny meznich stavi a rovnéZ i pod- the concrete mixture mixing process. When the dosage of
minky 2. skupiny meznich stavii, zejména vodonepropustnost. | steel fibres is too high (usually over 50kg/m?), the fibres can
JelikoZ osténi neni opatfeno Zddnou izolaci, je vodonepropust- bunch, forming the so-called “hedgehogs”, causing the deteri-
nost nejvyznamné&jsim kritériem pro navrh osténi. oration of the concrete properties. An element stressed by fle-
Materidl osténi xural tension is damaged by a network of gradually opening
Zatimco v diivéjsich dobdch se segmenty osténi vyrdbély microcracks, but the reinforcing steel fibres prevent to a cer-
i z litiny, dnes se vyuZivd témé&f vyhradné beton. Beton lze tain extent the cracks from discretisation. As opposed to conc-

rete reinforced with steel bars, a range of minor cracks deve-
lops which do not allow water permeation. When the loading
increases, the crack opens up and the bearing capacity drops.

The segmental lining is a relatively thin element with the
thickness varying between 250mm and 400mm in common
cases of tunnels. If we assume the concrete cover 50mm thick
(the value common for the environment inside the tunnel and
in its surroundings) and the element 250mm thick, a core of
the element clamped by the reinforcement a mere 150mm
thick originates. The segment is therefore significantly inho-
mogeneous and the delamination and tearing of the cover
layer occurs under the ultimate bearing capacity pressure.

Conversely, the element reinforced with dispersed fibres is
homogeneous and gets damaged by compression in a standard
way by transverse tension. The completed experiments show
that the ultimate compression bearing capacity of steel-bars-
reinforced segments and steel fibre reinforced segments is
nearly identical. Smaller opening of cracks can be observed in
the case of steel fibre reinforced concrete elements.

In comparison with steel-bar-reinforced concrete, the flexu-
ral capacity of steel fibre reinforced concrete is limited, but
the ductility of the material is higher and, to a certain extent,
it better resists penetration of water. Apart from the above-

vyztuzovat klasickou prutovou (betondrskou) vyztuZi, nebo
vyztuzi rozptylenou ve formé dratka. Lze vyuZivat i rozptyle-
nou vyztuz z ruznych nekovovych materidla (tzv. makrovldk-
na), ale tyto materidly dosud nejsou prili§ roz$iteny, mj. i pro
nizkou tuhost materidli makrovldken.

Segmenty vyztuZené betondrskou vyztuzi vykazuji vysokou
tinosnost (zejména v ohybu) zdvislou na stupni vytuzeni. Cast
prifezu naméhand tahem se porusuje mikrotrhlinami, které se
s rostoucim zati¥enim soustieduji do jednotlivych makrotrhlin.
Hlavni makrotrhlina se déle rozevira a pri prekroCeni limitn{
$itky se osténi stdvd propustnym pro vodu.

Ohybova dnosnost segmenti vyztuZenych rozptylenou
vyztuZi je limitovdna. Maximdlni mnoZstvi drdtkl je omezeno
technologickymi vlivy, zejména moznosti v&lenéni vldken
mezi zrna kameniva a procesem michdni betonové smési. Pri
piili§ velkém ddvkovani dritkd (obvykle pies 50 kg/m3) muze
dochazet ke shlukovani vlaken v tzv. jezky a vlastnosti betonu
se pak zhorSuji. Prvek namdhany ohybem se porusuje siti mik-
rotrhlin, které se postupné rozeviraji, ale vyztuzné dratky do
jisté drovné namahdni zabranuji diskretizaci trhlin. Na rozdil
od Zelezobetonu misto jedné trhliny vznikd fada trhlin drob-
nych, které nedovoluji pronikédni vody. Pfi vy$§im zatiZzeni pak

dojde k rozevieni trhliny a poklesu tnosnosti. mentioned properties, the production of segments from conc-
Segmentové osténi je pomérné Stihly prvek, kdy tloustka se | ree reinforced with dispersed fibres is technologically sim-
v béZnych pfipadech tuneli pohybuje mezi 250 mm a 400 mm. pler because of the fact that the production and installation of
Je-1i predpokldddna kryci vrstva 50 mm, coZ je pro prostredi reinforcement cages is omitted.
v tunelu a v okoli tunelu hodnota bé7Znd, a prvek tlusty Experience with the construction of metro line “V.A”
250 mm, vznikd jadro prvku seviené vyztuZi o tloustte pou- The construction of the metro line “V.A” meant the first
hych 150 mm. Segment je tedy zna¢né nehomogennf a pfi zati- application of a TBM to tunnel construction in the Czech
Zeni tlakem dochdzi na mezi tnosnosti k delaminaci a odtrZe- Republic. Despite the fact that the majority of metro tunnels
ni kryci vrstvy. were constructed using the ring method applying 1st generati-
Naopak prvek vyztuZeny rozptylenou vyztuZzi je homogenni on segmental liners, the onset of the current segments was at
a pri tlakovém zatiZeni se porusi standardné pfi¢nym tahem. an absolutely different level. Current segments are characteri-
Provedené experimenty ukazuji, Ze mezni tnosnost v tlaku je sed by extraordinary precision of the manufacture (manufac-
u segmentu Zelezobetonovych a dratkobetonovych témér shod- turing tolerances are in the order of tenths of millimetre).

né. U dritkobetonovych prvkl lze pozorovat mensi rozevien{ Apart from the loading by the ground environment, the lining
trhlin. rings are loaded by significant thrust forces exerted by the
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Dratkobeton oproti Zelezobetonu méa limitovanou ohybovou
dnosnost, ale materidl md vétsi duktilitu a do urdité drovné
namdhdni 1épe vzdoruje pruniku vody. Kromé uvedenych
vlastnosti je vyroba segmenti z betonu vyztuZzeného rozptyle-
nou vyztuzi technologicky jednodussi, protoZze odpada vyroba
a instalace armokoSe.

ZkusSenosti s vystavbou metra ,,V.A“

Vystavba linky ,,V.A* prazského metra znamenala po dlou-
hé dob¢ prvni nasazeni §titu pro vystavbu tunelu u nds. Ackoli
vétSina tunell metra byla budovdna prstencovou metodou
s vyuzitim segmentového osténi 1. generace, ndstup soucas-
nych segmentu byl ve zcela jiné roviné. Soucasné segmenty se
vyznacuji mimorddnou presnosti vyroby (vyrobni tolerance
v fadu desetin milimetru), kromé zatiZeni horninovym prostre-
dim na prstence pusobi znaénd tlatnd sila stroje, a proto se
vyuziva beton s vyS$si pevnosti (C50/60). Problematika vyroby
byla u nds zcela nova, a prfi zavadeni byli prizvani i zahranic¢-
ni odbornici. ZkuSenosti s prvnim pouzitim ukdzaly nékteré
dalsi problémy, které byly na dalsi stavbé eliminovany.

ProtoZe se jednalo o prvni uziti segmentového osténi, navic
navrzeného s pomérné malou tlouStkou (250 mm), byl pouzit
osveéd&eny materidl Zelezobeton. Vyroba segmentu byla zvlad-
nuta velmi dobfe, nepotvrdila se obava z vyroby zmetka
béhem zavadéni technologie vyroby. I proces vystavby osténi
I1ze hodnotit jako tispésny. Nejvetsim problémem se ukédzalo na
fadé tuneli navrZené, ale nepfili§ vhodné ¢lenéni segmenta
v prstenci, kdy kazdy segment byl zatiZen tfemi dvojicemi lisa
stroje, a tedy byl podepren ve tfech mistech. Smontované oste-
ni neni tak tuhé, jak se ocekdvalo, béhem razby dochazi
k nerovnomérnému stlatovani spar mezi prstenci, a to vede
u staticky neurc¢ité podeprenych segmentu (3 podpory)
k ohybu segmentu v jeho strednicové plose a nékdy az ke vzni-
ku trhlin. Trhlinami pak muZe pronikat voda do tunelu a je
tieba je sanovat.

Realizacni tym si byl védom moZnosti pouzit pro prefabri-
kované osténi dratkobeton. Béhem vystavby tunelu se proto jiz
zabyval vyvojem osténi z betonu vyztuzeného vyhradné roz-
ptylenou vyztuzi. Po zvladnuti technologie vyroby dratkobeto-
nu a odzkouSeni vlastnosti na malych i velkych vzorcich byl
v rdmci vystavby metra zhotoven zkuSebni dsek délky 15 m,
kde se prakticky overila vyroba i montdz dratkobetonovych
segmentu. Zkusebn{ tsek byl vyhodnocen jako tspéiny bez
poruch, rovnéz ani manipulace se segmenty neprindsela pro-
blémy.

ZkusSenosti s vystavbou Zelezni¢niho tunelu u Ejpovic

Zelezni¢ni tunel u Ejpovic tvoii dvé jednokolejné tunelové
trouby o pruméru cca 9 m. Jiz v dobé podani nabidky se poci-
talo s vyuzitim segmenti z dratkobetonu. Dosud realizovany
vyzkum, ¢aste¢né podporovany i projektem CESTI, poskyto-
val fadu ddaju a materidlovych charakteristik, které bylo
moZné pro navrh osténi vyuZit. RovnéZ zkusenosti s vystavbou
metra vedly k ndvrhu vhodnéji usporddaného prstence, kdy
kazdy segment je zatiZen lisy stroje jen ve dvou mistech, je
tedy staticky uréité podepren a pripadné nerovnomérné stlace-
ni spar mezi prstenci nevede k ohybu segmentd, segment se
pouze mirné nato¢i. Trhliny se v osténi témer neobjevuji.

Vyroba segmentu probihala nedaleko stavby a kamenivo,
které je v Plzenském kraji k dispozici, nedosahovalo takové
kvality jako kamenivo pouZivané pro stavbu metra v Praze.
Tomu bylo zapotfebi pfizpusobit i ndvrh betonové smési.
RovnéZ z technologickych davodu musely byt pouzity dratky
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machine. For that reason higher strength concrete (C50/60) is
used. The manufacture problems were completely new in the
Czech Republic and even foreign experts were invited when
the manufacture was being introduced. The experience with
the initial application showed some other problems, which
were eliminated on the following construction site.

Because it was the first case of the application of segmental
lining, which was in addition designed with relatively small
thickness (250mm), well proven concrete reinforced with
steel bars was used. The production of segments was coped
with very well and the fear of producing spoiled pieces during
the learning curve period did not come true. Even the process
of the lining installation can be assessed as successful. The
largest problem turned out to lie in the not too much advanta-
geous division of the segments within the ring designed for
many tunnels. Each segment was loaded by three couples of
thrust cylinders installed on the machine, which means that it
was supported in three places. The assembled lining is not so
much rigid as expected. The joints between the rings are com-
pressed unevenly. At the statically indeterminately supported
segments (3 supports) it leads to bending of the segment on its
plane and sometimes even to the origination of cracks. Water
can penetrate through the cracks into the tunnel. They have to
be repaired.

The realisation team was aware of the possibility of the
application of steel fibre reinforced concrete to the lining. For
that reason it dealt with the development of concrete reinfor-
ced exclusively with dispersed fibres. A 15m long testing sec-
tion was carried out within the framework of the construction
of metro after mastering the steel fibre reinforced concrete
production technology and testing of the properties on small
as well as large specimens. The production and installation of
steel fibre reinforced concrete segments was practically veri-
fied on the testing section. The testing section was assessed as
successful, without failures. Nor the handling of the segments
brought about problems.

Experience with the construction of the railway tunnel near
Ejpovice

The railway tunnel near Ejpovice consists of two single-
track tunnel tubes ca 9m in diameter. The use of steel fibre
reinforced concrete segments was taken into account already
at the time of submitting the bids. The research realised until
now, which is partially supported by the CESTI project, pro-
vided lots of data and material characteristics usable for the
lining design. Even the experience with the construction of
metro led to the design of a more suitably arranged ring,
where each segment is loaded by the thrust cylinders of the
machine only in two places, which means that it is supported
statically determinately and contingent uneven compression
of the joints between the rings does not lead to bending of the
segments; the segment gets only slightly rotated. Cracks near-
ly do not appear in the lining.

The segments were produced near the construction site and
the quality of the aggregates available in the Plzen region did
not achieve the quality of aggregates used for the constructi-
on of metro in Prague. The concrete mixture design had to be
accommodated to this fact. It was also for technological rea-
sons that 60mm long and 1mm in diameter steel fibres had to
be used in contrast with the earlier tested steel fibres with the
same length but with the diameter of 0.75mm. The number of
the steel fibres in a volume unit was substantially reduced




délky 60 mm a & 1 mm, na rozdil od drive testovanych stejne
dlouhych dratka, ale s & 0,75 mm. Pocet dratku se prechodem
na tlustSi dratky v objemové jednotce podstatné zmensil (cca
na 56 %), a tim se omezily technologické problémy s homoge-
nitou rozmisténi dratkd a pritom se podafilo smés navrhnout
tak, aby byly splnény pozadavky projektanta na tahové vlast-
nosti dratkobetonu.

Vyuziti dratkobetonu pro segmentové osténi Ize hodnotit
jako velmi prinosné, a to jak z technologického hlediska —
snaz§{ vyroba, tak z hlediska uZzitné hodnoty — duktiln&jsi
material 1épe zajistujici vodonepropustnost osténi.
Numerické modelovdni tunelového osténi

V obou pripadech realizovanych tunelt predchdzela navrhu
osténi podrobnd numerickd analyza. Spolehlivost analyzy je
zdvisla na kvalité vstupnich ddaju. Jednoduché dlohy typu
posouzeni inosnosti ohybaného prvku lze fesit na zdklad¢ nor-
movych postupl, nebot ndvrhovd norma na betonové kon-
strukce (CSN EN 1992-1-1) vyzaduje napiiklad vylouéit taho-
vé pusobeni betonu. SloZit€j§i tlohy, kde je nutné pocitat
i s tahovymi vlastnostmi betonu, coZ je napriklad i posouzeni
namdhéani tlakem, vyZaduji podrobnéj$i vstupni ddaje, mj.
tahovou pevnost betonu a lomovou energii. Tyto veli¢iny je
zapotiebi zjiStovat experimentdlné pro konkrétni betonovou
smés.

Po odladéni betonové smési z hlediska pevnostni tridy, odol-
nosti proti prostredi a zpracovatelnosti se vyrobi zkusebni t¢le-
sa, na kterych se zjisti zdkladni materidlové charakteristiky

Obr. 11 Vzorek Zelezobetonového segmentu — poruSeni delaminaci pri
simulovaném zatiZeni tlakem vdlcu Stitu

Fig. 11 A specimen of a classically reinforced concrete segment — failure by
delamination during the simulated loading by the thrust of cylinders on the
TBM
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(ca to 56 per cent), thus the technological problems with the
homogeneity of the dispersion of wire fibres were also redu-
ced. In doing so, the mixture was successfully designed and
designer’s requirements for tensional properties of the steel
fibre reinforced concrete were fulfilled.

The use of steel fibre reinforced concrete for segmental
linings can be assessed as very contributing both from the
aspect of technology — easier production, and the aspect of the
utility value — the more ductile material better providing the
waterproofing capacity of the lining..

Numerical modelling of tunnel linings

A detailed numerical analysis preceded the lining design in
both cases of the realised tunnels. The analysis reliability is
dependent on the quality of input data. Simple problems, such
as assessing the bearing capacity of the element subjected to
bending, can be solved on the basis of standard procedures
because of the fact that the designing standard for concrete
structures (CSN EN 1992-1-1) requires, for example, that the
tensile action of concrete is excluded. More complicated pro-
blems where even the tensional properties of concrete have to
be taken into consideration, for example the assessment of
compressive stress, require more detailed input data, among
others the tensile strength of concrete and the fracture energy.
It is necessary to determine these quantities experimentally
for a particular concrete mixture.

After the concrete mixture design is debugged from the
aspects of the strength class, resistance to the environment
and workability, testing specimens are produced on which the
basic material characteristics including the modulus of elasti-
city, tensile strength and fracture energy are determined.
These values form the input for the numerical analysis.

The numerical analysis using the Finite Element Method pro-
ceeds step by step with gradually growing loading or deforma-
tions. The stress in individual elements is determined in depen-
dence on the stress-strain diagram. The origination and deve-
lopment of cracks is also taken into consideration. The segment
is modelled as a spatial structure using 2D or 3D elements.

The analysis result lies in the determination of the origina-
tion and development of cracks. It is possible to determine the
load acting on the segment at which a crack develops throug-
hout the segment thickness (the waterproofing capacity is
lost); in addition, the working diagram is determined for the
lining (the dependence of the load on deformation) and its
ultimate bearing capacity.

The entire above-mentioned procedure of obtaining materi-
al characteristics and the numerical analysis can be realised
within the framework of designing the project for the deter-
mination of dimensions of structural elements. The dimensi-
ons have to be known already during the course of the project
planning stage because it is necessary to produce segment
moulds, determine the outer diameter of the TBM and many
other equipment — for example for handling of the segments.

It is recommendable to carry out tests on large specimens (real
segments) for typical crucial loading cases prior to the com-
mencement of serial production. The great importance of the
precise numerical analysis is confirmed by the fact that, after the
commencement of the production, only marginal quantities can
be modified on the basis of tests (minor changes in the concrete
reinforcement or optimisation of the concrete formula).

In the case of the realised projects, numerical analyses
were carried out using the ATENA programming system
developed by Cervenka Consulting limited liability company.
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Obr. 12 Poruseni drdtkobetonového segmentu pii simulovaném zatiZeni
tlakem vdlcu Stitu

Fig. 12 Failure of steel fibre reinforced concrete segment during the simu-
lated loading by the thrust of cylinders on the TBM

véetné modulu pruznosti, tahové pevnosti a lomové energie.
Tyto hodnoty jsou vstupem pro numerickou analyzu.

Numerickd analyza metodou konecnych prvka probihd po
jednotlivych krocich s postupné narustajicim zatizenim nebo
deformaci. Napéti v jednotlivych prvcich se stanovuje v zavis-
losti na pracovnim diagramu, rovnéz je zohlednén vznik a roz-
voj trhlin. Segment se modeluje jako prostorovd konstrukce
s vyuZitim 2D nebo 3D prvku.

Vysledkem analyzy je stanoveni vzniku a rozvoje trhlin, 1ze
ur€it, pfi jakém zatiZeni segmentu vznikne trhlina pres celou
tloustku segmentu (ztrati se vodonepropustnost), dale se sta-
novi pracovni diagram (zédvislost zatiZeni na deformaci) osténi
a jeho mezni Gnosnost.

Cely uvedeny postup ziskani materidlovych charakteristik
a numerickou analyzu Ize realizovat v rdmci projektovani stav-
by ke stanoven{ dimenzi konstruk&nich prvku. Béhem pfipravy
stavby jiZz musi byt dimenze znamy, nebot’ je zapotiebi vyrobit
formy na segmenty, stanovit vnéj§i pramér stroje a fadu dal3ich
zafizeni — napriklad pro manipulaci se segmenty.

Pied zahdjenim sériové vyroby segmentu je vhodné realizo-
vat zkousky na velkych vzorcich (skutenych segmentech) pro
typickd rozhodujici zatizeni. Velky vyznam presné numerické
analyzy potvrzuje fakt, Ze po zahdjeni vyroby lze na zakladé
zkouSek modifikovat jen podruzné veli¢iny — drobné tpravy
ve vyztuZi nebo optimalizaci receptury betonu.

V pripadé realizovanych projektu byly provedeny numerické
analyzy pomoci programového systému ATENA vyvinutého fir-
mou Cervenka Consulting. Byly provedeny analyzy riznych zaté-
Zovacich stavu na segmentech pripravovanych pro tunel metra [8]
i pro tunel Ejpovice. Ddle se analyzovaly segmenty vyztuZené
klasickou vyztuzi i segmenty vyztuzené drétky. Ve vSech pripa-
dech byla dosaZena pfiméfend shoda numerickych vypo&tl
a experimentu. Obr. 11 ukazuje vzorek Zelezobetonového seg-
mentu poruSeného simulovanym tlakem hydraulickych vélca pri
razbe. Je vidét, Ze doSlo k rozvrstveni segmentu (delaminaci)
v misté vyztuze. Obr. 12 pak ukazuje vzorek dritkobetonového
segmentu po podobném zatéZovani, kde doslo k poruseni pfi¢nym
tahem. Numericky model pouZzity v programu ATENA poruseni
a vyvoj trhlin pfedpovédél velmi vystizné (obr. 13). U segmentt
pouZzitych na trase metra A byly segmenty zkouSeny na ohyb
v ploSe segmentu (sténovy ohyb). PoruSeni hlavni trhlinou
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Obr. 13 Numerickd simulace trhlin drdtkobetonového segmentu pri zati-
Zeni tlakem vdlcu $titu

Fig. 13 Numerical simulation of cracks in the steel fibre reinforced concre-
te caused by the thrust of cylinders on the TBM

Analyses of various loading cases were carried out on seg-
ments being prepared for the metro tunnel [8] and for the
Ejpovice tunnel. Segments reinforced with classical steel
bars and steel fibre reinforced segments were in addition ana-
lysed. Reasonable agreement between numerical calculations
and experiments was achieved in all cases. Fig. 11 shows
a specimen of a classically reinforced concrete segment
damaged during the excavation by the simulated thrust of
hydraulic cylinders. It can be seen that stratification (delami-
nation) occurred in the location of the reinforcement. Fig. 12
presents a specimen of a steel fibre reinforced concrete seg-
ment after similar loading, where the segment was disturbed
by transverse tension. The numerical model used in the
ATENA program predicted the disturbance and development
of cracks very aptly (see Fig. 13). Segments used on the
metro Line A were subjected to bending in segment plane
tests. The damage caused by the main crack and minor cracks
is obvious from Fig. 14. The results of the numerical simula-
tion are presented in Fig. 15. The correctly pictured character
of cracks is again obvious. Other simulations were carried out
even for the Ejpovice tunnel. The tensile strength test of
a fragment of the segment is presented in Fig. 16.

The above-mentioned designing procedure turned out to be
very suitable for revealing the risks and local damaging of
the segments. On the other hand, significant disagreement
exists in the aptness of modelling of individual segments and
the aptness of the determination of the loads and responses
of the ground massif. It is advisable to use the global confi-
dence coefficient rather than partial confidence coefficients
for the determination of the safety (ultimate limit states) in
the cases of non-linear methods. It would be necessary in
this area to determine rules for designing underground struc-
tures so that the methodology for the determination of the
structural reliability approximates the methodology applied
to other structures.




Obr. 14 Poru$eny segment pri zatiZeni ohybem rovrobézné s plochou seg-
mentu (sténové pusobeni)

Fig. 14 A segment damaged during flexural loading acting in parallel with
the segment plane

a podruznymi trhlinami je patrné z obr. 14. Vysledky numerické
simulace ukazuje obr. 15. Opét je patrny spravné vystiZeny cha-
rakter trhlin. Dal$i simulace byly provedeny i pro tunel v Ejpo-
vicich. Ohybovou zkousku fragmentu segmentu ukazuje obr. 16.

Uvedeny postup ndvrhu se ukdzal jako velmi vhodny pro
odhalenf rizika i lokdlnich poruSeni segmenti. Na druhou stra-
nu se ukdzal zna¢ny rozpor ve vystiznosti modelovani jednot-
livych segmentu a vystiznosti pii stanoveni zatiZeni a reakci
horninového masivu. Pro stanoveni bezpecnosti (mezni stavy
unosnosti) je v pripade nelinedrnich metod tfeba pouZzivat spiSe
globdlni soucinitel spolehlivosti nez dil¢i soucinitele spolehli-
vosti. V této oblasti by bylo tfeba stanovit pravidla pro navr-
hovani podzemnich konstrukcf tak, aby se metodika stanoveni
spolehlivosti konstrukce priblizila metodice uZivané u ostat-
nich stavebnich konstrukci.

8. PERSPEKTIVY DO BUDOUCNA

ZkusSenosti z realizovanych konstrukci ukazuji, Ze vlaknobe-
ton je perspektivni materidl. Rostouci cena lidské prace vede
ke snaze technologii vystavby zjednodusit, coz vldknobeton do
jisté miry umoznuje. Déle se vyvijeji nové kompozitni materi-
dly (napf. ultravysokohodnotny
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PROSPECTS FOR THE FUTURE

Experience from realised structures suggests that fibre rein-
forced concrete is a perspective material. The increasing price
of human work leads to efforts to simplify the construction
technology, which is allowed for to a certain extent by fibre
reinforced concrete. In addition, new composite materials are
being developed (for example ultra high performance concrete
— UHPC, where the application of fibres is a condition for dimi-
nishing the brittle character of this high-strength material). The
development of non-metallic fibres also goes on very fast. Non-
metallic fibres are not subject to corrosion, which is mainly sig-
nificant from the aspect of the structure appearance and its
durability because the fibres may rise up to the surface. The
fibre reinforcement, which is dispersed throughout the whole
volume of the structural element is active even in the area of the
concrete cover layer, where there is no reinforcement in the
case of the classical steel bar reinforcement. This fact is signi-
ficant for example in the vicinity of edges of the tunnel lining
segments because the fibres reduce local damaging.

The expansion of the application of fibre reinforced concrete
requires the development of reliable and not too complicated
methods of assessing fibre reinforced concrete structures. It is
necessary to respect the significant statistical scatter of proper-
ties of elements containing fibre reinforcement and to determi-
ne suitable reliability factors. Documents modifying design
procedures for common fibre reinforced concrete structures
(e.g. Model code 2010 [2]) and for the UHPC type high-perfor-
mance composites [9], [10] are currently originating.

9. CONCLUSION

Fibre reinforced concrete turns out to be a material suitable for
applications to tunnel construction engineering. The interaction
between ground massif and a fibre reinforced concrete lining
provides a reliable and economic support system. The action of
fibre reinforced concrete depends on the quality and amount of
the fibres used. Because the variability of fibre reinforced conc-
rete is very wide, the lining design procedure based on material
values tested on the particular fibre reinforced concrete which
was developed for the realisation turns out to be the most sui-
table. The numerical methods provide a tool suitable for asses-
sing the state of the lining stress and deformations. The space for
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Fig. 15 Results of the numerical simulation of the specimen according to Fig. 14
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a ne prili§ sloZitych metod posuzovani vlaknobetonovych kon-
strukci. Je tfeba respektovat znaény statisticky rozptyl vlastnos-
ti prvka s rozptylenou vyztuZi a stanovit vhodné spolehlivostni
faktory. V soucasné dobé vznikaji dokumenty upravujici ndvr-
hové postupy jak pro bézné vlaknobetonové konstrukce (napr.
Model code 2010 [2]), tak i pro vysokohodnotné kompozity
typu UHPC [9], [10].

9. ZAVER

Vlaknobeton se ukazuje jako vhodny materidl pro aplikace
v tunelovém stavitelstvi. Interakce horninového masivu a vldk-
nobetonového osténi poskytuje spolehlivy a ekonomicky
nosny systém. Pusobeni vldknobetonu zdvisi na kvalité
a mnozstvi pouZitych vldken. ProtoZe variabilita vlaknobetonu
je velmi Sirokd, ukazuje se jako nejvhodnéjsi postup prfi navr-
hu osténi vychédzet z materidlovych hodnot odzkousenych na
konkrétnim vldknobetonu, ktery byl pro realizaci vyvinut.
Numerické metody poskytuji vhodny ndstroj pro posuzovani
napjatosti a deformaci osténi. Prostor pro dalsi vyvoj lze vidét
ton. Podobné jako u ostatnich stavebnich konstrukci o vhod-
nosti konkrétnich feSeni rozhoduje uvdzlivy inZenyrsky pri-
stup projektanta, ktery by mél byt schopen zhodnotit vyznam
jednotlivych ndvrhovych parametri a navrhnout spravnou
koncepci feSeni. Ndsledné pak o dspéSnosti stavby rozhoduje
ndvrh vhodnych konstrukénich detailu.

Podékovdni:

Cldnek obsahuje nékteré vysledky ziskané pii FeSeni projek-
tu CESTI (projekt TACR ¢&. TE01020168) a projektu &. 16-
044548 podporovaného GACR. Obé podpory jsou velmi oce-
novdny.

prof. Ing. Jan L. Vitek, CSc., FEng.,
vitek@metrostav.cz,

Metrostav a.s. a Stavebni fakulta CVUT,
Dr. Ing. Petr Vitek, petr.vitek @metrostav.cz,
Metrostay a.s.

Recenzovali Reviewed: Ing. Karel Rossler, Ph.D.
Ing. Robert Coufal, Ph.D.

LITERATURA / REFERENCES

Obr. 16 Ohybovd zkouSka Cdsti segmentu z tunelu Ejpovice
Fig. 16 Bending test on a part of the segment from the Ejpovice tunnel

further development can be seen in the development of more apt
material models for fibre reinforced concrete. As with other
building structures, the suitability of particular solutions is deci-
ded by judicious engineering attitude of the designer, who
should be able to assess the significance of individual design
parameters and design a correct concept for the solution.
Subsequently, the success of the construction is decided by the
design of suitable structural details.
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PROBLEMATIKA VNITRNIHO PROSTREDI BEHEM
REALIZACE PODZEMNICH STAVEB

PROBLEMS OF INTERNAL ENVIRONMENT DURING REALISATION OF
UNDERGROUND CONSTRUCTION

JAN KLECKA, JAROSLAV SYNEK

ABSTRAKT

Cldnek poukazuje na mozné obtie spojené s definovdnim a dosahovdnim vhodného vnitiniho prostiedi v podzemnich stavbdch
béhem realizace a pred zahdjenim predpoklddaného provozu stavby. Popisuje viiv okolniho klimatu na vnitrni prostredi (teplotu,
relativni vlhkost a teplotu rosného bodu) podzemni stavby na zdklade analyzy chovdni vnitiniho prostiedi podzemni stavby v let-
nim obdobi. Zachycuje vyznam rizeného vétrdni, jeho vliv na zmény vnitrniho prostiedi, obsahuje komplexni stavebné-fyzikdlni
analyzu véetné namérenych povrchovych teplot obalovych konstrukci tunelu s vyuZitim termovizni observace v redlném case a pro-
storu konkrétni podzemni stavby.

ABSTRACT

The paper points out the potential difficulties associated with defining and achieving suitable internal environment in underg-
round structures during the course of their realisation and before the expected placing them into service. It describes the influ-
ence of surrounding climate on the internal environment (temperature, relative humidity and dew point temperature) inside an
underground structure on the basis of an analysis of the behaviour of the internal environment inside an underground structure
in summer. It describes the importance of controlled ventilation, its influence on changes in the internal environment, contains
a comprehensive construction and physical analysis including surface temperatures of structures enveloping the tunnel measured

using thermal imaging cameras in real time and the space of a particular underground structure.

uvob

V souvislosti s dokonfovanim, predavanim a hodnocenim
jakosti rozsdhlych tunelovych komplexu se ¢asto objevuji infor-
mace o nenaplnéni poZadavku na stanovenou kvalitu, 1épe jakost
vnitfntho prostredi podzemni stavby (jakost hodnoti predem urce-
né parametry stanovenymi, ovéfenymi zpusoby a osobami; napro-
ti tomu kvalitu hodnoti kdokoliv podle libovolnych kritérif
a postupt). Pozadavky jakosti na vnitfni prostfedi podzemnich
staveb nebyvaji obecné znamy, moznosti jejich naplnéni jsou pro-
to malo popsdny. Parametry vnitiniho prostfedi ve stavbé se pri
realizaci vyznamné li§i od provozniho stavu, kdy jsou v ¢innosti
potiebnd technologickd zafizen{ zajiStujici fizeni vnitrnich podmi-
nek vétrdnim, pripadné i vyhfivanim, a stavba je provozovina
v predpoklddaném béZném provoznim reZimu a vystavena pred-
pokladanym namdhanim. Stav vnitfniho prostredi byva pri provo-
zu aktivné fizen, jeho parametry byvaji podrobn¢ sledovany, stej-
né jako pravidla a zdkonitosti fizen{ téchto parametra.

Naproti tomu stav vnitintho prostredi pfi realizaci podzemni
stavby je velmi mélo prozkoumanou &ésti podminek (poZadavki)
navrhu i provadéni stavby, stejné jako znalost chovéani vnitiniho
prostiedi a moznosti jeho ovlivnéni. Literatura k tomuto tématu je
velmi kusd. Dosud publikované informace o vnitinim prostredi
a jeho chovani pfi realizaci svéd¢i o tom, Ze znalost této proble-
matiky nezbytné pro technické fizeni a vedenf projektu i realizace
je nedostateénd a nebyvd ji vénovdna potrebnd pozornost. Tento
nedostatek informaci pak zkresluje predstavy o moZnostech jak
vnitin{ prostredi ovliviiovat k dosaZeni potiebnych parametru.

Pri zjistén{ nevhodnych parametra prostiedi pii stavbé (vlhkost,
teplota) a hleddni zpusobu jak parametry zlepSit béhem stavby,
predev§im pfi montdzich technologického vybaveni, byla na
zékladé sledovéni parametri prostfedi stanovena hypotéza, jejiz

INTRODUCTION

It is a frequent case in the context of construction conclusion,
handing over and assessment of quality of large complexes of tun-
nels that information appears regarding unfulfilled requirements for
the prescribed quality, better said the quality of the internal envi-
ronment inside the underground structure (quality assessment asses-
ses pre-determined parameters using prescribed and verified met-
hods and persons; by contrast, the quality itself is assessed by any-
body, in accordance with arbitrary criteria and procedures). Quality
requirements for the internal environment inside underground struc-
tures are usually not generally known and the possibilities of mee-
ting them are therefore poorly described. Parameters of an internal
environment inside a structure during the course of the realisation
significantly differ from parameters during the operating state,
where all technical equipment securing the management of internal
conditions by means of ventilation, or even heating, is in operation
and the structure is operated in the planned common operating regi-
me and is exposed to anticipated stresses. The condition of the inter-
nal environment is usually actively managed during the operation;
its parameters are usually observed in detail, as well as the rules of
managing the parameters and natural relations between them.

By contrast, the condition of the internal environment during the cour-
se of the realisation of an underground structure and the knowledge of
the internal environment behaviour and the possibility of influencing it,
are very little explored parts of the conditions (requirements) for the
design and execution of the construction. Literature on this theme is very
scarce. Information about internal environment and its behaviour during
the realisation that has been published so far indicates the fact that the
knowledge necessary for technical managing a design and realisation is
insufficient and usually is not paid the necessary attention. This lack of
information distorts the ideas of the possibilities of directing the internal
environment toward achieving the necessary parameters.
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platnost byla nésledné ov€rovana monitoringem vnitiniho a vnéj-
§iho klimatického prostiedi tunelu, zkoumdnim vlivu Fizeného
vétrani v nedokoncené a neprovozované stavbe.

Zavislost vnitiniho prostfedi rozsahlych podzemnich inZenyr-
skych staveb (predev§im vysoka vnitini vlhkost a nebezpeéi kon-
denzace zvysujici vlhkost konstrukei i zabudovanych zafizeni) na
prostiedi vnéjsim, se projevuje az pri uréité velikosti a konfigura-
ci stavby. Souvisi predevsim s rozsahem, velikosti, usporadanim,
poctem a polohou vjezdovych a vyjezdovych ramp, se sklonovy-
mi a vySkovymi parametry tunelovych trub a také s umisténim
celé vystavby v zastavéném nebo nezastavéném tzemi.

V Clanku uvedené konkrétni zjisténé a namérené parametry
vyplyvaji ze zkuSenosti zhotovitele stavebni Cdsti pri realizaci
tunelového komplexu Blanka.

CIL PRISPEVKU

Cilem prispévku je shrnout zjisténé informace, formulovat
jejich souvislosti a moZnosti ovlivnéni nepfiznivych podminek
k vyuziti v dal$ich obdobnych projektech. Dopliuje informace
o vlivu vnéjsiho prostredi na vnitini prostfedi stavby, které by
mély byt jednim z podkladu pfi stanoveni vlastnosti (parametra)
vnitintho prostfedi, predevsim relativni vlhkosti a teploty vzdu-
chu, a to nejen pri vlastni vystavbé, ale predev§im pii montdzi
technologickych zafizeni. Ziskané poznatky jsou vyuZitelné
i v nauce o vnitinim prostiedi podzemnich staveb ke komplexni-
mu pozndni problematiky.

Prispévek formuluje otdzky vztahujici se k provddéni rozsah-
Iych podzemnich staveb, kdy vlivy a zdkonitosti chovdni v nedo-
konceném stavu jsou jen malo zndmy a kvantifikovany. Rozsdhlé
neuzaviené stavby zasahujici Sirokd Gzemi maji vnitini prostred{
s vlastni dynamikou vyvoje a jsou z principu zcela zavislé na cho-
véani vnejStho klimatu v misté stavby. Pokud md projekt udrzet
ekonomickou prijatelnost, je nutné od poc¢dtku ndvrhu postupu
praci akceptovat existujici omezeni vnéj§imi klimatickymi pod-
minkami jako okrajové podminky zaddni s védomim, Ze neni
v moci technického feSen{ ani zhotovitele nepfiznivé vlivy klima-
tu a jejich projevy zcela potlacit. Lze je jen v ur€ité mife omezit,
a to teprve tehdy, kdy jsou k dispozici pfislusnd technologicka
zafizeni (bud findlni, nebo doc¢asnd).

OKRAJOVE PODMINKY PROJEKTU

Vnéjsi prostiedi

Rozmérné podzemni komplexy se obvykle nachdzeji v husté
zastavénych oblastech rozsahlych mést, jejichz klimatické pod-
minky jsou urbanizaci ddle negativné ovlivnény zvySovanim tep-
lot. Podélné vedeni tras takovych podzemnich staveb se Casto
tvori tzv. sifony, snizené polohy v trase oproti vstupnim ¢dstem,
portdlim. Tato sniZend mista pri absenci d¢inného umélého pro-
vétravani se gravita¢né plni t€Z§im, vlhkym vzduchem tvoricim
ndsledné prekazku prirozenému proudéni vzduchu stavbou.

Ceské technické normy, slouZici jako vychodisko pro névrh
i hodnoceni parametri uvazované podzemni stavby, jako okrajové
klimatické podminky stanovovaly v dobé projektu pro zimni
obdobi teplotu —13 °C, pro letni obdobf teplotu +32 °C a entalpii
56 kJ/kg suchého vzduchu. Aktudlné platnd CSN 12 7010 ve znéni
Z1 jiz posun klimatu reflektuje mirnym zvySenim maximdlni tep-
loty a predevs§im zvySeni ndristem entalpie v extrému aZ na
75 kJ/kg suchého vzduchu.
Vnitini prostiedi

Vnitn{ prostredi podzemni stavby je pri realizaci ovliviovano kli-
matickymi a mistnimi podminkami mista stavby a zptsobem prova-
deni (technologiemi vystavby) se vSemi negativnimi vlivy, prede-
v§im masivnimi mokrymi procesy pii vystavbé, vlivy podzemni
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A hypothesis was established on the basis of monitoring the para-
meters of the environment when unsuitable parameters of the envi-
ronment were detected during the course of the construction (humi-
dity, temperature) and methods of improving the parameters during
the construction, first of all during the assembly of technical equip-
ment of the tunnel, were sought. The validity of the hypothesis was
subsequently verified by the monitoring of the internal and external
climatic environment inside the tunnel, examining the influence of
controlled ventilation in an unfinished and non-operated structure.

The dependence of the internal environment inside extensive
underground engineering structures (mainly the high internal humi-
dity and the danger of condensation increasing the internal moisture
of structures and built-in structures) on external environment mani-
fests itself only in the case of a certain size and configuration of the
structure. It is connected, first of all, with the extent, size, configura-
tion, quantity and location of exit and entrance ramps, the gradient
and the height conditions of tunnel tubes and also with the location
of the whole construction project in built-up or unbuilt areas.

The particular determined and measured parameters presented in
the paper follow from the experience of the civils contractor during
the realisation of the Blanka complex of tunnels.

OBJECTIVE OF THE PAPER

The objective of the paper is to summarise the found pieces of
information, formulate their connections and possibilities of influen-
cing unfavourable conditions to be applied to other similar projects.
The paper complements the information about the influence of exter-
nal environment on internal environment inside a structure, which
should be one of the sources for the determination of the internal
environment properties (parameters), first of all the relative humidi-
ty and temperature of air, not only during the course of the construc-
tion but, first and foremost, during the installation of technical equ-
ipment of a tunnel. The obtained knowledge is applicable even to the
teaching about internal environment inside underground structures
for comprehensive understanding of the issue.

The paper formulates questions relating to the construction of
large underground structures, where the effects and natural relations
in the behaviour in an unfinished construction condition are insuffi-
ciently known and quantified. Large unclosed structures extending
into wide areas have got internal environments having their own
dynamics of development, which are in principle completely inde-
pendent of the behaviour of the external climate existing in the buil-
ding site location. If the project is to maintain economic acceptabi-
lity, it is necessary from the beginning of designing the constructi-
on process to accept existing limitations due to climatic conditions
as boundary conditions of the problem with the knowledge that the
complete suppression of unfavourable effects and manifestations of
the climate is not in the power of either the technical solution or the
contractor. It is only possible to restrict them to a certain extent, but
under the condition that the respective units of the technical equip-
ment of the structure (either final or temporary) are available.

PROJECT BOUNDARY CONDITIONS

External environment

Large underground complexes are usually located in densely develo-
ped areas of large cities, the climatic conditions of which are further
negatively affected by temperatures rising due to urbanisation. The ver-
tical alignment of such underground structures often forms the so-cal-
led siphons, i.e. locations on the route depressed in comparison with
entrance parts, the portals. In the absence of effective artificial ventila-
tion, these depressed locations are filled with heavier humid air, forming
subsequently an obstacle to the natural flow of air along the structure.




vody a jejimi prusaky do nedokonené stavby, moZnym vnikdnim
povrchovych vod neuzavienymi vstupy a také projevy klimatic-
kych vlivi, kondenzaci vzdusné vlhkosti na chladnych konstruk-
cich. Vnitrni prostfedi podzemnich staveb bylo vzdy povazovano
za mokré se stékajici, anebo i stiikajici vodou.

Prabézné s vyvojem neustdle roste podil technologickych prvki
a zarizeni elektrotechnického charakteru i v podzemnich stavbach.
Pro montéZ i provoz téchto zarizeni mohou byt uplatiiovany zvy-
Sené pozadavky na ochranu proti vlhkosti a vodé, tedy na vnitini
prostredi ve stavbé.

Organizace vystavby rozsdhlych podzemnich staveb v zdjmu
pozadavku kratkého terminu uvedeni do provozu vyZzaduje soubeh
stavebnich, montdznich praci a zkuSebnich Cinnosti, které se tyka-
ji technologickych, elektrotechnickych zafizeni a vybaven{ stavby.
Pfi obecné akceptaci poZzadavku na prostredi pfi elektromontdZich
soubéZnych se stavebnimi pracemi pak mohou vznikat problémy
s naplnénim parametru vnitintho prostiedi stavby.

Proto je zcela nezbytné pri pripravé ndvrhu i realizace se velmi
podrobné zabyvat specifikaci montdZznich podminek ve vztahu
k podminkdm stavby, postupu stavebnich praci a celkové rozesta-
vénosti (propojeni a otevieni vnitfnich prostor, vétrani pri stavbe,
ochrané proti vnéj$im klimatickym vlivim, napt. moZznému zapla-
veni apod.). Vyzadované parametry pro montdZe zafizeni musi
respektovat moznosti prostiedi stavby. Tuto skute¢nost si mus{
uvédomit predev§im objednatel stavby, investor, ktery stanoveny-
mi pozadavky Tidi kvalitu stavby i realiza¢ni postupy. Na zaklade
jeho pozadavka projektant pripravuje technické feSeni, projekto-
vou dokumentaci, jako vychozi podklad pro stanoveni a hodnoce-
ni jakosti, na zékladé jeho poZadavku zdroven zhotovitel stanovu-
je postup a zpusob realizace a predev§im cenu praci.

Z hlediska redlného vnitiniho prostredi v rozestavéné podzemni
stavbe se jevi jako nezbytné vzdy vyZadovat stupen kryti, odol-
nost elektrickych zafizeni proti vniknuti ciziho télesa a kapalin
(dle EN 60529), dotyku jakoukoliv pomuckou, vniknuti prachu
a chranéné proti strikajici vodé ve vsech dhlech.

NAROKY NA NASTAVENI POZADAVKU JAKOSTI
ROZSAHLE STAVBY PRI REALIZACI

Pokud jsou technické pozadavky stanoveny spravné, jsou spl-
nény predpoklady pro realizaci s pozadovanou jakosti. Pokud
viak neni specifikaci poZadavka vénovéna ze strany objednatele
a dalsich dcastniku vystavby potiebna pozornost, mize se dosaZe-
ni stanovené jakosti stit velkym, az nerealizovatelnym problé-
mem. V této souvislosti je nutné konstatovat, Ze této skutecnosti si
obecné objednatelé, zpracovatelé projektové dokumentace i doda-
vatelé nejsou dostatecné védomi a definici poZadavku, resp. jejich
uplatnéni, vénuji malou pozornost, ackoliv obecné ocekavani
vysledné jakosti je vysoké. Dosazeni pozadované jakosti zdvisi
i na naplnéni organizacnich predpokladt v ¢asovém pldnu stavby
(dodrzovani technologickych prestdvek).

Organiza¢ni zvladnuti projektové piipravy i postupu realizace je
mimorddné duleZité, zvIasté pokud je doddvka vystavbového pro-
jektu rozdélena mezi vice dodavatelu. Pak je nezbytné stanovit
milniky pro preddvani rozpracovaného dila a jejich fakticky obsah
(prejimané prace a jejich vyZadované parametry pri predéni).
Pozadavky ale musi byt redlné v kontextu postupu a moZzZnosti
stavby. Organizace objednatele (investora) rozsahlé stavby musi
byt pripravena fidit pripravu a realizaci, adekvatné reagovat na
vyvoj vystavbového projektu ve vSech jeho sloZitostech pri
respektovani jeho cilt.

VLIV VNEJSIHO KLIMATU NA PODZEMNI( STAVBU

Podzemni stavba komunika¢niho charakteru byva trvale otevre-
na vudi vnéjsimu klimatu a prostredi otevienymi portély, kterych
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Czech technical standards, serving as a basis for the design and
assessment of parameters of the underground structure under consi-
deration, determined the temperature of -13°C and +32°C and the
enthalpy of 56kJ/kg of dry air during the work on the design as the
boundary condition for the winter season and the summer season,
respectively. The currently valid CSN 12 7010, as amended by Z1,
already reflects the shifting of climate by a moderate increase in the
maximum temperature and, fist of all, by an increase in the enthal-
py in extreme to up to 75kJ/kg of dry air.

Internal environment

The internal environment inside a structure is affected during the
construction process by climatic and local conditions at the con-
struction site and the construction method (construction techniques)
with all negative effects, mainly the massive wet processes during
the construction, the effects of groundwater and its seepage into the
unfinished structure, the possible intrusion of surface water through
unclosed openings and also by the manifestations of climatic effects,
the condensation of air humidity on cold structures. The internal
environment inside underground structures has always been consi-
dered as wet with down-flowing or even jetting-out water.

The proportion of technology elements and electrotechnical-
character facilities grows even in underground structures.
Increased requirements for the protection against moisture and
water, i.e. requirements for the internal environment inside the
structure, can be applied to the installation and operation of this
equipment.

The organisation of the construction of large underground struc-
tures requires, in the interest of the requirement for a short term of
bringing the structure into service, that building, installation and tes-
ting operations concerning technology-related electrotechnical equ-
ipment of the structure are carried out in parallel. The requirements
for the environment during electrical installations carried out con-
currently with civil engineering work are generally accepted. As
a result, problems with meeting the parameters of the internal envi-
ronment inside the structure may arise.

For that reason it is absolutely necessary during the preparation of
the design and the realisation that the specification of installation
conditions in relation to the construction conditions, the construction
work procedure and the state of the construction completion (the
interconnection and opening of internal spaces, ventilation during
the construction, protection against external climatic effects, e.g.
possible inundation, etc.). The parameters required for the installati-
on of the equipment have to respect the possibilities of the construc-
tion environment. This fact must be acknowledged first of all by the
project owner, the client, who manages the quality of the works and
the realisation procedure through prescribed requirements. The
designer prepares the technical solution and design documentation as
a source document for the determination and assessment of quality
on the basis of its requirements. The contractor also determines the
procedures and methods of the realisation and, above all, the cost of
the works on the basis of its requirements.

In terms of the realistic internal environment inside an underg-
round structure under construction, it appears necessary always to
require the degree of protection, the resistance to intrusion of a fore-
ign body and liquids (according to EN 60529), resistance to tou-
ching with any tool, to intrusion of dust and protection against water
splashing at any angle.

REQUIREMENTS FOR SETTING QUALITY FOR A LARGE
CONSTRUCTION PROJECT DURING THE REALISATION

If technical requirements are set correctly, the conditions for the
realisation with the required quality are met. However, if the speci-
fication of requirements is not paid due attention from the side of
the client and other parties involved in the construction, reaching
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byvé podle rozsahu stavby Casto i vice nez deset. Portdly umoznuji
nepretrzity vliv vnéjsiho klimatu na vnitini konstrukce stavby, nama-
hani klimatem predev§im za horkych letnich mésicu, kdy do pod-
zemni stavby trvale vnikd horky vzduch s vysokym obsahem vlh-
kosti, ale podobné i v zimnich mésicich namdhani mrazem.

Vliv letniho klimatu s vysokym obsahem vzdusné vlhkosti se
projevuje v podzemni stavbé povrchovou kondenzact, kterd muze
byt zaménéna za prusaky vody obalovymi konstrukcemi stavby.

PROPOJENI STAVBY S OKOLIM

Podzemni stavba je pristupnd a propojend s vnéj$im prostredim
v realizaci i provozu portdly zajiStujicimi pristup do stavby.
Portdly jako vstupy do podzemni stavby jsou Casto umistény
v lokdlnich depresich terénu, do kterych se stahuji povrchové
vody z okoli. Ty pri ndhlych privalovych destich, anebo pri vze-
stupu hladin povrchovych toki mohou byt zdrojem zaplaveni
stavby. Technicky ndvrh (PD) projektu a organiza¢ni opatfeni pri
realizaci Casto pozaduji ochranu proti t€émto anomaliim pouze do
urCité miry rizika.

Realizovand stavba neni ¢asto napojena na dostate¢né kapacitni
Cerpani a kanaliza&n{ sit, které by umoZnily prijmout jiné neZ pra-
sakové a technologické vody. Pritékajici privalové vody pak
v dostate¢né mife a ¢ase neni mozné odvadét. Na sledované stav-
bé se také prokdzalo, Ze je zcela nezbytné proverovat dimenze,
a predevsim redlné volné kapacity provozované stokové site, na
kterou ma byt Cerpdni, at’ doCasné, anebo trvalé napojeno.
Privalové desté potvrdily, Ze existujici systém vpusti dokaze pri
mimorddném privalovém desti naplnit stokovou sit’ natolik, Ze pro
vody Cerpané ze systému podzemni stavby uZ neni volna kapaci-
ta, tedy Ze rozsdhld podzemnfi stavba a souvisejici Gpravy terénu
stahujici povrchové vody vyZaduji posileni kapacity stokové sité.

Soucasné je nutné ve fazi realizace a soubézné technologické
montdze se zabyvat ochranou rozpracovaného dila pred havarij-
nim vniknutim vody do stavby samostatnymi opatfenimi na poten-
cidlnich mistech mozného vtoku do stavby. V pripadé, Ze citliva
technologicka zafizen{ jsou umisténa v nejnizsich ¢dstech stavby,
pod vozovkou, a stavba neni stavebné natolik dokoncena, aby
bylo mozné vodotésné uzavrit pristupy k této ¢asti stavby (poklo-
py, prostupy aj.), neni vhodné technologické montdZe v Castech
nechrdnénych pred vniknutim vody vibec provadét. Ndvrh sou-
bézného postupu praci se musi promitnout do technického navrhu
a Casového planu stavby, a musi podminit rizikové technologické
montdZe stanovenym stupném stavebniho dokonceni, které je
dostatecné ochrani pri montdzi v havarijni situaci. Soucasné je
nutné vybudovat dostateéné kapacitni zachyty pritékajicich vod,
které jsou schopny jimat a odvadét havarijni vody, tedy systém
vpusti a Zlabu s dostate¢né kapacitnim trvalym odvodnénim.

Pro feSeni reagujici na tyto poZadavky je problémem i stanove-
ni ndvrhového objemu pritékajicich vod podle CSN 75 6101
Stokové sité a kanalizani pripojky (tab. 4 Doporucené Cetnosti
a periodicity vypoctovych destl). Intenzity a generované objemy
privalovych dest poslednich let totiZ presahuji i novelizované
hodnoty tzv. normového desté vice nez dvakrat (mozné intenzity
privalovych de§tu napf. viz http://www.infomet.cz/index.php?id-
=read&idd=1464883910). V modelovém pripadé v 1été 2013 pri-
valové desté a situace stavby generovaly dile zvySené objemy
povrchovych vod, protoZe stokovd sit' na hlavni pristupové Ctyr-
proudové komunikaci (délky cca 2700 m) do stavby nezachyco-
vala pro zanesen{ vpusti srdizkové vody a ty stékaly ptimo portdly
do stavby, kterd nebyla stavebné pripravena na nutnost vodotés-
ného uzavieni technologickych prostor v nejnizsich ¢astech sta-
veb. Doslo proto k rozsdhlému zaplaveni rozpracovanych techno-
logickych &ésti. Tuto havarijni situaci nepredpokladal Zadny kri-
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the prescribed quality may become a big, even unrealisable pro-
blem. In this context it is necessary to state that clients, authors of
design documentation and contractors are not sufficiently aware of
this fact and pay little attention to the definition of requirements,
respectively their application, despite the fact that general expecta-
tions of the final quality are high. Achieving the required quality in
addition depends on meeting the organisational assumptions in the
construction schedule (adhering to technology breaks).

The organisational management of the design stage and the con-
struction procedure is extraordinarily important, especially if the
contract for the construction is divided among several contractors.
In such a case it is necessary to set milestones for handing the unfi-
nished works over and the factual content of the milestones (the
work to be taken over and its parameters required on the handover).
But the requirements have to be realistic in the context of the pro-
gress and possibilities of the construction. The organisation of the
owner (client) of a large construction project has to be prepared to
manage the preparation and realisation, to adequately respond to the
development of the construction project in all its complexities regar-
ding paying respect to the project objectives.

INFLUENCE OF EXTERNAL CLIMATE
ON UNDERGROUND STRUCTURE

An underground road/railway structure is usually permanently
open to the external climate and environment through open portals,
the number of which is usually even higher than ten, depending on
the extent of the construction. The portals allow for uninterrupted
influence of external climate on the internal structures of the con-
struction, stressing by the climate above all during hot summer
months when hot air with a high content of moisture permanently
enters the underground structure, but similarly also during winter
months when frost enters the structure.

The influence of the summer climate with a high content of moi-
sture in air manifests itself in the underground by surface conden-
sation, which can be confused with water seepage through the enve-
lope structures.

CONNECTION OF THE STRUCTURE WITH
THE ENVIRONMENT

An underground structure is accessible and connected with the
external environment during the realisation and operation through
portals providing the access into the structure. Portals as entrances
to an underground structure are often found in local terrain depres-
sions, to which surface water is gathered from the surroundings.
This water can become a cause of the structure inundation in the
cases of sudden downpours or rising levels of surface streams. The
project technical proposal (detailed design) and organisational mea-
sures during the course of the realisation often require protection
against these anomalies only within the extent of the risk.

A realised structure is often not connected to a sufficient capaci-
ty pumping system and sewerage network which would allow for
accepting other than seepage and technology water. In such a case
the water flowing to the structure cannot be drained away suffici-
ently and in the necessary time. It was also proved on the structure
being observed that it is absolutely necessary to verify the dimensi-
ons and, above all, the realistically free capacities of the sewerage
network being operated to which the pumping, no matter whether
temporary or permanent, is to be connected. Downpours proved
that, in the case of an extraordinary downpour, the existing system
of gullies is capable of filling the sewerage network so much that no
free capacity remains for water pumped from the underground
structure system, which means that the large underground structure
and associated finishes of the surrounding terrain gathering surface
water require strengthening of the sewerage network capacity.




zovy scéndr. Pro dalsi vyvoj stavu vnitiniho prostredi mély tyto

vody zateCené do nejnizsich konstrukci stavby velmi negativni
vliv dlouhodobym zvySenim vlhkosti.

HODNOCENI TESNOSTI PODZEMNIHO DILA

Pro hodnocent jakosti podzemni stavby je obvykle rozhodujici vodo-
tésnost obélky stavby, kterd se posuzuje na zdkladé kvantifikace pfito-
ki vody z vnitintho prostfedi stavby do erpacich stanic. Problémem
pro hodnoceni vodotésnosti miZe byt technické feSeni svodu vnitrnich
vod, které se obvykle smésuji v odvodnovacim systému zachycujicim
viechny vody vyskytujici se v podzemni stavbé (z prasaku, provozu,
myti, i kondenzaéni vody na povrchu konstrukci). Pro objektivni
vyhodnoceni by vody prosakujici obdlkou stavby bylo treba mefit oddé-
len¢ od vod provoznich (vody z provozu a Gdrzby stavby).

Na zdkladé znalosti projektu, dopadovych ploch desté a dalsich
souvislosti Ize i tak odhadem oddélit v datech jen vodu z prasaku
od vod jinych. Vysledky méfeni od firmy ARCADIS, kterd na
stavbé provéadéla kontinudlni méreni erpdni, jsou na obr. 1.

Z uvedenych kiivek po odeéteni destu, provoznich vod a kon-
denzaci bylo stanoveno mnoZstvi prusaku, které bylo podéleno
plochou obalovych konstrukci tuneli vystavenych poZzadavku na
vodotésnost (obr. 2).

Z. dlouhodobéjsiho sledovéni vyplynulo, Ze mnoZstvi priasaki
je zévislé na hladiné podzemni vody, kterd se vlivem obdobi
(suché-vlhké) méni. Jeden ze stanovenych pozadavki TKP 24,
a sice celkovy prusak osténim (I/m2/den) byl trvale plnén. Je
nutné pocitat s tim, Ze u staveb s hodnotami blizkymi pozadav-
kam muZe byt vyhodnoceni shody zdvislé na aktudlnim stavu po-
Casi. Zaroven je vsak objektivné tfeba prijmout, Ze tato informa-
ce neudédva zadné sdéleni o konkrétnim mnoZstvi prusaku (jejich
intenzity) lokdlniho charakteru, v¢. jejich dusledku, ani doklad
o spInéni dal§ich poZzadavka TKP 24 na vodotésnost.
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It is at the same time necessary in the phase of realisation and con-
current installation of technology equipment to deal with the protecti-
on of the incomplete works against accidental water intrusion into the
structure by means of independent measures implemented in the poten-
tial locations of inflows into the structure. In the case that sensitive
technology equipment is located in the lowest parts of the structure,
under the roadway, and the structure is not structurally complete to
allow for watertight closing the accesses to that part of the structure
(covers, floor/wall openings), it is not at all appropriate to carry out the
installation of technology in the parts unprotected against the intrusion
of water. The proposal for the concurrent work process has to be pro-
jected into the technical proposal and the construction schedule and has
to condition the risky installations of equipment by prescribing the
degree of civil works completion which will protect them during the
installation in an emergency situation. It is at the same time necessary
to build collectors of inflowing water with sufficient capacity, which
are capable of collecting and draining accidental water, i.e. a system of
gullies and troughs with sufficient capacity for permanent draining.

There is a problem for solutions responding to these requirements
to determine the design volume of inflowing water according to
CSN 75 6101 Sewer systems and drains (see Table 4 Recommended
frequency and periodicity of design rains). The reason is the fact that
the intensities and volumes of downpours generated in recent years
highly (more than twice) exceed even the revised values of the so-
called standard rain (for the possible intensities of downpours e.g.
see http://www.infomet.cz/index.php?id=read&idd=1464883910).
In a model case from summer 2013, downpours and the constructi-
on site configuration generated further increased volumes of surface
water because of the fact that the sewerage network on the main
four-lane access road to the construction site (ca 2700m long) did not
catch the storm water due to clogged gullies and water flew directly

hladina vody v jimkach od odmérného bodu [m] - celkovy water surface in sumps from reference measurement point [m] - total
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Obr. 1 MéFeni erpdni vod [8]
Fig. 1 Water pumping measurements [8]
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vypocet max. dovoleného prisaku vs. skute¢né ¢erpané mnozstvi
calculation of permissible seepage versus actually pumped volume

stavba dovoleny priisak derpano % pozadavku

construction permissible seepage pumped per cent
I/den L/day I/den L/day of requirement

Cisarsky ostrov Cisarsky Island (0079, 0080) 16 925,9 6 317 37,3

tfida 1 (horni klenba, CS 5.2.1) class 1 (upper vault, CS 5.2.1) 5393 307 5,7

tfida 2 (technické chodby, CS 5.1.4) class 2 (technology galleries, CS 5.1.4) 11 533 6010 52,1

Pras$ny most (9515, 0065) Prasny Most bridge 5222,1 577 11,0

CELKEM TOTAL 22 148 6 937 31

Obr. 2 Vyhodnoceni mnoZstvi prusaku v tunelovém komplexu Blanka (4. 7. 2015)

Fig. 2 Assessment of the amount of seepage water in Blanka complex of tunnels (4" July 2015)

FAKTORY OVLIVNUJICI VNITRNI PROSTREDI

Na sledované parametry vnitrniho prostfedi stavby ma zdsadni
vliv prostredi stavby, technologie vyuZzivané pri stavbé a postup
realizace stavby zachyceny v ¢asovém planu. Sledované jakostni
parametry, predev§im vlhkost (prostiedi i konstrukci), je zdsadne
ovlivnéna okolnim prostfedim (hladinou a proudénim podzemni
vody). Stavba je soucasn¢ kolektorem velkého rozsahu, rozsah-
Iym jima¢em podzemni vody. MuZe vytvéiet rozmérné piekazky
proudicim podzemnim voddm a zvySovat tak jejich hladinu (tlak)
nejen primo na stavbu, ale i na okoli v zdvislosti na hydrogeolo-
gickych pomérech.

Dalgi pri¢inou negativniho pusobeni vody na stavbu jsou mokré
procesy silikdtové bdze podzemniho stavitelstvi. Zpracovatelnost
betonu je zdvisld na vodnim souciniteli, obsahu vody v betonové
smési. Pro oSetfovani zabudovaného betonu se univerzalné vyuziva
také voda. Zabudovand voda je ¢aste¢né spotrebovana pri hydrata-
ci, ale zna¢na ¢ast se vzdy musi odpafit do vnitiniho prostredi stav-
by, a tak dochdzi k doasnému syceni vnitrniho prostedi vlhkosti.

Dalsim faktorem negativné ovliviiujicim vnitini prostredi tunelu
jsou vody, které v tunelu vznikaji nasledkem vnéjsich klimatickych
podminek v misté a Case stavby, vody kondenzujici ze vzdusnych
vodnich par na chladnych konstrukcich podzemni stavby.

V provozované stavbé je vnitini prostredi zdsadné ovliviiovdno
vodou zpusoby zachycenymi na obr. 3.

ProtoZe pfi pInén{ konstrukénich poZzadavku na stavbu je nejmé-
né prozkoumany vliv vnitiniho prostredi a vliv vnéjsich vod zaté-
kajicich do stavby vstupy (portdly, Sachtami), prispévek se ddle
vénuje pouze jejich vlivim a opatfenim, které je omezuji.

PARAMETRY VNITRNIHO PROSTREDI
V TUNELU BEHEM VYSTAVBY

Pokud jsou béhem vystavby dodrZzovany bézné pozadavky na
vnitin{ prostfedi, a presto se po kontrole stanovenych pozadavka
zdd, Ze je dokoncend stavba neni schopna plnit, je nutné se zamé-
fit na vlivy, které nejsou obvykle uvazovany. V pripadé nadmerné
vnitini vlhkosti konstrukei i prostfedi byla po dlouhodobém sle-
dovén{ stavu vnitintho prostfedi a negativnich projevu stanovena
predbéznd hypotéza vysvétlujici duvody nesplnéni stanovenych
parametru jakosti.

PREDPOKLADY HYPOTEZY

Na zdklad¢ dlouhodobych zkuSenosti z vystavby podzemnich
staveb v letnim obdobi hypotéza predpoklddala, Ze vysoka letni
vzdu$nd vlhkost obsaZend ve vzduchu proudicim do podzemni
stavby, spolecné s nedostatenou vymenou vzduchu ve stavbé, je
pri¢inou povrchové kondenzace vody na chladnych konstrukcich
podzemni stavby.

through portals to the structure, which was not structurally prepared for
the necessity of watertight closing of spaces for technology equipment
found in the lowest parts of the structures. This was the reason why the
unfinished technology parts were significantly inundated. This emer-
gency situation was not assumed by any crisis scenario. The water
which flew into the lowest structures had a very negative influence on
the subsequent development of the internal environment condition due
to a long-term increase in the moisture level.

ASSESSMENT OF UNDERGROUND
STRUCTURE TIGHTNESS

The usually deciding factor for assessing the quality of an underg-
round structure is the water-tightness of the construction envelope,
which is assessed on the basis of the quantification of water flows from
the internal environment inside the structure to pumping stations.
A problem for the assessment of water-tightness may be posed by the
technical solution to the internal water collection system. The internal
water is usually mixed in the drainage system catching all water types
occurring in the underground structure (water from leaks, operation,
rinsing water and condensation water on the surface of structures). It
would be necessary for objective assessing if water seeping through the
structural envelope is measured separately from operation water (water
from the operation and maintenance of the structure).

Anyway, the data on the seepage water can be separated from the
data on other water by guessing, on the basis of the knowledge of the
design, the rain impact areas and other contexts. The results of measu-
rements carried out by the company of ARCADIS, which conducted
continual measurements of pumping on site, are presented in Fig. 1.

The amount of seepage water divided by the area of the tunnel enve-
loping structures exposed to the requirement of the water-tightness was
determined from the above-mentioned curves after deducting storm
water, operation water and condensation water (see Fig. 2).

It followed from long-term monitoring that the amount of seepa-
ge water depends on the water table level, which varies due to the
season (dry-damp). One of the prescribed requirements of the TKP
24 specification, namely the total seepage through the lining
(L/m?%day) was permanently met. It is necessary to take into
account the fact that in the cases of structures where the values app-
roximate the requirements, the assessment resulting into conformi-
ty depends on the current condition of weather. It is however neces-
sary to objectively accept the fact that this information provides
neither knowledge about the particular amount of seepage (its
intensity) of a local character, including its consequences, nor
a proof of meeting other TKP 24 requirements for water-tightness.

FACTORS INFLUENCING INTERNAL ENVIRONMENT

The monitored factors of the internal environment inside a struc-
ture are principally influenced by the construction environment, the
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povrchova kondenzace
surface condensation

tfida vodotésnosti 1
water-tightness class 1

oSetfeni tfidy vodotésnosti 1 treatment of water-tightness class 1

technologies used during the con-
struction and the construction pro-
cess described in the works schedu-
le. The monitored quality parame-
ters, first of all the moisture in the
environment and moisture of struc-
tures, are principally influenced by
the surrounding environment (the
water table level and groundwater

pfivalové desté downpours myti vozovky
a osténi
rinsing of road-

way and linings

B>

flows). The structure is at the same
time a large-scale collector of
groundwater. It can create large

odetient tfidy vodotésnosti 2
treatment of water-tight-
ness class 2

i

transport vody z portald
transport of water from portals

zabudovana
voda
built-in water

tfida vodotésnosti 2
water-tightness class 2

obstacles to flowing groundwater,
thus to increase the water table level
and the pressure acting not only
directly on the structure but even on
the surroundings, depending on the
hydrogeological conditions.
Another cause of the negative
influence of water on the structure
lies in the wet processes of the sili-
cate basis of underground structural
engineering. The workability of

Obr. 3 MoZné vnéjsi a vnitini vlivy v tunelu béhem provozu
Fig. 3 Possible external and internal effects inside the tunnel during operation

Podzemni konstrukce, predev§im obdlka stavby (osténi) si
udrzuji trvale nizké teploty kontaktem s horninovym prostre-
dim za rubem konstrukci. K pozndni zdkonitosti vyvoje para-
metrt vlhkosti je nutné teplotu podzemnich konstrukei, kli-
matické parametry vnéjsiho a vnitiniho vzduchu a predevsim
proudéni vzduchu ve stavbé zkoumat ve vzajemné interakci.
Na zdkladé zjisténych ddaji je mozné ovliviiovat provétravd-
ni podzemni stavby tak, aby povrchové teploty konstrukei
a vlhkost vzduchu umoznily odvétravani nadkritického mnoz-
stvi vody ve vnitfnim prostfedi podzemni stavby.

VNITRNI PROSTREDI V PODZEMNI STAVBE
V LETNIM OBDOBI 2014

V tomto obdobi redlny stav konstrukci signalizoval nadkri-
tickou hodnotu vzdusné vlhkosti vedouci k masivni povrcho-
vé kondenzaci nejen na konstrukcich stavby, ale i na zabudo-
vanych technologiich, a byl divodem, pro¢ v ¢ervnu 2014
bylo zahdjeno monitorovani vnitiniho mikroklimatu.
Osazenymi ¢idly byl monitorovén stav (parametry) vnitini-
ho prostredi nad vozovkou v tunelové troubé v obdobi 6. 6.—
18.6.2014 (obr. 4) i v technickych chodbach pod vozovkou
v obdobi 18. 6.-26.9.2014 (obr. 5, 6) a v misté technologic-
kych zafizeni.

VNEJSI PROSTREDI V MISTE STAVBY
V LETNIiM OBDOBI 2014

Soucasné bylo monitorovano i vnéjsi prostredi stavby a zis-
kané hodnoty porovndvdny s normovymi predpoklady tech-
nického feseni. RozloZeni hodnot vnéjsiho prostfedi pro pre-
hlednost viech sledovanych parametr bylo vyneseno do HX
diagramu (obr. 7). Modré jsou klimatickd data vnéjsiho vzdu-
chu v 30minutovém intervalu. Cerveny bod je tehdy platny
normovy parametr 32 °C a entalpie 56 kJ/kg s.v.

Z analyzy ziskanych dat vyplynulo, Ze po dobu vice nez
10 dnt (250 h) v méfeném obdobi byla pfekrofena normova
hodnota entalpie (vpravo od ervené ¢ary) a po dobu vice nez
22 dnu (530 h) byla teplota rosného bodu vzduchu vyssi nez

concrete depends on the cement-

water ratio, the water content in the

concrete mixture. Water is also uni-
versally used for curing the built-in concrete. Built-in water is par-
tially consumed during the process of hydration, but a significant
portion must always evaporate into the internal environment inside
the structure; in this way the internal environment is temporarily
being saturated with moisture.

Another factor negatively influencing the internal environment
inside a tunnel is water originating inside the tunnel due to external
climatic conditions in the location and time of the construction,
water condensing from atmospheric water vapour on cold structu-
res of the underground construction.

The internal environment in an operated structure is principally
affected by water by the ways presented in Fig. 3.

Because of the fact that the least explored during fulfilling structural
requirements for construction is the influence of the internal environ-
ment and the influence of external water flowing into the structure
through entrances (portals, shafts), this paper is further focused only on
their influences and the measures which restrict them.

PARAMETERS OF INTERNAL ENVIRONMENT INSIDE
A TUNNEL DURING CONSTRUCTION WORKS

If common requirements for internal environment are fulfilled
during the construction and, despite this fact, it seems after checking
the prescribed requirements that the finished structure is not able to
meet them, it is necessary to focus on the effects which are not usu-
ally taken into consideration. In the case of excessive internal moi-
sture of structures and environment, the preliminary hypothesis
explaining the reasons for the failure to fulfil the prescribed para-
meters of quality was established after long-term monitoring of the
condition and negative manifestations of the internal environment.

HYPOTHESIS ASSUMPTIONS

The hypothesis assumed on the basis of long experience from
construction of underground structures in summer seasons that the
high summer-time moisture contained in the air flowing to the
underground structure, together with the insufficient exchange of air
inside the structure, is the cause of the condensation of water on the
surface of cold structures of the underground construction.
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Obr. 4 Prostredi v tunelovych troubdch 2014
Fig. 4 Environment inside tunnel tubes 2014

16 °C. V podzemni stavbé tedy dochdzelo ke kondenzaci
vzdu$né vlhkosti na chladném povrchu konstrukei, ktery
z dlouhodobé zkuSenosti dosahuje teploty cca 12 °C.
Priblizny numericky vypocet objemu kondenzace vzdu$né
vlhkosti z horkého vzduchu ve vnitfnim prostiedi celého roz-
sdhlého tunelového komplexu z dat zaznamenanych vnéjsich
klimatickych podminek odhadoval mnozstvi zkondenzované
vody cca 190 000 1 v celé stavbé za celé letni obdobi, ktera
zhorSovala vlhkostni stav vSech vnitfnich konstrukci stavby.
Mezi jinym bylo zjiSténo, Ze prevdznd cast kondenzace pro-
béhla v Cervenci 2014, ktery byl meteorology vyhodnocen
jako jeden z nejteplejSich a zaroven nejdestivéjsich mésicu, tj.
nejvlhéich obdobi v dlouhodobém pozorovani.

DILCi ZAVERY

Na zdkladé vystupu postupnych analyz naméfenych hodnot
v kombinaci s termoviznim méfenim teplot povrchu konstruk-
ci byly stanoveny dil¢i zavéry.

Ke vzniku kondenzace vzdusné vlhkosti na povrchu chlad-
nych konstrukci v podzemni stavbé v&. kabelovych kandla
dochdzi v letnim obdobf pri vysokém nasyceni vnéjsiho vzdu-
chu vlhkosti pfi trvale nizké povrchové teploté podzemnich
konstrukei. Méreni potvrdilo empirické predpoklady povrcho-
vé teploty podzemnich konstrukei termovizni observaci na
hodnotédch +11 az +13 °C bez vlivu vétrani.

Pri zajisténi dostate¢ného proudéni vnéjsiho, velmi teplého
vzduchu stavbou stoupaji povrchové hodnoty v zdvislosti na
poloze vuci portdlim az k +17 °C, kdy povrchovd kondenza-
ce zacind klesat.

Underground structures, mainly the structural envelope (the
lining), maintain permanently low temperatures through the contact
with the water containing environment behind the external surface
of the structures. To start to understand the rules of the development
of the parameters of moisture, it is necessary to explore the tempe-
rature of underground structures, the climatic parameters of internal
and external air and, above all, flowing of air inside the structure, in
interaction with each other. It is possible on the basis of the deter-
mined data to affect the ventilation of the underground structure so
that the surface temperatures of structures and the content of mois-
ture in the air allow for removing the above-critical amount of water
from the internal environment inside the underground structure.

INTERNAL ENVIRONMENT INSIDE UNDERGROUND STRUC-
TURE DURING SUMMER SEASON 2014

In this season, the real state of the structures signalled an above-
critical value of air moisture leading to massive surface condensati-
on not only on structures of the construction but also on built-in
equipment. It was the reason why the monitoring of the internal
microclimate was initiated in July 2014. Sensors were installed to
monitor the condition (parameters) of the internal environment over
the roadway inside the tunnel tube (in the period from 6th June to
18th June 2014), (see Fig. 4), in technical galleries under the road-
way (18th June — 26th September 2014), (see Figures 5 and 6) and in
the places of technology equipment.

EXTERNAL ENVIRONMENT IN THE CONSTRUCTION SITE
LOCATION IN SUMMER SEASON 2014

The external environment inside the structure was monitored con-
currently and the obtained values were compared with the standard
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Obr. 5 Prostiedi v technickych chodbdch
Fig. 5 Environment in technology cross passages

Z naméfenych dat v interakci s ostatnimi sledovanymi veli-
¢inami ovliviujicimi vnitfni prostredi v tunelu béhem vystav-
by lze usoudit, Ze:

e Mnozstvi vzdu$né vlhkosti ve vnitfnim prostredi stavby, tj.
teplota rosného bodu se ve vSech ¢dstech stavby s mirnym
zpozdénim shoduje s hodnotami vlhkosti vnéjsiho klimatu.

e Prii teploté rosného bodu venkovniho vzduchu tzg = 13 °C je
relativni vlhkost vzduchu v kabelovych chodbéach pod vozov-
kou vZdy vyS8inez 85 %.

¢ Pii teploté rosného bodu venkovniho vzduchu tzg = 16 °C
dochdzi k povrchové kondenzaci v tunelovych troubdch.

¢ Pii teploté rosného bodu venkovniho vzduchu tzg = 20 °C
dochédzi v kabelovych chodbich k povrchové kondenzaci
i pres spusténé vétrani.

e Nisledkem trvajiciho horkého pocasi béhem vystavby
v podzemnich komplexech dlouhodoba kondenzace, sté-
kajici kondenzat a vzdusna vlhkost nasycuji prostor tech-
nickych chodeb a kabelovych kandlu a mohou zpusobit
povrchovou kondenzaci na napdjecich i fidicich kabelech.

* Pokud nejsou kabelové chodby intenzivné nucené vétrany,
dochdzi k dal$imu syceni vnitfniho vzduchu transportem
zkondenzované vlhkosti uvnitt konstrukci, z provozu, z okol{
stavby a ze zabudované vlhkosti, coz vede az ke kondenzaci
uvnitf kabelovych chodeb.

Zavislost letni povrchové kondenzace v podzemni stavbé na
teploté vnéjstho vzduchu jednoznacné prokazuje rozvoj plosné
kondenzace aZ na vozovky tunelu. Povrchovou plo$nou konden-
zaci si nelze plést s prusaky obvodovymi konstrukcemi. Tato
kondenzace vznikala vZdy za velmi horkych dni v obdobi bez
provozu tunelu. Po ochlazeni vnéjsiho vzduchu rychle odeznéla

assumptions of the technical solution. The distribution of the valu-
es of the external environment was plotted for the sake of clarity of
all monitored parameters into the HX diagram (see Fig. 7). The cli-
matic data on the external air at 30 minute intervals is marked in
blue. The red point is for the standard parameter of 32°C and ent-
halpy of 56kJ/kg of dry air, applicable at that time.

It followed from the analysis of the obtained data that the standard
enthalpy value (on the right side of the red line) was exceeded for
more than 10 days (250 hours) during the measured period and the
dew point temperature was higher than 16°C for more than 22 days
(530 hours). This means that air humidity condensed on cold surfa-
ces of structures, the temperature of which, from long-term experi-
ence, reaches ca 12°C. The approximate numerical calculation of the
volume of the condensation of air humidity from the hot air in the
internal environment inside the entire extensive complex of tunnels
carried out using the data on the recorded external climatic conditi-
ons estimated the amount of water condensed inside the whole struc-
ture during the course of the whole period to be ca 190,000 litres. It
deteriorated the moisture condition of all structures of the construc-
tion. It was found out among others that the majority of the conden-
sation happened in July 2014, which was assessed by meteorologists
as one of the hottest and at the same time wettest months, i.e. one of
the wettest periods during the long-term monitoring.

PARTIAL CONCLUSIONS

The partial conclusions were drawn on the basis of outputs of
successive analyses of the measured values in combination with
measuring the temperatures of the structure using thermal imaging
cameras.
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comparison of external environment (EXT) and environment inside technology galleries (TGC) - section No. 2
TGC teplota [°C] TGC rosnj bod [C] EXT teplota ['C EXT rosny bod [C] TGC vihkost [% r.v. EXT vinkost [% r.v.]
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Obr. 6 Prostiedi v technickych chodbdch — vysek ¢&. 2
Fig. 6 Environment in technology galleries — cut-out No. 2
a s prichodem chladnéjsiho polasi vymizela zcela. Piiklady The condensation of air moisture on the surface of structures in the
projevii plo§né kondenzace v horkych dnech jsou zachyceny na underground construction, including cable ducts, occurs in summer
snimeich (obr. 8). seasons when the external air is saturated with moisture and the tem-
perature of surfaces of underground structures is permanently low.
The measurement confirmed the empirical assumptions about the
klima data Praha 1. 6. 2014 - 1. 10. 2014 temperature of surfaces of underground structures by means of obse-
climate data Prague 1/6/2014 - 1/10/2014 rvation using thermal imaging cameras that the temperatures without
) 0 the influence of ventilation varied between +11 and +13°C.
35 ,0/° ° When sufficient flow of very hot external air through the structu-
relativni vihkost . . .
relative humidity [%] \ 2 N Lo re s ensqred, the surface-related values rise, erendlng on the loca-
1 / . I tion relative to the portals, up to +17°C. At this temperature the sur-
30 : = A, face condensation begins to drop.
v It is possible to conclude from the measured data in the interacti-
3 on with the other monitored quantities influencing the internal envi-
o % S ronment inside the tunnel during the construction that:
E e The amount of air humidity in the internal environment inside
§ 20.] nd the structure, i.e. the dew point temperature, is equal, with
15 72 '55 . a certain delay, to the values of humidity of the external clima-
£ 1 5,' 50 { 5 te in all parts of the structure.
& 45 2 | % ¢ Atthe dew point temperature of external air tg > 13°C the rela-
I =z tive humidity of air in cable galleries under the roadway is
} £ always higher than 85%.
10 [ - e At the dew point temperature of external air tgg = 16°C the sur-
) ° face condensation in tunnel tubes takes place.
& = . . °
} * 2, e At the dew point temperature of external air tzg = 20°C surfa-
- - . i - i Q@ . . . .
S _ HX diagram sestaveny pro flak | = ce condensation in cable galleries takes place even despite run-
i 1 1000 hPa HX diagram assem- || & ; Tati
| bled for 1000hPa pressure ® ning ventilation. o . .
0 B " — T T T T | e As a result of continuing hot weather during construction, the
4 5 6 7 8 9 10 11 12 13 14 15 16 17 long-term condensation, the down-trickling condensate and the
mérma vibkost [g/kg s.v.] specific humidiy [gkg d.a] sv-= zt:%zégﬁ vzduchu air humidity saturate the space of technical galleries and cable
ducts and may cause surface condensation on power cables and
Obr. 7 Vnéjsi prostied v letnim obdobi 2014 control cables (neither internal civil engineering structures nor
Fig. 7 External environment during summer season 2014 surface finishes are watertight).
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e Unless the cable galle-
ries are intensely for-
cedly ventilated, the
internal air is further
saturated with moisture
by the transport of the
moisture  condensed
inside the structures, by
water from the operati-
on, water from the
structure surroundings
and by the built-in moi-

Obr. 8 Povrchovd kondenzace v tunelu (9. 6. 2014)
Fig. 8 Surface condensation in the tunnel (9" June 2014)

VNITRNi PROSTREDI V MISTE STAVBY
V LETNIM OBDOBI 2015

Po zkuSenostech z léta 2014 bylo kvétnu 2015 (pred uvedenim
do provozu) zahdjeno naméatkové mereni teploty vzduchu a nove
i povrchové teploty osténi tunelu. Méfeni bylo provddéno v jizni
tunelové troubé za vjezdem v Troji v neovlivnéném misté porta-
lem (v grafu na obr. 9 oznaceno B-20A) a7 za vyjezd na Letné, kde
byla méfena i ¢ast vodorovného profilu tunelu v hloubené &asti
(B-6A) za vyjezdem na Letnou.

Jakmile nastaly horké dny a znovu se objevila povrchové kon-
denzace na konstrukcich tunelu, bylo v souladu s dil¢imi zdvéry
rozhodnuto, Ze vyuZitim a fizenim provozu trvalych vétracich
systému (proudové ventildtory ve vrchliku tunelu) budou tune-
ly na zédkladé stanovenych podminek provétravény s cilem zvy-
§it pohyb vzduchu v podzemi a povrchové teploty konstrukci,
a tak omezit povrchovou kondenzaci. Tato skute¢nost byla opét

sture. It even leads to
the condensation inside cable galleries.

The dependence of the summer surface condensation inside an
underground structure on the temperature of external air is unambi-
guously proved by the development of surface condensation exten-
ding down to the tunnel roadway. The surface condensation cannot
be mistaken for seepage through peripheral structures. This con-
densation always developed during very hot days in the periods wit-
hout the tunnel operation. After the external air cooled down, with
the onset of cooler weather, the condensation faded away and com-
pletely disappeared. Examples of the surface condensation during
hot days are presented in photographs (see Fig. 8).

INTERNAL ENVIRONMENT IN THE CONSTRUCTION SITE
LOCATION IN SUMMER SEASON 2015

After the experience of 2014, random measuring of air tempera-
tures and newly also of the tunnel lining surface temperature started
in May 2015 (prior to putting the tunnel into service). The measu-
rement was carried out in the southern tunnel tube, behind the ent-
rance in Troja, in a place unaffected by the portal (marked as B-20A

porovnani vnéjSiho prostiedi (EXT) a vnitfniho prostiedi (I1 az 13)
comparison of external environment (EXT) and internal environment (I1 to I3)
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Obr. 9 Prostiedi v tunelovych troubdch 2015
Fig. 9 Environment inside the tunnel tubes 2015
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in the graph see Fig. 9) up to the exit in
Letnd, where a part of the horizontal pro-
file of the tunnel was measured even in
the cut-and-cover part (B-6A) beyond
the exit to Letnd.

As soon as hot days came about
and the surface condensation reappe-

povrchova teplota stén TKB surface temperature of Blanka tunnel walls

t°Cl ared on the tunnel structures, the
22 datum date decision was made on the basis of the
21 . . i
20 STEATETOED prescribed condl.tlons that the tunne
}Lg 3?;3_‘;3%51:5;30 Is would be ventilated by the use and
1 10.7.2015 15:30 management of the operation of per-
15 33’2‘22(?::_}51::5 manent ventilation systems (jet fans

14 6. 4 R
13 23.6.2015 7:15 at the top of the tunnel vault) with
11 16.6.2015 16:00 the aim of increasing the movement
1?\9? 2;:;:11:11;;3: of air in the underground and the sur-
< «'3’“ RS 19.5.2015 17:00 face temperature of structures, thus

L1 N N . .
¥ o o & 14.5.2015 7:30 reducing the surface condensation.
N . .

¥ 0’? qe"' This process was again measured by

means of data loggers installed in
three places in the measured part of
the tunnel (see Fig. 9).

Starting values of the external tem-
perature tgx > +18°C and the dew

H10-11 ®11-12 ®12-13 ®13-14 ®14-15 ®15-16 B16-17 ®W17-18 m18-19 ®m19-20 mM20-21 m21-22

Obr. 10 Rust povrchové teploty stén tunelu v letnim obdobi 2015 vlivem vétrdni
Fig. 10 Increase in surface temperatures of tunnel walls due to ventilation during summer season 2015

o v ’ Vv s v s . 1 o
méfena pomoci dataloggert na tfech mistech v méfené Césti N point temperature tgy < +13°C were
tunelu (obr. 9) specified for the forced driving of air through the tunnel on

Pro zahdjeni nuceného provétravéni byly na zdkladé tdaju pred- Fhe basis of the data obtained by the previogs monitoring Pf
choziho monitoringu vnitfnich povrchovych teplot konstrukef sta- 1ntern.a1 surf.ace temperatures. These assumptions were confir-
noveny vychozi hodnoty na vné&js teplotu tgy > +18 °C a teplotu med, including the initial values set for the commencement of
rosného bodu tgs < +13 °C. Tyto predpoklady se potvrdily v¢. | ventilation, and the amount of surface condensation began to
nastavenych pocéte¢nich hodnot pro zahdjeni vétrdni a v kratké drop within a short time of the controlled driving of air
dobé fizeného provétravani zaalo klesat mnoZstvi povrchové through the tunnel. In this way the positive influence of the
kondenzace. Prokazal se tak pozitivni vliv vétran{ zvySenim teplot ventilation manifesting itself by increased temperature of the
vnitintho prostfedi (obr. 9) i povrchi konstrukei (obr. 10). internal environment (see Fig. 9) and temperatures of surfaces
Vychozi hodnoty byly dile zpfesnovany. of structures (see Fig. 10) was proved. The starting values

Priibéhy povrchovych teplot konstrukei a teploty vnitfntho pro- | were further refined.

stredi v podzemni stavbé ve vybra-
nych bodech ukazuji grafy na obr. 10
a 11. Nucené provétravani probihalo teplota vzduchu v TKB temperature of air inside Blanka tunnel
vzdy jednim pdrem proudovych ven-
tilatort v klenbé tunelu pobliZ nej-
hlubsiho mista stavby. Pfi prichodu t[°cl
extrémnich teplot se po opakovaném
spusténi vétraka podafilo zvysit povr-
chovou teplotu konstrukei v kritic-
kych mistech z +10 °C aZ na +17 °C
a tak vyrazné oddadlit ndstup a potlacit
rozsah povrchové kondenzace. Ta

) fox v . datum date
v uvedeném mist¢ podle méreni
30.8.2015 1
nastala pouze na dobu cca 5 h. 7830151500
Béhem obdobi nizkych teplot (13. /1072015 15:30
7. 2015), kdy nebylo Zddouci vétrat 7 3:7.2015 15:45

¢ 30.6.2015 7:15

stavbu, bylo provedeno komplexni / 236.20157:15

méfeni povrchovych teplot v polovi- 10 BT e o L L= ."".5.16.62‘3’12:12:;2:00
né tunelu pomoci termovizni kame- EXT  ga0a e 7/ 2252015 16:00
” i B19A B1ga LS/ 19520151700
ry. Bylo porizeno 527 termoviznich B-16A 5 1an e :
. . B-12A 5 i0a 1452015 7:30
snimku, ze kterych byl sestaven tep- B-8A

‘ B-6A
lotni profil osténi tunelu. Ten byl

porovnan s podélnym fezem stavby

a polohou tunelu v terénu (obr. 12).
Vynesené povrchové teploty

podzemnich konstrukei odpovidaji

H10-11 m11-12 ®m12-13 m13-14 m14-15 ®15-16 m16-17 W17-18 m18-19 m19-20 ®20-21 m21-22 wW22-23 W23-24

Obr. 11 Rust teploty vzduchu v tunelu v letnim obdobi 2015 vlivem vétrani
Fig. 11 Increase in temperatures of air inside the tunnel due to ventilation during the summer season 2015
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Obr. 12 Vztah povrchové teploty a podélny rezu tunelu (13. 7. 2015)

Fig. 12 Relationship between the surface temperature and the longitudinal tunnel section (13" July 2015)

tvaru pri¢ného profilu a mj. také potvrdily predpokldadany
vliv polohy stavby v terénu (s ohledem na hladinu podzemni
vody) na vnitini prostfedi. Nejchladnéjsi misto tunelu bylo
zastizeno v oblasti podchodu stavby pod korytem feky
Vitavy a podobné i v mistech zcela zvodnélého nadloZi.
Naopak teplotni maxima byla zastizena u vyudsténi vétrani
technologickych zarizeni. Zajimavou teplotni anomadlii jsou

klima data Praha 1. 5. 2015 - 1. 10. 2015
climate data Prague 1/5/2015 - 1/10/2015

20% 30% 40%

r:elativnivlhkoét\ A
relative humidity [%]

35 ¢

teplota temperature [°C]

entalpie [kJ/kg s.v.] enthalpy [kJ/kg d.a.]

HX diagram sestaveny pro tlak
1000 hPa HX diagram assem-
bled for 1000hPa pressure

.v. = suchého vzduchu

méma vihkost [g/kg s.v.] specific humidity [g/kg d.a.] Z.a. = dried air

Obr. 13 Vnejsi prostredi v letnim obdobi 2015
Fig. 13 External environment during summer season 2015

The curves for surface temperatures of structures and tempe-
ratures of the internal environment inside the underground
structure at the selected points are presented in graphs in
Figures 10 and 11. The forced driving of air through the tunnel
was carried out always by means of one pair of jet fans instal-
led under the top of the tunnel vault near the
deepest point of the tunnel structure. When the extreme tempe-
ratures arrived, the surface temperature of structures was
successfully increased after repeated starting of the fans in the
critical places from +10°C up to +17°C, thus the onset and
extent of the surface condensation was significantly delayed.
According to the measurements, the condensation occurred
only for ca 5 hours in the above-mentioned measurement place.

Comprehensive measurements of surface temperatures were
conducted in the middle of the tunnel by means of a thermal
imaging camera during a period of low temperatures (13th
July 2015), when driving air through the tunnel was not desi-
rable. The camera provided 527 pictures, which were used for
assembling a thermal profile of the tunnel lining. The profile
was compared with the longitudinal profile of the tunnel and
the position of the tunnel in the terrain (see Fig. 12).

The plotted surface temperatures of underground structures
correspond to the shape of the cross-section and, among
others, even confirmed the assumed influence of the position
of the structure in the terrain (with respect to the water table
level) on the internal environment. The coldest place of the
tunnel was encountered in the area of the tunnel passage under
the Vltava River bed and, similarly, in the locations of the
completely water saturated overhead. Conversely, temperatu-
re maximums were encountered at the mouths of the techno-
logy equipment ventilation. An interesting thermal anomaly
was encountered in the locations of changing cross-sections,
where the pressure and velocity-related parameters of the air
flowing through the structure and, above all, the ratio of the
surfaces being cooled to surfaces being heated (transitions
between the tunnel tube for three lanes and tunnel tube for two
lanes) change.



26. rocnik - €. 3/2017

TuoufHel

_ _ I1teplota [°C] _
11 temperature [°C]

13 rosny bod [°C]

_ 11 rosny bod [°C] 11 dew
point temperature [°C]

11 vihkost [% r.v.]

_ _ |2 teplota [°C]
12 temperature [°C]

12 vihkost [% r.v.]

___ |2rosny bod [°C] _ _ |3 teplota [°C]
[2 dew point 13 temperature [°C]
temperature [°C]

r.v. = relativni vihkost

28 -

24 +

= = = 13dew point == =11 humidity = = = 12 humidity _ _ _ 13vihkost [%r.v.] , o
temperature [°C] [%r.h.] [%r.h.] 13 humidity [% r.h.] r.h. = relative humidity
40 - 100
gl
N fﬂa"; A 4
36 A 90
{ |vétrani
i " 1 | ventilation
32 ha 80

g
e

o
e -
3111

.
-

<&

teplota/rosny bod temperature/dew point temperature [°C]

relativni vihnkost relative humidity [%)

N
8 3 Ul W N r|r k L
i i{: bt
‘ :
0
datum date 29.8.2015 5.9.2015 12.9.2015 19.9.2015 26.9.2015

Obr. 14 Vnitini prostredi tunelu pred a po spusténi do provozu (9. 10. 2015)

Fig. 14 Internal environment inside the tunnel prior to and after bringing it into service (9" October 2015)

zména pri¢nych profild, kde dochdzi ke zméndm tlakovych,
a rychlostnich parametrt proudiciho vzduchu ve stavbé a pre-
dev§im poméru ochlazovanych a oteplovanych ploch (pre-
chody mezi tunelovou troubou pro tfi a dva jizdni pruhy).

VNEJSI PROSTREDI V MISTE STAVBY
V LETNIM OBDOBI 2015

Soucasné bylo béhem letniho obdobi roku 2015 opét sledo-
véno vnéj3i klima a jeho vztah k parametrum vnitiniho pro-
stfedi. Namérené hodnoty klimatu byly opét extrémni (obr.
13). Nezopakovala se sice neobvykld vlhkostni situace
s extrémnimi vlhkostnimi a teplotnimi hodnotami roku 2014,
ale teploty byly opét vyrazné vyS$$i a opét znaéné prekraco-
valy normové predpoklady.

STAV VNITRNIHO PROSTREDI PO ZAHAJENI PROVOZU

Hypotéza, kterd predpoklddala rozhodujici vliv provozu na
provétravani a stav vnitfnich konstrukci podzemni stavby, se
potvrdila velmi brzy po zahdjeni provozu v roce 2015
a v nasledujicim obdobi. Naméefené hodnoty i vizudlni kon-
troly potvrdily, Ze pro stav vnitiniho prostredi je rozhodujici
dopravni provoz tunelu, kdy pistovy efekt jednosmérného
provozu ndsobné zvysi vymeénu vzduchu pfi stavbé a pozitiv-
né ovlivni povrchové teploty konstrukcei a zabrani tak vzniku
kondenzace (obr. 14). Pozitivn{ vliv na zvySeni{ vnitfni teplo-
ty prostredi i povrchi md vyzafovany tepelny vykon motort

Pokracujici monitorovani teplot potvrzuje zdsadni vliv
vnéj§iho klimatu na vnitini prostory podzemni stavby.
Prubéh a rozloZeni teplot odpovidd s urlitym posunem
a Gtlumem hodnotdm parametru vnéjsiho klimatu. Tento vliv
je urCujici, a zhotovitel stavby md jen omezenou moZnost
fizenym vétranim jeho Gcinek na stavbu vyrazné ovlivnit. Je

EXTERNAL ENVIRONMENT IN THE CONSTRUCTION
SITE LOCATION IN SUMMER SEASON 2015

The external climate and its relation to the parameters of the
internal environment were monitored concurrently during the
summer season 2015. The measured climate values were
again extreme (see Fig. 13). Though the humidity situation
with extreme humidity and temperature-related values of
2014 was not repeated, the temperatures were again much hig-
her and again significantly exceeded standard assumptions.

INTERNAL ENVIRONMENT CONDITION AFTER
OPENING TO TRAFFIC

The hypothesis assuming the decisive influence of traffic on dri-
ving air through the tunnel and the condition of internal structures
of the underground construction was confirmed very shortly after
bringing the tunnel into service in 2015 and during the following
period. The measured values as well as visual checks confirmed
that the traffic through the tunnel, where the piston effect of uni-
directional traffic is crucial for the internal environment condition,
multiplying the air exchange during construction and positively
affecting the surface temperatures of structures , thus preventing
the origination of condensation (see Fig. 14). The positive influ-
ence on the increase in the internal temperature of environment
and surfaces lies in the heat output of engines of vehicles passing
through the tunnel.

The continuing monitoring of temperatures confirms the
major influence of external climate on internal spaces of the
underground structure. The course and distribution of heat
corresponds, with a certain delay and attenuation, to the valu-
es of the parameters of the external climate. This influence is
decisive and the construction contractor has only a limited
possibility of significantly influencing its impact on the




rozhodné nutné s touto moznosti pfi zaddvéani stavby pocitat,
stejné jako s nutnosti navrhovat vSechna elektricka zafizeni
umisténd v podzemi s dostate¢nym krytim.

ZAVERY

Dokumentované zji§téni z této rozsahlé podzemni stavby
dovoluji formulovat nékteré zcela obecné zavéry.

Zéakladem pro dosaZen{ jakosti rozsdhlé podzemni stavby je
podrobné stanoveni poZadavki (podminek) na jednotlivé
Casti stavby v zavislosti na pozadavcich prostredi (paramet-
rech jakosti) a jejich kvalifikované promitnuti do smlouvy
o dilo, do ndvrhu (technického feSeni), a také realiza¢nich
postuptl a ¢asového pldnu, vztahi mezi doddvkou stavebni
¢asti a technologii.

Pro dosaZenf téchto poZadavka je nutné v ndvrhu i ¢asovém
planu stavby vytvorit podminky ¢asové, prostorové a techno-
logické.

Ve vztahu k vnitfnimu prostredi podzemni stavby pri stav-
bé pak plati nasledujici:

e Vnitfn{ prostfedi v tunelu, pokud nenfi zlepSovano dosta-
te¢né kapacitnim vétranim (pfipadné temperovanim), ma
stejnou teplotu rosného bodu jako vné&jsi prostredi.

e Béhem vystavby nelze vyloucit plo$nou povrchovou
kondenzaci na chladnych podzemnich konstrukcich (bez
nadstandardné docasné instalovanych zafizeni) a nelze
garantovat niZ§i relativni vlhkost povrchu konstrukei
a zarizeni nez 100 %.

e Podminky vnitiniho prostredi v nedokoncené a neprovo-
zované podzemni stavbé mohou byt ndro¢néjsi (horsi)
neZ podminky vnitfniho prostfedi provozované stavby.

e Vychozi pozadavky (parametry) Ceskych technickych
norem se stdle zvySuji a dohdnéji ménici se klima s vét-
$im mnoZstvimi extrémnich vykyvu. Skute¢né podminky
nad rdmec ndvrhovych hodnot nemusi zajistit potfebnou
jakost a parametry vnitiniho prostfedi v dohotovené ne-
provozované stavbé.

e Teplota a vlhkost ve vnitfnim prostfedi tunelu dzce sou-
viseji s umisténim stavby v tzemi, s jejim tvarem, podél-
nym profilem a rozloZenim v terénu.

Ing. JAN KLECKA, jan.klecka@metrostav.cz,
Ing. JAROSLAV SYNEK,

Jjaroslav.synek@metrostav.cz, Metrostav a.s.

Recenzovali Reviewed: Ing. Pavel Sourek, Ing. Libor Maiik
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structure. It is absolutely necessary to take this possibility into
account at the time of tendering and take into consideration
the necessity for designing sufficient cover for all electrical
equipment installed in the underground.

CONCLUSIONS

The documented findings from the large underground construc-
tion allow for formulating some totally general conclusions.

The basis for achieving good quality of a large underground
structure lies in the detailed determination of requirements (condi-
tions) for individual parts of the structure, depending on the requi-
rements of the environment (quality parameters) and their qualifi-
ed projection on the works contract, the design (technical solution)
and also on realisation procedures and the works schedule, relati-
onships between the delivery of the civil engineering part and tech-
nology equipment.

It is necessary for meeting these requirements to establish time,
space and technology related conditions in the construction and
schedule.

The following conclusions apply to the relation to the internal envi-
ronment inside the underground structure during the construction:

e The dew point temperature inside a tunnel internal environ-
ment is identical with the dew point temperature in the exter-
nal environment, unless the internal environment is improved
by sufficient capacity ventilation (if needed, by heating).

* Surface condensation on cold underground structures cannot
be excluded during the construction (without the temporari-
ly installed above-standard equipment) and it is not possible
to guarantee relative humidity on surfaces of structures and
equipment lower than 100%.

e Conditions of internal environment inside an unfinished and
non-operated underground structure can be more demanding
(worse) than the conditions of the internal environment inside
an operated structure.

e Baseline requirements (parameters) of Czech technical stan-
dards continually grow and draw level with the changing cli-
mate exhibiting a larger amount of extreme fluctuations.
Actual conditions over the framework of design values do not
necessarily secure the required quality and parameters of the
internal environment in a non-operated structure.

e The temperature and humidity in the internal environment
inside a tunnel are closely related with the location of the
structure within the area, its shape, longitudinal profile and
layout in the terrain.

Ing. JAN KLECKA, jan.klecka@metrostav.cz,
Ing. JAROSLAV SYNEK,
Jjaroslav.synek@metrostav.cz, Metrostav a.s.
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FOTOREPORTAZ Z CINNOSTI PROJEKTU CESTI
PICTURE REPORT FROM CESTI PROJECT ACTIVITIES

Obr. 1 Workshop CESTI (listopad 2015)
Fig. 1 CESTI Workshop (November 2015)

il i ;.

Obr. 3 Vyroba vzorku v betondrské laboratori (kvéten 2013, neustdle probihd)
Fig. 3 Production of specimens in the concrete laboratory (May 2013, still
ongoing)

Obr. 5 Zkouseni fragmentu dutinové desky z vysokopevnostniho betonu (UHPC)
Fig. 5 Testing of a fragment of the slab made of ultra-high performance
concrete (UHPC)

Obr. 2 Slavnostni otevieni mostu s primo pojizdénou mostovkou z vldknobe-
tonu v obci Sdzava (¢erven 2017)

Fig. 2 Ceremonial inauguration of the bridge with the directly run on bridge
deck made from fibre reinforced concrete in the town of Sdazava (June 2017)

Obr. 4 Experimenty ve vyzkumné Stole Josef
Fig. 4 Experiments in Josef Regional Underground Research Centre

Obr. 6 Zkouska spraZeného nosniku
Fig. 6 Testing of a composite beam
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NA SPOLECNE CESTE

Patfime k nejvyznamnéjéim stavebnim firmam v Ceské
republice, jsme jednickou v oblasti dopravné inZzenyrské-
ho stavitelstvi. Své sluzby nabizime zdkaznikim déle nez
60 let. Povést Skupiny EURQVIA CS stoji na kvalitni, v€as-
né a odborné odvedené praci. Uspésnou firmu z nas délaji
predevsim nasi vysoce kvalifikovani zaméstnanci. Jejich
zkuSenosti, odborné znalosti a svédomity pfistup ve spo-
jeni s tradici nasi spolecnosti a modernimi technologiemi
jsou pro nas klicové.

Kromé silni¢nich a kolejovych staveb realizujeme i mosty,
sportovni arealy, revitalizujeme pamatkova centra a budu-
jeme Cistirny odpadnich vod nebo méstské komunikace.
Diky Sirokému portfoliu €innosti a celorepublikovému po-
kryti dokaze Skupina EUROVIA CS realizovat mensi i velké
zakazky, at uz se jedna o verejny, ¢i soukromy sektor. Dis-
ponujeme rovnézZ vlastni surovinovou zakladnou. L www.eurovia.cz
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA

B Nabidky na nejvétsi stavebni ¢ast Brennerského bazového
tunelu

Usek mezi Phonsem a stdtni hranici mezi Rakouskem a Italii pod
Brennerskym sedlem je nejvétsi ucelené zaddvanou stavebni zakdzkou
na stavbé Brennerského bazového tunelu. Zahrnuje celkem priblizné
50 km raZenych tuneld. Mimo tratové tunely do zakédzky patif 9 km
pruzkumného tunelu a bezpenostni stanice St. Jadok v&etné kifzeni
tratovych tuneld. Prijimani nabidek bylo ukonceno 18. dubna 2017.
Nabidky podalo pét konsorcii, ¢lenem jednoho z nich je i Metrostav
as, ktery ji podal spole¢né se spole¢nostmi Impresa Pizzarotti,
Implenia Ostereich a BeMo Tunnelling.

Toto nabidkové fizeni bylo dal$sim milnikem stavby bazového tune-
lu, protoZze nabidkovym fizenim uZ pro$lo vice nez 80 % stavebnich
praci. Od zahdjeni stavby pred Sesti lety v dubnu 2011 bylo do dubna
2017 vyraZeno 61 km tunelt, coZ je priblizné tvrtina vSech raZeb.

B Zajisténi prepravy kamionu vysky aZ 4 m na Zeleznici ve
Svycarsku

Svycarské Zeleznice planuji v celé délce dvojkolejné trati zahrnujici
Gotthardsky bdzovy tunel zajistit prepravu souprav kamiona vysky az
4 m v&etné tahatu. Zahdjeni pfepravy se pldnuje v roce 2020. Tento
z4mér zahrnuje renovaci a zvétSent profilu 11 stdvajicich tunelu, z toho
4 tunely leZ{ severné a 7 tunelt jizné od bazového tunelu. Nové budou
vyrazeny tfi tunely — jeden (tunel Bozberg) na severni Césti trati pred
Basileji a dva na jiZn{ ¢4sti trati.

Ze tfi novych tunelt je nejdelsi 2,7 km dlouhy tunel Bozberg. Bude
razen soubezné se stdvajicim dvoukolejnym tunelem, ktery se po uve-
deni nového tunelu do provozu stane tnikovym a servisnim tunelem.
S novym tunelem bude propojen péti propojkami.

Razba tunelu byla zahdjena konvenéne v roce 2016 v mekkych hor-
nindch na délku 168 m. Dalsi razbu obstard tunelovaci stroj firmy
Herrenknecht o profilu 12,36 m, jehoZ uvedeni do provozu bylo plédno-
vano na kvéten 2017 a ukonCeni jeho razby se predpoklada v roce 2018.
B VyztuZ podzemni stény ze sklolaminatovych ty¢i

O ndrotné stavbé dvou jednokolejnych Zelezni¢nich tuneli Rastatt
délky 4270 m u Karlsruhe jsme jiz nekolikrat informovali, naposledy
v Tunelu €. 1/2017. Jedna z dal$ich mimoradnosti této stavby se tyka
vystavby cilovych Sachet pro prordzku tunelovacimi stroji. PaZeni
Sachet zajisti podzemni stény hloubky az 40 m, jejichZ segmenty budou
vyztuzeny armokosi z betonarské oceli s vyjimkou mist prorazky tune-
lovacich stroju do Sachty. V téchto mistech se poprvé na stavbach
némeckych Zeleznic pro konstrukcei armoko$u pouzily sklolamindtové
tyCe profilu 32 mm. Jejich aplikace byla povolena jen pro tuto stavbu,
pripadné dalsi vyuziti této vyztuze na jinych stavbach je vazano na
vyhodnoceni prvého pouZziti.

B Cena anglické betonarské spolecnosti udélena betonovému
osténi tunelu Lee

Tunel Lee o pruméru 7 m dlouhy 6,9 km je souddsti nového londyn-
ského kanaliza¢niho systému Thames Tideway (o ném vice v Tunelu
&. 3/2016), ktery zabréni Sestnacti milionim tun odpadnich vod ro¢né
bez Cisténi odtékat do TemzZe a do feky Lee. A prave vnitrni monolitic-
ké osténi tohoto tunelu véetné osténi jeho hlubokych Sachet obdrzelo
prestizni cenu britské betonarské spolecnosti. Navic je to poprvé
v osmactyficetileté historii udélovani téchto cen, kdy ji ziskala betono-
va konstrukce tunelu.

K udéleni také prispélo, Ze samozhutnitelny beton byl vyztuZen oce-
lovymi drétky, kterych se spotrebovalo vice nez 2000 tun, zatimco pri
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klasickém vyztuZeni betondiskou oceli by jeji mnoZstvi bylo asi 17 000 médnatym a ten byl v odebranych vzorcich vody vyvérajici na povrch
tun. Zvolené feSeni vedlo k vyraznym dspordm nakladu nejen materid- terénu zjistén. ProtoZe nikdo dals$i v daném tzemi tuto chemikalii
lovych, ale i k Gspordm pracnosti a ndkladi na logistiku. Ocelové drdt- nepouzival, potvrdilo se, Ze z privadéce unikd velké mnoZstvi vody,
ky Dramix 5D vyvinula a dodala firma Bekaert Maccaferri. které bylo dal§imi pruzkumy upfesnéno na asi 75 milionu litrd vody
B Lodni tunel Stad v Norsku denné.

Norsky plan dopravnich staveb na roky 2018 az 2019 zahrnuje také Vodovodni privadét byl dokonCen v roce 1944 a byl tehdy razen
zahdjeni stavby tunelu Stad ur¢eného pro némorni dopravu. Tunel v celkem kvalitnich hornindch, ale v blizkosti a pod fekou Hudson byl
1,7 km dlouhy bude mit plochu 1620 m2, vysku 49 m a $itku 36 m. Pri zastizen poruSeny vapenec. Zvlddnout velké pritoky podzemni vody
stavbé se pouZije metoda Drill and Blast. Jeho proplutim se lodé bylo obtiZzné, ale nakonec se to tehdej§im tuneldfum podafilo. Osténi
vyhnou naviga¢né obtiznému obeplouvéni rozlehlého konce poloostro- provedli sendvicové, mezi vnéjsi a vnitini vrstvu betonu vloZili kruho-
va, kde vétSinou mofe velmi bouff a o pobreZi se tiisti vysoké viny (pry vou ocelovou vlozku. Jak ukdzaly prizkumy providéné po roce 1991,
se tohoto mista bali i Vikingové). jedinou chybou bylo, Ze sendvicové osténi s ocelovou vlozkou nebylo
B Vystavba podzemniho hibitova v Izraeli provedeno v dostate¢né délce, protoze asi 95 % ztratové vody unikalo

Problémy a pozadavky spolecnosti, které fesi podzemni stavitelstvi, z piivadéce naokoncicih sendviCového osténi.
jsou ruzné — od dopravy, pres vodohospodafstvi, energetiku, telekomu- Z dalSich pruzkumu a podminek zésobovani méstské aglomerace pit-
nikace apod. V Izraeli napf. jiz neni ve méstech na povrchu misto pro nou vodou vyplynulo nakonec feSeni, jehoZ podstatnou Casti je prove-
roz§ifovéni hibitovl, coZ souvisi s ndboZenskymi i kulturnimi zvyky denf nového tunelu v délce 3.8 km soubéZné se starym privadécem
jeho obyvatel. Kremace se nepouziva a s existujicimi hroby se nesmi Voljseku zahrnujicim podchod feky Hudson a ndsledné propojeni na
manipulovat nebo je znovu pouZivat pro pohibivani. puvodni privadéé. Razbu nového dseku (bypassu) privadéCe zajisti

Proto v Izraeli pristoupili k budovani podzemniho pohiebisté, prvni- tunelovaci stroj Robbins o profilu 6,8 m. Dalsi opatfeni maji zajistit,
mu po 1600 rocich. Pilotni projekt byl zahdjen pod jeruzalémskym | aby zdsobovani vodou nebylo naruSeno, kdyZ bude pfivadé¢ pri propo-
hrbitovem. Pomoci frézy na vyloZniku jsou v jeho ramci vyrazeny ve jovani mimo provoz. Limitni doba pro tuto operaci byla stanovena na
vépenci a dolomitu dva padesatimetrové tunely o Sifce 10 m a vySce 5 aiv8 mésicii a je planovdna na rok 2022.

6 m, ve kterych bude 400 pohfebnich mist. Pfedpoklddd se, Ze po B Cervena trasa metra v Tel Avivu

tspésném pilotnim projektu bude projekt pokraovat razbou vice nez Tel Aviv je druhé nejvétsi mésto Izracle a pocet jeho obyvatel stile
1500 m tuneld (kaveren) maximdlni Sitky 14 m a vysky 16 m. Kapacita roste. Proto méstskd rada rozhodla o vystavbé sedmi linek lehkého
této Casti bude 22 000 pohrebnich mist. Kromé klasickych kamennych metra. Cervend trasa je dlouhd 23 km a zahrnuje stejny pocet stanic. Jeji
a prefabrikovanych sarkofdgu s hornf kryci deskou, které muze turista razba byla zahdjena v tnoru 2017, kdy zacal pracovat prvni ze Sesti
vidét na hrbitové na iboci Olivetské hory, budou vytvareny také hroby EPB stroju o praméru 7,53 m, které budou nasazeny na této trase
vyvrtané do stén kaveren mimo mista, kde je skalni hornina tektonicky a které dodd Cinskd spole¢nost CREG. Prvni stroj dostal jméno Golda
porusend. podle krestniho jména legenddrni premiérky izraelské vlady Goldy

Vystavba kone¢né podoby pohfebiste bude probihat nad sebou ve Meireové. Slavnostniho zahdjen razby se zdCastnilo 300 hostt vetné
trech trovnich, v kazdé bude hlavni kaverna (avenue), kterou bude kri- ¢inského vyslance v Izraeli a izraelského ministra dopravy.

Zovat sedm kolmych tunelt (streets). Pro osténi se pouZiji kotvy délky Na trase budou i konvencné razené useky a stanice.

4 a7 6 m, strikany beton tl. 30 az 40 mm vyztuZeny ocelovymi drétky. B Pokrok v zajiStovani stability elby tunelu

V poruchéch budou osazeny ocelové sité. Pro zajisteni vodotesnosti se Finskd firma Robit vyvinula vrtny systém o priméru 76 mm, ktery
aplikuje Xypex. Souéisti projektu jsou dvé Sachty — ventilacni s hloub- zavrtdva sklolaminatové injek¢ni trubky misto ocelovych. Prvni apli-
kou 55 m a tinikova s navrZenou pﬁdorysnou plochou 314 m2, ktera ale kace tohoto systému byla na Zelezni¢nim tunelu ve gv}’/carsku, pﬁ
bude zvétSena na 670 m2, aby v ni mohlo byt umisténo 3000 hrobu jehoZ razbé byl pouZivan injektovany mikropilotovy destnik délky
v patndcti vySkovych trovnich. 15 m o priméru trubek 159 mm, a piesto Celba vykazovala znacnou
B Velka oprava vodovodniho privadéce pro New York nestabilitu. Proto byly do ¢elby vodorovné zavrtavany sklolamindtové

Gravitacn{ privadé¢ Delaware zdsobuje z 50 az 60 % denni spo- injekend trubky profilu 76 mm na délku 20 az 21 m. Jejich tikolem bylo
treby pitné vody asi 8,5 mil. obyvatel New Yorku. Je dlouhy 137 km zajistit nejméne 8 m horninového masivu za vyrazenym zabérem.

a dodnes figuruje v Guinessové knize rekordu coby nejdel{ souvis- Zjistilo se, 7e sklolamindtové kotvy jsou i vyhodnéjsi nez samozd-
1y tunel na svété. Na své trase podchdzi reku Hudson. vrtné ocelové kotvy z hlediska smérové odchylky.

A pravé na pozemku pobliz jejtho brehu bylo v roce 1991 zjisténo
zamokfeni pudy a vyrony vody. Vodérenska spolecnost v t€ dobé upra- Ing. MILOSLAV NOVOTNY,
vovala vodu dopravovanou privadéfem proti vyskytu fas siranem mila_novotny@volny.cz

ZPRAVY Z TUNELARSKYCH KONFERENCI NEWS FROM TUNNELLING CONFERENCES

SVETOVY TUNELARSKY KONGRES 2017
WORLD TUNNEL CONGRESS 2017

This year’s World Tunnel Congress was held in Norwegian Bergen on ZAHAJENI KONGRESU

9 through to 15™ June. It was organised by the international ITA-AITES Leto3ni svétovy tuneldrsky kongres se konal v norském Bergenu ve dnech
jointly with the Norwegian Tunnelling Society NFF. The 43w ITA- | 9 _ 15 &ervna, pofadateli byla svétovd organizace ITA-AITES spolu
AITES General Assembly was a traditional part of the Congress. The s Norskou tuneldiskou asociaci NFF. Jeho tradi¢ni soucsti bylo 43. valné
Congress was attended by over 1500 delegates from a range of fields — | shromazdéni ITA-AITES. Ziiastnilo se vice neZ 1500 delegéti z fady oblas-
professionals from the practice, academicians, civil engineers and many tf — odborniki z praxe, akademiki, stavebnich inZenyrii a fady dalsich.
others. The Congress opening event was held in a very ceremonial spirit Zahdjeni kongresu se uskutenilo ve velmi slavnostnim duchu — dvod-
— His Royal Highness, Crown Prince Haakon Magnus of Norway took ntho proslovu se ujala jeho krdlovskd vysost korunni princ norsky Haakon
the opening speech. Speeches of the President of the ITA-AITES, Magnus. Poté promluvil prezident ITA-AITES Tarcisio Celestino a dalsi.
Tarcisio Celestino, and others followed. During the Congress, 120 papers Behem kongresu zaznélo 120 predndsek, bylo publikovano 340 pris-
were presented, 340 papers were published, the delegates could attend pévku, delegdti mohli navstivit setkdni pracovnich skupin, porddané
sessions of Working Groups, seminars and view the posters prepared. semindre a prohlédnout si pripravené postery.
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Béhem kongresu bylo konstatovino, 7e ekonomické trendy v oblasti
podzemnich staveb byly v roce 2016 skvélé a lze oCekdvat pokratovani
této vytecné situace i v dalSich letech. Nejsilnéjsim trhem v tomto seg-
mentu je stiedni vychod, Cina reprezentuje dokonce 50 % svétového trhu

v této profesi. Je smutné, Ze podobné trendy viibec neplati pro CR.

»MUIR WOOD LECTURE"

Volba prednésky ,,Muir Wood lecture® (prednéska na polest Sira Alana
Muir Wooda, vyznamného odbornika z oboru podzemnich staveb a prvniho
prezidenta ITA) padla tento rok na prof. Hakana Stilleho z Royal Institute of
Technology ze Stockholmu. Byla na téma Geologické nejistoty v tunelovdni
— hodnocent rizika a Fizent kvality. Ve své prednaSce zduraznil nutnost adap-
tace ruznych standardd tak, aby vyhovovaly podzemnimu stavitelstvi.

.OPEN SESSION*

Letosni ,,Open Session“ méla za téma ,,Prehodnoceni velkych infra-
strukturnich projekni — novy pohled na resent podzemi a jeho prijeti verej-
nosti“. Celkem sedm vystupujicich seznémilo posluchace s riznymi tune-
lovymi projekty, tentokrdt nejen z pohledu technickych a financnich
aspektu, ale byla také diskutovéna otdzka vyznamu prijeti projektu vefej-

nosti, jak docilit pozitivntho pohledu okoli na tyto velké projekty.

TUNELARSKE ODPOLEDNE 2/2017
TUNNEL AFTERNOON 2/2017

The second Tunnel Afternoon was held on 24th May 2017. The
event was dedicated to two circles of lectures — Tunnels on the D3
motorway and The new metro line D. The total of five lectures were
presented in the first part of the afternoon. The first lecture contai-
ning basic information about the preparation of this important con-
struction project was delivered by Ing. Marek Svoboda (chairman of
the board of directors of PRAGOPROJEKT, a.s.). Ing. Michal
Hnilicka (PRAGOPROJEKT, a.s.) continued, speaking about the
topic of designing the D3 motorway alignment across Central
Bohemia. In his contribution, Ing. Jiti Svoboda (PRAGOPROJEKT,
a.s.) dealt with the selection of the cross-section for motorway tun-
nels and with amendments to regulations. Ing. Pavel Menger (PRA-
GOPROIJEKT, a.s.) described in his lecture individual tunnel structu-
res on the D3 in more detail. The first part was concluded by
Ing. Vlastimil Hordk (AMBERG Engineering Brno, a.s.) with his
lecture on Technical equipment and management of tunnels. The
second part of the afternoon was opened by Ing. David Krasa (gene-
ral director of METROPROJEKT Praha a.s.), who acquainted the
audience with the long history of the preparation of a new metro line
in Prague, the Line I D (the first operating section of the Line D). The
following lecture by Ing. Jiff Ruzi¢ka was dedicated to mined stati-
ons on the metro line I D in more detail. Conversely, Ing. Ludmila
Pankova focused her lecture to the stations on the metro line I D con-
structed from the surface. Bc. Tomd$ Urbanek dedicated his lecture
to Ndmésti Bratii Synku station, which is located in the most com-
plicated place of the whole line D as far as the foundation conditions
and technological demands of construction are concerned. The
Tunnel Afternoon was concluded by Ing. Miroslav Novék, informing
about the technical equipment proposed for the metro line I D. All
lecturers in the second part were from the company of METRO-
PROJEKT Praha a.s.

Druhé Tuneldrské odpoledne, které se konalo 24. kvétna 2017, mélo
podobny formdt jako to prvni, opét byly néplni dva okruhy prednéasek —
Tunely na D3 a Novd trasa metra D. Tunelérské odpoledne zahdjil pred-
seda Ceské tunelarské asociace ITA-AITES Ing. Ivan Hrdina.

Cist o tunelech na stfedoGeské &asti D3 koordinoval Ing. Michal
Hnilicka (PRAGOPROJEKT, a.s.). V této Casti zaznélo pét prednasek.
Jako prvni vystoupil Ing. Marek Svoboda (predseda predstavenstva
spolecnosti PRAGOPROJEKT, a.s.) se zdkladnimi informacemi o pii-
pravé této vyznamné stavby. Dalsi prednasku pripravila Ing. Lucie
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43. VALNE SHROMAZDENI(

Valné shromazdéni mélo svuj ustdleny program. Byl zvefejnén vysle-
dek hospodareni za obdobi 2016/2017, ndvrh rozpoctu 2017/2018. Byl
prijat novy 74. ¢len ITA-AITES — Nigérie. Dile probéhly volby na
uvolnéné pozice v predsednictvu — byli zvoleni Arnold Dix, Lars
Babendererde a Randall Essex.

Asi nejvice o¢ekdvanym bodem programu valného shromazdéni byla
volba mista kondni WTC 2020. Prihldsili se celkem tfi kandidati —
Austrdlie, Indie a Malajsie. V prvnim kole byla vyfazena Indie, proto-
7e ziskala jen 4 hlasy z celkem 49 pritomnych a 3 korespondenénich
hlast. Protoze nikdo neziskal v prvnim kole nadpolovi¢ni vétSinu,
muselo se konat i druhé kolo voleb, kdy Austrdlie ziskala 22 hlast
a vitéznd Malajsie 30 hlasa. WTC 2020 se tedy uskute¢ni v malajském
Kuala Lumpur.

Také byla ustanovena novd pracovni skupina — 22 WG — Informacni
modelovani v tuneldrstvi — BIM. Vedoucim pracovni skupiny se stal
Dr. Jurij Karlovsek.

WTC 2017 probehlo s velkym tispéchem a zdjemci se mohou tesit na
dalsi kongres, ktery se bude konat pristi rok v Dubaji.

Ing. MARKETA PRU§KOVA, Ph.D., pruskova@ita-aites.cz,
sekretdar CzTA ITA-AITES, z. s.

Jandikovéd (RSD CR), ale z diivodu jeji Casové zaneprazdnénosti téma
prezentoval Ing. Michal Hnilicka. Podle pfedneseného by mela byt
vystavba stredoCeské Casti ddlnice D3 zapocata v roce 2024 a do pro-
vozu by méla byt uvedena v roce 2028. Stavba je délena na pét Casti:
Praha — Jilové u Prahy, Jilové — Hostéradice, Hostéradice — Viclavice,
Viclavice — Voracice a Voracice — Novd Hospoda. Celkem se jednd
o usek dlouhy 58,4 km, ktery bude uveden do provozu jako celek.

Ing. Michal Hnilicka prednesl za nepritomného kolegu téma traso-
véni dilnice D3 pres stiedni Cechy — na prvnich étyfech tsecich zmi-
nénych v predchozi predndsce ma vzniknout 6 mezidroviiovych kiizo-
vatek, 5 velkych a 18 mensich mostt, 7 nadjezda nad D3, 2 presypané
migralni mosty a z hlediska tuneldft nejduleZit€jsi ddaj — 7 tuneld,
z toho 1 hloubeny a 6 razenych.

Ing. Jifi Svoboda (PRAGOPROIJEKT, a.s.) se ve svém prispévku
vénoval volbé priného profilu ddlni¢nich tunell a novelizaci predpisu.
Zduvodnil, pro¢ je pouZit v navrhovanych tunelech pri¢ny profil T9,5.
Jednd se predevsim o zvySeni komfortu a bezpeCnosti uZivatele komu-
nikace — tunel nesmi byt prekdzkou na trase vzhledem k nutnosti pro-
vadéni pravidelné udrzby i moznosti vzniku mimoradnych udélosti.
Tento profil poskytuje také vice prostoru pro umisténi technologického
vybaveni na boky tunelu, coz umoznuje provadéni tdrzby pfi mensim
omezeni dopravy v tunelu. Predevsim je ale tunel navrhovan na Zivot-
nost 100 let a neni redlné mozné provést jeho dodatecné rozsifeni (na
rozdil od navazujicich dseku délnice), Ize pouze provadét vimeénu tech-
nologického vybaveni. Jednotlivé postiehy podnitily rozsdhlou diskusi,
ktera pokraCovala i po skonceni vSech prednasek.

Ing. Pavel Menger (PRAGOPROJEKT, a.s.) popsal ve svém pris-
pevku jednotlivé tunelové stavby na D3 podrobnéji — sezndmil pri-
tomné s projekénimi spole¢nostmi, které mély na starosti projekty
jednotlivych tunelovych staveb, a predevsim s jednotnym reSenim
vech tunelu a souvisejicich objektt. Promitl pii¢né fezy hloubeného
a razeného tunelu, tunelovych propojek a pudorys jednotného pro-
vozné-technického objektu. Posléze se podrobné vénoval jednotli-
vym tunelim — hloubenému tunelu Libef (1500 m) a raZenym
Kamennd Vrata (1690 m), Luka (1872 m), Hostéradice (360 m),
Vrsky (120 m), Kriiany (415 m) a Prostfedni Vrch (964 m).

Prvni ¢ést zakoncil Ing. Vlastimil Hordk (AMBERG Engineering
Brno, as.) s predndskou Technologické vybaveni a fizeni tuneld, ve
které popsal predevsim systém fizeni viech navrhovanych tunelovych
staveb z nové vybudovaného SSUD Netvorice. Dale pak moznosti
objizdnych tras pri uzavreni tunelt, kdy jedinou kapacitni objizdnou

trasou je stavajici tsek ddlnice D1 a I/3 na Benesov.
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Druhou ¢dst moderoval Ing. Miroslav Novdk (METROPROJEKT zédkladovych poméra a technologické ndro¢nosti vystavby z celé trasy
Praha a.s.). Ing. David Kréasa (generalni reditel spole¢nosti METRO- D. Protoze nebude mozné provést demolici objektu, pod kterym je sta-
PROJEKT Praha a.s.) seznamil posluchae s dlouhou historii ptipravy nice navrzena a stanice neni v takové hloubce, aby ji bylo mozné vyra-
nové trasy metra [.D v Praze. Prvni ndstin této trasy se nachazi jiZ ve stu- zit béZnymi metodami, bude se volit mezi nékolika variantami, napr.
dii z roku 1972. Jeji celkovd délka by méla byt 10,6 km a je planovdna protlatovanym tunelem, popr. se zajisténim stropu ocelovymi trubka-
vystavba deseti stanic. Nakonec byl vybran dopravni systém s automa- mi, razbou pod ochranou ocelovych trubek a dal§imi. Prednésejici
tickym provozem. Lze doufat, Ze stavba bude zahdjena v roce 2018. porovnaval jednotlivé varianty z hlediska doby vystavby, ndkladu,
Jako prvni by mél byt zprovoznén tisek Pankrac — Depo Pisnice. obtiZnosti technologie, rizika pro okolni objekty a dalSich.

Nislednd predndska Ing. Jiftho RuZicky se podrobnéji vénovala raze- Tunelarské odpoledne zakonéil Ing. Miroslav Novék informacemi
nym stanicim na trase metra I.D, kde jsou navrzeny jednolodni stanice o navrzeném technologickém vybaveni metra I.D, technologii doprav-
Pankrac, dvoulodni stanice Olbrachtova, jednolodnf stanice Nové Dvory niho systému CBTC (Communication-Based Train Control, tj. auto-
a Namesti Miru. Ing. Ludmila Pédnkovd se naopak vénovala stanicim maticky zabezpecovaci a fidici systém trati a stanic) a technologickych
metra I.D provadénym z povrchu — stanici Nadrazi Kr¢, kterd je jedinou zafizenich stavby.
povrchovou a ¢astecné i nadzemni stanici trasy a je zC¢4sti umisténa na Celkem se Tuneldrského odpoledne ziicastnilo priblizné 120 poslu-
moste, dale se jednd o stanice Nemocnice Kr¢, Libus, Pisnice a posled- chadu. VétSina prezentaci je umisténa na webovych strankdch CzTA
ni Depo Hostivar, kterd je dlouhodobé planovéna jako koncova. www.ita-aites.cz.

Bc. Toméd$ Urbdnek (METROPROJEKT Praha as.) vénoval svou
prednasku stanici Namésti bratif Synka, nejsloZitéj$imu mistu z hlediska Ing. MARKETA PRUSKOVA, Ph.D., CzTA ITA-AITES, z. s.
EUROCK 2017
EUROCK 2017

EUROCK 2017, the international symposium of the International Society | po praktické aplikace pfi povrchovém i podzemnim vyuZitf horninového
for Rock Mechanics (the ISRM), took place in Ostrava on 20% through to masivu jak v oblasti téZby surovin, tak v oblasti podzemniho stavitelstvi.

22nd June 2017. The symposium was organised by the ISRM National Poradatelé zvolili netradi¢ni misto pro usporadani konference, a to
Group of the Czech Republic and the Institute of Geonics of the Academy | myltifukéni auditorium GONG v Dolni oblasti Vitkovic, které doplnili
of Sciences of the Czech Republic. The main symposium theme was focu- pro t&ely spolecenského vecera o prostory kongresového hotelu Clarion.
sed on human activities in rock massif. The ISRM is the largest internatio- Sympozia se zicastnilo 250 delegati ze 39 zemi celého svéta, kteff ve
nal professional society in the field of rock mechanics, associating more than sborniku konference publikovali 152 €lankd recenzovanych dvéma nezd-

8000 members from 60 member countries around the world. EUROCK vislymi recenzenty na témata z oblasti vlastnosti hornin, testovan{ hornin

symposia are European conferences of this society, which are held always in v laboratofi a in-situ, projektovén{ podzemnich dé&l, dynamickych jevi
another country (the first one in Great Britain in 1992; in the Czech Republic v horninovém masivu, metodickych postupd pro projektovani podzem-
for the first time in Brno in 2005). The conference themes and the registered nich d&l v hornictv{ i podzemnim stavitelstvi, geotermdln{ energie, des-
papers covered the whole range of fields of the rock mass use, ranging from integraci hornin i novych materidld a technologif v horninovém inzenyr-
laboratory testing of rocks up to practical applications in the surface and stvi. Viechny akceptované &ldnky byly publikovany v dasopise Procedia

underground use of rock mass, both in the fielfi of.extraction of raw matAeri- Engineerig z vydavatelstvi Elsevier, kter§ je vénovan excelentnim kon-
als and the field of the underground construction industry. The symposium ferencim, a zdarma jsou dostupné na www.sciencedirect.com/science/-
was attended by 250 delegates from 39 countries around the world, who journal/18777058/191.

published 152 papers in the conference proceedings. Each paper was revie-
wed by two independent reviewers specialised on topics from the fields of
properties of rock, laboratory and in-situ testing of rocks, designing of
underground structures, dynamic phenomena in rock mass, methodological
procedures for designing underground workings in the mining and underg-
round construction industries, geothermal energy, rock disintegration and
new materials and technologies in the rock engineering.

Kli¢ové prednasky prednesli vyznamni odbornici v oblasti mechaniky
hornin, ¢lenové ISRM:

Prof. Heinz Konietzky (TU Bergakademie Freiberg & Senior
Consultant ITASCA, Germany) na téma Simulation of Hydraulic
Fracturing.

Prof. Frederic Pellet (MINES ParisTech — PSL Research University,
France) na téma Rock Mechanics meeting the challenge of geo-energies.

Mezindrodni sympozium Mezindrodni asociace mechaniky hornin Dr. Jifi Pticek (Institute of Geonics of the Czech Academy of
(International Society for Rock Mechanics) — EUROCK 2017 se ve Sciences, Czech Republic) na téma Rockbursts in hardcoal mining in the
dnech 20. az 22. ervna 2017 uskute¢nilo v Ostravé. Poradatelem sym- | Czech Part of the Upper Silesian Coal Basin.
pozia byla Ceska narodni skupina ISRM a Ustav geoniky Akademie véd Prof. Walter Wittke (CEO of WBI - Prof. Dr.-Ing. W. Wittke Beratende
Ceské republiky. Hlavnim tématem sympozia byla &innost ¢lovéka vhor- | Ingenieure fiir Grundbau und Felsbau GmbH, Weinheim, Germany) na
ninovém masivu. téma Design based on the Anisotropic Jointed Rock Model (AJRM).

ISRM je nejvétsim mezindrodnim profesnim sdruZenfm v oblasti Prof. Amo Zang (GFZ — German Research Centre for Geosciences,
mechaniky hornin, které sdruzuje vice nez 8000 ¢lena z 60 Elenskych Germany) na téma Fatigue Hydraulic Fracturing.
zemi po celém svéte. Sympozia EUROCK jsou evropské konference této Dr. Marwan Al Heib (INERIS, France) na téma Pillar Burst
spolecnosti, konajici se pokazdé v jiné zemi (prvni v roce 1992 ve Velké Assessment Based on Large-Scale Numerical Modeling.
Britanii, v CR poprvé v roce 2005 v Brng). doc. Ing. PETR KONICEK, Ph.D.,
Témata konference a prihlasené prispévky obséhly celou Sirokou Skalu ISRM Viceprezident et Large,
oblasti vyuziti horninového masivu od laboratorniho testovani hornin az Prezident Ceské ndrodni skupiny ISRM

SWISS TUNNEL CONGRES 2017 V LUZERNU
SWISS TUNNEL CONGRES 2017 IN LUZERN

The Swiss Tunnelling Society (the FGU) held the traditional Swiss congress took place on the second day. Technical excursions to under-
Tunnel Congress (the STC) from 30th May to 1st June 2017. The con- ground construction sites in Switzerland were organised on Thursday.
gress programme commenced by the Colloquium with the main focus The attendance at this congress exceeds 800 guests as a standard; the

on “Rehabilitation and Upgrades of Transport Tunnels”. The all-day colloquium was attended by ca 350 guests. Even though it is a national
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Swiss congress, it was attended as usual by around a hundred foreign
delegates.

V o néco drivéjsim terminu nez obvykle (30. 5. 2017 az 1. 6. 2017) uspo-
fadala Svycarskd tunelovd asociace FGU (Fachgruppe fiir Untertagbau)
v Kongresovém a kulturnim centru Luzernu tradi¢ni Svycarskou tuneldrskou
konferenci (STC). Standardni program konference byl zahdjen kolokviem
s hlavnim tématem ,, Udrzba a obnova dopravnich tunelii“. Vzhledem k vel-
kému mnoZstvi starych Zelezni¢nich tunelt, které se prubéZné obnovujf
a rekonstruuji, se ve Svycarsku jiz vZil pojem ,Normalbauweise Tunnel®,
ktery predstavuje pro Svycarské dréhy jiz klasické sana¢ni, ale pritom velmi
specifické postupy. Jde o rozsifovani svétlého profilu, vyménu kolejového
loZe (obvykle pevnd jizdni draha) a kompletni elektromechanické vybaveni.
Charakteristické je masivni pouZiti tenkovrstvych vysoce kvalitnich strika-
nych vldknobetond, stifkané izolace, polymerbetonovych prefabrikatu a dalsi
specifika, jako napriklad sanace za provozu pouze pri dil¢ich vylukdch, z pro-
storovych duvodu prakticky Zddné nebo pouze minimalistické zaiizeni sta-
venisté, nezbytnd nutnost perfektné zvlddnuté logistiky atd. V rdmci odpo-
ledniho kolokvia bylo prezentovano celkem sedm odbornych prednédsek.

Ve stredu pak probéhla standardni celodenni konference a ve Gtvrtek byly
organizovéany odborné exkurze na podzemni stavby ve Svycarsku. Ucast na
této konferenci béZné presahuje 800 navstévnika, kolokvia se letos zdtast-
nilo cca 350 navstévniku. PfestoZe jde o ndrodni Svycarskou konferenci,
ziiCastnilo se ji jako obvykle kolem stovky zahrani¢nich delegdtu, prevazné
z némecky mluvicich zemi (Rakousko a Némecko). Z Ceské republiky pak
jenom dva a ze Slovenska Ctyfi.

Dopolednimi tématy sedmi prednasek byly jako obvykle vyhradne $vy-
carské stavby a projekty. Za zminku stoji ur¢ité prave zahdjend vystavba treti
tunelové trouby tunmelu Gubrist na severnim obchvatu Ziirichu
(http://www.nordumfahrung.ch/verkehrsinformationen/webcams/west-
portal-des-gubristtunnels-blickrichtung-st-gallen/), nebo probihajici vystav-
ba Zelezni¢niho dvoukolejného tunelu Eppenberg za ti¢elem dosazeni plné
Ctyikolejného (1) provozu na trati Ziirich — Bern, kde denné jezdi 550 vlaku.
Zajimavosti je nasazeni multimodalni TBM - oteviend TBM do skalnich
hornin a od stani¢eni 1750 tm v délce 670 m jako hydrostit. Vice t€Z na
https://www.youtube.com/watch?v=5Mgqiwiaa7w.

Tzv. sanacni tunel Belchen dl. cca 3,2 km se nachazi na dalnici A2 mezi
Basileji a Egerkingenem. Treti sanacn{ tunelovd trouba stejné délky bude
slouZit pro prevedeni dopravy béhem sanace dvou puvodnich tunelovych
trub z roku 1970. Prevaznd &dst vSech tif tunelovych trub je vyrazena v bobt-
navych hornindch (anhydrity, sadrovce, bobtnavé jily), které zpusobily
véznd poskozeni stdvajicich tuneli. Sana¢ni tunel je raZen od roku 2016
pomoci nejvétsiho TBM doposud pouzitého ve Svycarsku (primér 14 m),
letos bude razba dokoncena. Bezprostiedné za TBM je betonovéno sekun-
dérni osténi tloustky az 75 cm, spodni klenba 140 cm (230 kg vyztuZe na
1 m3), tubingy jsou tlusté 35 az 45 cm, je vZita tlakovéd uzaviend mezile-
hld izolace. Kompletni sekunddrn{ osténi musi byt v tla¢ivych hornindch
(anhydrit) hotové vZdy max. do tyf mésicu po osazeni tubinkd primérni-
ho osténi. Podrobnosti na http://www.belchentunnel.ch.

Tunnel Riedberg je soucdsti dalnice A9. Pred vice nez 10 lety musela byt
zastavena razba kvali naméfenym deformacim a sesuvim na povrchu nad
tunelem. Ndro¢nd a vyjime¢na technickd opatfeni zabezpeCujici sesuvné

.....

razby bylo teprve na jare 2017.

Schlossparking Thun v kantonu Bern je ukdzkou koncepéniho pristupu
mésta Thun k doprave v klidu, tedy parkovani nejen obyvatel, ale i turisti
v historickém centru mesta. Pod Zameckym vrchem vznikne do konce roku
2018 podzemni razené &tyrpodlazni parkoviste o kapacité cca 300 osobnich
vozidel. Kaverny jsou raZeny frézou bez trhacich praci ve slepencich, pis-
koveich a jilovcich. Soucdsti bude Sachta se schodistém a vytahem do ared-
lu zdmku a Stola pro pesi vytsténd do pesi zony historického jadra mésta.
Jediny pristup do podzemi pro vozidla stavby je prijezdovym tunelem ze
zafizen{ staveniSté uprostred mésta (bylo povoleno zbourat jeden dim cca
120 m? a zabrat cca 50 dlouhy jeden jizdn{ pruh na ulici). Investi¢n{ nakla-
dy jsou neprekrocitelngch 45 mil. CHF (1,1 mld. CZK) a predstavuji
150 000 CHF na jedno stani (cca 3,75 mil. CZK/stdn{). Cena parkovéni se
predpoklddd cca 2 CHF/hod (tj. cca 50 CZK/hod.), ndvratnost investice cca
20 az 25 let. NeprekroCitelnost investinich ndkladi je ddna zpusobem
vypsani soutéZe, kdy bylo v zadani pouze misto, predpoklddand minimalni
kapacita a pistupové cesty pro auta a pro pési. Kompletni technické a archi-
tektonické feSeni, vyslednd kapacita a vyslednd cena realizace byly pone-
chany plné na zhotovitelich. Virtudlni prohlidku vystavby podzemniho par-
koviste Ize absolvovat i na webu https://spectando.com/tour3268294997sce-
ne=scene_d01{60d6-57¢7-4d54-955a-2a035971c810.

Albulatunnel v kantonu Graubinden je novy jednokolejny (rozchod
1,0 m) a 5860 m dlouhy Zelezni¢ni tunel, raZeny soubéZné s piivodnim tune-
lem z roku 1903 (pamdtka UNESCO), ktery bude po uvedeni nového tune-
lu do provozu slouZit jako tinikové cesta. Divodem razby nového tunelu je
nemoznost sanace stavajictho tunelu za provozu a nemoznost dlouhodobéj-
$tho uzavren{ této traté. Tunel minimalistického profilu pro tizkorozchodnou
Zeleznici je razen klasicky konven¢né za pomoci trhavin v bezproblémo-
vych granodioritech a Cdstecné vapencich. V celé délce tunelu je pouze na
prechodu mezi uvedenymi horninami cca 110 m problematickych (drcené
dolomity, mylonity — velmi pérovité, jemnozrnné, cca 100 m pod hladinou
podzemni vody). Tento usek se aktudlné razi pod ochranou zmrazovéni.
V roce 1901 byl v tomto dseku pri razbé velky zdval s nékolika mrtvymi.
Osténi puvodniho tunelu v tomto dseku je vyzdéno z bloku zde vytéZeného
granodioritu v tloustee cca 1,20 m véetné spodni klenby.

Na zavér dopoledniho bloku byly podrobné prezentovany pri¢iny havarie
méstského archivu v Koliné nad Rynem z roku 2009 v dusledku prolomeni
jediné Spatné provedené lamely mildnskych stén.

V odpolednim bloku opét sedmi pfedndsek byly prezentovany stavby
a projekty z celého svéta. Podzemni precerpavaci elektrarny Hongrin Léman
Plus a Handeck 2, Alaska tunnel v Seattlu (TBM 1748 m), Zelezni¢ni
Semmering Basis Tunnel v Rakousku, Follo Bana tunel (nejdels Zel. tunel
v Norsku) a rovnéZz pouziti metody BIM v praxi na piikladu
Albvorlandtunelu v Némecku.

Predndsi se prevazné némecky, ale také anglicky a francouzsky a k dis-
pozici je naprosto bezchybné odborné simultdnni tlumoceni v uvedenych
jazycich. Zavér hlavniho konferen¢niho dne predstavuje tradiéné kulindr-
sky zézitek — vedefe v luxusnim hotelu Schweizer Hof.

Odborné exkurze v tfetim dnu konference jsou vzdy tradi¢né perfektné
organizovany. V letosnim roce byly na vybér ndsledujici a jiz vySe popsa-
né stavby ve Svycarsku — tunel Riedberg, sanaéni tunel Belchen, tunel
Eppenberg, podzemni parkovi§t¢ v Thunu a tunel Albula.

Ing. VLASTIMIL HORAK, AMBERG Engineering Brno, a.s.

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA
MODERNIZACE TRATI ROKYCANY - PLZEN

ZN s v

Po prekondni pasdzi mékkych hornin s nizkym nadlozim dospé-
la razba severni tunelové trouby v prubéhu mésice kvétna do pro-
stiedi velmi tvrdych spilitd, kterymi je vrchol Chlum, kde se razi-
ci stroj pravé nachdzi, z valné vétsiny tvoren. Pro toto prostred{
byla Viktorie, jako konvertibilni razici stroj, ve druhé poloviné

THE CZECH REPUBLIC

MODERNISATION OF ROKYCANY - PLZEN RAILWAY
TRACK SECTION

After passing along soft ground sections with a low overburden, the
northern tunnel tube excavation reached during May the environment
formed by the very hard spilites the vast majority of the top of Chlum



TuHel 26. rocnik - €. 3/2017

kvétna prestrojena do tzv. skalniho reZimu. V tomto rezimu neni Hill where the TBM is just located consists of. The re-fit of the con-

rubanina t€Zena z odtéZovaci komory $nekovym dopravnikem, ale vertible Viktorie TBM to the hard-rock mode was done for this envi-
je z fezné hlavy skrze ndsypku transportovdna primo na pasovy ronment during the second half of May. In this mode muck is not
dopravnik. Z této pasdze prostiedi skalnich hornin, jejichZ pevnost extracted from the extraction chamber with a screw conveyor. It is tran-
misty presahuje i 200 MPa, uz bylo vyrazeno 400 m a tak jiz zbyvé sported from the cutterhead through a hopper directly to the belt con-
do prordzky severni tunelové trouby jenom poslednich 650 m. veyor. A 400m long section of the excavation passing through this hard

SoubéZzné s razbou severni tunelové trouby probihd i razba pro- rock environment (the strength locally exceeding 200MPa) has been
pojek mezi jiz vyraZenou jiZni a raZenou severni troubou. Tato | finished, therefore the last 650m long section remains to be carried out
razba je realizovdna podle Z{‘?’f‘d NRTM s tim, Ze profil je hori- before the northern tunnel tube breakthrough.

zontalné ¢lenén na kalotu, opéri a dno. Hornina je rozpojovana jak
strojné, tak i pomoci trhacich praci. Do dne$niho dne byly vyraze-
ny propojky €. 1, 2, 6 a dalsi razi¢ské prace v tuto chvili pokracu-
ji na propojkdch ¢. 3 a 4. Thned po prordzkdch téchto propojek se
provadi jejich mezilehld izolace a ndsledné i betondZ sekundarni-
ho osténi.

The excavation of cross passages between the already completely
excavated southern tunnel tube and the northern tunnel tube is being
carried out concurrently with the excavation of the northern tunnel
tube. The cross passages are driven according to the NATM principles,
with the excavation divided into the top heading, bench and bottom

W el fml e deleni © beend meldie die sequences. The rock is disintegrated both mechanically and using blas-

jako pifprava zdkladu budouciho Zelezniniho spodku a svrdku. ting operations. To this day, the excavation of cross passages No. 1,2

Ing. BORIS SEBESTA, boris.sebesta@metrostav.cz and 6 has been finished and other tunnelling work at the moment con-
) ’ ) Metrostav a.s. tinues on cross passages No. 3 and 4. The intermediate waterproofing

is installed and the subsequent concreting of the secondary lining is car-
KOLEKTOR HLAVKUV MOST ried out in these cross passages immediately after they are broken
through.

In the southern tunnel tube, the concrete tunnel bottom is being finis-
hed as a part of the preparation for the foundation of the future road bed
and trackwork. Ing. BORIS SEBESTA, boris.sebesta@metrostav.cz

Metrostay a.s.

Jednd se o vystavbu nového kolektoru, kterou zajiStuje sdruZeni
firem Subterra a.s. a HOCHTIEF CZ a. s. pro zadavatele Magistrat
hl. m. Prahy. Jeho vystavba byla vyvoldna nutnosti rekonstrukce
Hldvkova mostu, jejiz zahdjeni je podminéno kompletnim dokonce-
nim a zprovoznénim kolektoru Hlavkav most, aby mohly byt pred
zahdjenim rekonstrukce mostu prelozeny veskeré inZenyrské sité o
vedené nyni v mostni konstrukci Hldvkova mostu do tohoto nového HLAVKUV BRIDGE UTILITY TUNNEL

kolektoru. Vystavba kolektoru probihd na ostrové Stvanice, pod The project comprises the development of a new utility tunnel provi-
Vltavou a na obou jejich brezich. Po svém dokonceni propoji stdva- ded by a consortium of companies consisting of Subterra a.s. and
jici kolektor na nabrezi L. Svobody na té$novské strané s kolekto- HOCHTIEF CZ a. s., for the employer, the Prague City Hall. The pro-
e ik severnim holesovickém p{edmost,l’ Hk”leOVE} mostu. ject was brought about by the necessity for the reconstruction of the
Vystavbou tohoto kolektoru dojde k vyznamnému posilent kolekto- Hlavkuv Bridge, the commencement of which is conditioned by com-

rové sité v centru naSeho hlavntho mésta. Délka raZenych dseka
hlavni trasy kolektoru véetné komor predstavuje cca 413 m, celko-
vé hloubka Ctyf Sachet s kruhovym profilem 8 m je cca 130 m.
Soucdsti vystavby je i hloubend odbocnd vétev z J103 na ostrové
Stvanice v délce cca 100 m.

Pocdtkem cervence byly dokonceny razby technické komory
TK101 u jémy J101 s plochou vyrubu vice nez 70 m2. V soucasné

plete finishing and bringing into service the Hldvkuv Bridge Utility
Tunnel so that all utility networks running currently along the Hlavkav
Bridge structure can be relocated to the new utility tunnel prior to the
commencement of the bridge reconstruction. The utility tunnel is con-
structed on Stvanice Island, under the Vltava River and on both river
banks. After its completion it will interconnect the existing utility tun-

dobé (polovina Servence 2017) se provadsii razby hlavnf kolektoro- | nel on the L. Svobody Embankment on the TéSnov side with the utili-
vé trasy v celé jeji délce. V tseku mezi jamami J101 a J102 probi- ty tunnel at the northern HoleSovice-side head of the Hlavkuv Bridge.
hd z J102 razba kaloty kolektoru razicim stroje Alpine AM50 s fré- By the construction of this utility tunnel the network of utility tunnels
zou na vylozniku, do jeji prorazky zbyva cca 26 m. V tseku J102- in the centre of our capital will be significantly strengthened. The
TK103 byla razba kaloty ukoncena jiZ koncem dubna, k dokoncen{ length of the mined sections of the main route of the utility tunnel inc-
razby spodni lavky zbyvd v dobé psani prispévku cca 15 m. V dseku luding chambers amounts to ca 413m; the aggregated depth of four 8m-
TK103-J104 se provadi razba kaloty, na tomto tdseku je nyni vyra- diameter circular profile shafts is ca 130m. The ca 100m long cut-and-

zeno 80 m v kaloté a 22 m spodni ldvky. Jamy J101, J102 a J103 cover branch leading from shaft J103 on Stvanice Island is also part of

jsou v podstaté¢ dohloubeny, v soucasné dobé probihd hloubeni (fhe EomEiE.

pouzte na J?(I:le J 10‘11( LD tl}ole;(l)V1%kem predlnslostl i-,ll?vko/v}ai The underground excavation of technical chamber TK101 near shaft

ﬁgirﬁ" lil(?lek?(r)i (;]Sé trVaSSOl}Clz(l)S;f,lS,II{ 118)73 ;)lil"l?i(());—c.? 104 I.I::' raill;iiemri)- J101 with the excavated cross-sectional area of over 70m? was finished
y J P at the beginning of July. At the moment (the middle of July 2017) the

vadéna pomoci trhacich praci (v¢. hloubeni J104). Od poloviny Cer- . - L . .
vence byly zahdjeny prdce na propojeni Sachty J101 s kabelovodem main route of the utility tunnel is being driven throughout its length. In

vedoucim pres Hldvkav most, jehoZ souddsti je téZ kabelova komo- thf? sectign bet\yeen shafts'JIOI and J102 the tunnel top heading is
ra KK1 a propoj Sachty J101 se stdvajicim kolektorem ndbrezi bemg driven using an Alpine AM50 cutter boom mfiChln@ ca 26m
Ludvika Svobody. Na hloubené odbo¢né vétvi vedouci od Sachty remain to the breakthrough. In the J102 — TK103 section the top hea-

J103 pod obloukem Hlavkova mostu k tenisovému stadionu byly ding excavation was finished already at the end of April; as of this day,
provedeny izolace a betondze definitivniho osténi vSech tri dilatac- ca 15m of the bench excavation remain to the completion. In the secti-
nich dsek a nyni se dokoncuji zdsypy. on between TK103 and J104, the top heading excavation continues; in

Ing. VACLAV DOHNALEK, Subterra a.s, | this section the excavation of 80m of the top heading and 22m of the
Ing. RADEK KOZUBIK, HOCHTIEF CZ a.s. | bench has been finished. The sinking of shafts J101,J102 and J103 has
been in substance finished. At the moment the sinking of shaft J104
SLOVENSKA REPUBLIKA located at the HoleSovice-side head of the Hldvkuv Bridge remains to

- the completion; as of today, ca 15m of the shaft depth have been finis-
TUNELY NA DIALNICNE) SIETI hed. In sections J102-TK 103 and TK103-J104 of the main route of the

Tunely Polana a Svréinovec utility tunnel, the tunnel excavation is carried out by means of blasting

Na stavbe tseku dialnice D3 Svréinovec — Skalité (obr. 1) sicas- | (including the excavation of shaft J104). From mid-July, the work will
tou stavby su aj tunely Polana (890 m) a Svréinovec (445 m), ktoré start on the interconnection between shaft J101 and the utility tunnel
sa realizovali ako jednorirové s obojsmernou prevadzkou a samo- leading along the Hldvkav Bridge, a part of which is, among others, the
statnou tnikovou §tdlnou. cable chamber KK1 and interconnection between shaft J101 and the
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Obr. 1 Den otvorenych dveri na stavbe D3 Svréinovec — Skalité
Fig. 1 Open day on Svrcinovec — Skalité section of the D3 motorway

Tunely Polany a Svr¢inovec spolu s celou trasou dialnice D3
Svrcinovec — Skalité boli sldvnostne odovzdané do uZzivania inves-
torovi stavby (NSD) a Sirokej verejnosti dna 10. 6. 2017. Podla
odhadov sa Soférom cestujicim do Polska skréti cesta o 9 mintit.

Vystavbu tseku zabezpecuje zdruzenie Styroch spolocnosti: Vahostav
—SK, a. s., Doprastav, a. s., Strabag, a. s., a Metrostav SK, a. s.

Tunely Ovéiarsko a Zilina )

Na dseku D1 Hri¢ovské Podhradie — Lietavskd Licka s dlzkou
13,2 km sa nachddzaji dva dialnicné dvojrirové tunely:
Ovciarsko a Zilina.

Tunel Ov¢iarsko s dlzkou 2367 m sa zacal razit' 12. 9. 2014.

S razenim severnej tunelovej riry (STR) dlzky 2360 m sa zaca-
lo 12.9. 2014 a bola sldvnostne prerazend 29. 4. 2016. V sticas-
nosti sa realizujui prace na sekunddrnom ostent, k 3. 7. 2017 bolo
zabeténovanych 167 blokov z celkového poctu 184 blokov R, ¢o
predstavuje 90,76 % z celkovej dlzky sekunddrneho ostenia raze-
nej Casti STR. )

JuZn4 tunelovd rdra (JTR) dlzky 2367 m bola sldvnostne prera-
zend dna 12. 7. 2016. Zaciatok realizdcie sekunddrneho ostenia
bol 29. 9. 2016, aktudlne k 2. 7. 2017 je zabeténovanych 101 blo-
kov z celkovych 187 blokov, ¢o predstavuje 54,01 % z celkovej
dlzky sekunddrneho ostenia razenej Casti JTR.

Zrealizované je aj sekunddrne ostenie na troch priecnych prepo-
jeniach, z celkového poctu 6smych prepojeni.

Tunel Zilina je dialni¢ny tunel s dlzkou 687 m na stavbe D1 Hri-
Covské Podhradie — Lietavskd Liicka. S razenim tunela sa zacalo 5. 11.
2014. Slavnostné prerazenie JTR bolo 5. 12.2016 a STR 9. 2. 2017.

V sdcasnosti sa na JTR finiSuje s realizdciou sekundarneho oste-
nia tunela, k 3. 7. 2017 bolo zabeténovanych vsetkych 54 blokov
razenej Casti JTR. Zostdva eSte realizovat’ 3 bloky sekunddrneho
ostenia hlbenej ¢asti JTR. Po ukonceni prac na sekundarnom oste-
ni JTR sa celd technoldgia a pracovné kapacity presund na reali-
z4ciu sekunddrneho ostenia STR.

Vystavbu tseku zabezpecuje zdruzenie Styroch spolo¢nosti:
Doprastav, a. s., Strabag, a. s., Vdhostav — SK, a. s. a Metrostav SK,
a.s.

Tunel Povazsky Chimec

Dvojrirovy dialni¢ny tunel PovaZzsky Chlmec (juZnd tunelova
rdra 2186,5 m, severnd tunelova rira 2249 m) je sicastou dialnic-
ného useku, ktory_tvori juhozdpadny obchvat mesta Zilina D3
Zilina (Strazov) — Zilina (Brodno).

K 13.7.2017 je v oboch tunelovych rirach poloZeny cemento-
beténovy kryt vozoviek a chodnikov. Ako tprava pre zvySenie
protiSmykovych vlastnosti povrchu vozovky bol pouzity systém
vymyvaného beténu. Vzhladom k tomu, Ze tunel je vdaka priazni-
vym geotechnickym pomerom vyrazeny bez spodnej klenby, tune-
lové ostenie nespolupdsobi s konStrukénymi vrstvami vozovky
a Skdrorez vozovky preto nekoreSponduje so Skdrami medzi blok-
mi betondZe sekunddrneho ostenia.

V oboch tunelovych rirach st urobené nétery klenieb sivou far-
bou (RAL 7038) a z vicsej Casti zosvetlujice ndtery na bokoch
ostenia. Ich dokoncenie komplikuji klimatické podmienky, ktoré

Tufel

existing utility tunnel on the Ludvika Svobody Embankment.

Waterproofing was installed and concreting of the final lining of all

three expansion blocks on the cut-and-cover branch leading from shaft

J103 under the Hldvkav Bridge arch to the tennis stadium was carried
out; tunnel backfilling is at the moment being finished.

Ing. VACLAV DOHNALEK, Subterra a.s

Ing. RADEK KOZUBIK, HOCHTIEF CZ a. s.

THE SLOVAK REPUBLIC
TUNNELS ON MOTORWAY NETWORK

Polana and Svréinovec tunnels

Parts of the Svr¢inovec — Skalité section of the D3 motorway
(see Fig. 1) construction are also the Polana tunnel (§890m) and
Svr¢inovec tunnel (445m), which were realised as single-tube
structures for bi-directional traffic, with a separate escape gallery.

The Polana and Svrinovec tunnels, together with the entire
route of the Svréinovec — Skalité section of the D3 motorway, were
put into service and handed over to the project owner and the wide
public with a celebration on 10th June 2017. According to estima-
tes, the travel time will be reduced by 9 minutes.

The construction of this section is provided by a consortium con-
sisting of four companies: Vahostav — SK, a. s., Doprastayv, a. s.,
Strabag, a. s., and Metrostav SK, a.s.

ovdiarsko and Zilina tunnels

There are two twin-tube motorway tunnels on the 13.2km long
Hri¢ovské Podhradie — Lietavskd Lucka section of the DI:
Ovéiarsko and Zilina.

The excavation of the 2367m long Ov¢iarisko tunnel commen-
ced on 12th September 2014.

Driving the 2360m long northern tunnel tube (NTT) started on
12th September 2014 and the breakthrough celebration took place on
29th April 2016. Currently the work proceeds on the secondary
lining; as of 3rd July 2017, 167 concrete casting blocks of the total
number of 184 have been finished, representing 90.76 per cent of the
total length of the secondary lining of the mined part of the NTT.

The southern tunnel tube (STT) was broken through with a cele-
bration on 12th July 2016. The realisation of the secondary lining
commenced on 29th September 2016; currently, as of 2nd July
2017, 101 concrete casting blocks of the total number of 187 have
been finished, representing 54.01 per cent of the total length of the
secondary lining of the mined part of the STT.

The secondary lining in three cross passages of the total number
of eight has also been finished.

The 687m long Zilina motorway tunnel is located on the
Hricovské Podhradie — Lietavskd Licka section of the D1 motor-
way. The tunnel excavation began on 5th November 2014. The STT
and NTT were broken through with a celebration on 5th December
2016 and 9th February 2017, respectively.

The realisation of the secondary lining of the STT is currently
being finished; as of 3rd July 2017, all 54 concrete casting blocks
of the mined part of the STT have been finished. Three blocks of
the secondary lining of the cut-and-cover part of the STT remain to
be realised. When the work on the secondary lining in the STT is
completed, the entire construction equipment and working capaci-
ties will be shifted to the realisation of the secondary lining in the
NTT.

The construction of this motorway section is ensured by a con-
sortium of four companies: Doprastav, a. s., Strabag, a. s., Vd-
hostav — SK, a. s. and Metrostav SK, a.s.

Povazsky Chimec tunnel

The twin-tube motorway tunnel Povazsky Chlmec (the southern
tunnel tube 2186.5m long, the northern tunnel tube 2249m long) is
part of the motorway section forming the south-western by-pass of

the town of Zilina D3 Zilina (StraZov) — Zilina (Brodno).




Obr. 2 Tunel PovaZsky Chlmec, zdpadny portdl
Fig. 2 Povazisky Chlmec tunnel, western portal

sposobuji kondenzéciu vzdusnej vlhkosti na stendch tunela, a tym
znemozZnuju nanesenie naterov. K prebiehajicim stavebnym pra-
cam na dokonceni vnitornych konStrukcii patri predovSetkym
montdz dveri do technologickych miestnosti v priechodnych pre-
pojkdch, montdZ vstupnych dveri do priechodnych a prejazdnych
prepojok a do SOS kabin. K velkému pokroku doslo na oboch por-
tdloch. Z vicSej Casti si ukonCené vysoké gabiénové steny, ktoré
zaistuji celd zdsypov hlbenych tunelov a portdly pomaly menia
tvar do svojej definitivnej podoby, ako ukazuju fotografie zdpad-
ného a vychodného portélu (obr. 2, 3). Prace pokrocili i na montd-
Zi technologického vybavenia tunela. V oboch rirach su pod klen-
bami inStalované kdbelové roSty a je namontované osvetlenie.
Préce postupujt i na dal$ich prevadzkovych siboroch.

Zhotovitelom stavby je zdruZenie Eurovia a. s., HOCHTIEF CZ a. s.
a Stavby mostov Slovakia, a. s.

Tunel Visiiové

Razenie najdlhSieho slovenského dialni¢ného tunela Visnové
(7537 m), ktory je stcastou useku dialnice D1 Lietavskd Licka —
Visnové — Dubnd Skala sa zacalo v aprili 2015.

V polovici roku 2017 pokraCuje razenie tunela Visnové od
oboch portdlov v oboch tunelovych rirach. Od zapadného portdlu
je vyrazenych viac ako 4 km, presnejSie 2183 m severnej tunelo-
vej riry a 1967 m juznej tunelovej riry. Od vychodného portdlu je
v priaznivejSich geologickych podmienkach vyrazenych priblizne
5.5 km, konkrétne 2834 m STR a 2688 m JTR. Celkovo je teda od
zaCiatku vyrazenych 9673 m, Co predstavuje takmer dve tretiny
dlzky razenych tunelovych rir. Mesacny postup razenia v suicas-
nosti predstavuje viac ako 500 m spolu na Styroch celbdch.
Stcasne s razenim tunelovych rir prebieha aj razenie prieCnych
prepojeni, ked na konci marca ich bolo prerazenych 18 z celkové-
ho poctu 29. V stibehu s razenim prebieha aj betondZ sekundarne-
ho ostenia od oboch portélov, pricom je v jili 2017 ukoncenych
celkom 2441 m, Co predstavuje takmer Sestinu dlzky tunelovych
rir. PokraCuje tieZ hlbenie vetracej Sachty, pricom v jili 2017 je uz
vyhlbenych viac nez 90 m.

Tunel Visnové je sicastou tseku dialnice D1 Lietavskd Lucka —
Visnové — Dubnd Skala, ktorého zhotovitelom je zdruZenie firiem
Salini Impregilo S.p.A a Duha, a. s..

Ing. MILAN MAJERCIK, milan.majercik @ndsas.sk,
- NDS, a.s.,

Ing. VIKTOR PETRAS, viktor.petras@hochtief.cz,
HOCHTIEF CZ a. s.

TUNELY NA MODERNIZOVANEJ ZELEZNICNEJ TRATI

Tunel Diel

Tunel Diel prechddza masivom vrchu Diel, ktory tvori centrdlnu
Cast' meandru Vdhu. Tunel dlhy 1081,7 m bude razeny v masive
popod kiipele Nimnica. Zapadny portdl je situovany na okraji obce
Nimnica, vychodny portél bude situovany v tzemi lesa nad cestou
druhej triedy I1/507, ktora vedie z Pichova so Povazskej Bystrice,
po pravom brehu priehrady. Tunel Diel bude mat tinikovi §t6lnu,
ktord bude ustit’do priestoru vychodného portalu.

V sucasnosti na zdpadnom portdli (obr. 4) zacali raziace
prace na samotnom tuneli. Profil tunela je pri razeni deleny na
kalotu, stupen a dno. Z dévodu velkych tlakov na ostenie zaprici-
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Obr. 3 Tunel PovaZsky Chlmec, vychodny portal
Fig. 3 Povazisky Chlmec tunnel, eastern portal

As of 13th July 2017, the placement of the concrete pavement of
the roadway and walkways has been finished. The washed concre-
te surface system was used as the treatment increasing the skid
resisting properties of the surface. With respect to the fact that,
owing to favourable geotechnical conditions, the tunnel was driven
without the invert, the composite action between the tunnel lining
and the structural courses of the roadway does not exist and for that
reason the roadway joints layout does not correspond to the joints
between the secondary lining concrete blocks.

The lining vaults in both tunnel tubes have been painted gray
(RAL 7038 paint) and the major part of the lining sidewalls has
been provided with a lightening coat. The completion of this work
is complicated by climatic conditions causing the condensation of
air humidity on the tunnel walls, which prevents the application of
the coating. Among the construction work operations on the com-
pletion of internal structures, there are first of all the installation of
doors to the technical services rooms in the cross passages passab-
le for persons, the installation of entrance gates to cross passages
passable for persons and vehicles and the doors to SOS cabins.
Great progress took place at both portals. The major part of the
high gabion walls supporting the front ends of the cut-and-cover
tunnels backfill has been completed. The portals slowly change
their face, assuming the final appearance, as shown in the photo-
graphs of the western and eastern portals (see Fig. 2, 3). The work
progressed even on the installation of the technical equipment of
the tunnel. The installation of cable shelves under the vaults and
the installation of lighting has also been finished. Even the work on
other operating units proceeds.

The construction contractor is a consortium consisting of Eurovia
a. s., HOCHTIEF CZ a. s. and Stavby mostov Slovakia, a. s.
Visfiové tunnel

The excavation of the longest Slovakian motorway tunnel, the
Visnové (7537m), which is part of the Lietavskd Licka — Visnové
— Dubnd Skala section of the D1 motorway, commenced in April
2015.

In mid-2017, the Visnové tunnel excavation continues from both
portals in both tunnel tubes. Over 4km of the excavation, more pre-
cisely 2183m of the northern tunnel tube and 1967m of the sout-
hern tunnel tube, have been finished from the western portal. From
the eastern portal, approximately 5.5km, concretely 2834m of the
NTT and 2688m of the STT, have been excavated through the more
favourable geology. It means that 9673m of the excavation have
been finished in total since the beginning; this represent nearly two
thirds of the length of the mined tunnel tubes. The monthly exca-
vation advance rate currently amounts to 500m (jointly at the four
headings). The excavation of cross passages proceeds concurrently
with the excavation of the tunnel tubes; 18 cross passages of the
total number of 29 had been broken through by the end of May.
Concreting the secondary lining proceeds from both portals con-
currently with the excavation; as of the end of July 2017, 2441m of
the secondary lining have been finished in total, representing near-
ly one sixth of the length of the tunnel tubes. The sinking of the
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Obr. 4 Zabezpecenie Celnej steny na zdpadnom portdli tunela Diel
Fig. 4 Stabilisation of the front wall at the western portal of the Diel tunnel

nené vodou nasiaknutym nadloZim portdlovej oblasti z hlinitého
materidlu sa pristipilo k minimdlnym vzdialenostiam medzi jed-
notlivymi ¢elbami. Vytazenych je cca 30 m v kalote a zaroven od
zaciatku tunela je v dlzke 10 m uzavrety cely prstenec primarneho
ostenia.

Na vychodnom portdli pokracuje vystavba pristupovej komu-
nikdcie. V budicej portdlovej oblasti prebehli v rdmci spresnenia
geologickej skladby dodato¢né inZiniersko-geologické vrtné
prace, na zdklade ktorych sa bude prehodnocovat spdsob zabez-
pecenia.

= e " —

Obr. 5 Oblast’zdpadného portdlu tunela Milochov — odlesnenie
Fig. 5 Area of the western portal of the Milochov tunnel — deforestation

Tunel Milochov

Na preklenutie dpitia vrchu Stavnd, juzne od miestnej ¢asti Horny
Milochov — mestskej Casti Milochov mesta Povazskd Bystrica, je
navrhnuty novy tunel Milochov. Projektovand dlzka tunela je
1861 m. Tunel bude mat’jednu dnikovd $tdlnu.

Na zdpadnom portéli tunela (obr. 5) sa od vrchu odtazuji prvé
etdZe budicej stavebnej jamy, ndsledne sa svahy zaistiju ocelovymi
rohoZami a striekanym beténom. Buduji sa odvodiiovacie rigoly,
ktoré budu stahovat vodu pritekajicu zhora z lesa.

Na vychodnom portdli je pred ukonfenim stena zo zdporového
paZenia zaistend lanovymi predopnutymi kotvami a ocelovymi
rozpernymi prievlakmi. Na Celnej stene po vybudovani prvej etize
a vitani vrtov na lanové kotvy sa zistila pritomnost plastickych lov
velkej mocnosti. Z toho dovodu boli prace pozastavené a momental-
ne sa rieSi systém spevnenia oblasti portdlovej steny a ndsledného
postupu ako pri hlbenf samotnej jamy, tak budiiceho razenia tunela.

Celu stavbu realizuje zdruZenie Nimnica zloZené zo spolo¢nosti
Doprastav — TSS Grade — SUBTERRA — EZ Praha. Tunel Diel bude
realizovat’ spolo¢nost TUBAU, a. s. a tunel Milochov sgoloénost’
Subterra a.s. Generdlnym projektantom pre investora Zeleznice
Slovenskej republiky je spolo¢nost REMING CONSULT a. s.

Ing. JANK U§NfR, kusnir@reming.sk,
REMING CONSULT a. s.

TuoufHel

ventilation shaft also continues; the depth of more than 90m has
been excavated till the end of July 2017.

The Visnové tunnel is part of the Lietavskd Licka — Visnové —
Dubnd Skala section of the DI motorway; the contractor for this
section is a consortium consisting of Salini Impregilo S.p.A and
Diha, a. s.

Ing. MILAN MAJERCIK, milan.majercik@ndsas.sk,
NDS, a.s.,

Ing. VIKTOR PETRAS, viktor.petras@hochtief.cz,
HOCHTIEF CZ a. s.

TUNNELS ON THE MODERNISED RAILWAY LINE

Diel tunnel

The Diel tunnel runs through the Diel mountain massif, which
forms the central part of a meander of the river Vah. The 1081.7m
long tunnel will be driven through the massif under Nimnica Spa.
The western portal is located at the edge of the municipality of
Nimnica; the eastern portal will be located in the area of a forest
above the I1/507 secondary road leading from Pichov to Povazska
Bystrica, along the right-hand bank of the dam reservoir. The Diel
tunnel will have an escape gallery, which will have its mouth in the
area of the eastern portal.

The excavation work on the western portal of tunnel (see Fig. 4)
itself has currently commenced. The excavation of the tunnel pro-
file is divided into top heading, bench and bottom sequences.
Minimum distances between individual headings were designed
because of great pressures on the lining induced by the loamy over-
burden in the area of the portal slope saturated with water. About
30m of the top heading excavation have been finished and, at the
same time, the whole ring of the primary lining has been closed
along the length of 10m from the beginning of the tunnel.

At the eastern portal, the construction of the access road conti-
nues. Supplementary engineering-geological drilling was carried
out in the area of the future portal with the aim of refining of the
geological structure. The system of the stabilisation will be re-
assessed on the basis of the drilling results.

Milochov tunnel

The new Milochov tunnel is designed to overcome the foot of
Stavna hill, south of the local part Horny Milochov of the muni-
cipal district of Milochov of the town of Povazskd Bystrica. The
tunnel design length is 1861m. The tunnel will have one escape
gallery.

Initial layers of the excavation of the future construction pit are
being excavated from the top at the western portal (see Fig. 5); sub-
sequently the slopes are being stabilised with welded mesh and
shotcrete. Gutters designed to collect water flowing from the forest
above are being carried out.

A soldier beam and a lagging wall stabilised with pre-tensioned
cable anchors and steel bracing beams are before completion at the
eastern portal. The presence of great thickness plastic clay layers
was discovered on the front wall after the completion of the first
stage and drilling of holes for cable anchors. For that reason the
operations were suspended and the system of reinforcing the portal
wall area and the subsequent procedure for both the excavation of
the pit and the future excavation of the tunnel is being solved.

The entire construction is realised by Nimnica consortium con-
sisting of the companies of Doprastav — TSS Grade — SUBTERRA
— EZ Praha. The Diel and Milochov tunnels will be realised by the
companies of TUBAU, a. s., and Subterra a.s., respectively. The
general designer for the project owner, Railways of the Slovak
Republic (ZSR) is the company of REMING CONSULT a. s.

Ing. JAN KUSNIR, kusnir@reming.sk,
REMING CONSULT a. s.
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Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S MESTSKYMI TUNELY PORUZNU PO EVROPE
PICTURE POSTCARDS WITH VARIOUS URBAN TUNNELS ACROSS EUROPE

Urban tunnels are more or less a standard item in the nomenclature of
tunnels. Urban tunnels are linear underground structures located in
urban areas, most frequently on motor vehicle roads, less frequently for
trams, under appropriate conditions even for pedestrian and cycling traf-
fic. The following picture postcards present four important urban tunne-
Is in various European countries, respectively their metropolises. One of
them, even though being in a city, is rather a motorway tunnel; other two
tunnels are located on a principal urban road and one is even not a tun-
nel in the true meaning of the word, despite the fact that it is historical-
ly called so. One picture postcard presenting a station of an underground
railway is attached to those urban tunnels as an example of an excepti-
onal architectural deed.

Viceméné standardni polozkou v nomenklatufe tuneli jsou tunely
méstské. Jde o liniové podzemni objekty nachdzejici se v intravilanu,
nejéastéji na pozemnich komunikacich pro motorovd vozidla, méné
Casto pro tramvaje, za vhodnych podminek i pro pési a cyklisticky pro-
voz. Na nésledujicich pohlednicich jsou predvedeny Cétyfi vyznamné
méstské tunely v riznych evropskych zemich, resp. jejich metropolich.
Jeden z nich je, byt ve méste, spiSe tunelem ddlni¢nim, dalsi dva se
nachézeji na zdsadni méstské komunikaci a jeden, byt'se tak historicky
nazyvé, potom v pravém slova smyslu tunelem ani neni. K témto mést-
skym tunelim je, jako ukdzka mimofadného architektonického pocinu,
pri¢lenéna jedna pohlednice se stanici podzemni dréhy.

TUNEL LE MANS

Tunel v Le Mans, ve francouzském regionu Pays de la Loire. Nachdz{
se na spojnici mostu Yssoir pres feku Sarthe s centrem historického
,.plantagenetského* mésta. Ulice nese jméno prukopnika letectvi Rue
Wilbur Wright. Jednd se vlastne o hluboky skalni zdrez, cca 200 m dlou-
hy, preklenuty nékolika mosty, z nich jednim velmi Sirokym — obr. 1.
Tato stavba byla po 30 letech tivah a projekénich praci zapoCata v brez-
nu 1870. S ohledem na preruseni zpusobené francouzsko-pruskou vélkou
trvala vystavba posléze dlouhych 6 let, s otevienim dne 30. 9. 1877.

LE MANS.

Obr. 1 Le Mans. Vstup do tunelu. No. 7 Joguet-Goupil, Le Mans. Okolo
1910? [sbirka autori]

Na pohlednici je zobrazen jihovychodni vstup, smérem k mostu Yssoir. Vpravo
jsou patrné Zebrové cihelné opérné stény, videt je i puivodni viiz pouli¢ni drdhy.
Fig. I Le Mans. Tunnel entrance. No. 7 Joguet-Goupil, Le Mans. Around
1910? [authors’ collection]

The picture postcard shows the south-eastern entrance, in the direction of the
Yssoir bridge. Brickwork support ribs of a retaining wall can be seen on the
right-hand side. Even the original street car wagon can be seen.

Puvodné byla komunikace urdena pro pési, povozy a tramvaj, od polo-
viny 20. stol. i pro automobily, dnes je ji vedena také cyklostezka. Ve
vyklencich starych Zebrovych cihelnych (a v soucasnosti jiZ notné degra-
dovanych) opérnych zdi se Casto porddaji ruzné pouli¢ni vystavy. [1]

TUNEL V MOSKVE NA MAJAKOVSKEHO
(DNES TRIUMFALNIM) NAMEST(

Mestsky tunel v Moskve, ktery podchdzi na Velké sadové ulici
(Bonburas Canosas yi.) ulici Tverskou (Tsepckas yi.), v letech 1935
az 1990 pojmenovanou Gorkého (I'opekoBo).Velkd sadova ul. tvori ¢dst
vnitiniho okruhu a ul. Tverskd, zndm4 jiz ve XII. stol, je patrné nejvy-
znacngjsi radidlni komunikaci v Moskvé. Mélky tunel, kterym jsou
vedeny dvé jednosmérné tiiproudové silni¢ni komunikace (obr. 2), byl
postaven v roce 1960, a to za pouhé 4 mesice. Jeho délka vsak necin{
% km (jak je uvddéno v popisu na rubu pohlednice), nybrz jen cca
200 m. [2]

Obr. 2 Majakovského ndmésti s budovou koncertniho silu Cajkovského
(vpravo), rekonstruovanou v roce 1940 ze starého divadla. Pred C‘ajkovského
sini zacind dopravni tunel, vede pod ndméstim a pod Gorkého ulici i pod sta-
rym cinZovnim domem, ktery drive zuzoval vozovku a vyustige na Sadovou
tiidu za jednou z nejfrekventovanéjsich kfizovatek Moskvy. Podjezd, vybudo-
vany v roce 1960 za 4 meésice, je témér pul kilometru dlouhy. Zcela uvolnil
Jizdu obéma kriZujicimi se sméry. Snimek: APN. Pressfoto Praha. 1964 [sbir-
ka autoru]

Na pohlednici je zachycen jihozdpadni portdl tunelu. Majakovského namésti se
dnes nazyvd Triumfdlni (Tpuymeparvnas Iaowadw). Po sovétském bdsniku
ziistala pojmenovdna jen zdejsi stanice Metra. Diim vlevo nad tunelem, zmifio-
vany v popisu z rubu pohlednice, je jedinym dodnes dochovanym blokem
piivodniho okruzniho bulvdru, ktery preZil obdobi stalinské vystavby po roce
1935, resp. po 2. svétové vdlce.

Fig. 2 Mayakovski Square with the building of the Czajkowski concert hall
building, reconstructed in 1940 from an old theatre. The transport tunnel
begins in front of the Czajkowski hall, leads under the square and under
Gorky Street and under an old apartment house, which formerly narrowed
the roadway, and emerges in Sadova Street, behind one of the busiest inter-
sections in Moscow. The underpass, which was built in 4 months in 1960, is
almost half a kilometre long. It has fully relieved traffic in both crossing
directions. Photo: APN. Pressfoto Praha. 1964 [authors’ collection]

The south-western portal of the tunnel is captured in the picture postcard. The
Mayakovski Square is today called Triumphant Square (Tpuymgpanvras
[laowaodw). The local Metro station is the only place which has kept its name
after the Soviet poet. The building pictured left above the tunnel, which is men-
tioned in the legend on the reverse side of the picture postcard, is today the only
block of the original circular boulevard preserved to this day. It has survived
the period of the Stalinist construction development after 1935, respectively
after the World War I1.
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Obr. 3 Stockholm, Essingeleden. Nordisk Pappersindustri, Stockholm. Cca
1965. [sbirka autori]

Na pohlednici je zobrazeny severni portdl tunelu.

Fig. 3 Stockholm, Essingeleden. Nordisk Pappersindustri, Stockholm. Ca
1965. [authors‘ collection]

The picture postcard shows the northern portal of the tunnel.

STOCKHOLM - FREDHALLSTUNNELN

Jednd se o dvé jednosmérné, Ctyrpruhové silnini tunelové trou-
by délky 210 m. Zapadné od centralni ¢dsti Stockholmu jimi preko-
ndvéd ddlnice E4/E20 skalni ndvrsi Fredhill (obr. 3), navazujice tak
v jiznim pfistupu k tunelm na most pres praliv Mariebergsvigen.
Tunel byl uveden do provozu 21. 8. 1966.

V roce 1990 probéhla jeho rozsdhld renovace. Vyraznym rysem
obnovy bylo obloZeni lice osténi Zlutymi dérovanymi cihlami, se
zdmérem vyznamne utlumit dopravni hluk. Tunelem projede mimo-
fadne vysoké mnozstvi vozidel, odhadované denné az na 150 tis. jed-
notek. [3]

STOCKHOLM - METRO - STANICE TEKNISKA HOGSKOLAN

Prvni trasa Metra ve Stockholmu byla otevrena 1. 10. 1950. V sou-
Casnosti md tamni podzemni drédha ve tfech trasich (modrd, ¢ervend

Obr. 5 Trasa W-Z. Wydawnictwo ,,Sztuka: — Kalendarz Warszawski*, fot.

F. Myszkowski. Cca 1955.

Na pohlednici je vychodni portdl tunelu. Vlevo od néj stoji k'(.)st‘el SV. Am/1y. Nad
portdlem se nachdzi Hradni ndmésti, pri pravém okraji Je patrriy. slouP

Zikmunda III. Vasy. Dobé poFizeni fotografie odpovidd také mzmm.dlm mtenzl'-

ta dopravy na komunikaci, kterd byla v dobé zobrazent a je i dnes jednou z nej-

vyznamnéjsich ve Varsavé. 3

Fig. 5 The E-W Line. Wydawnictwo ., Sztuka: — Kalendarz Warszawski®,
photo F. Myszkowski. Ca 1955. \

The picture postcard shows the eastern portal of the tunnel. Church of St‘ Anne
stands on its left-hand side. Above the portal, there is Castle Square wz'th the.
column of King Sigismund 11l Vasa visible at the right—lmm{ edgve‘. The time of
taking the photo also corresponds to the minimum volume of tm]ﬁcﬂz?w on the
road, which was at the time of the depiction and is even today one of the most
important in Warszaw.

Obr. 4 Stockholm — Metro. Stanice: Vysokd $kola technickd. Uméleckd deko-
race Lennart Mork. Foto Sten Vilson. IOOAR. Cca 1985. [sbirka autori]
Dominantnim artefaktem stanice je mohutny zavéSeny dvandctistén, predstavu-
Jici Vesmir. Vertikdlni primét tohoto dila je vyryty v dlazbé.

Fig. 4 Stockholm — Metro. Station: Technical university. Artistic decoration
Lennart Mork. Photo Sten Vilson. IOOAR. Ca 1985. [authors’ collection]
The dominant artefact of the station is a massive suspended dodecahedron
representing the Universe. The vertical projection of this work is engraved in
the pavement.

a zelend) celkovou délku jiz 143 .4 km. Objekty stockholmského metra
uréené pro vefejnost se v§eobecné vyznacuji barevnosti a ¢asto velmi
avantgardni uméleckou vyzdobou. Sochy, mozaiky, malby, instalace,
rytiny Ci reliéfy 1ze nalézt v soucasnosti u 90 z celkem 100 provozo-
vanych stanic.

Jednou z nejzndméjsich je v tomto sméru stanice Tekniska hogsko-
lan, pojmenovand podle blizké Kralovské vysoké Skoly technické
(Kungliga Tekniska hogskolan). Nachdzi se na Cervené trase vedouci
do Morby. Byla oteviena 30. 9. 1973 a autorem jeji vyzdoby je
Lennart Mork. Uméleckd tiprava povrchu stifkaného betonu ma zobra-
zovat vyvoj védy a techniky. Mezi technickymi a matematickymi sym-
boly jsou na sténéch stanice umistény i citdty slavnych védcu a filo-
zofu. Hlavnim tématem dekoru je potom teorie Ctyf elementt/Zivla
(Ohné, Vody, Vzduchu a Zemé), v rozich stanice symbolizovanych
Styfmi mnohothelniky v charakteristickych barvach — obr. 4. [4, 5, 6]

WARSZAWA — TUNEL NA W-Z TRASE

Tunel na hlavni varSavské spojnici vychodu a zdpadu mésta.
Komunikace je v tomto mist€ dnes pojmenovand Alej Solidarnosci a je
urend pro automobilovou a tramvajovou dopravu s pridruZzenym pru-
chodem pro chodce. Objekt byl v délce 195 m vybudovén v letech
1948-1949 jako hloubeny, a to podle vzoru tunelu Saint Cloud
v Parizi. Celd W-Z trasa pak byla oteviena 22. 7. 1949. Tunel, ktery
umoznil prevedeni dopravy pres vilkou silné ponicené fragmenty
Starého mésta s Hradnim ndméstim, je charakteristicky obloZeny ruz-
nymi typy glazovanych dlazdic — obr. 5 az 7.

V prabéhu roku 2004 byla tato dopravni stavba vérné rekonstruova-
na. Opraveno bylo osvétleni, vétrani, odvodnéni a keramické obklady
a byly renovovany rovnéz prilehlé opérné stény. V soucasnosti proje-
de tunelem cca 35 tis. vozidel/den. [7]

doc. Ing. VLADISLAV HORAK, CSc.,
Ing. RICHARD SVOBODA, Ph.D.,
Ing. MARTIN ZAVACKY

Podeékovdni: Prispévek byl vypracovdn s financni pomoci EU ,,OP
Vyzkum a vyvoj pro inovace“, projekt reg. ¢. CZ.1.05/2.1.00/03.0097,
v rdmci ¢innosti regiondlniho centra AdMas ,, Pokrocilé stavebni mate-
ridly, konstrukce a technologie“ a programu Centra kompetence
Technologické agentury Ceské republiky (TACR) v rdmci projektu
Centrum pro efektivni a udrZitelnou dopravni infrastrukturu (CESTI),
c¢islo projektu TE01020168.




Obr. 6 Warszaw. Trasa W-Z: zleva kostel svaté Anny z XV. stol. Krajowa agencja
wydawnicza. Fot. K Jablonski. 1975. [sbirka autori]
Na pohlednici je opét vychodni portdl tunelu. Intenzita dopravy na diileZité mest-
ské komunikaci se za 20 let oproti stavu na obr. 5 vyrazné zvySila. Odpovidajicim
zpiisobem vzrostly i dieviny nachdzejici se v levé Cdsti pohlednice.

Fig. 6 Warszaw; the E-W line: Pictured left to right — Church of St A}nne
from the 15t century. Krajowa agencja wydawnicza. Photo K Jablonski.
1975. [authors collection]

The picture postcard again presents the eastern portal of the tunnel. The volu-
me of the traffic flow on the important urban road has significantly increased
during 20 years in comparison with the state in Fig. 5. Even the trees located
in the left-hand part of the picture postcard grew correspondingly.
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Obr. 7 Warszawa — trasa W-Z. Biuro wydawniczo — propagandowe. Fot. T.
Bilinski. 1976. [sbirka autorit]

Na pohlednici je severni ¢dst Hradniho ndmésti se sloupem Zikmunda I11. Vasy
nad vychodni portdlovou sténou tunelu. Zietelné jsou také charakteristické
keramické obklady.

Fig.7 Warszaw — the E-W line. Biuro wydawniczo — propagandowe. Photo. T.
Bilinski. 1976. [authors’ collection]

The picture postcard presents the northern part of Castle Square with the
column of King Sigismund III Vasa above the eastern portal wall. The charac-
teristic ceramic tiling is also well obvious.
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Z CINNOSTI PRACOVNICH SKUPIN CZTA CZTA WORKING GROUPS

INFORMACE O VZNIKU NOVE PRACOVNI SKUPINY CZTA PRO LEGISLATIVU A TECHNICKOU POMOC
INFORMATION ON ESTABLISHMENT OF A NEW CZTA WORKING GROUP FOR LEGISLATION
AND TECHNICAL ASSISTANCE

In 2016, greater involvement of the member base into revising regulati-
ons, standards, decrees and laws regarding the design, realisation and
maintenance of underground structures was agreed in a meeting of the

Board of the Czech Tunnelling Association. CzZTA representatives visited
the Road and Motorway Directorate of the Czech Republic, the Czech
Office for Standards Metrology and Testing and the Czech Mining
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Administration with a proposal for closer collaboration in this area. The
support to this idea and willingness to the collaboration was expressed
during all meetings. General proposals for the collaboration with the Road
and Motorway Directorate (the customer) resulted into a concrete task,
where a team of professionals established within the framework of the
CZzTA carried out expert opinions on design documents for the issuance of
Building Location Permits for motorway tunnels in sections of the D11
and D35 motorways. The subject of the activity lied not only in carrying
out expert opinions, but also consultancy with the customer after the sub-
mission of the opinion and discussion of the opinion in the presence of the
customer and author of the particular documentation. This system of col-
laboration was viewed very positively by the customer. The work of the
expert team carrying out opinions on motorway tunnels was highly appre-
ciated by the customer, provided a good reputation for the CzTA and estab-
lished the space for other collaboration. The involvement of a higher num-
ber of association members into expert activities will lead to the possibili-
ty of creating teams of specialists according to concrete requirements of
the interested party for a professional opinion and will guarantee an objec-
tive view of the problem. We can only wish the newly established group a
lot of strength and enthusiasm because they are both necessary for the cho-
sen activity of the group.

V roce 2016 bylo na predsednictvu Ceské tuneldiské asociace odsou-
hlaseno Vvétsi zapojeni ¢lenské zdkladny do novelizace predpist, norem,
vyhldsek a zdkonu tykajicich se ndvrhu, provddéni a idrzby podzemnich
staveb s cilem implementovat do nich zahrani¢ni zkusenosti a dosahnout
tak stdlého zvySovéni trovne Ceského tuneldistvi. Piedseda CzTA Ivan
Hrdina z firmy Metrostav a.s. spole¢né s Ing. Srbem z firmy 3G Consul-
ting Engineers sro. a ¢lenem predsednictva Ing. Maikem z firmy
HOCHTIEF CZ a. s. postupné navstivili zdstupce Reditelstvi silnic a dal-
nic CR, Ufadu pro normalizaci a méfeni (UNMZ) a Ceského bariského
tiradu (CBU) s ndvrhem na uzif spolupraci v této oblasti. Na viech jednd-
nich byla vyjddfena podpora této myslence a ochota ke spoluprici.
Zastupci CBU projevili zdjem na spolupraci pri tvorbé vyhlasek a zdkoni
se zohlednénim specifik ruznych tunelovacich metod a pfi zajistén{ bez-
pecnosti provadéni predevsim tunelovych staveb. Zastupci UNMZ nabid-
li v rdmci CZTA moZnost vytvoreni technické zdkladny pro fadu norem
CSN 7375, které se tykaji navrhovani, provddént i provozovani podzem-
nich staveb. Pfi jednani na RSD CR byla dohodnuta nejen moZnost spolu-
préce pii tvorbé norem a predpist, ale i pomoc pri navzani piimého kon-
taktu se zahrani¢nimi investorskymi organizacemi za Gi¢elem vymény zku-
Senosti, nebo vypracovani expertnich posudku projektové dokumentace
v rdmci DVUR a DSP, které vyZzaduje predpis TKP-D7. Obecné navrhy spo-
luprace s RSD CR vyiistily koncem roku 2016 v konkrétni zaddni, kdy tym
expertu vytvofeny v ramci CzTA vypracovaval expertni posudky projek-
tové dokumentace DUR délni¢nich tunelii na dsecich ddlnice D11 a D35.
Pozitivné 1ze hodnotit zapojeni prof. Matouse Hilara ze Stavebni fakulty
a prof. Pavla Pfibyla z Dopravni fakulty CVUT do price expertniho tymu,
které tak zvySilo a zaruCilo nezdvislost vypracovanych posudku.
Predmétem Cinnosti bylo nejen vlastni vypracovani posudku, ale i konzul-

tace s objednatelem po jeho odevzddni a projednédni posudku za ucasti
objednatele s projektantem prislusné dokumentace. Tento zpusob spolu-
prace byl objednatelem vniman velmi pozitivne.

Dal§im krokem ve spolupréci s RSD CR bylo vypracovéni expertni
zpravy s ndzvem ,, Doporucent pro vipravu rychlosti ve vybranych katego-
riich tunelii na pozemnich komunikacich*. Cilem zpravy je podporit pro-
ces rozhodovani pri Zddané zméné nejvyssi dovolené rychlosti v dalni¢-
nich tunelech. Soucasnd praxe je, Ze se nejvyssi dovolend rychlost v tune-
lu snizuje ze 130 km/h na volné komunikaci na 80 km/h. Takovéto dras-
tické sniZzeni rychlosti o 50 km/h na nékolika stovkdch metrti nenf v Zddné
tunelaisky vyspélé zemi. Zacatkem roku 2017 bylo vypracovano posouze-
ni zaméru projektu dokumentace na rekonstrukci Nelahozeveskych tune-
10. Oponentni posudek byl vypracovan pro investorskou organizaci Sprava
7elezniéni dopravni cesty (SZDC) a i tento posudek byl za ti¢asti objedna-
tele a projektanta projednén.

Vzhledem k dspé$nému zahdjeni spolupréce s investorskymi organiza-
cemi bylo na kvétnovém valném shromazdéni CzTA jejim Elenim oznd-
meno, Ze bude ze zdjemcu z fad odborniku asociace vytvorena nové pra-
covni skupina s ndzvem ,, Pracovni skupina pro legislativu a technickou
pomoc“. Tato vyzva nezustala bez odezvy a k préci ve skupin€ se piihla-
silo 16 ¢lent asociace. Ustavujici schuzka skupiny se konala 17. 6. 2017
a tCastnilo se ji 11 zéstupct projek&nich organizaci, konzultaénich firem,
zhotovitelnych firem i zdstupce vysoké skoly — CVUT v Praze. Na schiiz-
ce bylo dohodnuto, 7e ¢innost bude zamérena predevsim na zvyseni drov-
né legislativy, podle které se navrhuji a provadéji tunely, nebot’ kvalitn{
predpisy zajisti jednozna¢né pozadavky na rozsah projektové dokumenta-
ce, materidly a vyrobky pouZivané pii vystavbé tunelt i definuji vhodnd
technickd feSeni pro provozovéni a ddrzbu tuneli. Na jednéni bylo kon-
statovano, Ze v souc¢asné dobé probiha novelizace predpisu TKP-24 Tunely
a chysta se revize normy CSN 73 7507 Projektovéni tunel pozemnich
komunikaci. S ohledem na zkuSenosti s vypracovanim posudku ddlni¢nich
tunel pro RSD CR by viak bylo vhodné jednoznatné definovat i poZa-
davky na rozsah a obsah projektové dokumentace silnicnich a dalni¢nich
tunelt, ktery je predmétem neddvno revidovaného predpisu TKP-D7
Tunely, podzemn{ stavby a galerie. Dal§im predmétem zdjmu dcastniku
jednéni byla novelizace vzorovych listi VL-5 Tunely. Viechny uvedené
predpisy se tykaj silni¢nich a ddlni¢nich tuneli. Aktualizaci na stavajici
stav pozndni a moZnosti oboru by si zaslouzil v8ak i predpis TKP-20
Tunely, ktery definuje poZadavky na projektovéni a realizaci Zelezni¢nich
tunelq.

Préce expertniho tymu, ktery provadél posudky délni¢nich tuneld, byla
objednatelem vysoce cenéna, ziskala pro CzTA dobré renomé a vytvorila
prostor pro dalsi spolupréci. Zapojeni vétstho poltu &lent asociace do
expertni ¢innosti povede k moZnosti vytvafeni tymu specialista podle kon-
krétntho pozadavku zdjemce o odborny ndzor a zaruci objektivni pohled
na véc. Nezbyva nez nové vzniklé skupiné poprét hodné sil i entuziasmu,
nebot’oboje je pti zvolené néplni ¢innosti skupiny potebné.

Ing. LIBOR MARIK, HOCHTIEF CZ a.s.

ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz

VALNE SHROMAZDENI CZTA ITA-AITES
GENERAL ASSEMBLY OF THE CZTA OF ITA-AITES

The General Assembly of the Czech Tunnelling Association of the
ITA-AITES was held on Wednesday the 315t May 2017. The CzTA
medals for the work in the field of underground construction were
awarded to Ing. Miroslav Koleckar and Ing. Jaromir Zlamal. Further,
Ing. Ivan Hrdina, the Chairman of the CzTA, informed the delegates
about the activities of the Association in the past year, during the cour-
se of which the publishing of TUNEL journal and holding of Tunnel
Afternoons continued and the Underground Construction Conference
UC2016 was successfully held. The annual technical tour was organised,

this time to Stuttgart, Germany, to the Stuttgart Project sites,
concretely the construction sites of the Bad Cannstatt and Filder tun-
nels. The Economic Report of the organisation and discussion about
association’s budget 2017 were the subsequent points of the General
Assembly. The delegates were informed about the Plan of Work of the
Association in 2017, comprising the common activities — publishing
TUNEL journal, holding Tunnel Afternoons, organising the technical
tour and commencing the preparation of the conference Underground
Construction 2019. Elections to the Board were another very important
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Obr. 1 Novy drZitel medaile CzTA Ing. Miroslav Koleckdr
Fig. I New CzTA medal awardee Ing. Miroslay Koleckdr

point. Ing. Ivan Hrdina was elected the chairman of the CzTA,
doc. RNDr. Eva Hrubeovd, Ph.D., Ing. Libor Marik, Ing. Véclav
Soukup, Ing. Alexandr Butovi¢, Ph.D., doc. Dr. Ing. Jan Pruska and
Prof. Ing. Matous Hilar, M.Sc., Ph.D. became the other members of the
Board. In addition, the results of the student competition for the best
diploma thesis in the field of underground construction 2016 were
announced. The honours were received by Ing. Martin Balaz (The Use
of Fibre Reinforced Concrete for the Povazsky Chlmec Tunnel),
Ing. Daniel Turansky (The Choty¢any Rail Tunnel Design), Ing. Marek
Gracias (The Joberg Tunnel — Tunnelling through a Glacial Moraine)
and Ing. Adam Zapletal (Assessment of a Safety Pillar in an
Underground Construction Project). Bc. Tomas Némecek spoke in the
Assembly part focused on technical issues. He prepared a presentation
on the Skérholmen tunnel in Stockholm, Sweden.

Valné shromazdéni Ceské tuneldiské asociace ITA-AITES se konalo ve
stfedu 31. kvétna 2017 v hotelu Ol$anka, Taboritskd 23, Praha 3. Jednani
zahdjil a ridil predseda CzTA Ing. Ivan Hrdina.

Na zaldtku programu jednani byli tradiné€ ocenéni vyznamni pracov-
nici v oboru podzemniho stavitelstvi, medaili CzTA letos obdrzeli
Ing. Miroslav Kole¢kdr a Ing. Jaromir Zldmal. Oba ocenéni vyjadrili, Ze
je to pro né vyznamnd pocta.

Jednani pokracovalo informaci predsedy CzTA o ¢innosti asociace
v minulém roce, kdy pokracovalo vydavéni ¢asopisu Tunel, ktery ma za
sebou jiz Ctvrtstoleti své existence. Dals{ pravidelnou aktivitou je porada-
ni Tunelafskych odpoledni (do za¢atku roku 2017 jich asociace uspordda-
la jiz 28). Také probéhla konference PS 2016 a moZno fici, Ze velice
tispésné. Konal se i kazdoro¢ni odborny zdjezd, kdy se Gcastnici vypravi-
li do némeckého Stuttgartu, konkrétné na stavbu tuneli Bad Cannstatt
a Filder, které jsou soucdsti rozsdhlého projektu Stuttgart 21.

Dalsim bodem jedndni byla zprdva o hospodareni asociace, kterou pred-
nesl Ing. Véclav Soukup. V roce 2016 stejné jako v tom predchozim dosd-
hla asociace pfiznivého vysledku, kdy jeji hospodareni skonéilo se ziskem,
a to diky dspordm v jednotlivych polozkdch rozpoctu. Déle byli pfitomni
seznameni s ndvrhem rozpoctu asociace na rok 2017, kdy je planovéna ztré-
ta ve vysi 302 tisic K&, coZ je zpusobeno zejména poklesem poctu ¢lenskych
organizaci a dal${m sniZovanim pi{jma v oblasti inzerce v Casopise Tunel.
Tato ztrdta bude Cerpdna z rezervy vytvorené diky minulym konferencim.

Ing. Markéta Pruskova obezndmila ptitomné s planem ¢innosti asocia-
ce na rok 2017, kdy se bude pokraCovat v béznych aktivitich — vyddvani
Casopisu Tunel, porddani Tuneldrskych odpoledni i odborného zdjezdu
a rozbéhne se i priprava konference PS 2019. Uvedla rovnéZ spole¢nosti,
kterym jsou vénovana nésledujici ¢isla Casopisu Tunel.

Poté pokracovala doc. RNDr. Eva HrubeSové, Ph.D., kterd sdélila
tcastnikim valného shroméZdéni soucasné obsazeni pracovnich sku-
pin pii CZTA i ITA-AITES. V posledni dobé jsou aktivni pracovni sku-
piny pro konvencni tunelovani, mechanické tunelovédni a odbornou
vychovu. Ostatni byly pro jejich necinnost prozatim uzavreny. Dale
Ing. Libor Mafik informoval o probihajici tvorbé posudku na projekty
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Obr. 2 Ing. Hrdina preddvd medaili CzTA Ing. Jaromiru Zldmalovi
Fig. 2 Ing. Hrdina awards the CzTA medal to Ing. Jaromir Zldmal

Obr. 3 Ocenéni studenti
Fig. 3 Awarded students

podzemnich staveb a o tom, Ze bude zi{zena novd pracovni skupina,
ktera tyto posudky bude mit ve své kompetenci. Proto vyzval pfitom-
né, aby mu sdélili, kdo md zdjem se dcastnit prace této PS.

Dalsim velmi vyznamnym bodem byly volby do pfedsednictva asocia-
ce. Predsedou CzTA byl zvolen v prvnim kole Ing. Ivan Hrdina. V prvnim
kole bylo zvoleno rovnéZz pét ¢lent predsednictva — doc. RNDr. Eva
Hrubesovd, Ph.D., Ing. Libor Marik, Ing. Vaclav Soukup, Ing. Alexandr
Butovi¢, Ph.D., doc. Dr. Ing. Jan Pruska. Pro rovnost hlast na Sestém
misté se konalo druhé kolo voleb lent predsednictva, kdy o jeden hlas
zvitézil prof. Ing. Matous Hilar, M.Sc., Ph.D.

Poté jiz doc. RNDr. Eva HrubeSova, Ph.D. seznamila dcastniky valné-
ho shromazdéni s vysledkem studentské soutéZe o nejlepsi diplomovou
prici z oblasti podzemnich staveb za rok 2016. Letos byli ocenéni Ctyri
studenti. Na prvnim mist¢ se umistil Ing. Martin BaldZ s praci na téma
WuZiti vidknobetonu pro primdrni osteni tunelu PovaZsky Chimec, ktery
studoval na ESv CVUT. Druhé misto obsadil Ing. Daniel Turansky ze stej-
né vysoké Skoly s tématem diplomové prace Ndvrh Zeleznicniho tunelu
Chotyéany. O tieti misto se podélili Ing. Marek Gracias z VSB TU-
Ostrava s tématem Tunel Joberg — raZba tunelu v ledovcové moréné
a Ing. Adam Zapletal, VUT Brno, jenZ zpracoval problematiku s ndzvem
Posouzeni bezpecnostniho celiku u podzemni stavby. Viem ocenénym
poblahoprdl a predal odménu predseda CzTA Ing. Ivan Hrdina.

Prof. Ing. Pavel Pribyl, CSc. vystoupil s informaci o ¢innosti spolec-
nosti PIARC a Ing. Jifi Smolik sdélil krétce delegdtim a hostam VS ddaje
o &innosti sekce Silni¢ni tunely Ceské silniéni spolecnosti.

V &asti zaseddni zaméfeného na odbornou tematiku vystoupil Bc.
Tomas Némecek, ktery pripravil prezentaci o stavbé tunelu Skidrholmen
ve §védském Stockholmu.

Ing. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz, generdlni sekretdr CzTA
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stanice Nemocnice Motol

Tunel Povazsky Chimec
Zilina, dalnice D3 Zilina, Strazov — Zilina, Brodno

Dopravni infrastruktura
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